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NOTE

In planning this helpful series of Educators, it has been the

aim of the author and publishers to present step by step a
logical plan of study in General Engineering Practice, taking

the middle ground in making the information readily available and
• showing by text, illustration, question and answer, and calcula-

tion, the theories, fundamentals and modern applications, includ-

ing construction in an interesting and easily understandable
form.

Where the question and answer form is used, the plan has

been to give shorty simple and direct answers, limited to one
paragraph, thus simplifying the more complex matter.

In order to have adequate space for the presentation of the

important matter and not to divert the attention of the reader,

descriptions of machines have been excluded from the main
text, being printed in smaller type under the illustrations.

Leonardo Da Vinci once said:

"Those who give themselves to ready and rapid practice
before they have learned the theory , resemble sailors who go
to sea in a vessel without a rudder"

—in other words, ''a little knowledge is a dangerous thing.
^'

Accordingly the author has endeavored to give as much infor-

mation as possible in the space allotted to each subject.

The author is indebted to the various manufacturers for
their co-operation in furnishing cuts and information relat-

ing to their products.

These books will speak for themselves and will find their

place in the great field of Engineering.
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CHAPTER 14

CORLISS ENGINES

Introductory.—When mathematicians were investigating

the expansive action of steam, and the saving that might be

thus effected, a pro-

fessor in Providence,

R. I., looking over

some of the calcula-

tions, became in-

terested, and took

them to a young

man who had shown
^/ inventive ability

while working at the

harness makers
trade. The latter

was George H. Corliss, who then turned his attention to the

steam engine, and invented a valve gear for using steam

expansively. The great success of this gear made Corliss famous.

The first engine designed by Corliss with circular valves, the kind in

general use now, was constructed in the year 1850. The expansion of

steam had been tried with poppet valves and a fixed cut off, but had not
met with much success. With the Corliss gear, the cut off can be varied
and controlled by a governor; thus the degree of expansion is automatically
changed to suit the load conditions.

Fig. 848a,—First design of Geo. H. Corliss.

Conditions Necessary for High Efficiency.

the use of steam requires that it shall be:

-Economy in

NOTE.—The first engine fitted with the Corliss gear was of the beam type with flat slide

valves. There were separate inlet and outlet ports, which were made as short as possible.

The valves gave a rapid admission and cut off, the latter being obtained by releasing weights,
suspended from a lever.
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1. Quickly admitted to the cylinder at as near boiler pressure

as possible.

2. Cut off with great rapidit}^ quite early in the stroke.

In general, the most economical cut off is from one-seventh to one-fifth
stroke condensing, and from one-fifth to one-fourth stroke non-condensing.
The cut off should be rapid to reduce wire drawing.

Fig. 851.—A Corliss cylinder, with lagging, valves, etc., removed to show construction. The
transverse Cylindrical chambers at the end are for the valves; those for admission being on
top, and those for exhaust at the bottom, thus affording natural drainage. Steam and exhaust
passages connect each pair of valves; the exhaust passage being placed at a distance from
the cylinder so that the exhaust steam at comparatively low temperature will not absorb
heat from the steam within the cylinder and thus cause condensation before release. The
long stroke gives small clearance.

3. Pre-released as late as possible without increasing the back

pressure

;

The full benefit of the available expansion is thus obtained.
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Figs. 852 and 853.

—Vilter high
pressure, and low
pressure cylinder
of large Corliss
compound
engine. In con-
struction, the
cylinders are of

semi-steel with
double ports for

both steam and
exhaust valves.

The steam valve

is of the T type, the
exhaust valve being of the

cored box type, and both
are actuated by T headed
valve stems. The cylin-

ders are jacketed with
magnesia or other insu-

lating material.

\
"' \«
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4. Exhausted with a mininiuni of back pressure;

5. Compressed only sufficiently to absorb the momentum of the

reciprocating parts, and fill the clearance space, at a pressure

most suited to the conditions of operation;

6. Used in an engine having very little clearance.

The small clearance of the Corliss engine is one of its economic features,

being only 2 or 3 per cent of the cylinder displacement. In some short

stroke high speed engines, the clearance is as much as 10 per cent.

SHORT CUT OFF

Alt CUTOFF

exCESSWE LAP
SHORT CUT OFF

NORMAL P.O.
LATE. CUT OFF"^ j-

-*-NORVtALTRAVEL LATE CUT OFF-»-

^N MODERATE LAP
___ ''.LATE CUT OFF

AND COM.
REL.AND COM-

-tyCESSWE TRAVEL SHORT CUT OFF

Fig. 854.—Bilgram diagram illustrating some defects of the slide valve; 1, excessive travel
when designed for short cut off; 2, reduced port opening at short cut off with shifting or
swinging eccentric; 5, premature release and compression at short cut off with shifting or
swinging eccentric. These defects have been explained at length in the chapter on the slide
valve.

Defects of the Slide Valve.—The economic steam distribu-

tion described in the preceding paragraphs is not obtained with

the slide valve on account of its limitations, previously explained.

The chief defect of the slide valve is its inability to handle steam ex-

pansively, except to a small degree. The valve itself cannot cut off shorter
than about six-tenths stroke without excessive travel. When operated
with a movable eccentric, early cut off is obtained at the expense of reduced
port opening. Moreover, early cut off is attended w^ith premature release

and compression ; at still earlier cut off these defects become more marked.
One may be corrected by changing the inside lap, but this involves a cor-

respondingly larger error for the other.



CORLISS ENGINES 469

SSI'S

^H-S "its

w o E <"
t/>

y *^ t- c'^

, 5 o S

ri 2 aJ '

H S O r

4-> D*-r-.

«^ fe O H -

•4-> 0) V ^ -4^

C^ C c w

S "5 2 «^ ta

c o v-i jj .

a > « o Si^ o >; ^ «



470 CORLISS ENGINES

BABBITT a HARRIS
PACKIW6 RINGS.

SOLID PISTON
OIL GROOVES

6ABB1TT

SIDE LINERS

FOLLOWER PACKING RINGS
PLATE.

,

PJ5T0N.PACKING FOLLOWER .

BOLTS S>\Jl\. RING

BUILT UP PISTON

PJ5T0N
NUT

BOTTOM WEDGE

COLLAR

BOTTOM WEDGE
ADJUSTING BOLT

LOCK NUT

FOR MAIN BEARING

Figs. 856 to 864.—Details of
Corliss engine construction.
Figs. 856 to 861 piston details;
figs. 862 to 864, end of frame
with details of main bearing.

'

OIL CUPS
MAfN BEARING CAP COVER

HAND HOLE COVER
MAIN BEARING CAP

LOCK NUT
ilDE LINER SET

SCREWS
BOTTOM WEDGE.
ADJUSTING BOLT
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Corliss Valves.—The limitations of the slide valve are prac-

tically overcome with the Corliss gear. As shown in fig. 851,

there are four valves, two at each end of the cylinder. Steam
is admitted by the upper valves, figs. 865 and 866, and exhausted

by the lower ones, figs. 867 and 868, this arrangement reduces the

clearance to a minimum, and provides proper drainage for the

water of condensation

.

Each valve has one acting edge for the steam; and is shaped

as a sector of a circle; it works within a cylindrical seat over

STEAM VALVE

VALVE STEM' COLLAR

^mm---B.

EXHAUST

T HEAD (

VALVE

)F STEM ^
Y////////\msm

^ -^-

y^.m:-..;m

Figs. 865 to 868.—Corliss valves. They rotate back and forth over circular seats, and are guided
by cylindrical ends, whose circumferences are partly depressed, as at A, leaving a space B
which allows the valve to raise from its seat and relieve the cylinder of any excessive pres-
sure, as in priming.

ports in line therewith. The valves are made single, double

and sometimes triple ported; the usual construction is shown in

figs. 865 to 868 which illustrate a steam and exhaust valve.

Each end is cylindrical, fitting the circular end of the valve chamber
which acts as a guide. Part of the cylindrical section is cut away to a smaller

diameter as at A, leaving a space B, which allows the valve to raise from its

seat and relieve the cylinder in case an excess of water be carried in with
the steam.
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The valve stem has a T head which fits in a slot cut in the valve making
a flexible connection. Figs. 869 and 870 show more clearly this construc-
tion. A collar forms a part of the valve stem; its object is to protect
the bonnet from any cutting action due to the edges of the T head.

Figs. 874 and 875 show two views of the crank end of a Corliss cylinder
with valves assembled. The valve stem collar as seen, fits in a circular

recess in the bonnet.

DEPRESSION

VALVE

SLOT
T HEAD

VALVE STEM

Figs. 869 and 870.—End construction of a Corliss valve and stem. The depression in the cylin-

drical section of the valve permits it to raise from its seat; there is a slot in the end of the

. valve for the T end of the stem.

Figs. 871 to 873.—Providence Corliss valves. Fig. 871, double piston inlet steam valve; fig.

872, view of steam valve showing opening edges; fig. 873, triple ported exhaust valve.
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The exhaust valve is cut away between A and B, giving the steam access
to that portion opposite the port, thus pressing the valve firmly against
its seat which tends to keep it tight. The valves may be removed from the
cylinder by taking off the bonnets C, C.

i
In figs. 877 and 878 is shown the end of the valve chambers

with bonnets removed; each valve has a threaded hole H, in

which a "pull rod" may be screwed to facilitate the removal of

the valve. It should be noted that mark P, is scribed on the

STEAM VALVE EXHAUST VALVE

VALVE MAR
ORT MARK

Figs. 877 and 878.—Reference marks for setting Corliss valves. These marks are visible when
the bonnets are removed, and show the steam edge of both the valve and the seat.

seat to locate the steam edges of the port, and another V, on the

valve to indicate the position of its steam edge. These marks
are used in setting the valves, since the ports and edges are not

visible.

The Valve Gear.—The mechanism by which Corliss valves

are operated is quite different from the plain slide valve gear.

For ordinary service, where the maximum cut off is under one-

half stroke, all the valves receive their motion from a single

eccentric. Heavy duty engines, requiring a long range cut off,

have two eccentrics, one for steam valves, and the other for the
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exhaust valves.

Fig. 880 shows

the general
arrangement of

the Corliss gear

with a single ec-

centric. The re-

ciprocating
motion obtained

from the eccentric

is .transmitted as

usual- by the ec-

centric rod to a

rocker, or carrier

arm; this arm is

connected by a

carrier rod to a

wrist plate y or

wheel pivoted to

an arm which
projects from the

side of the cyl-

inder.

The carrier rod
has a U shaped
bend B, which
when the gear is

connected, engages
with a pin P, on the
wrist plate. As
shown in the
figure, the carrier

rod is disconnected
or unhooked. The
object of this is to
allow the gear to
be operated by
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hand in starting; after working the condensed steam out of the cylinder,
and giving the engine a few turns with the wrist plate operated by hand,
the U bend of the carrier rod is allowed to drop on the pin and the engine
come to speed; the gear then receives its motion from the eccentric.

When the carrier rod is hooked to the wrist plate, the motion

of the eccentric causes the latter to oscillate about its center.

Attached to the wrist plate are four rods which transmit motion

to the valves. The upper ones are called the steam rods because

CLOSED

>:^'^:-^ CARRIER ROD

PLATE

Fig. 881.—Illustrating the peculiar action of the wrist plate and valve rods which produces a
rapid opening and closing of the ports, with a slower movement during the closed periods.
This reduces wire-drawing, thus utilizing the steam to better advantage.

they operate the steam values, and similarly, the lower ones

are known as the exhaust rods.

The success of the CorHss gear is due in part to the pecuHar motion
given the valve by the action of these rods and the wrist plate. This is

illustrated by the diagram, fig. 881, which shows the valves and wrist
plate connection at one end of the cylinder.
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Figs. 882 to 894.—Vilter-Corliss valve gear. Fig. 882.
steam valve gear; fig. 883, steam valve gear showing
knock off bar; fig. 884 to 893, steam valve gear dis-
assembled; fig. 894, dash pot. The complete valve
gear comprises a wrist plate with radial valve rods

k>
>! connecting it to the steam and exhaust valve levers^HB I attached to the valve stems, the steam valve stems

viH ffc^ being fitted with trip blocks, drop levers, knock off

.^^SSSiSlil Si'*'^^^^. levers and drop rods connecting with double vacuum
^^^i^[HJl||^K|T^^M^ dash pots. The governor cranks are mounted on the

^^^^^Pt^JK^I^HBB valve bonnet, being brought as close to the cylinder

^^B^fc^-T^s^^^^SB^^^iP ^s possible. They are provided with fiber knock off
^^^Hi Iw^^^^mi^ » cams on top and brass safety cams at the side. The

knock off bars are steel forgings, and are keyed to
one end of the valve hook stems, on the other end of
which are located the valve hook stems, on the other
end of which are located the valve hooks or trip pins.
The knock off levers are so arranged as to work with-
out springs, but springs are, nevertheless, provided
as a safeguard. The trip pins, or valve hooks, as
they are sometimes designated, have hardened steel

trip plates, with eight wearing edges, which engage
corresponding hardened steel trip plates on the dash

pot cranks. The trip pins are provided with a special adjustment for regulating the amount
of lap of the trip plates. The dash pot cranks are keyed to the valve stems and are provided
with pins to which the drop rods are attached. The steam arms are provided with automatic
push down or closing pins which engage the dash pot cranks in case of accidental lagging of
the dash pot.
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In operation, the angularity of the steam and exhaust rods varies in
such a manner that the valves move rapidly at the time a quick movement
is desirable, as at admission and release, and slowly after the ports have
been fully opened, and closed. The latter feature makes it possible to use
smaller valves than would be otherwise practicable because, on account-
of the retarded movement, a given angular motion yields a larger port

Covernop rod

^tcQm valve Mem

'Knock-off Ping

Safety cam

Trip cam

Latch
^shaft

'Knock-off
ban

block

^^tcdm arm

Fig. 895.—Bates inertia releasing gear. The dash pot arm
is a bell crank, one arm carrying the dash port rod and
the other the latch block. The dash pot arm is keyed
to the steam valve stem and a hub on its inner side fits

into a bored recess in the steam bonnet which increases
the bearing surface. The steam arm is driven by the

valve rod in the usual way. A substantial boss carries the latch shaft to which the knock
off bar is firmly keyed. The knock off ring is controlled by the governor, through the
governor rod, and carries the trip cam and safety cam. The latter only comes into opera-
tion in the event of some mishap to the governor, when it is thrown into such position that
the valves cannot be opened. In opening the valve, the valve rod moves to the left and the
latch shaft engages the latch block in the position shown, and continues in its path until the
tail of the knock off bar comes in contact with the trip cam and is wiped outward raising the
latch until the dash pot arm is released. The dash pot then comes into action and returns it

to the original position. The follower pin is firmly fixed to the steam arm and closes the
valve if for any reason the dash pot fail to work. The construction and balancing of the
latch shaft and knock off bar are such that the inertia due to the reciprocating motion and
the gravity of the parts insures an automatic latching action at the end of the return stroke
without the use of any spring, and in turn assists the unlatching at the point of cut off,

thereby reducing the reaction on the governor.



I CORLISS ENGINES 481

opening than could be had with a straight motion of the rod. In thtj

diagram the valves are shown in several positions. It should be noted that
as the steam valve opens through the angle A O B, the angularity of the
steam rod with respect to the two arcs of motion AB and A' B ,is at a
minimum, hence the motion is rapid, giving a quick admission.

PICK-UP PLUNOER

PJCK-UP-BIlOCK

5TEAM_ CHA

VALVE STEM
CAP

6TEAM CRANK

^ DROP ROD
Bell crank driving rod

Fig. 89G.—The Cooper releasing gear specially designed for high speed. The latching or hooking

up operation is performed by a pick up plunger through the action of gravity. The engaging

faces of the steel block on the pick up plunger and the steel block on the steam crank are

always parallel during their working periods, thus prolonging the wear of the steel block edges.

When the wrist plate is moving from C, to A', during the closed period

of the valve, the angularity is greatest, resulting in a retarded valve

movement.

A positive motion is given the exhaust valves, from the wrist

plate, but a different method of operation is employed for the
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Steam valves. The closing motion of the valves at cut off is not

positive, but is obtained by a releasing device which at the point

of cut off disconnects the valve from the main gear and allows

it, with the aid of the dash pot, to drop or close with great

rapidity.*

This is one of the chief features of the CorHss gear, and its action is both
an advantage and disadvantage.

Its good features are the rapid cut off obtained which reduces wire
drawing, and thus increases the economy; also the great range of cut off
secured without any reduction in port opening.

OUTSIDE INSIDE DOUBLE
./^OMISSION ADMISSION ADMISSION

Figs. 897 to 899.—Types of Corliss steam valves. Fig. 897 shows an outside admission valve,
giving a direct movement with the half moon gear; fig. 898 illustrates inside admission, the
valve being operated directly by the oval arm gear. A double admission valve is shown in
fig. 899. This valve can be designed to move either way in admitting steam. . Outside and
inside admission valves may be used with either type of gear, in some cases an indirect
eccentric movement is required.

It has the objection, however, that the rotative speed of the engine
is limited on account of the non-positive action of the steam valves. High
piston speed with this gear, therefore, involves a long stroke, and the slow
rotative speed, a large fly wheel. On account of these limitations, a new
type or so called "Corliss" has appeared, in which there is direct con-
nections between the wrist plate and the steam valves, the cut off being
regulated by varying the travel of the wrist plate motion through the
travel of the wrist plate motion through a governor and link.

Engines of this class are properly called four-valve non-releasing engines;
as they are fully described in a separate chapter.

*NOTE.-
drop gear.

-The Corliss gear on account of this action is sometimes called a releasing or
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The action of the releasing gear being somewhat complicated,

will now be explained in detail.

The Releasing Gear.—This part of the Corliss valve gear,

as designed by the different builders, varies in detail, but not

in principle. There are, however, two general classes of releasing

gears

:

TO GOVERNOR

COVCKNOR ARM

VALVE STEM

SAFETY CAM^

LOOSE DISC

CUT OFF ARWi

y^.
ADMISSION ARM ^KNOCK OFF CAM

CRAB Claw

o

CO
<Q
O

STEAM ROD

HOOK DIE >-

SPRING

Fig. 900.—The crab claw releasing gear; view showing parts. In operation, the admission arm
is moved by the steam rod to the right giving outside admission. When in its movement
the crab claw is depressed by the knock off cam, the hook die releases the stud die, and the
valve is suddenly closed by the dash pot thus cutting off steam.

1. Those in which the valves rotate toward the center of the

cylinder in admitting steam, as in fig. 897.

2. Those in which the valves rotate toward the ends during

admission, as in fig. 898.
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Among the gears included under the first division are the

famiHar crab claw, and half moon types; those of the second

division are generally of a form known as the oval arm gear.

Crab Claw Gear.—This type of releasing gear was used on

the original Geo. H. Corliss engine, and is still to be found in

operation.

As shown in figs. 901 and 902, the valve stem passes through a stuffing

box, and a bracket which forms a bearing. Keyed to the end of the valve

Figs. 901 and 902.—The crab claw releasing gear as used on the Geo. H. Corliss engine. This

type of gear is still in use.

stem is a crank having two arms A, and A,'* the arm A, is for admission,

and A', for cut off.

The admission arm terminates in a bearing, through which passes the

steam rod D; this bearing contains a slud die F. There is a disc which

turns loosely on the valve stem between the crank and the bracket bearing;

*NOTE.—On the half moon and oval arm gears, there is only a single crank keyed to the

valved stem; it is called the steam arm.



CORLISS ENGINES 483

a projecting arm I, connects this with the governor rod. Attached to the
circumference of the disc is a knock off cam or button H, and s. safety cam or
button H'. These cams are shown more clearly in fig. 900.

A 'Vm& claw^^ is pivoted to the steam rod at E, and pressed against the
disc by a. spring. Attached to the lower member of the crab claw is a
hook die G.

In operation the
hook die engages
the stud die when
the steam rod is at
the outer end of its

travel, and on re-

turn moves the ad-
mission arm, thus
opening the valve.
At a point deter-
mined by the gover-
nor, the crab claw
is depressedby con-
tact with the knock
off cam which re-

leases the admission
arm, allowing the
valve to suddenly
close by the action
of the dash pot
pulling down on the
cut off arm. The
operation of the
dash pot will be
described later.

?IG. 903 —Sectional end view of Providence Corliss cylinder showing valve gear and place-
ment of engine on foundation.
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An important part of the releasing gear is the safety cam H'; its object
is to prevent the engine running away in case the governor belt break. This
cam, as shown, is attached to the governor disc at such a point that when
the latter is in its extreme position (in the direction of late cut off), the cam
will depress or "knock off" the crab claw, and thus prevent engagement of
the hook and stud dies, resulting in the valve remaining closed.

If the governor belt should break while the engine is running, the
governor balls would fall to their lowest position, and thus turn the knock
off lever to the extreme position which will bring the safety cam into en-
gagement with the crab claw. The hook then will not raise the steam arm,
and the valve will remain closed, thus shutting off the steam supply.

To avoid disaster in case the governor belt break, the engineer

should not Jail to put the governor safety stop in ''running position,'^

Fig. 904.—Section of Rice and Sargent inlet steam bonnet and valve stem, showing stuffing

box, drain pipe, etc.

ajter starting the engine, otherwise the safety cam will not operate.

Attached to the steam arm is a rod connecting with the dash

pot, which, by its action, as soon as the dies release, quickly

closes the valve. The dies are released by the left hand end of

the hook striking against the knock off cam, thus causing the

supply of steam to be cut off.

The knock off cam is a part of the knock off lever, and the latter is con-
nected with the governor by the governor cam rod. The point of cut off,

therefore, is determined by the position of the knock off cam which is

controlled by the action of the governor.
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STEAM
BONNE.T

BONMt
6LAND

•KNOCK OFF
'CAM

SAFETY
CAM

KNOCK OFF LEVER
WITH STEELS

EXHAUST ARM

WRIST PLATE CONNECTION WITH KEY HEADS
STEAM AMD EXHAUST

Fig. 907 to 914.—^Allis-Chalmers oval arm releasing gear. Views showing the mechanism
assembled, and taken apart.
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^ PLUG ANU

DASH POT DROP ROD
Figs. 915 to 926.—'Views showing connections and parts between the wrist plate and shaft,

also the wrist plate, and dash pot of AUis-Chalmers oval arm gear^
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A hard steel block, or die, projects at the extremity of this arm,

forming a hook. Another block called the stud die, is attached to

the steam arm, A spring presses the hook arm toward the stud die.

The governor disc, which has an arm, or knock off lever, works loosely

on the valve stem, and has attached to it the knock off and safety cams.
The hook arm has a branch called the tail arm projecting toward the
governor disc, there being a button fastened to the end for engagement with
the cams. A rod connecting with the dash pot plunger is pivoted to the
steam arm about half way between the hub and stud die.

STEAM v/AUVE STEM GLAND

GOVERNOR ROD
BRASS' HEAD

GOVERNOR ROB \

STEAM VALV

GOVERNOR
KNOCK OFF LEVER

\ STEAM HOOK SPRI«^S

STEAM HOOK
STEAM ARM

DASH POT ROD BRASS HEAD

DASH POT ROD LOCK NUT

^ASH POT ROO

Fig. 927.—The Murray-Corliss releasing gear. An example of the oval arm gear which is used
with inside admission valves.

When the steam rod moves in the direction for admission, the half moon
will rotate and raise the hook stud.

As the hook arm rises, the die engages the stud die thus lifting the
steam arm.

During the movement, the hook stud moves in an arc about the valve
stem, and at a point determined by the governor, the button on the tail

arm strikes the knock off cam which knocks the hook die away from the
stud die, allowing the valve to drop shut by the action of the dash pot.
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A safety cam is provided which engages with the button when
the governor is in its lowest position, thus holding the dies apart

in case the governor belt break.

Oval Arm Gear.—This is practically the same as the half

moon gear, with the exception that the admission arm as shown

in figs. 927 and 928 projects upward in order to get the opposite

SPRING

SAFETY-
CAM

STUD DIE.

HOOK DIE"

DASH POT ROD PIKVALVE STEM

Fig. 928.—Detail of oval arm gear.

motion of the valve for outside admission. The similarity of

the two gears is seen from the illustrations.

Dash Pots.—The quick closing of the steam valve giving a

sharp cut off, is one of the excellent features of the CorHss gear.

In the earlier engines, the steam valves were snapped shut by

springs, or weighted plungers, but later, a more satisfactory
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operation has been obtained by means of dash pots, whose
operation depends on

:

1. A partial vacuum, to secure quick closure of the valves;

2. An air cushion, to absorb the momentum of the moving
parts, bringing them quietly to rest.

To obtain this pneumatic action, the dash pot is fitted with

an air tight plunger. A dash pot is simply a cylinder closed at

one end, and accurately bored to receive the plunger. A rod con-

nects the latter to the steam arm of the valve. The steam

Figs. 929 and 930.—Rice and Sargent dash pots. Fig. 929, vacuum type; fig. 930, spring type.
According to the makers, vacuum pots are preferably limited to speeds of 125 revolutions
per minute, and spring pots to 2^ revolutions. Their strengths on normal lifts are the
same. On light loads where a vacuum pot of the best design may not close properly, the
spring pot will give results equally good as with a heavier load. The dash pots of either
type are placed with their top flush with the sole plate, and no piping connections are nec-
essary. Control valves with easily accessible handles are provided for adjustment. The air
is confined within the passages of the pot and so gives practically soundless operation.

arm, then, as it is raised by the hook, lifts the plunger which

produces a partial vacuum in the dash pot. When the hook
releases the steam arm, the pressure of the atmosphere on top

the plunger causes it to quickly drop and close the valve.. The
compression of air remaining below the plunger forms a cushion

which prevents shock.

The pressure in this type of dash pot, then, must be below that of the
atmosphere during the first portion of the downward stroke in order to
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shut the valve, and greater during the latter portion, to bring the parts to

rest. From this it follows that the pull on the dash pot rod is greatest at

the beginning of the downward stroke of the plunger, and on account of

the low initial vacuum, it is very little if any at the point where the steam
valve closes. The speed of the valve at this point, therefore, is not as

great as it might be if the effect of a good vacuum were available during
the entire period of closure of the steam valve.

In order to obtain this action, the single plunger dash pot, as just de-

f scribed, has been modified by the addition of another plunger or piston.
' Here the compression is carried on in a separate cylinder, which permits

of a higher vacuum for closing the valve.

Fig. 931.—The Harris-Corliss dash pot with separate compression cylinder. The parts are:
V, vacuum cylinder; C, compression cylinder; P, vacuum plunger; P, compression piston;
K, check valve; M, port to atmosphere; S, compression regulating screw.

Separate compression dash pots are used on most Corliss

engines and a typical construction is shown in fig. 931;

As shown, the dash pot consists of a vacuum cylinder V, and a

compression cylinder C. Fitted to these are a plunger P, and

piston P', forming one casting. At the end of the vacuum
chamber is a sensitive check valve K; there is a passage M, leading
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from the compression chamber to the atmosphere, and its

opening is regulated by a screw valve S.

The operation is as follows:—As the steam arm rises, the dash pot
rod lifts the plunger P, causing the check valve S. to close, producing a high
vacuum in the vacuum cylinder V. The travel of the plunger being longer
than the compression cylinder C, the piston P, is carried past the end of
this cylinder, thus giving access to the atmosphere.

When the steam arm is released, the high vacuum in the cylinder causes
the plunger to drop with great speed until the piston enters the compression
cylinder. The air contained therein is then compressed which quietly brings

Fig. 932.—The Murray-Corliss
separate compression dash
pot. The compression cyl-
inder has a port in the side
leading directly to the atmos-
phere, and allowing quick
ingress of air when uncovered
by the piston. Compression
takes place in the descent of
the piston after it has covered
this port, and is regulated by
the screw valve.

the moving parts to rest. The amount of cushion thus obtained may be
regulated by the screw valve S, allowing more or less air to escape during
the compression.

Corliss Enginfe Speed.—One inherent defect of the Corliss

engine is that the releasing gear is not adapted to high rotative
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speed. In many power installations, this is a drawback, not

only because of the increased first cost, but on account of the

space occupied, and in general because higher speeds are attended

with greater saving in the use of steam.*

For many years 70 to 80 revolutions per minute for the small

and medium sizes was considered the safe limit of rotative speed,

and later from 90 to 100. Since then Corliss engines are com-

FiG. 933.—'The Frick-Corliss dash pot. A single cylinder type in which both vacuum and
. compression are obtained in one cylinder. The regulating device is shown at the right.

This pot necessarily operates on a vacuum of lower degree than the separate compression
type, hence, a larger plunger is used to obtain the required pull.

monly run at 100 to 120, and those especially built for high speeds,

as high as 200 revolutions.

Various refinements have been made in the design of the releasing gear
to secure satisfactory working at high speed.

*NOTE.—^According to tests made by Prof. Jacobus, on a 17X30 engine, fixed cut off,

Meyer valve, the loss in economy for about one-fourth cut off is at the rate of one-twelfth lb.

of water per horse power for each decrease of a revolution per minute from 86 to 26 revolutions,
and at the rate of five-eighths lb. of water below 26 revolutions. It should be noted, that the
results thus obtained do not represent the absolute loss, because, an engine designed for slow
speed would have correspondingly small ports and passages thus reducing the clearance, which
would considerably reduce the loss above obtained.
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The inertia of the releasing parts has been reduced as much as possible

by making them of minimum weight, thus renaering the dash pot action
more effective.

Larger dash pots have been employed to secure quicker action in closing

the valves.

-AUTOWIATIC'CLOSING PIN

. , .> ''ADJUSTJNGs'SCRE^

.J} ^ BONNET.^' "^^"^

"iROP uevER.

Fig. 934.—Wisconsin-Corliss high speed releasing gear. The features of this gear are the out-

side bearing for the valve stern, short leverage, and large dies; these are desirable qualities

for high rotative speed.

KNOCKTO^E^TSSn:,

Fig. 935.—Wisconsin-Corliss high speed releasing gear. View from cyfcder showing T endof
valve stem, and the releasing features.

The motion of the gear has been reduced by shorter leverage and double
ports.
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These several
refinements per-
mit considerably
higher rotative
speeds, than is

permissible with
the ordinary con-
struction.

An example

of a high speed

Corliss valve

gear designed as

above outlined

is shown in figs.

934 and 935.

Besides the
lightness ofparts,

short leverage,

an d reduced
motion, the
steam arm is

located inside
the bracket
between the
stuffing box and
bearing The
stem is thus
supported on
both sides of the
steam lever in-

stead of having
the latter over-

hung. This gear,

according to the
builders is de-

signed for speeds
up to 175 revolu-

tions per minute.

In figs. 936

and 937 is shown
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the Franklyn gravity releasing gear for which is claimed

satisfactory working up to 200 revolutions per minute.

Its chief feature is the placing of the hook arm in such a position that
gravity assists the spring in moving the arm to engage the stud die of the
steam arm.

Ones. In what respect is the Corliss gear limited when
operated by a single eccentric?

Ans. The releasing mechanism will not act to cut off later than

about one half stroke.

EX.HAUST VALVE
Figs. 938 and 939.—Wisconsin-Corliss small clearance exhaust valve. The clearance is reduced
by locating the valve so that its axis is tangent to the cylinder bore; the valve is thus con-
tained partly in the cylinder casting and partly in the cylinder head.

Oues. Why is this?

Ans. If the eccentric be set at 90° ahead of the piston, it

will reach its extreme position when the crank arrives at half

stroke. If at this point, the hook, which was rising and opening

the valve, has not struck the knock off cam, it cannot strike at

all, since the motion of the wrist plate is reversed at this point;

hence, the hook and steam arm will begin to descend thus

gradually closing the valve. This will take place near the end
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of the stroke but it will not be the sharp cut off as produced

by the sudden drop of the dash pot plunger when the dies are

released.

Owes. Why is the single eccentric gear unsatisfactory

for a cut off later than one half stroke?

Ans. In order to cut off later than half stroke, the eccentric

must be turned back until it is less than 90^ ahead of the crank.

This decrease in the angular advance causes release and com-

pression to occur too late. If exhaust lap be added to correct

one, it will increase the error of the other in like proportion.

For instance, if the exhaust valves be given negative inside lap to obtain
earlier release, compression will be delay«i an equal amount.

The Use of Double Eccentrics.—In the preceding questions,

it is seen that the Corliss gear with one eccentric is limited to

cut offs not exceeding half stroke.

If a single eccentric be set with the least possible angular

advance, in order to get the maximum range of cut off, the engine

when heavily loaded will not be able to exhaust the steam early

enough to sufficiently reduce the pressure at the beginning of

the return stroke.

If the eccentric be advanced to secure early release, the range

of cut off available with the releasing gear is so reduced that the

knock off cam may not strike the hook for one or two revolutions

thus increasing the trouble which it was desired to remedy.

The limitations of the single eccentric gear are overcome by
the addition of a second eccentric ; one to operate the steam valves,

and the other for the exhaust valves. Admission and cut off are

thus made independent of release and compression. The steam

eccentric may therefore be set with negative . a.ng\x\a,v advance

to obtain a late cut off, and the exhaust eccentric with positive

angular advance to secure early release and compression.
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Figs. 940 and 941.—Vilter cylinders
yvithsingle and double eccentrics

;

fig. 940, single eccentric valve
gear; fig. 941, double eccentric
valve gear. For ordinary power
purposes the single eccentric is

satisfactory, and with it a maxi-
mum cut off of one-third is obtain-
able. Cut offs greater than this
are not practicable owing to the
fact that compression and release
are reduced to such an extent
that pounding of the engine will re-

sult. This is due principally to the
fact that the functions of the
exhaust valve are interfered with.
For simple non-condensing single

eccentric engines, the usual point
of cut off is about % stroke, the
same being true of simple con-
densing engines. This cut off

insures proper compression at

all speeds. Double eccentric
engines, in which the exhaust
valves are actuated by a separate

eccentric indepen-
dently of the steam
valves, permit of al-

most any range of cut
off without mterfer-
ence with the proper
functioning of the ex-

haust valves. Where
the load conditions
are of a fluctuating
character, and where
heavy over loads fre-

quently occur, as in

the driving of electri-

cal machinery in con-
nection with lighting
and railway service,
double eccentrics are
essential, as they per-
mit of any range of
cut off up to 80 per
cent, without affect-

ing the compression.
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to delay the closing of the valve until after release in which case live steam
would blow through the cyHnder into the exhaust pipe. To guard against
this, valve gears when designed for two eccentrics have a maximum cut
off of almost full stroke within the range of the releasing gear. This insures
the release of the steam arm for any load within the capacity of the engine.

Since the necessary negative angular advance which must be given the
eccentric to secure a very late cut off, reduces the speed at which the valve
opens the port, poor admission is avoided in designing a double eccentric

gear, either by increasing the port opening, or by the use of double ports.

GOVERNOR ROD

Fig. 943.—The Corliss double eccentric valve gear. The admission, and exhaust valves are
operated independently from separate wrist plates S and E. A long range cut off is possible
with this gear because the steam features may be varied at will without disturbing the exhaust.

An example of a double eccentric valve gear is shown in fig. 943.

There are two wrist plates, which work independently of each

other. The steam valves are connected to the upper plate S,

which is operated by the steam eccentric, and the exhaust

values are connected to the lower plate E, operated by the
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exhaust eccentric. Motion is transmitted from the eccentrics

to the wrist plates with the usual gear consisting of carrier rods,

Irrier,
rockers, and eccentric rods.

Corliss Engine Frames.—In the design of the frames, care

taken to distribute the metal so as to best resist the stresses

transmitted from the piston to the crank pin. Modern frames

are designed with special regard to the service for which they are

intended. With respect to this point, Corliss frames may be

classified as

:

Figs. 944 and 945.—Front and rear views of a girder, or light duty Corliss frame. The back-
bone projecting from the rear reinforces the frame, and is directly in line with the strain.

1. Girder, or light duty;

2. Semi-heavy duty;

3. Tangye, or heavy duty;

4. Rolling mill, or extra heavy duty.

For ordinary service the girder frame is generally used. This

type was one of the distinguishing features of the original

Corliss engine and is well adapted for light duty.
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Figs. 944 and 945 show a front and rear view of a girder frame; a heavy
backbone projects from the rear, as illustrated in fig. 945, directly in line

with the strain. The form of the girder frame is such that the required

strength and stiffness is secured with the least amount of metal

Where the conditions of operation are more severe, a frame of

heavier construction is desirable, such as shown in
. figs. 946

and 947.

Here the metal extends down to the foundation; the frame is hollow
and of rectangular cross section, forming a kind of box girder of the so

Fice. 946 and 947.—Front and rear views of a semi-heavy duty Corliss frame. The metal is

carried down to the foundation, giving a more substantial construction.

called "straight line" design in which the walls extend in practically straight
lines from the main bearing to the cylinder, this bringing the metal, as near
as possible, in the direction of the strain so as to reduce bending, or twisting
stresses.

With the advent of electric railways, and the plan of trans-

mitting power by electricity, a new type of frame came into

use, which has become generally known as the ''heavy duty,''

or Tangye. The true Tangye frame was designed by an
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English engineer of that name,* and is to be found on Corliss

engines only in its modified form, such as is shown in fig. 948.

Starting with a massive bearing, the metal is placed in straight lines

between it and the guide casting to which it is bolted, although in the
smaller sizes the frame proper and guide are sometimes cast in one piece.

The frame terminates in lines of symmetry and strength to form a circular

end which receives the guide. The graceful down sweep curve at this point
is characteristic of the Tangye design.

The end and side walls are carried down, and sometimes an enclosing
bottom is provided, which distributes the weight and stresses to the foun-
dation, and also forms a receptacle to catch oil.

Fig. 948.

Fig. 949.—The Tangye, or heavy duty frame. The graceful down sweep curve is characteristic
of this type. The original design is in one piece without the separate guide casting as on
the Porter-Allen engine.

*N0TE.—The regular Tangye frame is in one piece with the down sweep curve beginning
at the cylinder; it is adapted to short stroke engines having locomotive guides, such as the
Porter-Allen, Buckeye, etc.
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To meet the severest conditions of service where high speed

and high pressure are required, a frame of the most substantial

construction is necessary. This type is known by some as the

rolling mill frame, because of its universal adoption for that

service.

An example of an extra heavy duty frame is shown in fig. 950 ; it is similar

to the Tangye frame illustrated in the preceding figure, but of more massive

Fig. 950.—A rolling mill, or extra heavy duty frame; this is a modified Tangye frabme of very
substantial construction.

Figs. 951 and 952.—Two views of the Murray-Corliss rolling mill frame.

to the most severe conditions of engine operation.

A design adapted
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construction. The frame and guide are cast in one piece, and it should
be noted that the metal of the latter is carried down to the foundation
giving additional support.

Another design of extra heavy duty frame is shown in figs. 951 and 952.
This is also a one piece frame, and its very substantial and massive con-
struction is indicated by the cross sections, figs. 953 to 956.

Setting Corliss Valves; Single Eccentric.—Adjusting the

Corliss valve gear should present no difficulty when once its

construction and principles of operation are understood. In

Figs. 953 and 956.—Cross sections of the Murray-Corliss rolling mill frame, showing the heavy
and substantial construction.

fact, part of the work has been done by the engine builders in

scribing the necessary reference marks on the gear during its

construction. Marks corresponding to the steam edges of the

valves and ports are scribed on the end of each valve and seat

respectively, as shown in figs. 877 and 878.

There are on the back of the wrist plate hub three marks,

A, B, C, as shown in fig. 957, and one, D, on the wrist plate stud.
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When A, registers with D, the wrist plate is in its neutral position;

similarly when B, or C, registers with D, the valve is in one of its

extreme positions. In some cases the marks are arranged as

shown in fig. 960.

1 1

LU

NEUTRAL

•

STUD

D

LU

EXTREME
^^^ B A C "^ EXTREME

1 WRIST PLATE 1

T-^Vc

r

-«•— HOOK PIN
3

Fig. 957.—Reference marks on the wrist plate and stud for valve setting. When D, registers

with A, the wrist plate is in its neutral position; B and C, indicate the extreme positions.

Pig. 958.—^A second arrangement of the wrist plate and stud reference marks. In this case
the marks are reversed. A, B, and C, being on the plate, and D, on the stud.
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The several operations to be

performed in setting Corliss

valves are as follows:

1. Squaring the wrist plate and

rocker;

2. Squaring the valves;

3. Adjusting the dash pot rods;

4. Setting the eccentric, equaliz-

ing the lead;

5. Adjusting the governor con-

nections,

1. Squaring the Wrist Plate

and Rocker.—The first step in

setting the valves is to unhook
the carrier rod, and put the

wrist plate in its neutral position,

that is, the position shown in

figs. 957 and 960, where line A,

is opposite D.

The wrist plate should be clamped
in this position by placing a piece
of paper between it and the washer
on the supporting pin. If the marks
A, and D, havebeen correctly located,

a plumb line from the center of the
hook pin as shown in fig. 959 should
register with the center of the wrist
plate.

The rocker should now be

placed in a vertical position with
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a plumb bob, and the length of the carrier rod adjusted, if nec-

essary, so that it will engage with the hook as shown in the figure

.

The rocker is conveniently brought into a vertical position by turning
the engine over until it is vertical as determined by the plumb bob, taking
special care before doing this to shorten the dash pot rods enough to prevent
the steam arm die being forced against the hook arm shoulder,

2. Squaring the Valves.—^When the back bonnets are

removed, the reference lines which indicate the steam edges of

the valves and ports will be visible as shown in fig. 960. The
distance between these lines P, V, will indicate the lap when the

---

o

(
o

o

V
PO

o

o
\

Fig. 960.—^Valve and port reference lines. When the bonnet is removed these lines are visible,

and are used to set the valve.

wrist plate is in its neutral position. Being thus guided, the

steam valves are given a slight amount of lap by lengthening or

shortening the steam rods K, K, fig. 961, the wrist plate being

still clamped in its neutral position.

Similarly, the exhaust valves are put in line and line position

or given a very small amount of lap by adjusting the exhaust

rods L, L.

It should be noted that the object in giving steam lap to Corliss

valves is quite different from the restdt sought with the slide valve:

Lap is given a slide valve to obtain a desired cut off, while with
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the Corliss gear, its object is to secure the most favorable angular

advance of the eccentric.

As has been mentioned, the eccentric should have some angular

advance in order to secure pre-release, and the proper amount

of compression.

The usual amount of steam lap for small engines is from Ke to 34 inch,

and from 34 to J^ inch for the larger sizes. * The builders of the Reynolds-
Corliss engines recommend that the valves be set according to the following

table lap and lead.

Table for Setting Valves

Diameter of Cylinder Steam Lap Exhaust Lap Lead

8 to 12 A
M
A
% - ¥4.

h
14 to 20 A
22 to 30 %
32 to 36 ^

3. Adjusting the Dash Pot Rods.—This is a very important

adjustment. If the rods be too short, the steam valves will not

open, if too long, the rods will he bent, or the bonnets broken, or

both. To make this adjustment, the wrist plate is turned by
hand to its extreme position, that is, until B, or C, of fig. 957

registers with D.

When the plunger is down as far as it will go, as in fig. 962,

the dash pot rod D, should be adjusted so that the hook on

shoulder H, will safely clear the steel die S, on the steam arm,

leaving a margin M, between the hook die E, and steam arm die S.

4. Setting the Eccentric.—The paper which was inserted

between the wrist plate and its washer may now be removed so

that the wrist plate can turn. After doing this, the engine

*NOTE.—The reason for the increase in lap is to preserve the same angular advance of

the eccentric for engines of different sizes. In order to do this, the lap must be increased in
proportion to the travel.
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is placed on the dead center and the eccentric located *'by eye."

The lead is measured and the engine turned over to the other

center. If the length of the eccentric rod be correct, both leads

will be the same; if not, the lead must be equalized by adjusting

the eccentric rod to the correct length. The equalized lead will

probably be too great or too little since the eccentric was set

by eye; it remains then to change the position of the eccentric

tmtil the valves show the desired lead as given in the table.

Fig. 962.—Detail of valve gear illustrating adjustment of dash pot rod.

The foregoing, of course, applies to engines having the eccentric fastened
with set screws. In some cases, especially on large engines, when the
eccentric is keyed to the shaft the position of the eccentric is fixed, and
the steam lap as given in the table is subject to correction.

After the wrist plate, valves and rocker have been squared, and the
lead equalized, if the correct lead be not obtained, the engine is placed on
each dead center, and the length of the steam rods (K, K, fig. 961) adjusted
until the valves show the proper lead as given in the table.

If for any reason it be desired to change the position of the eccentric
as for instance, to increase the range of cut off, it may be done by fitting
an offset key.

The setting of a Corliss eccentric is governed by the.same principles that
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Figs. 963 and 964.—Rice and Sargent Corliss inlet valve gear in extreme positions. Fig. 963
shows the gear for the front end of the cylinder in its extreme left and opening position.
The latch A, on the valve stem lever B, is in the position of engagement with the toe C, on the
rocker D. The pin_E, connects through the intermediate rockers and rods with the steam
eccentric on the engine shaft, and the pin F connects to a similar inlet gear at the back end
of the cylinder. As the rocker D, moves to the right, the toe C, engages the latch A, moving
the inlet valve to open, and raising the dash pot plunger which is connected to the pm P.
Cut off is accomplished by the toe C, turning downward on its pivot spindle^H, to release the
latch A. The spindle H, has a cam lever I rigidly attached in the rear, which in turn is carried
between two hardened steel rolls, J, J. These rolls turn on pins in the cut off collar K, which
latter turns freely on the valve stem journal. The arm L, above, forming part of the same
casting as the cut off lever K, is connected to the governor by the rod M. This rod is held
firmly by the governor and does not move unless there is a change in the speed of the engine.
The rod N, connects to the valve gear at the head end of the cylinder. The latch A, is released
at some point in the opening movement of the rocker D, toward the right. This is accom-
plished when the rise O of the cam lever passes between the cam rolls J, J. It is obvious that
the length of cut off depends upon the position of the cut off collar K, as controlled by the
governor. The further to the left the collar K, the earlier the cut off. Fig. 964 shows the
rocker D at the extreme right of its motion. Release has taken place and the valve is about
to be closed by the pull of the dashpot. The valve then closes promptly and the lever B
turns to the position shown in fig. 963. _ The cut off collar K is here shown in the position,
giving nearly the latest cut off, which is about three-quarter stroke of the piston. On the
return movement of the rocker D, the cam rolls, J, J, raise the cam lever I, and the toe C, to
the engaging position. At the latter part of the movement of the rocker D, to the left, as
the toe C, passes under the latch A, the latter is raised by the toe sufficiently to clear the same,
and the latch then drops by gravity in front of the toe to the engaging position.
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apply to the slide valve eccentric; the operations differ only in minor
details. For instance, it is not necessary to place the Corliss eccentric

"by eye" a little ahead of its correct position when equalizing the lead
as both positive and negative lead may be easily measured from the refer-

ence marks. Instead of wedges for measuring the lead, this is conveniently
done by means of dividers.

5. Adjusting the Governor Connections.—There are two
governor cam rods H, H, by which the controlling action of the

governor is transmitted to the knock off levers, as shown in

fig. 961. By lengthening or shortening these rods, the point of

cut off may be adjusted. In doing this, the governor sleeve is

raised by means of the safety stop.

This prevents the governor reaching its lowest position, and brings it

in the lowest position in which the hook should engage the steam arm.

With the governor in this position the carrier rod is unhooked
and the wrist plate turned by hand to one of its extreme positions.

The corresponding steam valve will now be wide open, and in

this position the governor cam rod H, (fig. 961) is to be adjusted

so as to bring the knock off lever G, in the proper position to

release the steam arm M, thus allowing the valve to close.

The wrist plate is now turned to the other extreme position,

and a similar adjustment made at that end of the cylinder.

To check the correctness of the cut off adjustments, the governor should
be raised to an intermediate position and blocked. The carrier rod is then
connected to the hook pin, and the engine turned over slowly in the direction
in which it is to run, noting the positions of the crosshead at which each
cut off takes place. If equal cut off be obtained for each stroke, no further
adjustments are necessary, if not, the length of the cam rods should be
adjusted until the pomts of cut off are at equal distances from the be-
ginning of the stroke. The valve bonnets may now be replaced, and the
block removed from the governor which completes the setting of the valves.

Setting Corliss Valves, Double Eccentrics.—The work
of setting the valves of a Corliss engine having two eccentrics,
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Figs. 965 to 972.—
Murray governors.
Figs. 965 and 966
show outside and
sectional view of
plain g Q V e r n o r

.

Figs. 967 and 968,
variable speed
governors. These
were designe d
especially for Cor-
liss engines for vari-
able speed service,
the speed adjust-
ment beingmade by
hand without stopping the engine. Figs. 9(59 and 970, special attach-
ment, for hand adjustment of speed. The weight is moved in

or out to increase or decrease speed. Speed
range fig. 970 greater than that of fig. 971.
Figs. 971 and 972. Cut off adjustment for com-
pound engine. The conditions of service under
which compound engines are worked are fre-

quently such that make it very desirable that
the point of cut off in the low pressure cylinder
may be changed by hand to points earlier or
later than that taking place in the high-
pressure cylinder , while the engine is in operation.
Figs. 971 and 972 show such device attached to
tandem compound engine governor. By means
of a hand wheel the position of the bell crank
that carries the governor knock off rods of the
low pressure cylinder is changed to any
desired point, thereby changing the point of
cut off in that cylinder and raising or lowering
the receiving pressure correspondingly. This
device may be thrown in or out at will. Fig.

972 shows the hand wheel disconnected and the bell crank hooked up in

position where the point of cut off is controlled in both cylinders by
the governor. When this device is in use the governor has control of the cut off in the high
pressure cylinder only» that of the low pressure remaining constant where set.
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is not so complicated as supposed by some. It is rendered easy

by keeping in mind the principles involved.

The reason for two eccentrics, as before explained, is to obtain a long
range cut off without distorting the action of the exhaust valves.

If all four valves were operated by one eccentric, cut off could not take
place later than one-half stroke without causing release and compression
to occur too late. This is due to the negative angular advance which
must be given the eccentric to secure late cut off.

With two eccentrics, then, negative advance may be given the steam
eccentric to get a late cut off, and positive advance to the exhaust eccentric
to secure early release and compression.

The arrangement of the steam rods of a single eccentric gear is such as
to give a slow initial* movement to the valve while the port is still covered
with positive lap ; this causes the quick motion period of the valve move-
ment to occur while the valve is opening the port.

The steam rods of a double eccentric gear are arranged to give a quick
initial valve movement, because negative lap is used here, which causes
the valve to open the port at an earlier point in its travel.

It follows then, that a valve gear designed to be operated by a single

eccentric cannot very well be made to cut off much later than half stroke,

even if a separate eccentric be added, because the slow initial movement
of the single eccentric gear cannot be corrected without a re-arrangement
of the steam rods.

In setting the valves of a double eccentric gear, the operations

of squaring the valves, equalizing the travel, etc., is practically

the same as with the single eccentric engine. The various steps

are as follows:

1. Squaring the wrist plates and rockers;

2. Squaring the valves; •

3. Adjusting both eccentric rods, equalizing the travel;

4. Adjusting the dash pot rods;

5. Setting the exhaust eccentric;

6. Setting the steam eccentric;

7. Making the governor adjustments;

8. Final adjustments with indicator.

*NOTE.—The initial movement of the valve means the beginning of its movement starting
from the extreme position.
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1. Squaring the Wrist Plates and Rockers.—These are

squared in the same way as with the single eccentric gear.

That is, the wrist plates are placed in the neutral position as

indicated by the reference marks and clamped; the setting is

then verified with the plumb bob. Similarly, after unhooking

the carrier rods, the rockers are placed in a vertical position

and the carrier rods adjusted to the proper lengths, using plumb
bobs as in fig. 959.

Fig. 973.—Squaring the valves with double eccentrics. The steam valves are set with
negative lap which is usually a little less than half the port opening. The usual setting of
the exhaust valyes is line and line as shown.

In squaring the rockers, the eccentrics should be unloosened on the shaft

and the rockers moved by turning the eccentrics rather than the engine.

2. Squaring the Valves.—These are squared by adjusting

the steam and exhaust rods the same as with the single eccentric

gear. However, with two eccentrics, the steam valves are set

with negative lap, which, in amount, is usually a little less than

half the port opening as shown in fig. 973.
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The object of this negative lap is to so locate the position of the eccentric

that it will give a quick movement to the valve in opening the port.

The exhaust valves are set in line and line position as illus-

trated in the figure.

3. Adjusting the Eccentric Rods.—The travel of the valves

should be equalized, by adjusting the lengths of the eccentric

rods. After unclamping the wrist plates, each eccentric is turned

on the shaft so as to bring the wrist plates in the extreme posi-

tions, noting if the reference marks register at these points.

If not, the eccentric rods are to be adjusted until the marks come
opposite each other.

In case the eccentrics are keyed, or not easily turned on the shaft, the
engine may be turned over instead, in equalizing the travel. // this he

done, great care should he exercised to see that the dash pot rods are not too*

long, otherwise the valve gear may he injured as previously explained.

4. Adjusting the Dash Pot Rods.—The length of these rods

is adjusted in the same way as with the single eccentric gear,

hence no additional instructions are necessary. It is well to

repeat, however, that this is an important adjustment and

should be carefully made. If the rods be too short, the steam valves

will not open; if too long, the rods will he bent, or the bonnets

broken, or both.

5. Setting the Exhaust Eccentric.—This is usually set

first as it is next to the shaft; the other eccentric then may be

turned out of the way if necessary in tightening the set screws.

To locate the position of the exhaust eccentric, the engine is

turned in the direction it is to run until the piston is brought to

the point where compression should begin.

The distance of this point from the end of the stroke, may be taken at

5 per cent of the stroke. This is easily measured by scribing reference

marks on the cross head and guide.
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It should be noted that the steam eccentric will be either in

its normal position of negative angular advance, or at a half

turn (180° degrees) from this position, depending upon the

type of the valve gear. Thus, with the half moon gear and

inside admission as shown in fig. 977, the motion of the valves

must be reversed, hence the steam eccentric must be .given a

half turn to the right as shown in the figure. If these valves

had outside admission, the steam eccentric would be in its

normal position as shown in fig. 976.

POSITIVE
NEGATIVE

ADVANCE
ADVANCE

NORMAL
STEAM

POSITION or
ECCENTRIC

"HALE TURN" POSITION
FOR IN3IDE ADMISSION
HALF MOON GEAR

Pigs. 976 and 977.—Illustrating normal, and half turn positions of the steani eccentric. The
eccentric is placed in its normal position when its center moves in unison with the hook pin
on the wrist plate, and at half turn position when they move in opposite directions. For
example, the eccentric is set in its normal position for the crab claw and oval arm gears,
and at half turn position for an inside admission, half moon gear.

7. Making the Governor Adjustments.—The method of

adjusting the governor with the double eccentric gear is the

same as with single eccentrics, as described on page 515.
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8. Final Adjustments with Indicator.—It is desirable

after setting the valves that an indicator be applied to the

engine when it is in operation, to verify the valve setting, and
make more accurate adjustments than would otherwise be possi-

ble. In using the indicator the following directions for the final

adiustments should be noted:

Fig. 978.—Filer and Stowell releasing valve gear. The eight hardened steel latch dies are
provided with means for adjusting the lap while the engine is running. The arrangement
is to eliminate the possibility of the valve gear not "hooking up" after the dies are some-
what worn.
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If with the average load on the engine, the indicator cards from the two
ends of the cyHnder be unequal, showing that one end is doing more work
than the other, the governor rods should be adjusted to cut off a little earlier

at the end with the larger load, and a little later at the other end.

If the toe of the diagram turn up, showing that pre-release is too late,

the exhaust rods, with single eccentric gear, may be shortened a little, not
forgetting that this is at the expense of reducing the compression. Length-
ening the rods will increase compression, but make release later.

Figs. 979 and 980.—Filer and Stowell hook and device for disconnecting the valve gear from
the eccentric motion.

^
With the double eccentric gear, a later release should be corrected by

giving the exhaust eccentric more positive angular advance.

If the card appear a Httle late all around, the eccentric (or eccentrics)
should be set a trifle forward.

Any small changes in the admission lines that may be desired without
affecting the rest of the diagram are made by adjusting the steam rods.
Shortening the steam rods will give earUer admission, while lengthening
them will, of course, produce the opposite result. Figs. 838 to 848 (page
461) in the chapter on Valve Setting show effect of errors in valve setting
as recorded by indicator diagrams.
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CHAPTER 15

HOW TO RUN A CORLISS ENGINE

Before Starting.—The engineer should -first examine the

engine parts, and satisfy himself that every thing is in working

order befoi:e attempting to start. The cylinder lubricator, and

oil cups should be filled and set for the proper feed. The c}rlinder

should be lubricated with the best grade of cylinder oil, the

choice depending on the temperature of the steam. For high

pressure, or superheated steam, care should be taken to select

an oil having a sufficiently high flash point.

The surfaces of the cylinder and valves will be improved by the use of

flaked graphite prepared for the purpose; this can be mixed with the
cylinder oil and injected with a hand pump, or fed clear in a cup especially

designed for it. Graphite, like lard oil, is excellent for hot bearings, besides
being useful in other ways; it should be included in the list of engine room
supplies.

In packing the piston rod, and valve stem stuffing boxes,

care.must be taken to put in the packing evenly, so that steam

may be prevented escaping without the necessity of screwing

down the glands so tightly as to interfere with the free movement
of the rods.

The packing should be changed as often as may be necessary to prevent
it becoming hard and gritty ; keeping it too' long in use may be the means
of grooving or creasing the rods, thereby occasioning leakage and con-

sequent trouble.
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Figs. 981 to 983.—Right and left hand Corliss engines, and diagram illustrating the term
running over and running under.
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Before starting the engine, the drain cock on the steam pipe

should be opened, and any water that may have accumulated,

blown out. After placing the governor safety stop in starting

position, the carrier rod is unhooked, and the starting bar in-

serted in the wrist plate. With the throttle valve slightly opened

the starting bar is moved back and forth a few times allowing

a little steam to p'ass into the cylinder until it becomes thor-

oughly heated and freed from water.

Starting.—The engine should be slightly off the center and

the proper valve opened for admission by means of the starting

bar. The throttle is now opened sufficiently to allow the engine

to gain enough momentum to pass the other center. Just before

reaching the end of the stroke the wrist plate is turned to the

other extreme position with the starting bar so as to open the

opposite admission valve for the return stroke. The valve gear

is thus worked by hand with the starting bar (the carrier rod

being still unhooked) and the engine run slowly in this way a

few revolutions.

The reason for working the valve gear by hand in starting is that the
steam valve may be fully opened for admission at the beginning of the
stroke, thus giving free entrance to the steam; this is especially desirable
in starting with a load.

The carrier rod is now hooked to the wrist plate stud and the

engine gradually brought up to full speed.

In some cases where there is very little load at starting, hand control is

not necessary after the preliminary warming up process.

It now remains to put the safety stop in running position, and
it should be noted that failure to do this may result in a wrecked

engine y and loss of life.

Before starting an engine for the first time, the valve gear

should be tested by working it with the starting bar to see if
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it will move through the extent of its travel without bind or

interference anywhere, special attention being given to the dash

pot rods to see that they are not too long.

Starting: Jet Condensing.—In starting a jet condensing

engine, care should be taken to follow certain rules, to prevent

water entering the cylinder with its attendant dangers. There

are two methods of procedure, depending on whether the

engine has:

1. An independent air pump; or,

2. A direct driven air pump.

With an independent air pump, the injection valve is opened

slightly and the air pump started to its normal speed.

When the vacuum is established as indicated by the gauge, the

engine is warmed up in the usual manner, and started with the

hand bar. As the engine is being brought to speed after hooking

on the carrier rod, the injection valve is regulated so that the

supply of cooling water will be sufficient to condense the steam,

otherwise the vacuum will fall.

The amount of cooling water and speed of the air pump must be regulated
according to the degree of vacuum required, being careful that the air pump
is running fast enough to take care of all the water admitted. It is therefore

important to know when the proper supply has been reached. The engineer
is guided in this by the vacuum gauge. As the injection valve is being

-

opened, the vacuum will increase up to a certain point after which any
additional opening of the valve will not increase the vacuum. This indi-

cates that the pump is receiving all the water it can handle, and any excess
would tend to flood the condenser. The condenser should not he operated

with the injection valve opened to this extent, but should be closed a half turn
or so, or until the vacuum begins to fall to guard against exceeding the
capacity of the pump. If a higher vacuum be desired, the speed of the
pump must be increased to take care of the larger amount of cooling water
required.

A steam by pass should be fitted to the exhaust pipe at the engine,

especially when the supply of cooling water is at a lower level than the
condenser in order to facilitate the formation of a vacuum by blowing out
the air, and priming the condenser with steam.
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In starting an engine having a direct connected air pump, the

cyHnder is first warmed, and the engine set in motion before

opening the injection valve. This allows the condenser to fill

with steam which displaces the air. As soon as the engine is in

motion the injection valve is slightly opened, the full supply

of cooling water being not admitted until the normal speed

has been reached. '

The reason for this is on account of the air pump being direct con-
nected, its speed will vary with that of the engine, and while the engine is

CORLISS EMGINE

BELT DRIVE

HEATER
JET CONDENSER

MAIN PUMP
Fig. 986.—Corliss engine with Dunham direct connected pump. As piped, a water heater

is placed between the engine and jet condenser, the latter being attached to the pump.

running slowly, the pump displacement would not be sufficient for the full

supply of cooling water. The condenser under these conditions might
flood and the water back up into the cylinder.

In the chapter on *

'Engine Management" additional instruc-

tions will be found on starting with various types of condensers.

While Running.—When an engine is in operation, the care-

ful engineer will give the proper attention to lubrication, to see
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lat none of the bearings are heating, and keep an alert ear for

any unusual noise.

I A careful study should be made of the oil requirements so

lat each bearing will receive the proper quantity and no more.

In places not provided with automatic oil cups, it should be

remembered that oil applied frequently, and in small amounts

is more efficient than spasmodic flooding.

Figs. 989 and 990.—Side and front views of Nugent crank pin oiler. The tube or arm through
which the oil flows by centrifugal force to the crank pin is bolted solid to the end of the
crank pin and is half the stroke of the engine in length, so that one end is always concentric
with the axis of rotation. On this latter end is journaled an oil cup holder weighted with a
pendulum bob which keeps the oil cup stationary and in an upright position. The cup holder
is held in place by a cotter pin extending into a groove cut into the journal. The arm consists
of the tube, bowl, journal and end, which bolts to the crank pin. The bolt is dulled, as shown,
connecting the oil condtit in the arm to that dulled in the crank pin.

To a person accustomed to the regular sounds of the engine room, the
ear is quick to detect any unusual noise as a knock, or pound. Sometimes
assistance in the detection of such may be had by the use of a convenient
piece of metal, as a piece of pipe, or spanner, one end being placed to the
ear, and the other against that part of the engine where the trouble is

supposed to be located.
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Knocking is usually caused by loose adjustment, a loosened

nut or bolt; in some cases, caused by parts of the engine

being out of alignment, or a shoulder worn at the cylinder end by
the piston.

Heating may be due to insufficient lubrication, poor adjust-

ment, or bad condition of the bearings, and is detected by the

sense of feeling or smelL

Fig. 991.—Main bearing of the Rice and Sargent Corliss engine. It is of the four point type,
having bottom, side, and top shells, and both side shells are adjustable by means of guided
wedges which, as shown, drop to release the shaft, thus avoiding a possible injurious pinching.
The bottom shell rests in a semi-circular seat, making it possible to remove the bottom shell

by slightly raising the shaft. Large sizes are water cooled. Under the bottom shell and in

the metal of the bed itself, except in the largest sizes, is a large oil reservoir from which oil

is fed continuously to the shaft by means of the chain oilers, as shown. A drip is provided
to draw this oil off when desired. Proper scoring and grooves are provided to secure proper
distribution of the oil to the journal. The shells are lined with Babbitt metal dovetailed
into place. For inspecting the shaft, the top shell and cap are provided with hard holes
fitted with cast iron covers.

Most bearings may be felt by the hand, being cautious to avoid apcident.

If a bearing heat beyond a moderate degree, the oil will give off a burnt
odor, and in severer cases, will smoke freely, giving visible evidence of trouble.

Small leaks at stuffing boxes, joints, etc., should not be neg-

lected, as every leak means a loss of fuel. In adjusting the valve
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stem stuffing boxes, care should be taken not to screw up the

bolts too tight; valve stems are easily scored, or grooved by
too much pressure.

Lubrication.—For the lubrication of the various rubbing

surfaces and turning joints, except within the cylinder, use is

made of vegetable, animal, and the lubricating grades of mineral

oil.

For cylinder lubrication the best mineral oil should be used,

the grade commonly employed being known as cylinder oil.

Figs. 992 and 993.—Standard outboard bearing of the Rice and Sargeant Corliss engine. It
is of the two part type, having a circular bottom shell which may be rolled out if the shaft
be raised an amount sufficient to remove its weight. A large oil reservoir similar to that
of the main journal, with cham oilers, is furnished. The end of the shaft is provided with a
drip collar to prevent throwing of oil.

It is viscid and heavy at ordinary temperatures, but becomes
quite fluid when heated, and is usually fed to the cylinder by a

sight feed lubricator.

The use of oil pumps in addition to the regular sight feed lubricator
should not be encouraged, as it is unnece ssary, and is in most cases, a means
for the waste of oil. Stationary engineers as a rule use too much oil, both
in the cylinder, and on the bearings.

For high pressure, or superheated steam, an oil having a high
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fire test and medium body or viscosity should be used, while for

low pressure, an oil of low fire test and heavy body is required.

If an engineer running a compound engine, have only*the high

fire test oil, he can sometimes make it right for the low

pressure cylinder by the addition of ordinary lubricating oil.

The mixture is sometimes improved by the addition of a table-

spoon full of clean tallow to the quart. Tallow, however, should

be used with caution, and not as a regular lubricant because it

contains acids which attack the metal of the cylinder.

Fig. 99i.—Powell oiling devices for crank pin, pillow block and eccentric.

To test for animal oil, a two ounce bottle is filled half full of water, and
a stick of caustic soda or potash, or a little strong ammonia added. A
sample of the oil is poured in the bottle and the contents well shaken. If

animal oil be present, it will separate,and leave the mineral oil intact, except
when compounded in special ways with Neatsfoot oil when the mixture will

thicken. This test may be used to indicate if lard, sperm, or any animal
oil is adulterated with cheaper mineral products.*

*N0TE.—Considerable additional information on oils and how to test and apply them
will be found in the chapters on Lubricants, and Lubrication.
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Oil Required for Bearings.—The careful engineer will

study the conditions which prevail at each bearing, in order to

determine the rate of oil feed necessary for cool working. This

should be done not only to avoid waste, but for cleanliness. With
the improved automatic devices now obtainable, the supply of

oil can be adjusted to a nicety. To insure their proper working,

however, the oil should always be strained before filling the cups.

Figs. 995 and 996.—Sentinel sight feed oil cup; fig. 995, lever down feed shut off; fig. 996,
lever up, cup feeding. To adjust feed raise the lever and turn the milled thumb nut until the
desired feed is obtained. When the lever is set at an angle of 45 degrees^t raises the feed stem
clear off its seat and cup flushes.

Fig. 997.—Oiler for movable bearings. The feeding arrangement consists of a tube, screwed
into the base of the cup and communicating with the oil hole in the shank. Secured to the
top of this tube is a regulating valve, by means of which any quantity of oil can be fed
through the tube.

In order to determine the amount of oil required for a bearing,

the sight feed is set to give a liberal rate of feed, and the behaviour

of the bearing carefully watched while the engine is running

under the regular load. The rate of feed is reduced a little at ^
time, until the temperature of the bearing begins to rise, which

indicates that the minimum oil supply has been reached.
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This method applies to bearings with no provision to catch the waste oil.

Where a receptacle is provided for drain, no such refinement is necessary.

The main bearing of Corliss engines is usually fitted with an oil well

and chain distributer as shown in figs. 991 to 993. The attention here
necessary is to maintain the oil in the well at the proper level, and to
frequently filter same.

The base plate of the outboard bearing is usually provided with a sur-

rounding rim forming a receptacle for waste oil. This plate should be tapped
and fitted with a small pipe, to drain off the oil as it accumulates ; it should
then be passed through a filter before using again in the oil cup.

Fig. 998.—Screw feed marine grease cup. This cup is designed for the main bearings of marine
engines, but will' also be found suitable for other purposes where a scrfew feed is desired,
such as for forcing grease some distance to the parts to be lubricated.

The engineer ^ould not neglect to give attention to the numerous bearings
of the valve gear and keep them properly lubricated.

Hot Bearings.—When the ordinary remedies such as water,

lard oil, and easing up the brasses fail, an application of white

lead mixed with machine oil to the right consistency will prove

helpful. A small can of white lead should be kept on hand for

this purpose.

Oil Required for Cylinder.—It would be safe to state that

the average stationary engineer, having charge of a small or
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medium size Corliss engine will use from 4 to 10 drops of cylinder

oil per minute or 4 to 10 times too much. Two examples here

given, and known to the author, demonstrated this:

A 16X42 Reynolds Corliss engine has been operated for a considerable

period with one drop of oil per minute.

A 10 and 16X12 Thropp fore and aft compound marine engine having
slide valves was run with one drop every five minutes without ill effect.

The latter example shows how little oil is necessary for satisfactory engine
operation.

Fig. 999.—Plair cylinder lubricator without sight feed.

Fig. 1 ,000.—Graphite sight feed lubricator. To operate, close steam valve and open drain plug
to allow steam to escape from cup; then close regulating valve, remove filling plug and fill

cup with graphite. After replacing filling plug, close drain plug, open steam valve (wide)

and regulate the feed of graphite by regulating valve. The sight feed glass can be cleaned
by opening drain plug. If necessary to replace the sight feed glass, take cup apart by means
of lock nut, and slide the new glass down through the opening.

A horizontal cylinder, of course, will require more oil than a vertical one,

and a releasing gear, more oil than the positive cut off type.

The engineer, in determining the rate of feed for any par-

ticular engine must, of course, be guided by the behavior of

the engine and his judgment in the matter, keeping in mind

.that where a surface condenser is used and the condensate

returned to the boiler, as little oil as possible should be used.

NOTE.—The Vacuum Oil Co., claim for their "600 W" Cylinder Oil, one drop per
minute to one drop in two minutes, as sufficient for a 20 and 33X48 compound Corliss engine
running 83 R. P. M.
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Contrary to the popular belief, the effect of wet steam in a

cylinder does not act as a lubricant. This has been demon-

strated by the performance of a Corliss engine working with

saturated and with wet steam. Although the valve gear operated

smoothly when the steam was dry, if the boiler primed, and water

Figs. 1,001 and 1,002.—Detroit sight feed lubricator. The parts are Al, boay of oil reservoir;
A2, condenser; A3, filler plug; A4, water feed valve stem; Ao, plug for inserting sight feed
glass; A6, sight feed glass drain stem; A7, sight feed regulating valve stem; A8, drain valve;
A9, globe valve in support arm; AlO, plug for inserting gauge glass; H, sight feed glass;

J, gauge glass; K, connection to steam pipe.

was carried into the cylinder, the dash pots failed to entirely

close the valves, thus showing the non-lubricating effect of the

water when the valve was in an unbalanced position.

Knocks and Pounds.—The familiar click due to water being
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carried over into the cylinder is easily distinguished from any
other unusual noise.

In nearly all the bearings of a reciprocating enginig there is a

reversal of pressure at every stroke. The natural place, then,

to look for a knock is in those bearings where the pressures are

greatest, and where the most wear would be expected, as for

instance, the main bearing, crank pin, wrist pin or slides.

When a bearing has comparatively Httle lubrication, the knock will be
sharp and metallic, but when flooded with oil, the excess is squeezed out
from between the bearing surfaces, and cushions the blow, reducing the
knock to a slapping sound. Usually therefore, keying up the bearing in
question will correct the fault.

Fig. 1,003.—Locating faulty steam distribution knocks by the indicator. The cards were taken
from a small Corliss engine having a very bad knock in the head end. Many attempts at
keying failed to improve matters, and the cause of the knock was discovered by applying
the indicator. The engine had always run well until one night the engineer decided to
examine the valves. In replacing them he accidentally got the head end exhaust valve
entered on the T head of the valve stem upside down.

The proper adjustment of the valves is important for smooth operation
as an engine will not run quietly unless the steam distribution be favorable
to the conditions of operation. The first step towards removing knocks,
if there be any doubt about the valve setting, is to apply an indicator.

If a condenser be fitted to an engine which has been running non-con-
densing, it will usually be necessary to adjust the exhaust valves for earlier
compression on account of the lower absolute back pressure. The diagram,
fig. 573 illustrates the value of the indicator in locating knocks.

When an engine is run with considerable compression, the resulting
reversals of thrust of the cross head near the ends of the stroke require
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a refinement in the adjustment of the cross head gibs to avoid knocks at
these points.

Vertical engines of the direct connected type usually have the fly wheel,
and revolving member of the generator mounted on the shaft between
the engine bearings; with this construction the total weight of the rotating
parts generally becomes so heavy that the shaft is not lifted from its bottom
bearing by the upward pressure on the piston. It is therefore desirable

to allow an unusual amount of clearance between the shaft and the top
bearing, as this permits a freer distribution of the lubricating oil. If,

therefore, the pressure in the cylinder should from any cause be increased

Fig. 1 ,004.—^Bates main bearing. It has adjustable boxes on each side of theshaft which are held
in place by four wedges. The wedges can be raised or lowered by means . of threaded
bolts. A suitable locking device clamps the wedge bolts securely at any desirable point.
By slightly raising the shaft, the bottom shell can be rotated around the shaft and removed.

to a point sufficient to Hft the shaft, the result will be a heavy pound when
it returns to the bottom bearing. The above occurs in case water accum-
ulates in the bottom end of the cylinder.

Should the receiver pressure in a compound engine become excessive
" the shaft will lift; the same thing may also occur from excessive com-
pression.

If an engine be running condensing, with the valves adjusted properly
for that condition, then under non-condensing conditions the compression
would be too great, which would tend to lift the shaft and cause pounding.
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If the weight on the bearings be not in excess of the upward force on
the piston, the bearing caps of vertical engines must, of course, be set up
snugly. A good example of the latter case is the marine engine, which has no
fly wheel, and the weight on the bearings is that of the shaft only.

The knock produced by an eccentric strap which is too loose usually has
a slapping sound unless the speed be high, or lost motion great. The
reason for this is that the bearing surfaces of the eccentric and strap are

large in proportion to the forces transmitted. In adjusting an eccentric

strap, the engineer should be
careful not to get it too tight,

for while the pressure per unit
of area is small, the sliding

velocity is usually high. This
is especially true in direct

connected engines, where the
shaft is of large diameter.

c c s 3"^

- /^^^^^m^'^'-^M^

,-1 ci"'"' D. -3

Corliss Valve Knocks,
—These may be located

by flooding with oil. Since

the valves are free to lift

from their seats, a knock

will result when, either on

account of excessive com-

pression, or the presence of

water sufficient to fill the

clearance space, the

pressure in the cylinder

becomes greater than the

pressure in the steam chest.

The valve will then lift

from its seat as the piston

approaches the end of the

stroke, acting as a safety

valve and return with a

slam when the pressure

drops.



544 HOW TO RUN A CORLISS ENGINE

If a condensing engine, be run non-condensing, the early compression
might produce a terminal back pressure greater than that in the steam chest,

lifting the steam valves and causing a knock.

If the exhaust valves be free to lift, a non-condensing engine running
without load may cut off so short that the steam will be expanded con-
siderably below atmospheric pressure. The steam in the exhaust pipe,

then, being of higher pressure, will lift the exhaust valves, before release

rush into the cylinder, and cause the valves to rattle.

The end play of Corliss valves sometimes causes knocks. These valves
are round and fit the chamber quite snugly for some distance at each end.
One end is slotted for the stem, with the result that there is more waste
space for steam than at the back end. Now, when the exhaust valve

Fig. 1,030.—Remedy for a knock caused by the end play of Corliss valves. By cutting in the
valve small passages A, B, tj:ie accumulation of pressure between the valve ends and bonnets
is prevented.

opens, the steam in this waste space expands and drives the valve against
the back bonnet, sometimes causing a severe knock, even when the clear-

ance is small. When the valve has closed and steam is admitted, the
small space at the back end will accumulate pressure faster than the larger

" space at the stem end, and the valve will be driven back. The end knock
of an exhaust valve can be distinctly felt by holding any object firmly
against the back bonnet.

This defect may be corrected, as shown in fig. 1,030, by cutting passages
for the steam in the ends of the valve, large enough so that the pressure
will always be the same at the ends of the valves as in the cylinder.

Insufficient lubrication will cause valves to chatter on their seats, or too
much spring in the various parts operating the valves, allowing them to
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move by jumps, as it were. Sometimes part of this chattering is caused
by the valve motion having loose joints, giving the valve a jerky motion.
In some cases it will be found that while ample oil is being supplied it does
not find its way between the valve and seat. Grooving the face of the
valve or seat will often aid the distribution of the oil.

In large engines, excellent results have been obtained by grooving the
valve seat and piping the oil into grooves under the valve, when no amount
of oil sprayed into the steam would stop the grating of the valves. An
inexperienced person might mistake this chattering of the valves for the
piston "grunting for oil," but the former can readily be detected by the
slight trembling of the valve connections.

Should the piston become loose on the rod, even a small amoiuit, a
heavy knock will result, which usually gets worse rapidly. The most eom-

FiG. .1,031.—Cross section through cross head and bed of Rice and Sargent engine showing
construction, rocker arms, lubrication of guides, wrist pin, etc.

mon practice is to have the piston held by a nut on the rod. This may
not have been tightened sufficiently, allowing it to back off. It also

happens that pistons are loosened by water in the cylinder.

Any striking of the piston or the studs against the cylinder head can
be readily felt, by holding any object, as the end of a lead pencil, against
the cylinder head. Whenever any knock occurs within the cylinder it
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U< should be investigated imme-
diately and its exact cause ascer-
tained as, if the piston be striking

the cylinder head, it not only
may wreck the engine but cause
loss of life.

Engine Out of Line.—

A

great many knocks may exist

on account of an engine being

out of line. The shaft may
not be at right angles with

the cylinder; the latter may
not be parallel with the guides,

or the crank pin may not be

parallel with the shaft, etc.

Any imperfection in alignment

will cause a knock, or heating

of some part.

If the shaft be out of line with
the cylinder, as shown in fig. 1 ,032,

the thrust from the connecting
rod will not bear evenly on the
crank pin.

On the forward stroke, the
crank brasses w411 bear sidewise
against the face of the crank,
while on the return stroke this

side thrust will come on the head
of the crank pin. Therefore, if

the brasses have any side clear-

ance, a knock will result from
the side slap of the rod.

If the shaft be not at right
angles to the engine, the connect-
ing rod will be out of line with
the cylinder and guides. This
amount is greatest at the centers,

or where the pressures are re-

versed, consequently the evil that
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Figs. 1,033 to 1,035.—Effect of worn piston. An engine piston should occupy a perfectly
central position within the cylinder for three principal reasons. First, when the bull ring
gets down, as it is called, the upward pressure against the sections of the rings on top of the

. bull ring is greatly reduced and therefore the joint between the rings and the bore of the
cylinder, or the cylinder wall, is not so tight and steam can more easily leak through to the
exhaust side of the piston. This steam, of course, is lost for it escapes into the exhaust
pipe without doing any wOrk. The second reason is, that when the piston becomes worn
and the center lies below the axis, or the horizontal center of the cylinder, the piston rod
.will not occupy a central position through the stuffing box. This condition always causes
trouble and when the cause is not speedily removed, it often leads to expensive repairs.

As shown in the above figure, when the piston is "down" the space under the

. rod occupied by the packing in the stuffing box is considerably reduced. The packing
is compressed very tightly, when expanded by the heat, and the tendency is to wear
the bottom of the piston rod faster than the top; in other words, the rod will soon be worn
out of round. The packing above the rod will be too loose and will leak steam unless the gland
is screwed up much more tightly than it should be under the proper conditions. This, it

will be seen, wears out the packing much faster than need be and hence causes a waste of
packing and incidentally a waste of oil, in the endeavor to keep the packing pliable and to
keep the rod from becoming overheated. It will be understood that after the rod has once
become out of round, the packing must be kept very pliable, even after the rod has been
restored to its proper position, and it must be screwed up tightly in order to adapt it to the
irregular shape of the rod. Thus the waste of packing and of oil will go on until a new
piston rod is put in which, it is perhaps unnecessary to say, is an expensive undertaking in
an engine of any considerable size. If the piston be much out of center, the rod will bear on
the gland, as shown in fig. 1,033, the effect of which is the same as that just described except
that it is much more rapid and harmful. The third reason is, that when the bull ring and
the spider become out of center, the packing rings being pushed upward by the springs under
them have a greater leverage upon the side of the grooves, as shown in fig. 1,035, and in a
comparatively short time will tend to widen the grooves near the top. This gives the rings
some lost motion which results in a clicking noise when the direction of the piston is revers ed
at each end of the stroke. The spider and follower plate in pistons fitted with a bull ring do
not as a rule fit the cylinder as tightly as the body of a piston of the solid type having rings

sprung into the grooves, so that a follower piston, as it is frequently called, has more leeway

«

or more room in which to move up and down in the cylinder.
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results is greatest. The effect of the connecting red being out of line witt
the guides is a tendency to produce a knock from the cross head being forced
sidewise in opposite directions at each center and also to cause side knocking
of the connecting rod in the cross head. The reason for this will be under-
stood by referring ,to fig. 1,032, where A B, represents the center line of the
cylinder, and C D,''the path of the crank pin, with the shaft out of line.

When the cylinder is not in line with the guides sidewise there is
tendency to knock at the cross head on the head end of the stroke. Agair
if the piston be not snug fitting in the cyHnder bore, it will slam against the

Fig. 1,036.—One method of grooving a journal to secure uniform distribution of the oil.

side of the cylinder and produce a knock. This is especially true in vertica'

engines, where the piston is unstable and responds to even a small side-

wise force. The reason that there will be no knock at the head end in this

case is that the cylinder is in line at that end. This is illustrated in fig. 1,032,

where the cylinder not in alignment is shown in dotted outline.

Another effect of a cylinder being out of line is excessive wear on the

piston and cylinder. When the engine runs in this condition the piston

has a slightly rocking motion, the effect of which is to wear the piston most
on its edges and destroy its true cylindrical form.

If the crank pin be not parallel with the shaft, the crank pin brasses will

knock sidewise, and it will be impossible to take up the crank brasses much
without heating; this condition will also cause a side knock at the cross

head pin. If there be any clearance, the cross head end of the connecting

rod will be thrown from side to side.
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The crank pin can be tested for parallelism with the shaft by discon-
necting the rod at the cross head, and noting any side movement of the
free end of the rod. In making this test the crank pin brasses should be
closely adjusted.

There will be a side knock at the wrist pin if the latter be not at right

angles with the piston rod. To test the alignment of these parts, the
connecting rod is disconnected at the crank end and the cross head brasses
tightened. The position of the free end of the connecting rod will show
the truth of the alignment, provided the piston rod be in line.

Fig- 1,037.—One method of testing the alignment of piston. In the end of the piston rod will

be found the hole drilled for the lathe center when the rod was turned. This hole is exactly
in the center of the rod and therefore it also represents the center of the piston. In this

case a short, straight piece of steel rod or wire will be found useful. This is to be driven
• into the center hole as shown. Never attempt to take measurements from the faces of the

nut, because it frequently happens that the nut is not finished, and the sides are therefore
apt to be of different thicknesses which would spoil the work of centering, also the
piston later on.

The wrist pin wears flat on both sides as shown in fig. 1,038. P^rovision

is made on some engines for giving the pin a quarter turn thus presenting
new surfaces for wear.

The crank pin wears fiat on one side only. The reason for this is because
the greatest pressure on the pin occurs while it is turning from the dead
center to about one-quarter, or one-third stroke. Since the pin revolves,

the same surface always receives this pressure, thus producing uneven wear
or a "fiat" as shown at A, fig. 1,039.

Connecting rod brasses sometimes in becoming hot close up and grip

the pin, becoming distorted as shown in fig. 1,040. The manner in which
brasses tend to close up is as follows: When the surface of the brass next
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to the pin suddenly becomes hot, the brass tends to open as the result of

expansion being greatest on the inside. The rigid strap or rod prevents
any movement, and the metal is given a permanent set, then when the
brass cools off the ends come together. After the brasses have become hot,

Fig. 1,038.—The uneven wear of the wrist pin.

Fig. 1,039.—The crank pin wears flat on one side only, as at A, because, due to. its revolution,
the same surface always receives the thrust.

it is usually necessary to relieve them on the sides where they hug the
pin as shown in the figure. They are thus left more or less free to rock in

the end of the connecting rod which causes knocks. The outer surfaces

of the brasses may be machined true and liners inserted to secure the
proper adjustment.

Fig. 1,040.—Gripping of the connecting rod brasses due to uneven expansion in heating.

In making connecting rod adjustments, it should be noted that while
one brass remains stationary the other is moved toward it by two pins,
keying up tends to make the rod longer; when the wedges are placed
outside keying up tends to make the rod shorter. Again, when one wedge
is inside, and the other outside, the length would remain constant provided
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the wear was the same on both pins. However, since the greatest wear
occurs on the crank pin, keying up the connecting rod will slightly change
the clearance in the cylinder.

The continued adjustment of the connecting rod may change this clear-
ance so much as to cause, 1, the piston to touch the cylinder head, or 2, the
piston ring not to overtravel the bore at one end. In the first instance, the
cyhnder head may be cracked, and in the second, wear would eventually
cause the formation of a shoulder with a resulting knock.*
Any inequality of piston clearance thus produced should be connected

by cross head adjustment, or in case the piston is keyed to the cross head,
the connecting rod length may be changed by means of liners.

Fig. 1,041.

—

Peculiarities of the Corliss gear. 1, hook gear opening steam valves outward,
gives inside admission; 2, hook gear opening steam valves inward, gives outside
admission.

Peculiarities of the Corliss Gear.—Where there are no
stops to prevent the wrist plate being turned beyond its extreme

positions, the engineer in using the starting bar should be careful

not to turn the plate further than these points, as in so doing,

the action of the gear may be changed or the gear itself damaged.

*NOTE.—In the design of a steam engine, every part having a reciprocating motion
is made to overtravel any part against which it rubs so that the latter will wear uniformly
without leaving a projecting surface or shoulder at the ends.
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For instance, if, in operating an oval arm gear by hand, the wrist plate
be turned so far as to bring the admission arm and steam rod in line, that
is, on a dead center, the weight of the two parts will carry them downward,

Fig. 1,042.—Peculiarities of the Corliss gear, showing steam valve mechanism turned over.

This can hapi)en if the wrist plate be turned too far in using the starting bar.

Fig. 1,043.—Sectional view of Filer and Stowell Corliss cylinder, showing double ported ad-
mission and exhaust valves.
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causing the rotary motion of the admission arm to continue in the same
direction as shown in fig. 1,042, instead of reversing when the wrist plate
makes the return movement. Besides turning the steam valve entirely off

its seat, the end of the steam rod in the absence of clearance would strike

the dash pot rod, resulting in damage, should the carrier rod be hooked to
the wrist stud during the stroke.

Again with any Corliss gear, too much movement of the wrist plate will

similarly reverse the exhaust connections as shown in fig. 1,043. This will

cause the exhaust valve to remain open, and allow steam to blow through
to the exhaust pipe.

Fig, 1,044,—Exhaiist valve turned over by too much movement of the wrist plate in using the
starting bar. If the right hand bell crank be moved back to the position in which the left

hand one appears, the engine will be in proper adjustment provided the wrist plate was not
thrown back far enough to turn one of the exhaust valves over, as indicated by the right

hand jim crank as here illustrated. In one case an electric lighting engine was started

in this condition and run for some time before it was discovered by the engineer. This is

possible because the exhaust valve would remain open, and while this would allow steam to

blow through to the exhaust chest and be wasted, it would not offer resistance to the ad-
vance of the piston, as it would in case the key which fastens the jim crank to the valve
stem would become loosened, work out and drop down on the floor, leaving the exhaust
valve shut. In that case compression would rise high enough to be a serious matter, for it

would probably stop the engine. In more than one case the engineer has found his Corliss

engine slowing down from this cause; but by quickly inserting the key as the jim crank
came into proper position for it, normal speed has been restored and nobody else knew what
caused the variation.

The valve gear may be damaged if the exhaust arm be reversed by the

latter, in its travel, coming in contact with some other part of the engine.

If the key which secures the exhaust arm to the valve stem should

become loosened and fall out, the exhaust valve might remain shut or par-

tially so, probably causing the engine to stop, or slow down owing to the

excessive compression, or loss of pressure thus caused. If, therefore, the

engineer find his engine slowing down, he should examine the exhaust arms
as a possible cause of trouble. Sometimes a key is used to take up
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the lost motion of the exhaust rod as in fig. 1 ,045, and as the parts continue to
wear, the repeated adjustments finally cause, the end of the key to strike

the valve stem bearing, throwing it up again, and allowing the brasses to
remain loose. This is an instance, like many others, where the cause of
the trouble is not readily discovered.

The crab claw gear will sometimes cause the engine to race,

taking steam full stroke for a revolution or two, due to wear of

the dies. The wearing of the contact edges, and the consequent

grinding of the same, changes the relative position of the parts

Fig. 1,045.—Adjustment key too long on exhaust rod, causing the brasses to remain loose on
account of striking the valve stem bearing.

_
Such a fault is not always readily discovered

unless the engineer's attention is called to it by the experience of others along the same
line, and although a remedy can be provided by cutting a piece off from the key, it is much
better to put a liner behind the box and thus raise the key until it no longer rubs on the
stationary bearing.

to such an extent that the knock off cam cannot release the

hook if the load be such as to require a late cut off.

The reason for this is that the shortening of the dies changes the position

of the curved limb of the crab claw with respect to the knock off cam. That
portion where contact with the cam occurs at late cut off being lowered,

the increased clearance prevents the cam striking the crab claw limb at this

part. Hence, if the engine be heavily loaded, requiring a late cut oflF, it

will take steam full stroke for one or two revolutions, making it race.
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P To determine the extent of wear, calipers are placed in the center of the
die stud, and the outline of the circular limb of the crab claw followed with
the other end. If the calipers run off instead of following the curve of the
claw, and describe some arc, the stud die is moved along the spindle until
the calipers will follow the curve of the claw. The distance between the
two dies then indicates how much longer a new die should be.

Fig. 1,046.—Dash pot rods too long. Before starting a Corliss engine,the engineer should make
sure these rods are correctly adjusted, by moving the valve gear with the starting bar to
the extreme positions, otherwise the rods may be bent as shown, the bonnet castings broken,
or both.

The crab claw gear sometimes fails to cut off if the engineer

neglect to properly lubricate the steam rods. In severe cases

considerable damage may be caused.

The stud die may heat from lack of oil, and grip the steam rod making
cut off by the dash pot impossible; the engine will then take steam full

stroke, resulting in a burst fly wheel and wrecked building if not discovered
in time.
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How to Stop a
Condensing
Engine .—W hen
shutting down a con-

densing engine, the

following principles

should be kept in

mind

:

At the instant the
throttle is closed and
steam has ceased to
exhaust into the con-
denser, a higher vacuum
will form which will

increase the rate of flow
of the cooling water
through the injection

valve. The cooling
water will then enter
the condenser faster

than the pump can
remove it, in which
case flooding will result

with damage to the
engine.

Therefore , unless
the throttle and injec-

tion valves are so

placed that they may
be operated simul-

taneously, the
engineer in stopping

the engine should first

reduce the supply of

cooling water. The
injection valve is

turned to reduce the
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supply, until the vacuum falls from, say, 24 inches to 10 inches.

The throttle may now be closed, and then the injection valve.

The airpump skouldnever he stopped until the engine has ceased to move.

This rids the condenser and pipes of water, and is a measure of safety
in case, the injection valve be accidentally left partially open.

When the air pump
is attached to the

engine the danger of

getting water into the

cylinder is greater,

because the pump
slows down with the

engine. With this

arrangement, the in-

jection valve should be

near the throttle where

both may be closed at

the same time, or if

otherwise placed, the

injection valve should

be nearly closed before

shutting off steam.

All jet condensers
should be fitted with a re-

lief pipe and valve open-
ing to the atmosphere.

This valve should be
within easy reach of the
engineer. After the
throttle and injection
valve are closed, the
relief valve should be
opened to break the
vacuum and thus guard
against water reaching
the cylinder.
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CHAPTER 16

FOUR VALVE NON-RELEASING ENGINES

The rapid increase in the use of electricity for power and

lighting purposes has caused an insistent demand from the

purchaser for a more economical engine than the ordinary high

speed automatic type. When the advantages to be derived

from connecting the electric generator direct to the engine

shaft began to be generally recognized, it was found that the

Corliss engine, owing to its limited rotative speed was not

well suited. This resulted in the development of a new class

of engine, possessing many of the good features of the Corliss,

but capable of higher rotative speed on account of having a non-

releasing valve gear. Some of these engines are quite similar

to the Corliss, even to wrist plates, steam and exhaust rods,

and may be easily mistaken for such, but it should here be

mentioned that an engine with a non-releasing valve gear is not

a Corliss, although some of the makers have traded on the name

of Corliss in advertising.

Rocking valves were used before Geo. H. Corliss' time, the

particular features which distinguished his engine being the

releasing gear, and dash pots. Each type of engine is excellent

—^for the particular service to which it is adapted.

The drop cut off, while a most excellent feature with respect to the

steam distribution, has the objection that it does not admit of high

rotative speed on account of the lag due to the inertia of the drop mechan-
ism, wear, etc. The Corliss engine therefore requires a large space in pro-

portion to the power developed, and since the governor controls the speed
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speed, less than would be possible with the latter if run at an

equal number of revolutions. In order to make the positive

cut off as quick as possible double and sometimes triple ported

valves are used and given liberal travel. The numerous non-

releasing cut off engines may be classified

:

1. With respect to the valves, according as they have,

a. Semi-rotary valves; or

h. Sliding valves.

2. With respect to the manner of cut off, according as they

have.
a. Direct cut off; or

h. Riding cut off.

3. With respect to the method of variable cut off, as

a. By variable angular advance;

h. By combined variable throw and variable angular advance.

Rocking Valves, Direct Cut Off.—Fig. 1,059 shows a four

valve shaft governor engine with rocking valves, and direct

cut off. This engine strongly resembles a Corliss, even to wrist

plate, and steam and exhaust rods; in fact it might easily be

mistaken for such at first sight. On closer examination, however,

the absence of dash pots and releasing gear will be noted.

An operating arm is keyed to each valve stem, and pivoted to one of the

rods which transmit motion from the wrist plate.

The engine has double eccentrics, hence there are two wrist plates,

although for light duty, all four valves could be operated from one wrist

plate by a single eccentric.

The valves are of the double ported type, being similar in construction

to the regular Corliss valve. A variable cut off is secured by the method of

combined variable throw and variable angular advance. (See page

244) . This is done automatically by the movable steam eccentric controlled

*by a shaft governor. The exhaust valves are operated by means of a

separate eccentric having a fixed position on the shaft.
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Rocking Valves in Cylinder Heads.—Sometimes in order

to reduce clearance, engines are designed with the valves in the

cylinder heads as shown in fig. 1,060. The steam valves of this

engine are operated by the Armstrong non-releasing gear, as

shown in figs. 1,061 to 1,066, and in fig. 1,068. It opens and

Fig. 1,060.7—The Ball four valve engine, with valves in the cylinder heads. The object of this

arrangement is to reduce clearance. The valves are operated by the Armstrong non-releasing
gear as shown in fag. 1,068 and diagrams 1,061 to 1,066.

closes the valves at the proper times, and in the remainder of

the time, or about half of the revolution, the valves are at

rest without being released.

The valves have their highest speed at the instants of opening and
closing. The movement of the valve begins in the middle of the valve gear
travel, when all parts of the gears are at their highest speed. The gear. is

enclosed in a case which is partly filled with oil. Figs. 1,061 to 1,066 show
the valve gear in elementary form plotted in several positions.
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MINIMUM TRAVEL'

-J

MAXIMUM TRAVEL

Fig. 1,067.—Diagram of valve movement of Ajax engine. The cylinder has attached to one

side two steam exhaust valve brackets operated from independent swing plates attached

to separate eccentrics. The exhaust eccentric is fixed in its throw but can be varied as to

the angular position with reference to the crank. The steam eccentric is of variable throw and

comprises a part of the Robb-Armstrong-Sweet governor described in another paragraph.

The arms attached to the valve stems are connected to two swing plates which produce a

long dwell when the valves are open and a corresponding condition when they are shut,

but at the moment of opening and the moment of closing, the speeds of the valves are most

rapid. Neither the steam nor exhaust valves are ever entirely at rest except at their moment

of reversal. This condition prevents what is known as molecular interlocking, or a tendency

for the surfaces to seize. The steam valves are practically balanced when they are moving

toward the admission or closing points, producing a minimum of strain on the governor and

valve connections.
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Rocking Valves, Riding Cut Off.—An interesting example

of the application of the riding cut off to semi-rotary valves is

shown in figs. 1,069 and 1,070. The cut off valve rides on the

inner circular surface of the steam valve, being shown in the

.figures in black section.

W Each valve is operated by means of an arm keyed to the stem, motion
being transmitted from the wrist plates by rods pivoted to -both.

Fig. 1,068.—The Armstrong non-releasing valve gear as used on the Ball engine.
.
The system

of levers is such that it gives a quick movement to the valves in opening and closing, and
allows them to remain at rest during the other periods. The cut off is changed by combined
variable travel and variable angular advance.

There are two eccentrics and two wrist plates, but it should be noted

that both steam and exhaust valves are operated by a fixed eccentric,

and the cut off valves by a movable eccentric, free to rotate on the shaft

giving variable cut off by variable angular advance as controlled by the

shaft governor.
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Fig. 1,069.—The Clark fGUI' valve riding cut off engine; there are in reality six valves, each
steam valve consisting of a main admission valve, and a cut off valve. A fixed eccentric
operates the main and exhaust valves, and a movable (rotating) eccentric (giving variable
angular advance), the riding valves, the cut off being controlled by a shaft governor.

Fig. 1,070.—The Clark four valve riding cut off engine; end view showing valves and
connections.
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Sliding Valves, Direct Cut Off.—Flat instead of circular

valves are often used on four valve engines. The engine

wj/////mmM
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illustrated in fig. 1,071, has valves of this type, and is constructed

for extreme high rotary speed.

There are two independent admission valves, with direct cut

off, and two exhaust valves. The cut off is varied by the Fink

link,* which gives variable travel under control of the governor,

both admission and exhaust valves being operated from one

eccentric. The valves are balanced by adjustable pressure., plates.

Figs. 1,072 and 1,073.—^Valve connections of the Porter-Allen engine, illustrating the differential
valve movement. A wrist motion is introduced into the connection of the admission valves,
as here shown, and which effects a useful modification of the movement of these valves.

Figs. 1,072 and 1,073 show the valve connections in plan and elevation,

and illustrate the differential valve movement.

A wrist motion is introduced into the connection of the admission valves,

as shown, to modify their movements.

In this' movement an arm, which is connected by a rod with the block
in the link, communicates, through a rock shaft, motion to two other arms,
causing them to vibrate in the same vertical plane in which the valves move.

*NOTE.—The operation of the Fink link is explained on page 336.
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Each of these arms alternately
rises nearly to the vertical posi-

tion, while the other, at the same
time, descends to and beyond its

dead point. Each, by a separate
connection, imparts motion to
one of the admission valves, and,
at the top of its vibration, causes
it to open and close its port
swiftly, and then, descending to
its idle arc, reduces the motion
of the valve to an interval prac-
tically at rest. These movements
can be followed in the cut, where
the upper arm is about to move
in its arc to the left, and thus,
through the lower connection, to
open the port at the further end
of the cylinder, while the lower
arm will be scarcely moving its

valve at all. In this manner the
width of the opening is increased
chiefly by the difference in the
length of the levers, while at the
same time, about one-half of the
lap, or the useless motion of each
valve after it has covered its

port, is avoided, so that smaller
valves and narrower seats are
employed, giving a liberal port
opening with moderate travel.

Sliding Valves, Riding

Cut Oflf.—An example of

sliding valves with riding

cut off is shown in figs. 1 ,077

and 1,078, in which valves

are of the gridiron type.

The engine here illustrated

has a valve motion which

is positive throughout. The
flat gridiron valves are un-

balanced and the port edges
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Fig. 1,079.—Mcintosh & Sey-
mour (type F engine) cylinder
head with lagging removed.

Fig. 1,080.—Method of
removing Mcintosh &
Seymour (type F engine)
valve. The valve to-

gether with its cover
and bell crank lever can
be removed by simply
unbolting the ground
joint of the cover and
taking out one quick-
removable pin. They
can also be replaced
without involving any
readjustment of valve
gear.
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overtravel to prevent the formation of shoulders. Since the

valves are multiported the travel is small, requiring 'oMy from

one-half to one and one-half inches, according to the size of

the cylinder.

The valve gear is simply an arrangement of links, rock shafts and slides

for transmitting the motion of the eccentrics to the valves. The action of
the gear is such as to distort the motion imparted by the eccentric, hastening
the movement of the valve when near one end of its stroke and at
the other end causing a pause in its motion, so that while a rapi^ opening
and closing of the port is secured, the valve remains practically still while
closed.

With this gear the cut offs at both ends of the cylinder are equalized at
all loads.

The main valves are driven by a fixed eccentric controlling admission,
release and compression. The riding cut off is operated by a movable
eccentric, the cut off being controlled by a shaft governor which varies the
angular advance of the movable eccentric.
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CHAPTER 17

POPPET VALVE ENGINES

The chief feature of these engines is the type of valve used,

which is entirely different in construction and operation from

the slide or piston valve.

The word poppet is a variant of puppet which has several mean-

ings, the mechanical definition being, the head stock of a lathe;

the slight similarity in form between the pulley in the head-

. stock and the valve, probably accounting for the term being

applied to the valve.

By definition, then, a puppet or poppet valve is a valve which,

in opening
J
is lifted bodily from its seat instead of being hinged

at one side, or sliding over its seat.

Poppet valves are largely used on steam engines in Europe,

as are Corliss valves in this country, and are almost universally

used on gas engines.

According to Prof. Furman, ''the chief advantage of these

valves is the absence of sliding motion in operation, which out-

weighs, in internal combustion engine work the disadvantages

of its reciprocating motion at high speed, of warping when

made in large sizes and when made in pairs on a single stem,

and of noise when seating." It might be added that certain types

are practically balanced with respect to the steam, the small

excess pressure tending to keep the valve closed. Less move-

ment is required than with other forms of valve for a given
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Fig. 1 ,082.—Stuffing box of the Lentz engine. The stuffing boxes are bored and ground to .001
in. of the exact dimensioi, and in them are placed a series of cast iron rings turned and
ground to fit the stuffing box and accurately faced. These rings do not touch the piston rod.
Interposed between them are five cast iron or "floating" rings having a square cross section
which fits the piston rod very closely. Oil can be kept circulating in the stuffing box if

necessary, but water (condensate) is sufficient to keep the box tight under considerable
pressure.

Fig. 1,083.—Sectional elevation of valve gear of Lentz engine. The valve is of the double seat

poppet type, with seats not more than one-eighth inch wide. The valve stems whicn are

ground to fit the long bushings shown have no stuffing boxes, the fit bemg to .001 men.

Grooves are turned in the spindles to prevent leakage. The valves are turned to sue

n

diameters that the lower one will just pass through the upper openmg.^ No dash pots are

used. The valve is moved by a cam acting on a roller. When the valve is seated the cam is

not in contact with the roller, but the amount of clearance is too small to be seen in the cut.

The roller is always in contact with the cam until the valve is seated.
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port openingbecause there

is no lap requiring linear

advance. Poppet valves

are sometimes called lift

valves. *

There are various kinds

of poppet valves, designed

to meet the different con-

ditions of operation, and
they may be classed:

1

.

With respect to the

number of ports, as

a. Single seated;
h. Double seated; etc.

2. With respect to con-

struction, as

a. Solid; h. Hollow;
c. Bell shape.

3. With respect to pro-

vision for prevention of

leakage, as

a. Rigid; b. Expanding.

The main advantage of the
poppet valve is that it does
not move on its seat, thus
requiring no lubrication.

Hence, poppet valve engines
are especiallyadapted to high
pressuresteam with consider-
able superheat. However,
lubrication difficulties with
sliding valves under high
pressure superheated steam
have been largely over esti-

mated.

NOTE.—It should be noted that
the term lift applies to other types be-
sides poppet valves

;
piston valves are

sometimes arranged as lift valves.
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According to one manufacturer, the steam consumption of a full poppet
valve engine is 16 lbs. per horse power hour or less, non-condensing with
proper steam pressure and superheat. It should be noted that this high
economy is due principally to the superheat, and not to any advantage
inherent in the poppet valve beyond the fact that where variable cut off

is obtained by the method of combined variable angular advance and
variable throw a more adequate admission is obtained at very early cut off,

because of the relatively small Hft (travel) of the valve for full port opening
as compared with sliding valves.

In comparing the economy of poppet valve engines working with high
pressure highly superheated steam with other engines, especially those

Figs. 1,101 to 1,103.—^Typical poppet valve construction. Fig. 1,101 shows a solid double seat
valve. While simple it requires a somewhat complicated valve chamber because of the top and
bottom admission. Fig. 1,102 shows a hollow valve, a type used largely in Germany.

_
The

bell construction, fig. 1,103, is virtually the same as fig. 1,101 with the valve and seat inter-

changed. These valves and their cages are made of hand cast iron. The contact surface is

inclined with respect to the valve stem the usual inclination being from 30° to 60° with the
horizontal. The inclined seat does not cause so much change in the direction of flow of the
steam and the speed of the valve perpendicular to the seat is not so great as the vertical
speed, thus reducing valve hammer. Some authorities advise making the two cones of the
two seats of such inclinations that they have a common apex on the assumption that under
thermal changes the valve is deformed equally in all directions. In practice the width of
the valve seat is small varying from one-eighth to one-half inch. The valves and seats
after being machined, are ground to a steam tight fit.

having jacketed cylinders working with low pressure saturated steam,
the factors of evaporation should be taken into account, and both reduced
to the same basis, just as in the boiler tests the evaporation is reduced to
"from and at 212° Fahr." value. When this is done it will be found that
the apparent economy of high pressure superheated steam is relatively

too high.

Figs. 1,096 and 1,097 show the simplest form of poppet valve in
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dosed and open position. This is a single seated valve and is

the type usually employed on gas engines.

Fig. 1,104.—Valve gear side of Vilter poppet valve cylinder.

Fig. 1,105.—Crank side uf \'i!tcr poppet valve cylin
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Fig. 1,107.—Longitudinal section through Vilter poppet valve cyHnder. One of the leading
features of the engine is that the valve gear is operated through wrist plates driven from
eccentrics placed on the engine shaft instead of employing a lay shaft. The steam and
exhaust valves are of the double seated poppet type, mounted in cages inserted in suitable
housings in the heads and cylinder. The valve stems are long and are ground into the
guides. The stems are provided with labyrinth grooves which form a series of chambers in

which any escaping steam is condensed, making them steam tight. The inlet valves are
. operated through rods from a wrist plate and by means of valve levers, the release mechanism
being controlled by spring actuated, air cushioned dash pots provided with check valves.
The range of cut off is from zero to .9. The ends of the lifting arms are provided with slide

blocks which fit in corresponding sleeves in the valve stems in such a manner that any side
pressure on the stems is avoided. The trip pins are adjustable for lap of the trip plates.
The steam valves are controlled directly by means of a governor of the fly ball type designed
:o operate at several times the usual governor speed. A light single arm lever is connected
from the governor to the governor crank on the front steam bonnet, the latter being again
connected by another rod to a governor crank on the far steam bonnet. The steam valves
are balanced. The exhaust valves are actuated through a separate eccentric and wrist plate,

the valves being lifted by means of cams and rollers and returned to their seats by their

own weight, assisted by springs. Both the steam and exhaust valve plates are arranged to
be disconnected from the hook rods by means of a special disengaging device with which the
rods may be released without danger of their falling to the floor or interfering with the
other parts of the gear. When it is desired to release the rods, the catch pin is raised and
given a quarter turn and the handle at the side is brought to its up position. The valve gear
is then free to be moved by hand independently of the driving mechanism. By this means
either the steam gear or exhaust gear may be disengaged and operated by hand for the
purpose of turning the engine over, warming up the cylinder, etc., in the same manner as

is done in the case of a Corliss engine. The action of the entire valve gear is analogous
> to that of the Corliss engine. The cylinder heads containing the admission valves are

steam jacketed.
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Figs. 1,108 to 1,110.—Nordberg poppet steam valve, cage, and bonnet. Fig. 1,108, assembly;
fig. 1,109, cage showing finished surfaces on which the valve seats; fig. 1,110, valve and stem,

showing flexible spring connection between valve and stem.

Figs. 1,111 to 1,113.—Nordberg poppet exhaust valve, cage and bonnet. Fig. 1,111, assembly;
fig, 1.112, valve and stem with labyrinth packing grooves in the latter; fig. 1,113, cage
showing finished seat.
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The valve and stem is in one piece, the forms being simply a

solid disc with an inclined rim which is ground to fit the seat.

In operation, as shown in the figures, the valve opens by
moving away from the seat instead of sliding on the seat as in

the case of other types of valve. This, as already stated, is the

chief advantage of poppet valves, thus requiring no lubrication

which adapts them to operating at high temperatures as with

superheated steam or in gas engines.

Fig. 1,114.—Sectional view of Nordberg poppet valve engine. In construction, the

cylinder is a plain cylindrical casting similar to a piece of pipe, there being no ports or cored

passages in the 'cylinder proper. The valves, valve cages, steam and exhaust ports and
passages are all contained in the heads as shown. The steam enters from below by separate

branch pipes to each cylinder head and sweeps up to the steam valves at the top, thus

serving to steam jacket the ends of the cylinder. The exhaust outlets are in the center at

the bottom of the heads, and where conditions permit, are connected by separate pipes

beneath the engine, and behind the high pressure piping. For short stroke engmes

the exhaust nozzles on the heads are connected by a manifold designed to take up changes

in length due to temperature; the exhaust is then piped from a single nozzle on this manitold,
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Although only one sliding valve is necessary for engine opera-

tion, four are required when poppet valves are used.

The elementary construction shown in figs. 1,098 to 1,100

shows respectively two, three, and four ported valves, and figs.

J , 101 to 1 ,103 typical construction.

According to one builder of poppet valve engines:

"Solid poppet valves, when ground for a certain steam pressure and

Fig. 1,117.—Cross section through valves of Xordburg poppet valve engine.

temperature, will remain steam tight indefinitely, providing the pressure

or temperature is not allowed to vary ; but if the pressure or temperature

should vary—and it is next to impossible to prevent their changing—the

difference in the coefficients of expansion of the two metals formmg the

valve and the seat in the cylinder will cause the one to expand more than

the other, resulting in either the upper or the lower part of the valve not

making contact with its seat in cylinder.
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"To prevent the resultant leakage (which, of course, is never as great as
with Corliss or piston valves, but is enough to make it an object to prevent),

the self-expanding poppet valve, was designed;

"The upper part of this valve is not rigidly connected to the lower part, •

but allows an expanding and telescopic action and comes in contact with
its seat shortly before the lower part with the result that both seats make
steam tight contact irrespective of the difference in expansion of the
cylinder and valve metal.

"With one grinding this valve has been steam tight with 159 pounds
pressure and 150 degrees Fahrenheit superheat, and also with 100 pounds
pressure, saturated steam.

"The telescopic action is never more than .003 or .004 inch, and steam
tightness between the two elements of the valve itself is obtained by the
peculiar construction of sprung metal packing rings."

It should be noted that the expansion principle as applied to

poppet valves, introduces an extra joint and if this joint leak,

the object sought will not be gained.

Poppet Corliss Engine.—This type of engine which consists

of a poppet high pressure cylinder, and Corliss low pressure

cylinder as shown in fig. 1,116, is especially suited to constant

loads and high load factors; for example, electrolytic work and to

those services such as driving pumps, air compressors, ammonia
compressors, blowers, etc., where the mean effective pressure

is constant and the engine may be designed for very high

efficiency for practically a single set of conditions.
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CHAPTER 18
I

UNI-FLOW ENGINES

This type of engine while comparatively new in this country,

has been in use for many years in Europe and was invented by
Prof. Johann Stumpf of Berlin, Germany, the object sought

being to reduce initial condensation.

The principle of the uni-flow engine is that steam enters at

the ends of the cylinder and is exhausted through ports arranged

around the center of the cylinder, and which are uncovered by the

piston at the end of the stroke. The steam has, consequently, a

flow in but one general direction (from the ends toward the

middle of the cylinder) , hence the name uni-flow, or una-flow as

so called by some builders.

In other types of engine, the steam returns on its path at

the end of the stroke, and is exhausted at the same end of the

cylinder at which it entered. By this method the relatively

cold expanded steam "washes" the cylinder walls and heads

during exhaust, thus absorbing more heat from them than

it would if exhausted without a return flow. The uni-flow prin-

ciple, as explained avoids this return flow with the result that

the steam passages and heads have a higher temperature, thus

initial condensation is reduced.

In the uni-flow engine, the steam enters at the end as in the ordinary

engine, but is exhausted from the center of the cylinder at the furthest

point from the heads. The flow of steam is in one direction only, hence
the term uni-flow.

The advantage of this construction lies in the reduction of the loss by
initial condensation. Ordinarily the cylinder head is chilled by the rush

of exhaust steam past its face, so that at the beginning of the next stroke,

a considerable per cent of the incoming steam is condensed as fast as it

enters the cyHnder.
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In the uni-fiow engine the hot ends of the cyHnder are not chilled ex-

cessively in this manner and initial condensation is considerably reduced.
Furthermore, unlike the four valve engine the face of the piston and
cylinder head of the uni-flow engine are exposed to exhaust temperature
only for the very small length of time that it takes the piston to uncover
the exhaust ports.

On the return stroke the steam at exhaust temperature and pressure is

caught between the piston and cylinder head, and as the piston moves
back this steam is compressed; at the end of stroke, the pressure in the

RELIEF VALVE

Fig. 1,118.—Typical European uni-flow cylinder of the relieved compression type. The
cylinder is virtually two single acting cylinders, set end to end, with a common exhaust,the lat-

ter consisting of concentric ports at the middle as shown, these being uncovered by the piston
when at the end of the stroke. In operation, steam is admitted by the admission valves
at the ends of the cylinder. These valves (not shown) are usually of the double beat poppet
type. After cut off the steam expands until near the end of the stroke the exhaust ports are
uncovered by the piston and exhaust takes place, the piston is shown in the figure at the end
of the stroke, exhaust ports fully opened. On the return stroke the piston closes the ports
and compression begins very early. This early compression necessitates relief valves or
equivalent to prevent excessive compression when operating non-condensing. Thus the
uni-flow engine is inherently a condensing engine. The thermal disadvantage of the alter-

nating flow engine consists mainly in the loss of heat through the cooling of large surfaces
of the clearance space by the wet exhaust steam, which flows back with great velocity toward
the exhaust valves, cooling the surfaces and carrying heat to the exhaust. This heat must
be replaced by incoming steam, and considerable condensation is the result. In the uni-
flow cylinder, this condensation is greatly reduced, as the heads are kept hot by the admission
of steam at high pressure and by the heat of compression, while the exhaust ports are never
exposed to the hot steam, so there can be no transfer of heat to be carried to waste. Thus
a hot end and a cold end are maintained with a gradual fall of temperature between.

clearance space is equal to the steam line pressure. The temperature also

increases not only due to the heat of compression but also to the absorption
of heat from the head jacket, so that at the end of the stroke the steam
temperature in the clearance spaces is considerably above the steam line

temperature. Therefore, when the steam valve opens, the incoming steam
meets relatively hot surfaces and condensation is largely reduced. The
result is that a wider pressure and temperature range can be allowed in a
single cylinder.
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In Europe practically every

steam plant operates condensing,

but in America where there is an

utter disregard for the preserva-

tion of the natural resources of

the country, and where at

present the cost of fuel is not so

great, a large percentage of

plants are run non-condensing.

As may be seen from the in-

dicator card, fig. 1,119, which is

typical of European uni-fiow

practice, compression begins as

soon as the piston covers the

central exhaust ports on its re-

turn stroke.

With this arrangement the

compression period is about 90

per cent of the stroke, hence, it

is evident that unless the pres-

sure during exhaust be very low

as when operating condensing,

the lengthy compression would

become so excessive as to be det-

rimental to the engine, unless

large clearances were employed.

In this connection it should

be noted that the same excessive

compression will obtain if the

vacuum fail on a condensing

engine

.
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Fig. 1,121.—Indicator diagram for Filer and Stowelluni-flow engine. Cylinder 16X30; 125
lbs. initial pressure; 25 inch vacuum; 150 r.p.m. Economy given by manufacturers' test:

13J^ lbs. saturated steam per horse power hour.

Figs. 1,122 and 1,123.—Filer and Stowell variable clearance uni-flow engine details. Fig. 1,122,

section of cylinder through exhaust; fig. 1,123 section of cylinder through steam valve and
ports. The steam valve is of the piston type as shown.
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In order to meet this

condition and to adapt

the engine to non-con-

densing operation the

uni-flow engine has been

modified in several

ways, giving rise to types

which may be classed

as:

1. Relieved compres-

sion
;

2. Variable clearance;

3. Variable compres-

sion.

The first type employs

snifting or relief valves

which allow the com-

pression to reach a pre-

determined degree only.

In the second type

auxiliary clearance

pockets are provided in

both cylinder heads,

controlled by hand oper-

ated or spring backed

relief valves, which re-

lieve the cyHnder of

excessive compression by

forcing some of the com-

pressed steam into the

auxiliary clearance

pockets.
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Fig. 1 ,127.—Sectional view of Ames-Stumpf variable clearance uni-flow engine. The clearance
is varied by an automatic by pass valve leading to auxiliary clearance pockets; the valve
acts in case the vacuum fail, and thus prevents excessive compression. The engine has a
Robb-Armstrong-Sweet governor connected to a pivoted eccentric, controlling the cut oflf

by combined variable travel and variable angular advance.

Fig. 1,128.—Section through
automatic by pass valve of
Ames-Stumpf variable
clearance uni-flow engine.
The construction is simple,
as shown, and the auto-
matic operation of the
valve is entirely controlled
by existing conditions in
the exhaust belt of the
engine, these conditions
being communicated from
the exhaust belt of the
engine to the valve piston
through the small pipe
connection between the
exhaust belt and the piston
chamber.



UNI'FLOW ENGINES 597

Fig. 1.129.—Skinner
delayed compres-
sion uni-flow cylin-
der. The auxiliary
exhaust ports,
which are placed at
the point in the
cylinder where it is

usual to start com-,
pression in an
ordinary non-con-
densing engine,
hence for non-con-
densing operation
with this arrange-
ment compression
may be delayed,
under control of the
auxiliary exhaust
valve, to a point
which will avoid ex-
cessive com-
pression.

Figs. 1,130 and 1,131.—Plan and elevation of

auxiliary exhaust valve gear of Skinner vari-

able compression uni-flow engine. In con-
struction, A, is the shaft supporting idler

B, which is operated by cam C. This
cam is operated by the engine valve gear
which is connected to shaft D, on the outside

of the cam box. When the cam C, raises the
idler B, the latter raises the single beat ex-

haust valve, the stem of which projects within
a short distance of the idler B. The spring

around the valve stem has only enough ten-

sion to insure quick closing when operating
at high speeds. Both cam and idler are

immersed in oil as shown. The pocket E, is

connected to the central exhaust port by
means of a small pipe; the spring in the
pocket is to keep the idler, through its

attached shaft, in register with the stem of

valve and cam C, directly underneath. In
operation, when the vacuum reaches a
pre-determined point, it overcomes the ten-

sion of the spring in pocket E, and draws the
shaft into the pocket, this in turn shifts the
idler to position B', out of register with cam
C, so that while the cam still operates as

before, it cannot lift the valve. Hence the
valve remains closed at all times when vacuum
exists in the exhaust pipe, and is kept tightly

closed by the pressure in the cylinder.

Bridge P, acts as a slide and a rest for the
idler, and holds it at the proper height so

that if the vacuum fail, the spring will slide

the idler between the cam and valve stem,
placing auxiliary exhaust valve in gear for

non-condensing operation.
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Figs. 1,132 to 1,137.—Sectional views of Skinner delayed compression uni-flow cylincier and
indicator diagram illustrating non-condensing cycle. In operation, fig. 1,132 head end,
admission taking place on dead center; crank end, exhaust taking place through main ports
only; fig. 1,133 head end, full opening of valve; crank end, exhaust through main ports about
to close; fig. 1,134, head end, point of cut off; crank end, exhaust of trapped steam through
open auxihary exhaust valve; fig. 1 ,135, head end, expansion taking place; crank end, beginning
of "delayed" compression by piston covering auxiliary exhaust ports; fig. 1,130, head end,
pre-release begins; crank end, continuation of compression; fig. 1,137, indicator diagram
illustrating the cycle of operation just described.
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Figs. 1,138 to 1,143.—Sectional views of Skinner delayed compression uni-flow cylinder and
indicator diagram illustrating condensing cycle. In operation^ fig. 1,138, head end, ad-

mission on dead center; crank end, exhaust through central exhaust ports; fig. 1 ,139, head end,

full opening of valve; crank end, exhaust through central exhaust ports about to close; tig.

1,140, head end, closing of admission valve and beginning of expansion; &ank end, com-
mencement of compression caused by piston covering central exhaust ports; fig. l'|41»

head end, contxnxxsition of e.^ansion; crank end, continuation of compression; fig. 1,14^

head end, beginning of exhaust through central exhaust ports; crank end, continuation ot

compression; fig. 1,143, indicator diagram illustrating the cycle of operation just described.
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Since the added clearance results in less economy, this type is only
suitable for condensing operation; the auxiliary clearance being intended

Figs. 1 ,144 to 1 ,147.—Cross sections of Skinner expanding poppet valve and parts unasscmloled.
In construction the upper part of the valve is not rigidly connected to the_ lower part»

but allows an expanding and telescopic action to compensate for any difference in expansion.

of the cylinder and valve metal. The spring shown is not essential to the operation of the
valve, its function being to serve as an elastic stop.

Figs. 1,148 and 1,149.—
Views of Skinner auxili-

ary valve. Fig. 1,148,
valve closed and with
cover off showing mech-
anism; fig. 1,149 valve
open. Labyrinth or
water groove packing
is used.
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for use in starting the engine without a vacuum, or for emergency should
the vacuum fail.

The third type employs, besides the main exhaust ports at

:he middle of the cylinder, auxiliary exhaust valves located

1,150.—Detail of admission gear of Skinner variable compression uni-flow engine. It

consists of one rocker arm, with removable cams, which dip intp an oil bath and control

the operation of the valves by means of forked levers or lifters, on which are mounted rollers

bearing against the cams. The valve spring is telescoped in the housing (not in the steam
space). Labyrinth or water groove packing is used, as here shown and also in fig. 1,148. The
valve, cam, and lifter are adjusted by a set screw located above the lifter.

about midway between the ends and the middle of the cylinder,

thus, by exhausting through these auxiliar}- exhaust valves,
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after the piston has

closed the main exhaust

ports, compression may.
be delayed to such point

that the pressure at the

end of compression will

not be excessive.

The various types are

illustrated in the accom-

panying cuts.

NOTE.—Clearances in uni-flow
engines are 1 1^ to 2 %. The mechan-
ical efficiency (simple) is .88 to .89.
Some tests are as follows: Test 1:
observers, Burmeister and Wain;
engine 184 h. p. ; steam sat. 140 lbs.

;

13.64 lbs. steam per h. p. hour.
Test 2: observer, Stumph; engine
24H X 39; steam 140 lbs., 376°
Pahr,; 12.25 lbs. steam per h. p.
honr. Test 3: observer, Stumpf;
steam 120 lbs., 490° Fahr.; 10.85
lbs. steam per h. p. hour. Test 4:
observer, Stum.pf; steam 162 lbs ,

518° Fahr.; 9.9 lbs. per h. p. hour.
Test 5: observers, Burmeister
and Wain; engine 115 to 220 h. p.;
steam 140 lbs.. 667° Fahr.; 9.06 to
9.68 lbs. steam per h. p. hour.
The above engines were unjacketed
single cylinder.

NOTE.—Tests on 100 h. p. con-
densing engine by Lentz gave the
following results:

Initial steam pressure

235 461

Steam temperature Fahr.
023° 1,018°

Lbs. steam per i. h. p. hour
6.52 5.67

B. t. u. per i. h. p. min.
162 144
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CHAPTER 19

COMPOUND, TRIPLE AND QUADRUPLE
EXPANSION ENGINES

To secure economy in the use of steam in the operation of a

steam engine, it is necessary that the steam be expanded to a

proper degree, depending on:

1. Initial pressure, and

2. Back pressure.

Fig. 1,153.—Diagram illustrating the theoretical economy due to expansion.

Theoretically, the greater the number of expansions,

greater the economy, as is clearly illustrated in fig. 1,153.

the

Thus, in the figure, if an engine have a stroke corresponding to A F, and
steam be admitted full stroke to F, as would be the case in some steam
pumps, considerable steam would be required in proportion to the work
done, because it was not allowed to expand. In this case the work done
during the stroke would be represented by the area A B C F.

Now suppose the stroke be increased to E, and the same volume of steam
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(represented by A B C F) be admitted; it will expand from C to D, and
the gain due to expansion will be equal to the area C D E F or IVI

Similarly, if the stroke be increased to E' and the same amount of steam
be admitted there will be an additional gain equal to the black area
D D' E' E or S, the total gain being M+S.

It would, appear from the foregoing that the greater the

expansion, the greater the gain, hut this does not hold in practice.

There are several conditions which limit the number of expansions

that can be made in one cylinder without introducing losses

Z RE-F.VAPORATfON

Fig. 1,154.—Diagram illustrating the loss due to condensation.

INITIAL
CONDENSATION

CONDENSATION
DURING EKPANS'ON

that would offset the gain. These losses which increase with

the number of expansiofis are due to:

1. Initial condensation;

2. Condensation during expansion;

3. Clearance;

4. Decreasing mechanical efficiency

;

5. Interest in the increased cost of engine.

Condensation.—The principal loss is by condensation, the

effect of which i^ to reduce the area of the card; thus, instead



F
MULTI-STACIL JLXPANSION ENGINES 60o

of obtaining the theoretical card, as in fig. 1,153, it would take

a form similar to that shown in fig. 1,154.

In the figure, assume the initial pressure to be 120 lbs. absolute

corresponding to 341° Fahr., terminal pressure at D', 10 lbs.

and back pressure 2 lbs. corresponding to 126°. Then if the ex-

pansions take place in a single cylinder, the range of temperature

in that cylinder is 341°—-126° = 215°, and in operation, the

cylinder walls being subjected alternately to the high and

low temperatures, will be heated to some intermediate tempera-

ture. Accordingly, when steam is admitted from B, to C, at the

high temperature corresponding to 120 lbs., it meets the com-

paratively cold walls and considerable initial condensaiion

takes place, as indicated by the shaded area X representing a

pool of water at the bottom of the cylinder. -SMB^^

The temperature of the steam expanding from C, decreases as its volume
increases and condensation continues until the temperature of the steam is

reduced to that of the cylinder walls, the two temperatures being equal
at some point of the stroke as M, the condensation which has taken place
during this period being represented by the shaded area Y. As the piston
moves beyond IVI, the temperature of the steami becomes lower than that
of the walls and re-evaporation takes place, that is, part of the water in the
bottom of the cylinder flashes into steam. Thus, if p n, represent the
height of the water in the bottom of the cylinder when the piston is at M,
part of the water will be changed into steam as the piston moves to the
end of the stroke and the amount of water in the cylinder at the end of the
stroke will be less than when the piston was at M, as indicated by the
sloping line n t. The effect of this re-evaporation is to increase the area
of the card by the solid black area R, thus elevating the expansion line

so that it runs from M, to O', instead of to O. This gain indicated by the
solid black area R, is, as can be seen, small, compared to the condensation
loss indicated by the shaded area G. Moreover, it must be evident, that
any water in the cylinder as E /, not re-evaporated before the end of the
stroke is lost during exhaust.

It must be evident also that if more than one cylinder be provided so that
the expansion can tkke place in two or more stages, thus reducing the

temperature range in any one cylinder, it will result in less loss by con-

densation and the curve CMC, fig. 1,154, will approach the saturation

curve, thus increasing the efficiency.
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Effect of Clearance.—
Clearance is usually expressed

as a percentage of the cylin-

der volume, but so far as

economy is concerned its re-

lation to the cylinder volume
up to the point of cut off

should be considered as must
be evident from figs. 1,155

and 1,156.

Thus, suppose a single cylinder
variable cut off engine have a

clearance of 5 per cent of the
cylinder volume.

If this engine cut off at say, .^ 2

stroke as in fig. 1,155, the steam
required to fill the clearance
(represented by the solid black
area) will be 10 per cent of that
supplied during admission rep-
resented by the shaded area M.

Now, if the cut off be reduced to
one-tenth stroke as in fig. 1,156
then 50 per cent of the volume
of steam admitted from the
beginning of the stroke to the
point of cut off is required to fill

the clearance.

Of course, in practice, part of

the steam required for clearance
is obtained by compression, how-
ever, as the illustrations clearly

indicate, the loss due to clearance
increases as the cut off is

shortened.

If the expansions take place in

two or more cylinders, this loss

will be considerablv reduced.
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Compound Engines.—A compound engine is one in which

the steam is expanded in two stages; the steam after expanding

in one cyHnder is further expanded in a second cyHnder.

The first or small cylinder is called the high pressure cylinder,

and the second or large cylinder, the low pressure cylinder.

Sometimes, the second stage of the expansion is effected in

two cylinders, making the number of cylinders greater than

the number of stages, but in general, such construction is ques-

tionable and open to criticism. *

The term compound was formerly, though improperly applied

to triple and quadruple expansion engines.

Compound engines may be clas^fied:

1. With respect to the action of the steam, as

a. Direct expansion;

J. Receiver CiJSro^-P-

2. With respect to construction, as

a. Tandem;
b. Cross;
c. Three cylinder;

d. Steeple.

3. With respect to service, as

a. Stationary;
b. Marine;
c. Locomotive.

The two types of special interest here are the direct expansion

engine, and the receiver engine.

*NOTE.—The author does^ not believe that three cylinder compounds, or four cylindef
triple expansion engines are justified under any conditions, for as Watt has said. **the supreme
excellency of machinery is in its simplicity" and the above types represent anything but
simplicity, taking into account their working cycles. If three cylinders are to be provided,
involving three sets of working parts, such complications seem not justified without gaining
the economy due to three stage expansion, and similarly when four cylinders are used the
engme should be a quadruple.
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*Direct Expansion Compound Engine.—Fig. 1,157 shows

the essential features of the direct expansion engine.

As shown, steam enters at A, and flows to the high pressure piston B,

which is just beginning its stroke, being cut off and expanded as in a simple
engine.

Fig. 1,157.—Elementary direct expansion compound engine. The expansion is continuous after
cut off in the h.p. cylinder, steam being admitted to the I. p. cylinder during the entire stroke.

During the stroke, the steam C, admitted to the other side of the piston
and expanded during the previous up stroke, is now exhausted from the
high pressure cylinder by the decending piston directly into the low pressure
cylinder against the piston which is moving upward.

*N0TE.—The term direct expansion compound engine is applied to an engine with cranks
at 180° so that the h.p. cylinder exhausts directly into the I. p. cylinder instead of into a receiver
as in an engine with cranks at 90°. Thus the expansion line on the combined diagram is

practically continuous instead of being interrupted by drop in the receiver.
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_^ r* ^4 CUT OFFi 363. fo'

-lOLS"

Fig. 1,1o8.—Theoretical diagram of direct expansion compound engine (fig. 1,1 57), illustrating
its cycle of operation. ABCD, is the diagram for the h.p. cylinder, and CDEF, the
diagram for the Lp. cylinder. As shown, steam is admitted to the h.p. cylinder from D,
to B, expanded from B, to C, and exhausted into the l.p. cylinder from C, to D, thus com-
pleting the cycle in the h.p. cylinder. It will be noted that the exhaust line of the h.p. cylinder
forms the admission line of the l.p. cylinder. The cycle of the low pressure cylinder begins
at F, but since clearance is assumed to be zero, the pressure immediately jumps to C, when
the h.p. exhaust valve opens. There is no cut off in the l.p. cylinder; hence the expansion
is continuous from the point of cut, off in the h.p. cylinder to release in the l.p. cylinder.
The steam is released at D, and the pressure immediately falls to the exhaust pressure which
is here taken at 1 lb. corresponding to a 27.88 in. vacuum. As shown, the value shere taken
are: initial pressure 160 lbs.; terminal pressure 10 lbs.; back pressure 1 lb.; cut off one-
fourth stroke. The total number of expansion then is 160 -^ 10 = 16, and the terminal pressure
at C, in the h.p. cylinder is 160 -^4 =40 lbs. The total range of temperature is 363.6° -101.8°
= 261.8°, of which range in the h.p. cylinder is 363.6^— 193.2° = 170.4° and in the l.p.

cylinder is 267.3° -101.8° = 165.5°. It will be noted that while the two ranges are about
the same, which is desirable, the temperatures overlap, making the simi of the two ranges
170.4°-f-165.5° =335.9° or 74.1° in excess of the total range of temperature, that is, the
l.p. cylinder walls are subjected to 74.1° excess cooling during exhaust which is an inherent
defect of the cycle.
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pressure cylinder passes into a receiver instead of direct to the

low ]3ressnre cylinder.

As shown, steam enters at A and flows to the h. p. piston B, which is just

beginning its stroke, being cut off and expanded as in a simple engine.

During the stroke the .steam C, admitted to the other side of the piston
and expanded during the previous up stroke, is now exhausted from the
//. p. cyHnder by the descending piston into the receiver at R, as indicated
by the arrows. The /. p. crank being 90° ahead of the /. p. piston has

Fig. 1,160.—Actual diagrams of a single acting compound engine with cranks at 180** showing
effect ofvery small receiver. M, isthe/i.i>. diagram and S, the /./). diagram. In the /?.;/?. cylinder,
admission is troni A, to B, and expansion from B, to C. At C, release occurs and steam exhausts
into the /. p. cylinder from C, to D, when the exhaust valve closes and compression begins.

,
The exhaust line C D of the h. p. cylinder is an expansion curve because the steam expands
from one cyHnder into the other. The sHght gap between C D and E F, is due to free
expansiofi and friction in the ports and passages. E D, is the admission line of /. p. cyHnder.
At D, communication between the two cylinders is shut off, the steam in the h. p. cylinder
being compressed to A, and that in the /. p. cyHnder expanded from F, to G. Exhaust taking
place from G, to H, and compression from H, to E. The temperature ranges are TT', for the
h. p. cylinder, and 1 1' for the /. p. cyHnder, the ranges overlapping from t to T'.

moved about one-half stroke, and assuming an early cut off in the /. p.
cylinder, steam has been admitted to the /. p. cylinder, and cut off as
indicated by the broken arrow C, expansion now taking place in the /. p.
cylinder and simultaneously exhausting from the lower side of the piston D,
into the atmosphere or condenser at E, according as the engine is run non-
condensing or condensing.

Theoretically, as must be evident, if steam be cut off in the low pressure
cylinder at such point that the volume admitted to the /. p. cylinder is

the same as that exhausted from the h. p. cylinder, and the receiver be
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1363.6''
EQUAL DISTRIBUTION OF TEMPERATURE

'\ 363.6
233.1
13 0.5 TEMPERATURE RANGE IN H.P.CYL.

\
233.1
10 1.8

m\ I 3 1.3 TEMPERATURE RANGE IN L.RCYL.

ee LBS. ^"^----^
PSTI**

Q ^^^^^^o
1 iOl.8'

-i363.6'

3G3 6
250.3

EQUAL DISTRIBUTION OF WORK

TEMPERATURE RANGE IN H.R CYL

I 48.5*' TEMPERATURE RANGE IN L. P CYL

55.2** EXCESS TEMPERATURE RANGE IN LP CYL

II0I.8''

Figs. 1,163 and 1 ,164.—Combined theoretical diagrams for compound engine; fig. 1 ,163 diagrams
for equal temperature range in each cylinder; fig. 1,164 diagrams for equal work in each
cylinder. For equal ranges of temperature, fig. 1,163, the h.p. cyl. will develop the greater
power, whereas, when both cylinders develop the same power as in fig. 1,164 the L/). cyl. will

be subjected to a larger range of temperature, being in this case 148.5° — 113.3° =35.2° in

excess of that in the h.p. cyl. In this connection it should be noted that for low pressure
as in the l.p. cyl. the difference in temperature per lb. difference in steam pressure is much
greater than for high pressures as in the h.p. cyl. Thus the difference in temperature of steam
at 160 and 159 lbs. pressure is .5° while for 10 and 9 lbs. steam pressures the difference is 4.9°.
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In marine engines, which employ a late cut off, this loss is

considerable, as. will be later shown.

Cylinder Ratio in Compound Engines.—It must be evident

that if steam is to expand in both cylinders of a compound
engine, the second or low pressure cylinder must be larger than

the first or high pressure cylinder, for as stated b}^- Clark:

"If the capacity of the cylinders were equal, it is clear that the first

cylinder full of steam would only be transferred to another ^pace of the
same volume. No useful work would be done by this operation, for though
the translated steam would press forwards on the second piston, according
to its elasticity, it would likewise press backwards with equal force on the
first piston, and so counteract itself. To generate useful work by expansion,
therefore, in exhausting steam from the first into the second cylinder, the
second cyHnder must be of greater capacity than the first."

The relative size of the low pressure cylinder as compared

with the high pressure cylinder, that is, the cylinder ratio is of

considerable importance, as, upon this depends the economical

working of the engine.

The choice of cylinder ratio is governed by a number of

conditions, more or less conflicting, such as

1. Initial pressure;

2. Quality of the steam;

3. Terminal pressure;

4. Character of the load;

5. Kind of service, etc.

The items upon which the cylinder ratio directly depends, are:

1. Initial pressure; 3. Cut off;

* 2. Terminal pressure; 4. Drop.

The initial pressure will be governed by the degree of economy dfesired

which in turn is influenced by the cost of fuel, and whether the engine is

to be run non-condensing or condensing.

The terminal pressure is also governed by the degree of economy de-
sired, and limited by the character of the load and the back pressure. Thus,
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terminal pressure at full load is a matter requiring considerable experience
and involves considering all the conditions of operation of the engine,
present and future. Thus, in addition to the condition already mentioned,
if an engine be selected for a rapidly growing plant, a very low terminal
pressure could be assigned, that is, an engine too large for the load at the
start could be installed, and operated at reduced economy, the loss thus
incurred being more than made up when the load has increased by the
growth of the plant, thus avoiding excessive overload.

The cut off will depend on the type of engine, a short cut off being em-
ployed in stationary practice where continuous expansion is aimed at,

and a late cut off in marine practice where the expansion is interrupted by
drop, or free expansion in the receiver, or receivers.

In fixing the cylinder ratio there are two conditions of operation that
would be very desirable, but which conflict; they are:

1. Equal temperature ranges;

2. Equal powers.

Fig. 1,166.— Typi-
cal cut offs. A, V7,
stationary c o n-
densing; B, j^i,

stationary n o n-
condensing; C,*/io.

standard marine.

Thus, the prime object of expanding steam in more than one cylinder

being to divide the total range of temperature the ideal condition would
obtain when the fall of temperature was equal in each cylinder, as in fig.

1,163. However, in construction, it is desirable that each cylinder develop

equal power, as in fig. 1,164.

Comparing the diagrams, it is seen in fig. 1,163, that equal temperature

range is obtained by an unequal distribution of power and in fig. 1,164. that

equal distribution of power involves unequal temperature ranges.

While the case here given does not show a very marked difference in the

temperature ranges for equal work, others would show greater differences

especially with triple and quadruple expansion engines.

In designing a compound engine the sizes of the cylinders

can be determined with a sufficient degree of accuracy from the

theoretical diagram by using a suitable diagram factor. In
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general, the terminal pressure may be safely assumed at from

10 to 12 lbs. for condensing engines and from 20 to 25 lbs. for

non-condensing engines.

The following example from Kent will illustrate one method of

determining the cylinder diameters for equal horse power.

Example.—Find the cylinder diameters of a compound condensing
engine of 2,000 horse power at a speed of 700 feet per minute, with 100 lbs,

boiler pressure.

100 lbs. gauge pressure =115 lbs. absolute, less drop of 5 lbs. between
boiler and cylinder =110 lbs. initial pressure absolute. Assuming terminal
pressure in /.^.cj/. =6 lbs., the total number of expansions = 110-7-6 = 18.33
Hyp. log 18.33 = 2.909. Back pressure in l.p.cyl.=3 lbs. absolute.

The following formulae are used in the calculation of each cylinder:

horse power X33,000
1. Area of cylinder =

^_^^^_^^.^^^^ ^^^^^

2. Mean effective pressure = mean total pressure — hack pressure.

3. Mea?i total pressure = terminal pressure X{l-\- hyp. log R).

4. Absolute initial pressure = als. terminal pres.Xratio of expansion.

Solution.—First calculate the area of I.p. piston as if all the work were
done in the I.p. cylinder.

From 3, mean total pressure = 6X(l+hyp. log 18.33) =23.454 lbs.

From 2, mean effective pressure = 23.454— 3 = 20.454 lbs.

From 1, area of piston= ^1^^?^^^:^^ =4,610 sq. ins. =76.6 ins. diam.^
20.454X700

If half the work or 1,000 horse power be done in the l.p.cyl., the nt.e.p.

will be half that found above, or 10.227 lbs., and the mean total pressure.

10.227+3 = 13.227 lbs.

From 3, 1+hyp. log i? = 13.227 -^ 6 = 2.2045
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or, hyp. log 7^=2.2045-1 = 1.2045
whence R in /.^.c^. =3.335

From 4, 3.335X6 = 20.01 lbs. initial pressure in l.p.cyl. and terminal
pressure in h.pxyl., assuming no drop between cylinders.

R in /^./).cy. = 110-^ 20.01 = 18.33 -7-3.335 = 5.497.

From 3, mean total pressure in h.p.cyl.

= 20.01 X(l+hyp. log. 5.497) =54.11

From 2, 54.11-20.01=34.1 m.e.p. in h.p.cyl.

From 1, area of //.^.c>'/. =-M25><Mi55^ = 1,382 sq. in. =42 in. diam.^
700X34.1

^

cylinder ratio = 4,610 -^l ,382 = 3.34

The area of the h.p.cyl. may be found more directly by dividing the area
of the l.p.cyl. by the ratio of expansion in that cyHnder, thus

4,610^3.335 = 1,382 sq. in.

Summary

High pressure
cylinder

Low pressure
cylinder

Initial pressure absolute . . .

Terminal pressure absolute
Number of expansions
Mean effective pressure . . .

.

Area of piston
Diameter of cylinder

Cvlinder ratio

110 lbs.

20.01 lbs.

5.497
34.1 lbs.

76.7 sq. ins.

llj^ (approx.)

1

20.01 lbs.

16 lbs.

3.335
18.35 lbs.

281 sq. ins.

19 ins. (approx.,

3.34

NOTE.—Ln the above calculations no account is take?h of clearance, of compression , of
drop between cylinders, nor of area of piston rods. It also assumes that the diagram in each
cylinder is the full theoretical diagram, with a horizontal steam line and a hyperbolic expansion
line, with no allowance for rounding of the corners. To make allowance for these, the mean
effective pressure in each cylinder must be multiplied by a diagram factor, or the ratio of the
area of an actual diagram of the class of engine considered with the given initial and terminal
I>ressure, to the area of the theoretical diagram. Such diagram factors will range from .6 to .94.
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In a compound engine with a given cylinder ratio, the variable elements
of the cycle are, as stated by Heck: 1, load on the engine; 2, total ratio of
expansion, as fixed by the h.p. cut off; 3, I. p. cut off; 4, exhaust pressure.

With the load constant, the work done in the h.p. cylinder is increased:

1, by making the l.p. cut off later; 2, by raising the boiler. pressure; this
slowly decreases pv. with amount of steam admitted to perform a given
total amount of work per revolution, but it adds to the h.p. diagram by
raising the admission line and lowering the exhaust line more rapidly than
it subtracts by drawing inward the expansion curve. By raising the ex-
haust pressure: this subtracts more from the bottom of the l.p. diagram
than is added on account of the increase in pv. and the corresponding rise
in the receiver pressure.

In a given engine, the preservation of an equal division of load requires
that the l.p. cut off shall vary with the h.p., in the same direction. If the
l.p. cut off be left constant, increasing the load increases the share taken by
the l.p. cylinder.

In proportioning an engine with a view to a certain division of power
and a reasonable relative amount of loss by receiver drop, the h.p. cylinder
must be relatively smaller as the total ratio of expansion is greater. With
a fixed l.p. cut off and with a constant amount of steam admitted to the
h.p. cylinder per revolution, the volume of the h.p. cylinder can be varied
over quite a range with comparatively little effect upon the division of
work, but with a great influence upon the receiver drop.

If the l.p. cut off be varied in a proper relation to the size of the h.p.
cylinder (that is, so as to keep the proportion of receiver drop about
constant), making the latter larger gives it a larger share in the power
developed.

Variable Load in Compound Engines.—A compound
engine of good design will show considerable economy at full

load. If the load vary considerably, the economy is not so good.

There are several methods of regulation to meet changes in

load, as by

1. Variable cut off;

2. Throttling.

Variable Cut Off.—On most compound Corliss engines the

provision for regulation is such that the low pressure cylinder
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can be operated either with a fixed cut off or under control of the

governor in any ratio to the cut off in the high pressure cyHnder,

or a combination of both methods, giving as will be shown, a

convenient and accurate control of the receiver pressure, as

required for any sort of operating conditions.

As an example of regulating mechanism construction the low pressure
valve gear of the Hewes & Phillips cross compound engine is controlled
from the governor by the usual cross shaft, in addition to which a differ-

ential lever is supplied which is controlled by a quadrant, enabling the
relation between the cut off in the /. p. and h. p. cylinders to be varied.
Thus, when the levers are detached by unlocking the bolt which secures
them, a different receiver pressure can be carried at will and the load
produced by the two cylinders can be equalized, after which the levers

can be again attached, locking the bolt by using a knurled thumb nut,
when the low pressure valve gear is again under control of the governor.
This feature is particularly valuable where engines are lightly loaded when
first installed, permitting proper receiver pressure to be carried.

The accompanying diagrams show the effects obtained on the steam
and power distribution between the two cylinders by changing the cut off

in one or both cylinders.

In figs. 1,168 and 1,169, let ABCD, and DCEFG, be diagrams of a
compound engine running at full load with continuous expansion, that is

without fall of pressure in the receiver, and suppose the regulation to be
variable cut off in the h. p. cylinder only.

Now, if the load decrease, the governor will shorten the cut off from
B to some point h, changing the expansion line from BCE, to bee, and
lowering the terminal pressure from FE to F e.

The cut off being fixed in the low pressure cylinder it will be on the new
expansion line at c, vertically below C.

Shortening the cut off has evidently caused the h. p. diagram to loose

the area 6 B C c', and gain the area T> c' cd, giving the area M, or A 6 c d;

the low pressure diagram has lost both the areas C E e c, and D C c ^,

giving the area S, or rf c e F G. It will be noted that h. p. diagram has
gained in height a distance D d, while the L p. diagram has lost in height

by the same amount; clearly the area of the h, p, diagram has increased

with respect to the area of the I. p. diagram.

It follows from the explanation just given that shortening the

cut off in the high pressure cylinder only

1. Brings a larger proportion oj the load on the high pressure

cylinder;
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2. Increases the number of expansions in the high pressure

cylinder;

3. Reduces the receiver and terminal pressures;

4. Increases the total number of expansions.

Fig. 1,170.—^Actual combined diagram illustrating regulation by variable cut off in the h.p.
cylinder only. As the cut off is lengthened the total power of the engine is increased and
the larger share of the increased power being carried by the l.p. cylinder. With an early
cut off and at low powers, the larger share of the work is done in the h.p. cylinder, and as
this power is reduced to a minimum the power in the l.p. cylinder may be reduced to zero.

Fig. 1.171.—^Actual combined diagrams illustrating effect of varying the cut off in the l.p.

cylinder. In the figure it is seen that shortening the cut off in the l.p. cylinder throws a larger
share of the total work into the l.p. cylinder. Thus when l.p. cut off is changed from one-
half to one-quarter, the areas of the diagrams will be changed, the h.p, diagram being reduced
in area and the l.p. diagram increased, as shown.

The effects of lengthening the cut off in the h.p. cylinder

only are shown in fig. 1,169. Here the diagrams ABCD and

DCEFG, correspond to full load as in fig. 1,168. Now if the
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load increase the governor will lengthen the cut off from B,

to some point 6, giving the new diagram M, or Ahcd and S,

or dceYQ. From the figure it is clear that lengthening the

cut off in the h.p. cylinder only:

L Brings a larger proportion of the load on the low pressure

cylinder; /

ON5TANT CUT OFF UR CYU

Fig. 11,72.—Regulation by variable cut off in h.ft, cylinder and constant cut off in l.p.

cylinder. With equal work division for the middle curves L,F, it is evident that *'the h.p.

cylinder takes a larger share of a smaller load (shortened h.p, cut off), as per curves M.S,
and a smaller share of a larger load (lengthened h.p. cut off), as per curves M'.S'."

—

Heck.

2. Reduces the number of expansions in the high pressure

cylinder;

3. Increases the receiver and terminal pressures;

4. Reduces the total number of expansions.

A second method of regulation and the one generally used is

to vary the cut offs in both cylinders, the l.p. cut off varying less
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rapidly than the k. p. cut off. The effect of this regulation being

shown in figs. 1,173 and 1,174.

For comparison the same full load diagrams ABCD and DGEFG, are
used as in figs. 1,168 and 1,169. In fig. 1,173 suppose first the h. p. cut
off be shortened from B, to ^.

If the /. p. cut off had remained fixed, the same diagram Abed and
d c eY Gy would be obtained as in fig. 1,169, increasing the proportion of
load carried by the h. p. cyl.

Now suppose the /. p. cut off be shortened to some point c" (which
will fall on the expansion line through b). The effect of this is to increase
the area of the /. p. diagram and reduce the area of the h. p. diagram,thus
tending to equalize the distribution of work. Because of the absence of
drop, it causes the expansion to proceed in the h. p. cylinder below receiver

pressure from c'\ to c, resulting in negative work represented by the solid

black triangular area c" c' c, which must be subtracted from A b c" d\
to obtain the effective or net area of M. The effect of this would be to
cause steam to blow back from the receiver to the h. p. cyl. at release,

(tending in the case of a Corliss engine to lift the exhaust valve from its

seat) till the pressure was equalized or raised from c, to c', and causing the
h. p. piston to oppose or "buck" the /. p. piston from c" ^ to c\ the end of

the ]i. p. stroke.

Shortening the cut off in both cylinders then (when there is

no drop)

1. Tends to equalize the loads carried by the two cylinders;

. 2. Tends to equalize the expansions in the two cylinders;

3. Tends to maintain a constant receiver pressure;

4. Reduces the terminal pressure;

5. Increases the total number oj expansions.

Now, with the same method of regulation, suppose both

cut offs be lengthened as in fig. 1,174, the h. p. cut off from B, to

b, and the /. p. cut off from c, to c'\

The corresponding diagrams are M, or Ab c c^ d^ and S, or d c'' e FG.
The expansion is interrupted at c, and the pressure suddenly falls or**drops"
to c\ due to lengthening the /. p. cut off. This lengthening of the /. p.

cut off causes the /. p. diagram to lose the cross shaded area d' c c" d,

and the h. p. card to gain the area d' c c' d, while the solid bUck triangular

area c c' c'\ is lost to both diagrams, thus tending to equalize M and S,

or the work done in the two cylinders.
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Throttling.—Where a load, considerably less than the full

load, is to be carried for an extended period, as when a large

engine is installed in a growing plant, and must operate for

some time with a load so small as to be beyond the economical

range of the engine, the economy may be improved by reducing

the boiler pressure or by throttling either by hand or governor

control.

To illustrate, suppose, as before in fig. 1,175 that ABCD and DCEFG,
are the full load diagrams for which the engine was designed.

^
Fig. 1,177.—^Actual combined diagrams illustrating regulation by throttling.

Since the load for the first few months or year is to be very light, it might
be necessary to reduce the initial pressure to, say, 80 lbs. if throttling

alone were used for regulation, giving the diagrams ahcd and dce?Qt.

Such a method might give a terminal pressure too low for best light load

economy.

A combination of throttling and variable cut off would give better results,

that is, the pressure might be throttled down to Ga', and the cut off

lengthened to h' (corresponding to equal diagram area), thus raising the

terminal pressure for a given load. If the I.p. cut off were not changed,

the new diagrams would be M and S, or a'h'c'd' and d'c'e'YO^ re-

spectively.

In the case of a non-condensing engine as in fig. 1,176, let ABCD knd
DCEFG, represent the full load diagrams. If throttling alone be eni;

ployed for regulation, when the load is very light it may be necessary to

so reduce the initial pressure that the expansion would proceed until the

pressure in the cylinder became less than the exhaust pressure, giving

diagram such as ahcd and dce^Qt, with the resulting loop of negative
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H.P. cyhnoer

Figs. 1,178 and 1,179.—Plan and elevation ©f cross compound engine. Engines of this type are
arranged similar to a form of simple engines, each, cylinder working on its own crank, set at

• right angles to the other, and each having its own frame, cross head, connecting rod, etc.

This construction enables one side to be run as a simple engine, in case of accident to the
other, and the two cranks give a nearer uniform turning motion as compared with the tandem
arrangement. A feature of the cross compound type is that one side may be installed at a
time, in case the full power of the engine be not needed at once, the h. p. side being put in
first, and the wheel being made large enough to drive the full power of both cylinders.
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work h ef'j shown in solid black section. This may be avoided by still

further reducing the initial pressure and lengthening the h. p. cut off

obtaining diagrams such as M and S, or a' b' c' d' and d' c' fj'g.

The diagrams show that non-condensing compounds are most suitable

when the load is fairly constant, and because of the liability of expanding
below exhaust pressure with the accompanying loop of negative work,
they should not be operated with a terminal pressure lower than about
20 lbs., as this allows a little margin for variation in load.

CONDENSER
WATER VALVE

EXHAUST TO
CONOENSeR

X

^ 1* '•! >

CONDEMSER

Figs. 1,180and 1,181.—Plan and elevation of tandem compound engine. In arrangement, both
cylinders have the same axis, being attached to one piston rod and working upon one crank.
The h. p. cylinder is usually placed behind the I. p., the latter being attached to the frame,
and sufficient space being left between the cylinder to allow the /. p. piston to be withdrawn,
the piston rod being arranged to uncouple for that purpose. This arrangement is best where-
ever the width available is limited, or wherever the fly wheel or driving pulley must be placed
alongside of wall Sometimes for large powers, two tandem engines are arranged as a pair, to
secure ability to run either side alone and giving smaller cylinders than would be necessary
in a cross compound engine of the same power.
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Combined Diagrams of a Compound Engine.—^According

to Prof. Kennedy, "the only way of correctly combining the

diagrams of a compound or other multi-stage expansion engine

is to set off all the diagrams to the same horizontal scale of

volumes, adding the clearances to the cylinder capacities proper.

Where this is attended to, the successive diagrams fall exactly

into their right places relatively to one another, and would

compare properly with any theoretical expansion curve." This

method of combining diagrams is the one commonly adopted

but has been criticised as being inaccurate.

megatwe: work

Fig. 1,182,—Actual combined diagrams illustrating regulation by throttling in non-condensing
compound engine. The solid black section shows a loop of negative work caused by too light
load, the steam expanding below the pressure of the exhaust.

The method is shown in fig. 1,183. Take a length of say, 12 ins. for the
length of the l.p, diagram, set off on a horizontal Hne which will serve both
as a 'scale of volume and as the absolute zero line pressure. Reproduce
the l.p. diagram from the original by drawing ordinates and laying off

points to the new scale. Now lay off the clearance of the l.p. cylinder AS.

At A, draw the perpendicular OA, or clearance line giving O, the point
of zero volume. The common scale of pressure may be that of the original

l.p. diagram or any convenient multiple.

To reproduce the h.p. diagram to the new scales, set off the clearance
volume and piston displacement of the h.p. cylinder to the same scale

of volume as used for the l.p. cylinder, and divide the piston displacement
into ten equal parts. Then transfer to these division lines, the absolute
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forward and back pressure given at the corresponding division lines of
the original high pressure indicator diagram.

The original indicator diagrams should first be measured with the scale
of the spring used in taking the diagram, and the actual absolute forward
and back pressures marked upon them, so that these numbers can be
transferred at once to the combined diagram with the enlarged scale of
l)ressures.

The saturation curve is transferred from the original diagram to the
combined diagram in each case, by the method of "dry steam -fraction."

It is probable that the saturation curve of the respective cylinders will

not coincide—that is, will not be continuous. This could only occur if the
same weight of cushion steam was retained in each cylinder. Generally

10 20 30

SCALE OF VOLUMES

Fig. 1,183.^—Combined diagrams of a compound engine. In combining the diagrams, they
are first reduced in length to relative scales that correspond with the relative piston displace-
ments of the cylinders. The diagrams are then placed at such distances from the clearance
line of the proposed combined diagram as to represent correctly the clearance in each cylinder.

the weight of cushion steam is less in the lower pressure cylinders, and
therefore the saturation curve of the first cylinder falls outside that of the
second cylinder.

Triple Expansion Engines.—When the conditions of opera-

tion are such that the load is constant ,"^ or varies but sHghtly,

and there is condensing water, very high economy can be ob-

tained from the triple expansion engine. In order to obtain

the maximum economy all the conditions under which an engine



634 MULTI-STAGE EXPANSION ENGINES

of this type is to work must be fully considered, and then only

can the proper arrangements of cylinders be decided upon.

The two arrangements in extensive use for the cylinders of

triple expansion engines arc

CONOEINSER
PUMP

Figs. 1,184 and 1,185.—Plan and elevation of three cylinder triple expansion condensing engine
arranged with h. p. and tnt, cylinder tandem and L. p. cylinder with separate crank at 90°.

1. The high pressure and intermediate cylinders are arranged

tandem, working on one crank, the low pressure cylinder working



MULTI-STAGE EXPANSION ENGINES 635

on another crank placed at right angles with the first, as shown

in figs. 1,184 and 1,185. With this arrangement one side may
still be run in case of accident to the other.

2. For large powers the low pressure cylinder may be divided

COWDENSER
i^^W^ PUMP

Figs, 1,186 and 1,187.—Plan and elevation of four cylinder, triple expansion, condensing engine,

arranged in double tandem: h. p. and first /. p. cylinders in one pair and int. and second
/. p. cylinders in another, the two pairs operating cranks at 90° as shown.

into two in order to reduce its size, the arrangement thus being

similar to a pair of tandem engines.
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Each l.p. cylinder is bolted to a frame and works on its own crank,
and has a h.p. or int. cylinder, as the case may be, arranged behind
it on the same center line.

The usual method of regulation consists of variable cut off in the h.p.

cyHnder. under control of the governor, the cut off of the other cyHnders
being adjustable by hand according to the cylinder ratios. In order to

M
lOOO

mo ^^0
.947 .944

^ .833

' Figs. 1 ,188 and 1 ,189.—Two combined cards of vertical triple expansion engines with reheaters
and jackets. Fig. 1,188, Allis-Chalmers engine at Milwaukee. Cylinders 28, 48 and 74
by 6 ;r./>.m. 20.3; indicated horse power 573.9; steam per horse power hour 11.8. Fig. 1,189,
Snow engine at Indianapolis; cylinders 29, 52 and 80 by 60; r.p.tn. 21.2; indicated horse
power 782.9; steam per horse power hour 11.5.

avoid a drop in the expansion, a means is usually provided for bringing
the cut off of the other cylinders under governor control when necessary.

The following example from Tribe will illustrate one method of figuring

the cylinder diameters of a triple expansion engine.
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Fig. 1,190.—Cards from triple ex-
pansion engine as combined by
Prof. Durand. To effect this
combination it is necessary to lay
down the various cards in one
diagram and all to the same scale
of volume and pressure. The
details of the operation mawr*l)e
sketched out in the following
steps: 1, Take the two lines at
right angles, OX and OY, the
former as an axis of volume and
the latter as an axis of pressure.
2, Determine in cubic feet for
each of the cylinders the volume
of the clearance, and the volume
swept by the piston, 3, Lay off

ex.
lines AB, CD, EF, at such distances from OY, as to represent respectively the clearance
volume in the h.p., i.p., and I. p. cylinders, taking care to select the scale of volume such
that the I.p. volume plus its clearance as measured between the lines OY and GK, will come
within the desired limits of the diagram. 4, Lay off on each card the line of zero pressure
or the perfect vacuum line, as shown by OX, in the small diagram A. 5, Take next the h.p.
card as at A, for example, and select any point such as P. Measure in any convenient units
the distances MP and MN; multiply the volume of the cylinder by the former and divide
by the latter. This will give the volume swept in the h.p. cylinder from the beginning of
the stroke to the point P. 6, The corresponding point P, of the combined diagram is then
found by measuring from AB, a distance HP, representing this volume, and from OX, a
distance JP, repr^enting the pressure PQ, On the card. This will give the point P, and
other points are found in a similar manner, as many as may be needed to determine the form
of the card as shown. It is to be especially noted that the h.p. card of the combined set is

the same as that at A, but drawn simply with different scales, and therefore more or less
distorted in appearance. 7, The points necessary to determine the other cards of the com-
bination are found in a precisely similar manner, remembering that in each case volume is

measured from the clearance line CD, or EF, while the pressure must be measured from the
line o£ zero pressure for the card and laid off from the corresponding line OX, of the com-
bined set. This diagram shows the general manner in which the steam expands on its way
through the engine. An expansion line PQ, shows the general law of expansion as a continu-
ous operation. PR, is an ideal expansion line laid down as a hyperbola, all points in the
curve corresponding to the condition that the pro4uct of volume by pressure shall be con-
stant, or in symbols, pv = constant. This shows the result of the so called true hyperbolic
expansion law, and as appears from the diagram, the actual expansion line is somewhat
below this ideal line. The equation to the actual expansion line may be expressed in the
form pv^= constant, whQTe n is an exponent having values usually lying between 1.15 and 1.2.

The equation pv^-^^ may be taken as very commonly representing this line in good average
practice. The extent to which the area bounded by the line PR, and the clearance lines on
the left is well filled in, is an indication of the degree to which the performance of the actual
engine approaches that of an engine having true hyperbolic expansion. The relation between
the actual engine and such an ideal case is usually expressed by a percentage factor known
as the "card factor." For good practice with triple expansion engines, this factor will be
found from .6 to .7. With quadruple expansion engines representative values are found
from .55 to .6.
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200 A B
.628 .725

.372 .275

Figs. 1,191 and 1,192.—
Diagrams from com-
pound locomotives. Fig.
1.191, cross compound
(two cylinder) consolida-
tion type; cylinders 23
and 35 by 32. Fig.
1.192, De Glehn com-
pound (four cylinder)
Atlantic type. In fig,

1,192 the I.p. cut offs are
considerably less than the
h.p., which lowers the
receiver pressure. Here,
according to Prof. Heck,
the advantage of the work
division is not apparent,
unless it be desired to
diminish the amount of

work done by the I.p. cylinders, which are between the frames and act upon crank pins of
limited area.. The peculiar shape of the h.p. exhaust hne in fig. 1,192, for an engine with
cranks opposite, is due to the fact that the receiver is common to the two sides of the loco-
motive, the use toward mid-stroke being carried by inflow from the other h.p. cylinder.

NOTE.

—

Nordherg Pumping Engine at Wildwood, Pa. Eng. News. May 4, 1899, Aug.
23, 1900. Trans. A. S. M . E. 1899. Ttie peculiar feature of this engine is the method used
in heating the feed water. The engine is quadruple expansion, with four cylinders and three
receivers. There are five, feed water heaters in series a, 6, c, rf, e. The water is taken from
the hot well and passes in succession through CI which is heated by the exhaust steam on its

passage to the condenser; b receives its heat from the fourth cylinder and c, d and e respectively
from the third , second and first receivers. An approach is made to the requirement of the
(^arnot thermodynamic cycle, i. «., that heat entering the system should be entered at the
highest temperature; in this case the water receives the heat from the receivers at gradually
increasing temperatures. The temperatures of the water leaving the several heaters were, on
the test, 105°, 136°, 193°, 260° and 311° F. The economy obtained with this engine was
the highest on record at the date (1900) viz. 162,948,824 ft. lbs. per million B.t.u., and it

has not yet been exceeded (1909).

—

Kent.
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Figs. 1,193 and 1,194.—Combined card for two vertical triple expansion pumping engines with
reheater and jackets. Diagrams L, are from Allis-Chamlers engine at Milwaukee; diagrams
F, from Snow engine at Indianapolis. Lr, is a continuation of I .p. diagram L, and Fr', a

. continuation of I. p. diagram F.

NOTE.— Triple expansion pumping engines. Prof. Denton says: "Pumping engines in
the United States have been developed in the triple expansion fly wheel type to a degree of
economy superior to that afforded by any compound mill or electric engine, and, for saturated
steam, superior to that of the pumping engines of any other country. This is because their
slow speed permits of greater benefit from jackets and reheaters and of less losses from wire
drawing and back pressure. These causes, together with the greater sub-division of the range
of expansion, have resulted in records made between 1894 and 1900 of 11.22, 11.26 and 11.05
lbs. of saturated steam per i.h.p., with 175 lbs. steam pressure and from 25 to 33 expan-
sions, in the cases of the Leavitt, Snow and Allis pumping engines, respectively the corre-
sponding heat consumption being by different dispositions of the jacket drainage, 204, 208 and
212 thermal units per i.h.p. minute; while later the Allis pump, with 185 lbs. steam pressure,
has lowered the record to 10.33 lbs. of saturated steam per i\h.p., with 196 b.t.u. per h.p.
mimite." ^

NOTE.

—

At the present time the figures given above for triple expansion pumping engines
do not represent any remarkable degree of economy when compared with locomobile and uni-

fiow engine performance. It should be noted that the load condition is very favorable for high
economy in pumping engines, as in most cases the load is constant, hence with properly pro-
portioned cylinders full load operation is obtained.
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CuIFt. lb
'

-2'0
'

~~Jo
Fig. 1,195.—Combined cards from Nordberg quadruple expansion pumping engine, from test
by Prof. R. C. Carpenter. In this Nordberg pumping engine, steam is taken from the
expansion side of the cycle at a number of points, and used to heat the feed water by suc-
cessive steps. The water first passes through a surface heater in the exhaust pipe, between
the l.p. cylinder and the condenser; then it goes through a series of mixing heaters, being
pumped from each lower one to the next one, in which there is a higher temperature and
pressure. Steam for these heaters is taken from the exhaust pipe, from the l.p. cylinder at
release, from the third, the second, and the first receivers—the jacket and reheater drains
being included in the stearn and water thus abstracted: at the l.p. release the steam for the
heater escapes from the cylinder through a small special valve which is opened for a little while
near the end of the stroke. Then the boiler, instead of being obliged to heat the feed water from
the exhaust temperature, receives this water at a temperature near to that in the first receiver.
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Example,—Find cylinder diameter of a 774 horse power triple expansion
pumping engine, with reheater in the second receiver only, to operate at
155 lbs. gauge pressure; 6.23 lbs. abs. terminal pressure, 4 lbs. abs. back
pressure, piston speed 215 ft. Assumed losses-: drop between boiler and
engine 2 lbs. ; in 1st receiver 3 lbs. ; in 2d receiver 3^ lb.

155+ 15— 2 = 168 lbs. abs. 168 -r-6.23= 27 total expansions

V 27 = 3 expansion in each cylinder

1 +hyp. log of 3 = 2.0986.

High pressure cylinder.

Initial pressure 168 lbs., — =117.5 forward mean pressure.
o

168-^3 = 56 back pressure, and 117.5— 56 = ^1.5 M.^.P. •

33,000X258 ^.o—'- — =643 sq. ms. area.
61.5X215

^

add area of piston rod, and high pressure cyl.=29" diameter.

Intermediate Cylinder.

Assumed drop without reheater 3 lbs. ; initial pressure = 56—-3 = 53 lbs.

55X2.0986 ^^ . ,— =37 formed mean pressure.
o

53 ^3 = 17.7 back pressure, and 37— 17.7=19,3 M,E,P.

33,000X258 ^ nro—'- =2,052 sq. m. area.
19.3X215

^

add area of piston rod, and intermediate cyl, =52" diameter.

Low pressure cylinder. '

Assumed drop with reheater ^2 lbs. ; initial pressure 17.7— .5 = 17.2 lbs.

17. 2X2.0986.

IS!

= 12 lbs. forward mean pressure.
o

ssumed back pressure 4 lbs., and 12— 4 = 8 lbs, M.E.P.

33,000X258
= 4,950 sq. in. area.

8X215

dd area of piston rod and low pressure cyl. =80" diameter^

Quadruple Expansion Engines.—The two important con-

ditions for operation of quadruple expansion engines are:
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CHAPTER 20

PUMPING ENGINES

The term pumping engines relates to large pumps, as those

used for city water works, in distinction from small pumps
such as boiler feed pumps, etc.

Early History.—The history of the pumping engine is

virtually the history of the steam engine, for originally, and

for many years the only way in which the steam engine was

utilized was for pumping water out of the coal mines of England.

In 1698 Capt. Thomas Sevary secured Letters Patent for a machine
for raising water by steam. This engine was used extensively for draining
mines and the water was, in some instances, made to turn a water wheel,

by whidh lathes and other machinery were driven.*

*NOTE,—Capt. Sevary 's pump consisted of two boilers, and two receivers for the steam
together with valves and the needful pipes. One of the receivers being filled with steam, its

communication with the boiler was then cut off, and the steam condensed with cold water
outside of it. Into the vacuum thus formed the atmosphere forcedthe water from below,
when the steam was again caused to press upon the water and drive it still higher.

NOTE.—In 1641 a Florentine pump maker constructed an atmospheric or "sucking"
pump, and tried to raise water to a height of 50 or 60 feet. The attempt proving a failure,

though an examination showed the pump to be perfect, the difficulty was submitted to Galileo,

a native of Florence. The action of such pumps was in those days explained on the principle

that nature "abhorred a vacuum," and by some occult means tried to prevent such being
formed, or to fill it, if foimed, with whatever was most convenient. The limit of this occult

power was not surmised, and Galileo, then an old man of 80, did nothing more to solve the
difficulty than to state that this law was "limited, and ceased to operate for heights above 32
or 33 feet." Torricelli, in 1643, announced his great discovery that water is raised in pumps
by the pressure of the air, and by refined experiments he determined the intensity of that

pressure. Pascal, shortly afterwards, silenced objectors to the new law by showing that the

height of the barometric column was, in accordance with Torricelli's discovery, less at the

top of a mountain than at its base.
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In 1705, Thomas Newcomen, with his associates, patented an engine
which combined, for the first time, the cyUnder, piston, and separate
boiler. This soon became extensively used for draining mines and col-

lieries, and the engines grew to be of gigantic size, with cylinders 60 inches

or more in diameter, and other parts in proportion.

This engine was, in course of years, used in connection with the Cornish
Pump, whose performance in raising water from mines came to be a matter
of the nicest scientific investigation, and adopted as the standard for the
duty or work, by which to compare the multitudinous experimental
machines introduced from the time of Watt and to that of CorHss.

Fig. 1,197.—The first pumping engine used in New York City,
of the Newcomen atmospheric engine.

It worked on the principle

Hydraulics.—Preliminary to the consideration of pumping

engines it is essential that the reader be familiar with a few

principles of hydraulics as here presented:

The term hydraulics is commonly, though ill advisedly,

defined as the science which treats of liqttids, especially water in

motion. Properly speaking there are two general divisions

of the subject:

1. Hydrostatics;

2. Hydrodynamics
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Pigs. 1,198 and 1,199.

—

Hydraulic principles: 1. Fluids rise to the same level in the opposit:
arms ofaJJ tube. Let A B C, be a recurved tube; if water be poured into one arm of the tube
it will rise to the same height in the other arm because the pressure acting upon the lowest
part at B, in opposite directions, is proportioned to its depth below the surface of the fluid.

Therefore, these depths must be equal, that is, the height of the two columns must be equal,
in order that the fluid at B, may be at rest. Unless this part be at rest, the other parts of
the column cannot be at rest. Moreover, since the equihbrium depends on nothing else
than the heights of the respective columns, therefore, the opposite columns may differ
to any degree in quantity, shape, or inclination to the horizon. Thus, if vessels and tubes
vary diversely in shape and capacity, as in fig. 1,199, be connected with a reservoir, and
water be poured into any one of them, it will rise to the same level in all of them. The
reason of this fact will be further understood from the application of the principle of equal
moments, for it will be seen that the velocity of the columns, when in motion, will be as
much greater in the smaller than in the larger columns, as the quantity of matter is less;

and hence the opposite moments will be constantly equal. Hence, water conveyed in aque-
ducts or running in natural channels, will rise just as high as its source. Between the
place where the water of an aqueduct is delivered and the spring, the ground may rise into
hills and descend into valleys, and the pipes which convey the water may follow all the
undulations of the country, and the water will run freely, provided no pipe be laid higher
than the spring.
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Hydrostatics refers to liquids at rest, and hydrodynamics to liquids

in motion. The outline here given relates to water.

Water.—Those who have had experience in the design or

operation of pumps, have found that water is an unyielding

substance when confined in pipes and pump passages, thus

necessitating very substantial construction to withstand the

pressure, and periodic shocks or water hammer.

Oues. What is the most remarkable characteristic

of water?

Figs. 1,200 to 1,202.

—

Flow of Water Under Pressure. If an orifice in a vessel look down-
ward and the column of liquid over it be short, this will simply drop out by its own weight,
starting at a velocity of 0. But if a considerable depth of liquid be above, its gravity pro-
duces a corresponding pressure on its base, or on that liquid which is near it; so that, if a plug
be removed from an orifice in or close to the base, the liquid starts at once into rapid motion.
Each particle of a jetA issuing from the side of a vessel Fig. 1 ,200, moves horizontally with the
velocity above mentioned, but it is at once drawn downward by the force of gravity, describ-
ing a parabola in the same manner as a bullet fired from a gun, with its axis horizontal. If

the water issue through orifices which are small in comparison with the contents of the vessel,
the jets from orifices at different depths below the surface take different forms, as shown at
D. Quantity of Efflux,—If the bottom of a vessel containing water be thin, and the orifice

be a small circle whose area is A (see fig. 1,201) where AB represents an orifice in the
bottom of a vessel, every particle above AB tries to pass out of the vessel, at once, and in
so doing exerts a pressure on those nearest. Those that issue near A and B, exert pressures
in the directions MM and NN; those near the center of the orifice in the direction RQ,
those in the intermediate parts in the directions PQ, PQ. In consequence, the water withm
the space PQP is unable to escape, and that which does escape, instead of assuming a cylin-
drical form, at first contracts, and takes the form of a truncated cone. It is found that the
escaping jet continues to contract until at a distance from the orifice about equal to the diam-
eter of the orifice; this part of the jet is called the vena contracta or contracted vein. Influence
of tubes on the quantity of efflux.—If a cylindrical or conical efflux tube is fitted to the
aperture, the amount of the flow is considerably increased. A short tube, whose length
is from two to three times its diameter, has been found to increase the actual efflux per
second to about 82 per cent of the theoretical. In this case, the water, on entering the tube,
forms a contracted vein, fig. 1,202, just as it would do on issuing freely into the air, but
afterwards it expands, and because of the adhesion of the water to the interior surface
of the tube, has, on leaving the tube, a section greater than that of the contracted vein.

The contraction of the jet within the tube shown in block in the figure, causes a partial

vacuum.
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Ans. Water at its maximum density (39.1° Fahr.) will ex-
pand as heat is added, and it will also expand slightly as the
temperature falls from this point.

For ordinary calculations the weight of 1 cu. ft. of water is taken at
62.4 lbs., which is correct when its temperature is 53° Fahr.

The figure 62.5 usually given is approximate. The highest authoritative
figure IS 62.428. At 62° Fahr., the figures range from 62.291 to 62.36. The
figure 62.355 is generally accepted as the most accurate.

The weight of a U. S. gallon of water, or 231 cu. ins. is roughly 8K lbs.

Figs. 1,203 to 1,208.

—

Hydraulic Principles: 2, The siphon. This device consists of a
bent pipe or tube with legs of unequal length, used for drawing liquid out of a vessel by
causing it to rise in the tube over the rim or top. For this purpose the shorter leg is inserted
in the liquid, a*nd the air is exhausted by being drawn through the longer leg. The liquid
then rises by the pressure of the atmosphere and fills the tube and the flow begins from the
lower end. The general method of use is to fill the tube in the first place with the liquid,

and then, stopping the mouth of the longer leg, to insert the shorter leg in the vessel; upon
removal of the stop, the liquid will immediately begin to run. The flow depends upon the
difference in vertical height of the two columns of the liquids, measured respectively from
the bend of the tube, to the level of the water in the vessel and to the open end of the tube.
The flow ceases as soon as, by the lowering of the level in the vessel, these columns become
of equal height or when this level descends to the end of the shorter leg. The atmospheric
pressure is essential to the support of the column of liquid from the vessel up to the top
of the bend of the tube, and this height is consequently limited; at sea height the maximum
height is a little less than 34 feet for water, but this varies according to the density oj tht fluid.

Head and Pressure.—These are the two primary considera-

tions in hydraulics. The word head signifies the difference in

level of water between two points, and it is usually expressed in feet.

There are two kinds of head:

1. Static head;

2. Dynamic head.

lye



648 PUMPING ENGINES

The static head is the height from a given point of a column, or body

of water at rest, considered as causing or measuring pressure.

The dynamic head is an equivalent or virtual head of water in motion
which represents the resultant pressure due to the height of the water from
a given point, and the resistance to flow due to friction.

Thus, when water is made to flow through pipes or nozzles there is

a loss of head. These terms are ilhistrated in fig. 1,209. Here the dynamic
head is greater than the static head in the supply line to the tank, and
less in the tank discharge line because of frictional resistance to the flow

Fig. 1,209.—^View of elevated tank with pump in operation maintaining the supply which is

being drawn upon as shown, illustrating the terms static lift, dynamic lift, static head, and
dynamic head.

of the water. In ordinary calculations, it is common practice to estimate
that every foot head is equal to one-half pound pressure per sq. in., as
this allows for ordinary friction in pipes.

Oues. In pump operation what is the total static-

head?

Ans. The static lift plus the static head.
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Oues. What is the total dynamic head?

Ans. The dynamic lift plus the dynamic head.

Lift.—When the barometer reads 30 inches at sea level, the

pressure of the atmosphere at that elevation is 14.74 lbs. per

sq. in., that is to say, this pressure will maintain or balance a

-WATER PRESSURE 100 LBS.

Fig. 1,210.

—

Hydraulic principles: 3. Any quantity of water however small may be made
to balance any weight however great. The figure shows a locomotive on a turn table
balanced by a hydraulic pivot or plunger. Assuming no leakage or friction at the joint,

and that the vertical pipe leading to the plunger cylinder is very small, it is evident that
it could be filled to the elevation shown with a very small quantity of water—say one quart.
If the total weight of locomotive, turn table, etc., and the plunger be 101,709 lbs., and the
plunger area be 1,017.9 sq. ins., theri the water pressure per sq. in. on the piston necessary to
balance the load =101,796-;- 1,017.9 =100 lbs. Hence the load will be balanced when the
pipe is filled with water to a height of 100 X2.31 =231 ft.

column of water 34.042 ft. high when the column is completely

exhausted of air, and the water is at a temperature of 62° Fahr.

In other words, the pressure of the atmosphere then lifts the

water to such height as will establish equilibrium between the

weight of the water and the pressure of the air. Similarly in



650 PUMPING ENGINES

pump operation, the receding piston or plunger establishes the

vacuum and the pressure of the atmosphere lifts the water from

the level of the supply to the level of the pump. Accordingly

lift as related to pump operation may be defined as the height

in feet from the surface of the intake supply to the pump.

Strictly speaking, it is the height to which the water is elevated by
atmospheric pressure, which in some pumps may be measured by the
elevation of the inlet valves, and in others by the elevation of the piston.

^^ ^^ ^iG. 1,211.—Height of a jet.M —If a jet, issuing from art

K orifice in a vertical direction
J have the same velocity as a

-J - --:^-^~% body would have which fell

"Me&'^E^I, from the surface of the
\^^ErS^^=^K liquid to that orifice, the jet

z=^^^=^\ ought to rise to the level of

_J^:^^^^Ml the liquid. It does not,

fj^i.±-__: .^3^^^^^==:§ however, reach this; for the
v^—-- ^'^^^~ZzzZ^ particles which fall hinder

^^^^=S^^ it. But by inclining the jet

^^^^^ at a small angle with the
^^H^ vertical it reaches about

^^^^^^a^ nine-tenths of the theoreti-

;^:^:5:$$$^$$^:$^^^^^ cal height, the difference
'^^<^'>^^^^^^^^^^^'>^^^^^-''

being due to friction and
.

to the resistance of the air. The quantities of water which issue from orifices of different areas
are very nearly proportional to the size of the orifice, provided the level remain constant, and
this is true irrespective of the form of the opening which may be round, square, or anv'
other shape.

Owes. What is the practical limit of lift?

Ans. 20 to 25 feet.

Long inlet lines, multiplicity of inlet elbows, and high temperature of the
water require shorter lifts.

NOTE.

—

Flow of water in pipes. The quantity of water discharged through a pipe
depends upon: 1, the head, that is, the vertical distance between the level surface of still water in
the chamber at the entrance end of the pipe and the level of the center of the discharge end of
the pipe; 2, the length of the pipe; 3, the character of its interior surface as to smooth-
ness, and 4, the number and sharpness of the bends, but is independent of the position of
the pipe, as horizontal, or inclined upward or downward. The head, instead -of being an actual
distance between levels, may be caused by pressure, as by a pump, in which case the head is

calculated as a vertical distance corresponding to the pressure, 1 lb. per vSq. in. =2.309 ft. head,
or 1 ft. head =.433 lb. per sq. in. The total head operating to cause flow is divided into three
parts: 1, the velocity head, which is the height through which a body must fall in a vacuum
acquire the velocity with which the water flows into the pipe =i>2 -^2g, in which y is the velocity
in ft. per sec. and 2g =64,32; 2, the entry head required to overcome the resistance to entrance
to the pipe. With sharp edged entrance, the entry head = about Vo. the velocity head; with smooth
rounded entrance, the entry head is inappreciable; 3, the friction head, due to the frictional
resistance to flow v/ithin the pipe. In ordinary cases of pipes of considerable length the sum of
the entry and velocity heads required scarcely exceeds one foot. In the case of long pipes with
low heads, the sum of the velocity and entry heads is generally so small that it may be neglected.
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Oues. Why must the lift be reduced as the tempera-
ture of the water is increased?

Ans. Because the boiling point of water corresponds to the
pressure.

Theoretically a perfect pump will draw water from a height of 34 ft.

when the barometer reads 30 ins., but since a perfect vacuum cannot
be obtained on account of valve leakage, air contained in the water and
the vapor of the water itself, the actual height is generally.less than 30 feet,
and for warm or hot water considerably less.

. 1,212.

—

Hydraulic principles: 4. The pressure exerted by a liquid oH a surface is Pro-
portional to the area of the surface. Two cylinders of different diameter are joined by a
tube and filled with water. On the surface of the two pistonsM and S, which nermetically
close the cylinders, but move without friction. Let the area of the large piston M be, say
thirty times that of the smaller one S, and let a weight, say of two pounds, be placed upon
the small piston. The pressure will be transmitted to the water and to the large piston,
and as this pressure amounts to two pounds in each portion of its surface equal to that
of the small piston, the large piston must be exposed to an upward pressure thirty times
as much, or 60 lbs. If now a 60 lb. weight be placed upon the large piston, both pistons will

remain in equilibrium, but if the weight be greater or less, the equilibrium will be destroyed.

When the water is warm, the height to which it can be lifted decreases,

on account of the increased pressure of the vapor. That is to say, for

illustration, a boiler feed pump taking water at say 153° Fahr., could
not produce a vacuum greater than 21.78 ins,, becaitse at that point
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the water would begin to boil and fill the pump chamber with steam.

Accordingly, the theoretical lift corresponding would be

21 78
34X—— = 24.68 ft. approximately.

The result is approximate because no correction has been made for

the 34 which represents a 34 foot column of water at G^"*; of course, at

Figs. 1,213 and 1,214.

—

Hydraulic principles: 5. The. pressure upon any parliclc of a fluid

of uniform density is proportional to its depth below the surface. Example 1. Let^ the
column of fluid ABCD, fig. 1,213, be perpendicular to the horizon. Take any points,
X and Y, at different depths, and conceive the column to be divided into a number of
equal space by horizontal planes. Then, since the density of the fluid is uniform through-
out, the pressure upon X and Y, respectively, must be in proportion to the number of
equal space above them, and consequently in proportion to their depths. Example 2,
Let the column be of the same perpendicular height as before, but inclined as is fig. 1,214;
then its quantity, and of course its weight, is increased in the same ratio as its length ex-
ceeds its height; but since the column is partly supported by the plane, like any other
heavy b9dy, the force of gravity acting upon it is diminished on this account in the same
ratio as its length exceeds its height; therefore as much as the pressure on the base would
be augmented by the increased length of the column, just so much it is lessened by the
action of the inclined plane, and the pressure of any part of CD' will be, as before, pro-
portioned to its perpendicular depth, and the pressure of the inclined column A'C'D'B'
will be the same as that of the perpendicular column ABCD.

153° the length of such column would be slightly increased.

It should be noted that the figure 24.68 ft. is the approximate theoreti-

cal lift for water at 153°; the practical lift would be considerably less.
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The following table shows the theoretical maximum lift for different

temperatures, leakage not considered.

Theoretical Lift for Various Temperatures
'

Absolute Vacuum Absolute Vacuum
Temp. pressure m Lift Temp. pressure in Lift
Fahr. of vapor inches m Fahr. of vapor inches in

lbs. per of feet lbs. per of feet
sq. ins. mercury sq. ms. mercury

102.1 1 27.88 31.6 182.9 8 13.63 15.4

126.3 2 25.85 29.3 188.3 9 11.6 13.1

141.6 3 23.83 27 193.2 10 9.56 10.8

153.1 4 21.78 24.7 197.8 11 7.52 8.5

162.3 5 19.74 22.3 202 12 5.49 6.2

170.1 6 17.70 20 205.9 13 3.45 3.9

176.9 7 15.67 17.7 209.6 14 1.41 1.6

Elementary Pumps.—There are three elements necessary

for the operation of a pump

:

1. Inlet or suction valve;

2. Piston or pluAger;

3. Discharge valve.

Simple pumps may be divided into two classes:

1. Lift pumps; *

2. Force pumps.

A lift pump is one which does not elevate the water higher than the
lift; a force pump operates against both Hft and head.

Lift Pumps.—Figs. 1,215 to 1,217 show the essentials and

working principle of a simple lift pump.

In construction there are two valves in this type of pump, which
are known as the foot valve and the bucket valve. In operation
during the up stroke the bucket valve is closed and foot valve open,

allowing the atmosphere to force the water into the cylinder.

When the piston begins to descend, the foot valve closes and bucket
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valve opens,,
which transfers

the waterm the
cylinder from
the lower side
of the piston to
the upper side
as in fig. 1,216.

During the
next up stroke,

the water, al-

ready trans-
ferred to the
upper side of
the piston, is

discharged
through the
outlet as in fig.

1,217.

It will be
noted that as
the piston
begins the up
stroke of dis-

charge it is sub-
ject to a small
maximum head,
and at the end
of the up stroke
to a minimum
head as indi-

cated in fig.

1,217. This
variable head is

so small in com-
parison to the
head against
which a force
pump works
that it is not
ordinarily con-
sidered.

Force
pumps.—The
essential fea-

ture of a force
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pump whifch distinguishes it from a lift pump is that the cylinder

is always closed, whereas in a lift pump it is alternately closed

and open when the piston is respectively at the upper and

lower ends of its stroke.

As shown in figs. 1,218 to 1^220, the cylinder top is closed by a cover,

the piston rod passing through a stuffing box ; this keeps the cylinder closed.

In addition to the foot and bucket valves of the lift pump, a head
valve is provided.

INL^T VALVE

Figs. 1,221 and 1,222.^—Elementary single acting plunger pump showing essential parts. The
distinction between a plunger and a piston should be carefully noted.

In operation^ during the up stroke, atmospheric pressure forces water
into the cylinder as in fig. 1,218; during the down stroke this water is

transferred from the lower to the upper side of the piston as in fig. 1,219;
during the next up stroke, the piston forces .the water out of the cylinder
through the head valve which closes when the piston reaches the end
of the stroke and the cycle is repeated. The positions of the valve are
shown in the cuts.

A simple form of force pump, is one known as a single acting plunger
pump, a type extensively used, its cycle of operation being shown in

figs. 1,221 and 1,222. The figures show the distinguishing features, such
as closed cylinder, plunger, and only two valves.
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In operation during the up stroke water fills the cylinder, inlet valve
opens, and outlet valve closes, as shown in fig. 1,221. During the down
stroke, the plunger "displaces" the water in the barrel, forcing it through
the discharge valve against the pressure due to the head.

Oues. What is the diflference between a piston and a
plunger? ^

Ans. A piston is shorter than the stroke, whereas a plunger

is longer than the stroke.

Figs. 1.223 and 1,224,—
EJementary double acting
force pump. It is a com-
bination of two single acting
pumps and gives a nearer
uniform flow than the single
acting pump.

The word plungef is very frequently used erroneously for piston even
by those who ought to know better.

Double Acting Force Pump.—By fitting a set of inlet mid
outlet valve at each end of a pump cylinder it is rendered double
acting, that is, a cylinder full of water is pumped each stroke

instead of every other stroke.
i

With this arrangement the piston need have approximately only
halt the area of the single acting piston for equal displacement, and
accordmgly the maximum stresses brought on the reciprocating parts
are reduced approximately one-half, thus permitting lighter and more
compact construction.
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In the double acting pump there are no bucket valves, a solid piston
being used. The essential features and operation are plainly shown in

figs. 4,259 and 4,260. There are two inlet valves A, B, and two discharge
valves C, D, the cylinder being closed and provided with a piston.

In operation, during the down stroke, water follows the upper face of

the piston through valve A. At the same time the previous charge is

forced out of the cylinder through valve D, by the lower face of the piston.

During these simultaneous operations, valves A and D, remain open, and
B and C, closed, as in fig. 4,259.

During the up stroke, water follows the lower face of the piston through
valve B. At the same time, the previous charge is forced out of the cylinder
through valve C, by the upper face of the piston. During these simul-
taneous operations, valves B, and C, remain open, and A, and D, closed.

Classification of Pumping Engines.—The numerous and
varied conditions of service have resulted in the manufacture of

several types of pumping engine of widely different construction.

All pumps may be divided into two classes : 1 . Reciprocating;

2. rotary; and with respect to service, construction, etc.', they

mav be classified in several wavs:

1. With respect to the cycle of operation at the water end,

as

a. Single acting;

h. Double acting.

2. With respect to the construction of the water end, as

a. Plunger;
h. Piston;

c. Inside packed;
d. Outside packed.

3. With respect to the steam features, as

a. Compound;
0. Triple expansion;

c. Quadruple expansion.
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4. With respect to general construction, as

a. Single;

h. Duplex;

c. Horizontal;

d. Vertical;

e. Direct acting;
^ ^:^1 , ^,t,^^i ( direct connected
/- Fly wheel

I ^.^j^^^lking beam.

Conditions of Operation.—Water, as before stated, is

an unyielding mass, and its behavior in passing through the

water end of the pump is quite different from that of the steam

at the other end. Accordingly severe strains in the nature of

shocks are brought on the parts through which the water tra-

verses, and the construction must be very substantial to resist

this action.

Water, being a heavy body, has considerable inertia ; this, together with
the intermittent action of the pump necessarily limits the speed of the
piston or plunger, resulting in a machine of considerable size in comparison
with a steam engine of equal horse power.

In practice, the speed of a pump is only about one-quarter that of a
steam engine, hence large steam cylinders are required for a given capacity

at the water end. An excess of surface, then, is exposed to radiation, and
owing to the slow piston movement, and large size, there is more chance
for leakage of steam. These are not conditions conducive to economy, yet
the pumping engine has at times held world records for economical steam
consumption. The reason for this is because, in many installations, the load

is constant, whereas with other classes of engines, the best results are not
obtainable, owing to the necessity of proportioning the engine to meet
the requirements of a variable load.

On account of the constant load the cylinders of a pumping engine may
l:>e vso proportioned, and the steam distribution adjusted, that the maximum
economy that can be obtained within the limits of the working pressure is

secured. *

*NOTE.—The importance of properly proportioning an engine to the work it has to do
is emphasized by the nigh economy of the pumping engine notwithstanding its slow piston

speed. According to tests of Profs. Deuton and Jacobus on a 17 X 30 fixed cut off non-con-
densing engine, the loss in economy for about one-fourth cut off is at the rate of one-twelfth lb.

of water per horse power for each decrease of a revolution per minute from 86 to 26 revolutions,

and at the rate of five-eighths lb. of water below 26 revolutions



660 PUMPING ENGINES

Reciprocating Pumps.—The large variety of pump repre-

sented under this heading are used for almost every condition

of service. They are either single or double acting, single or

multi-cylinder, vertical or horizontal, piston or plunger, etc.,

as may be best suited to any particular condition of service.

The principles of operation have been given under elementary

pumps, and the accompanying cuts illustrate the trend of

design and construction

Fig. 1,225.—Double acting piston water end, showing sectional view of piston, cylinder,

stuffing box, valves, and water passages. The lower row of valve are the inlet valves, and
the upper row the discharge valves.

Water Ends.—There are, properly speaking, four kinds of

water end to power pumps

:

1. A piston packed with fibrous material within the cylinder, as shown
in fig. 1,225. The letter P in fig. 1,226 and the following cuts indicates

the plunger.

2. Inside packed plunger, with a stuffing box used for heavy pressures

in hydraulic apparatus^ or as shown in fig. 1,226 for larger plungers.
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3. A single acting outside packed plunger as in fig. 1,227.

4. Two plungers, fig. 1,228, connected outside of the cylinder with

a stuffing box in two cylinder heads, through which the plungers work.

The construction of the water ends of single cylinder and duplex
pumps is practically the same; any slight differences which may be found
are confined to minor details which in no way affect the general de-
sign or operation of the pump.

Pump Valves.—The valve apparatus is perhaps the most
important part of any form of pump and its design has a material

bearing upon its efficiency.

Fig. 1,226.—Double acting Inside packed plunger water end showing sectional view of working
parts.

The valves shown in f\g. 1,225 are carried by two plates or decks, the

suction valves bemg attached to the lower plate and the delivery valves

to the upper one. The upper deck, and sometimes both decks, are re-

movable.

The valves are secured to the seats by means of bolts or long screws,

which, in turn, are screwed into the seat, as shown in figs. 1,229 and
1,231 or capped as in fig. 1,232.
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Fig. 1,227.—Single acting outside packed
plunger pump. In construction, the
moving part consists of the plunger AB
working in the stuffing box KL. There
are two valves or sets of valve, P and
E. The stuffing box KL being on the
outside can be kept in perfect adjust-
ment, and with proper design the
suction and discharge valves may be
examined by the simple removal of a
bonnet. The strong points of this
pump are its simplicity, and the ready
accessibility for examination and ad-
justment of all parts on which the
operation ot the pump may depend.

r\

Fig. 1,228.—Double acting outside packed plunger water end. These plungers are connected
by yokes and outside rods, the yokes and a portion of the rods being, shown in the figure.
The construction is virtually a combination of two single acting plunger pumps so con-
nected as to give the equivalent of a double acting pump cycle.
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The valves in all pumps except the large sizes, which may properly
be classed with pumping engines, are of the flat rubber disc type^ with a
hole in the center to enable the valve to rise easily on the bolt, the
latter serving as a guide.

A conical spring is employed to hold the valve firmly to its seat, the
spring being held in position by the head of the bolt, or cap, as shown.

Certain improvements in pump valves have been made which tend
to increase the durability and to prevent the liability of sticking, which
is not an uncommon occurrence after the valves have become badly
worn. The improved forms of pump valve are shown in figs. 1,231
and 1,232. When these valves leak, through wear, the disc may be
reversed, using the upper side of the disc next to the valve seat. This

Figs. 1,229 to 1,232.—Various details of pump valve construction.

can be done with ordinary valves also, provided the spring has not
injured the upper surface of the disc.

Valve seats are generally pressed into the plates, although instances
may be found where they are screwed. When pressed in they may be
withdrawn by substituting a bolt having longer length of screw thread
than the regular bolt, and provided with a nut , and yoke, as shown in
fig. 1,233. The bolt is slipped through a yoke and screwed into the seat.

By fuming the nut the seat can generally be started without difificulty.

Fig. 1,234 represents the customary gland and stuffing box, in which
the gland is adjusted by the nuts C and D upon two studs. After the
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adjustment has been properly made, lock nuts are tightened which leaves

the gland free, yet preserves the alignment.

It has been proven by practice, after long and costly experiments, that
a number of small valves instead of one large valve are more durable.
Worthington, Dunham, Leavitt, Holly and other leading pump engineers
had occasion to find the truth of this statement early in their careers.

H. F. Dunham confines his practice to four, or four and one-half inch
valves in all cases except for pumps of very small capacity; the author
considers this good practice, as larger valves involve too great lift, and
the smaller sizes necessitate an undue multiplicity of valve, unit. The

Fig. 1,233.—^Jig for removing valve seats of the press fit type. It consists of a bolt with extra
length of thread, a yoke and nut as shown. The operation is apparent from the cut.

Fig. 1,234.—Detail of stuffing box for piston pump.

"slamming" of large valves under moderate speeds proved itself a difficulty

hard to overcome, until the principle of keeping the valve area as low as
possible within reasonable limits had been fully demonstrated.

Rotary Pumps.—This type of pump may be defined, as

one having a revolving piston, or pistons which partake of the

nature of cams, rotating upon an axis and being in contact at one

or more points with the walls oj the enclosing chamber. In opera-

tion, a rotary pump continuously ''scoops" the water from its

chamber, the operation being somewhat similar to bailing a

boat with a scoop.
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Centrifugal Pumps.—This type of pump may be defined

as one in which curved vanes or impellers, rotating inside a close

fitting casing, draw in the liquid at the center and, by virtue of

SIDE ELEVATION FRONT ELEVATION

Figs. 1,23.5 to 1,237.—Views of ordinary
or simple centrifugal pump (Gwynne
pattern).

NOTE.—In priming a centrifugal pump
where steam is not available and it is im-
practicable to fill the suction hne with water,
a hand or power operated air pump should
be provided. The use of an air pump re-
quires the placing of a valve on the dis-
charge hne of the centrifugal pump. Such
a power operated pump should be driven
by its individual motor. In priming multi-
stage pumps, it is necessary to exhaust the
air thoroughly from each stage, and if

primed by exhauster, it should be connected
to each stage. The pump should be started

only after it is entirely filled with water. The pump must not be run emply, as the clearance
lings and shaft sleeves, which in good designs have very small clearances, will bind, heat and
cut if run dry. When first starting the motor, be sure to see that its direction of rotation
agrees with that of the pump, as pump must not run in a direction opposite to that for which
it is intended. This will be usually stamped on the casing or may be marked on the blue
print of the pump. After the pump is primed, the shaft should be turned over one or two
revolutions to allow all air to free itself from the vanes of the impeller.

NOTE.—Before starting a centrifugal pump and its motor, care should be taken to clean
the bearings, as dirt and substances may get in during shipment or erection. They should
then be filled with a pure, clean mineral oil. This oil should hh changed when it becomes
dirty and the bearings thoroughly cleaned at the same time. At regular intervals these
bearings should be examined.

NOTE.—In operating centrifugal pumps, where there is a considerable amount of air

or gases in the water, the air stop cock on top of casing should be opened occasionally; in

extreme cases, the cock may be left partially open.
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centrifugal force, throw

out the liquid through an
opening at the periphery of

the casing.

Centrifugal pumps are

divided into four classes:

1. Simple;

2. Conoidal;

3. Volute:

4. Turbine
' single stage;

multi-stage.

The simple or ordinary type
consists of a series of blade,
which are rigidly fixed on a shaf f:

and enclosed in what is called
the whirlpool chamber When
the blades are rapidly revolved,
the centrifugal force thus created
throws the water through the
outlet in the casing.

The general appearance of the
conoidal pump (named from the
cone shaped impeller) is some-
what different from the ordinary
centrifugal pump, on account of

the widening of the pump cham-
ber to receivea special form of im-
peller, which consists of a double
conical shaped core, on which
radial vanes are cast or mounted.
The peculiar shape of this

Figs. 1,238 and 1,239.—Gwynne's conoidal type centrifugal pump and detail of imjieller.

The arrows indicate the direction in which the impeller turns. In construction. A, is the
inlet; B, discharge; C, the bottom chamber within which the impeller consisting of disc
K, and blades or vanies 1 to 8, revolve closely without touching the surrounding casing.
To chamber C, are attached the conducting case D and D', which form between them an
easy curved spiral discharge passage, gradually enlarging toward its outlet B. The shaft
G, passes through the stuffing box F, thence through and into the sleeve R, which is

securely bolted by wide flanges to the case D', thus forming a central rigid and long
bearing for the spindle. The driving pulley P,*has its bearing babbitted and runs on the
outer diameter of the sleeve R. S is the driving clutch secured to spindle by the feather
key and set screw S', and engages by the lugs to the driving pulley. Means of lubrica-
tion is afforded by the oil holes r. The vanes on disc K, extend above the disc to exclude
dirt from the bearings, and partially relieve the downward pressure upon the disc. The
spaces above and below the disc are connected by the holes kk through the disc, equalizing
the vacuum therein, relieving it from downward pressure, and balancing it so that no
lower bearing is required.
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coie serves to modify gradually
the direction of the incoming
current, thereby preventing
waste of power. The pump
chamber is divided into two
parts by a radial partition,

which extends entirely around
the interior of the chambers
and encloses the base of the
conoidal impellers. This par-
tition prevents the impinge-
ment and consequent disturb-
ance of the two entering
columns of water. Conoidal
pumps are especially suitable
for supplying water to surface
condensers, or for irrigation,

pumping sewage, or purposes
where the liquid pumped is

accompanied by sand, mud,
silt, etc. They are compara-
tively inexpensive and the
space required by them, rel-

ative to the quantity of water
delivered, is claimed to be
about one half that of a cen-

tritugal pump of the ordinary
pattern. They are designed
for a maximum head of 30 feet.

Volute pumps are built for

medium lifts, but for all capac-

ities. They are desirable for

heads up to 70 feet, without
necessitating the vise of pumps,
which are eitheV^ especially

large or very expensive. Volute
pumps run at moderate speed.

Figs. 1,240 to 1,242.—Three styles of
impeller for centrifugal pumps. Fig.

1,240, shows a form used for small
sizes and for thick liquids; fig. 1,241.
is a hollow arm type used in large

pumps, and has the advantage that
the water is thrown outward without
any churning action, and that there

are no dead spaces; fig. 1,242 is used
for dredges and has the advantage
that the sand is prevented grinding

between the blades and the casing,

yet large openings are free for the

passage of sand and mud.
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The turbine type may be defined as a centrifugal pump having sta-
tionary guides or diffusion vanes inside the casing. The diffusion vanes
are placed between the periphery of the impeller and the case which
take the place of the usual whirlpool chamber and assist in guiding
the water to the outlet without internal shock or commotion.
The very limited head at which it was possible to operate the earlier

pumps with economy has been overcome by connecting^ two or more
units upon one shaft and operating them in series, that is, passing the
water through each unit in succession, thus the head is divided between
the units by a multi-stage operation and by providing a sufficient number
of units or stages, they may be operated with heads even exceeding
two thousand feet without impairing the economy.

Fig. 1.243.—Sectional view of a typical single suction standard volute pump designed for direct
connection to moderate speed motors or for belt or gear drive. A single suction opening
is provided on the side furthest from the driving power, thus affording the facility for
connecting the suction pipe. The casing is in one piece with feet for mounting on the
base plate. The side plates are removable, affordmg access to the internal parts of the
pump. There is a male and female jomt between the side plates and casing insuring
perfect alignment. The bearings are fastened to brackets cast integral with the side
plates, there being a male and female joint between the bracket and bearing body. The
impeller is of the enclosed type of cast iron or bronze as required. Alberger regular volute
pumps are of the same type and general design, except that the respective sizes are of
greater diameter, thus permitting a slower speed for a given head, making this type
particularly suitable for engine drive. Standard and regular volutes can be built tor heads
up to about 85 feet, provided the available speed of the driving power will permit Stand-
ard volute pumps are built in sizes having discharge openings from 1 V^ inches up to 72
inches in diameter..
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Suction

^D

Fig. I,2'i4.—-Vertical three stage turbine pump show-
ing relative arrangement of impellers A, and
guide passages B. This pump has the suction
entrance at the top; the discharge leaves the
collecting chamber of the last (lowest) impeller
tangent to the circle. The shaft rests in a
thrust bearing at the top, and is furthei held
by bearings formed in the successive sections of

the case. At the bottom it is provided with a
special balancing arrangement. Each impeller,
where it joins the guide passages of the pre-
ceding case section, is fitted into the case so as
to form as tight a joint as possible without intro-

ducing any great frictional resistance to rotation.

With the exception of the entrance opening, the
external surface of the impeller is exposed to the
delivery pressure, so that there is a resultant up-
ward pressure on each impeller, equal to the area of

its entrance multiplied by the differ-

ence between the entrance and dis-
charge pressures of that stage. If

all the impellers be alike, the total
upward thrust is equal to the prod-
uct of entrance area multiplied by
the total head on the pump. The
pumps are so proportioned that this
upward thrust slightly exceeds the
weight of the rotating portion, con-
sisting of impellers and shaft. The
excess of upward pressure, however, is

relieved by the balancing device lo-

cated at the lower end of^ the shaft, with
the result that the rotating part is pre-
cisely balanced, thus relieving the

thrust bearing of all load while the

Pump is running. The balancing
device referred to consists of two
chambers, C and D, formed cen-
trally in the bottom of the lowest
section of the pump case. The
large chamber C encloses a pro-
jecting hub E on the lower surface
of the impeller. This hub rotates
with the impeller, and the joint be-
tween the hub and the walls of the
chamber is, therefore, loose enough
to allow water from the delivery side
of the last impeller to leak into
chamber C, and establish the full

d ischarge pressure in that chamber. The small lower
chamber D contains a plug H, which may be ad-
justed endways by means of screws. The forward end
of th is plug fits closely into a recess in the face of the
hub E, which recess communicates, by way of the
hollow central part of the hub and the passage g, witb

In operation, when chamber C becomes filled with.entrance side of the last impeller.

water, or rather when leakage through the joint around the tube E has raised the pres-

sure in the chamber C to the delivery pressure, the total upward *pressure on the impellers

is greater than the total weight of the rotating part of the pump. The rotating element is

therefore lifted until the recess in hub E is raised clear of the plug H. In this position the
pressure in chamber C is relieved through the passage g, with the result that the rotating

element again settles down over the adjusting plug H. As this action tends to recur, a
position of equilibrium is established near the point where the plug just enters the recess

in the hub E. The precise position of this point may be altered by the adjusting screws
of the plug H, thereby adjusting the endwise position of the impellers in the casings.

When the pump is not in operation, of course the upward pressure of the water does not
act, and the weight of the rotating part must be carried by the thrust bearing.
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Slip of Pump.—^This is properly defined as the difference

between the theoretical and the actual discharge oj a pump. It is

expressed as a percentage of the theoretical discharge or dis-

placement. Slip is due to three causes:

Figs. 1,245 and 1,246.—Sectional view of water end, illustrating lift of valve, and slip.
Fig. 1,245, lift for slow or moderate speed; fig. 1,246, lift for high speed. The cuts clearly

show the relative position of the suction and discharge valves during the moveirients of

the piston. Pump slip or slippage is a term used to denote the difference between the cal-

culated and the actual discharge of a pump, and is generally expressed as a percentage of
the calculated discharge. Thus, when the slippage is given as 15 per cent, it indicates
that the loss due to slip amounts to 15 per cent, of the calculated discharge. Slippage is

due to two causes, the time required for the suction and discharge valves to seat. When
pumps run very fast the piston speed is so high that the water cannot enter the pump fast
enough to completely fill the cylinder and consequently a partial cylinder full of water
is delivered at each stroke. High speeds also increase slippage, due to the seating of the valves.

Fig. 1,246 represents a sectional view of the water end of a pump, showing the position of
the valves during a quick reversal in the direction of the arrows, which illustrates the position
of the valves corresponding to high speeds. The valves in a pump, like almost every other
part in the operation of machinery, do not act instantaneously, but require time to reach
the seats. When pumps run at high speed the piston will move a considerable distance,
while the valves are descending to their seats, and water flows back into the pump cylinder
until the valves are tightly closed. The valves will remain in the raised position shown in
fig. 1,246 until the piston stops at the end of the stroke, and under high speed the piston will

reach the position on the return stroke indicated by the dotted line L, by. the time the valves
are closed. The cylinder will be filled up to this point with water from the delivery chamber
so that no vacuum can be formed until after the piston reaches this position. The volume
of water that can be drawji into tjie cylinder must necessarily be represented by the cubic
inches of space, minus the quantity which flows back during the time the valves are closing.
It will thus be seen that the actual volume of water discharged is considerably less than a
cylinderful, and the difference, whatever it may prove to be, is called, and is due to slippage.
Fig. 1,245 represents the same pump running at a comparatively low speed. It will be
noticed that the valves have not been raised as high as in fig. 1,246, because a longer time
being allowed for the discharge of the water, a smaller orifice is sufficient. It will be seen
also that the piston, moving at a lower velocity, cannot travel as far in fig. 1,245 before the
valves seat, and consequently a vacuum can be created in the cylinder earlier in the stroke,
and a larger volume of water can therefore be drawn in during the return stroke. In the
latter case it is evident that the volume of water drawn into the cylinder will be nearly equal
to a cylinderful and consequently the loss by slippage must be correspondingly less. In
order to reduce the loss by. slippage several valves are used instead of a smgle valve of equal
area. A flat disc valve will rise a distan9e equal to one-fourth the diameter of the port or
of the opening in the seat to discharge the same volume of water that can flow through the
port in the same time. In practice the rise exceeds this proportion of one-fourth a trifle,

owing to the friction of the water, and this is especially true at high speeds.
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H|. Leakage of water past the piston or plunger;

' 2. Leakage at the valves;

3. Back flow through the valves while closing;

4.. Leakage through the stuffing box.

I^The piston leakage is due usually to poor packing and lack

of attention. In water works plants, where the pump is in

continuous operation, the piston packing should be frequently

Fics. 1,247 to 1,251.—Metal valve with screw seat details. Fig. 1,247, screw seat; fig. 1,248
stud; fig. 1,249, metal valve; fig. 1,250, spring; fig. 1,251, assembly.

adjusted, especially on high pressure systems. A small leak

here will occasion considerable waste of fuel.

Leakage at the valves may be caused by improper seating

due to uneven wear. Valves should be frequently examined

and refaced or turned over when worn.

The back flow loss may result from excessive speed, or im-

proper adjustment of the valve springs. In general, the higher
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the speed, the stronger should the spring be to insure rapid

closing of the valves. The strength of spring should be governed

somewhat by the lift.

For instance, when the Hft is excessive, there will be very little difference

in pressure above and below the valve, hence the available pressure for

opening the valve will be small. In this case a very stiff spring might offer

enough resistance to prevent the opening of the valv'e, or reduce the opening
to such an extent that the water does not enter fast enough to fill the

MH CHAMBER

DISCHARGE
RGE VALVE

—!^M STUFFING

PLUNGER W^BOX

m SUCTION VALVE
INLET Lis

Fig. 1,252.—The air chamber. This part of the pump has been compared to the fly wheel of an
air engme. Energy is here stored and imparted to the discharge column of water, thus
keeping it in motion and compensating for the intermittent action of the pump.

cylinder at each stroke, consequently only a part of the cylinder dis-

placement is discharged.

The Air Chamber.—The object of the air chamber is to

make the flow of water more nearly continuous, and to reduce

the shock of the impact at the beginning of the stroke, caused

by the intermittent discharge.

Fig. 1,252 shows an air chamber placed on the delivery end of
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a single acting plunger pump. When the inward stroke of the

plunger takes place, the lower part of the water discharged from
the cylinder goes to the delivery pipe, but a portion enters the

air chamber and compresses the air in the upper part of the

chamber. On the return stroke, when no water is passing out

of the delivery valve the excess of pressure in the air chamber,

due to the previous compression of the air therein, is sufficient

to force the water out into the delivery pipe, and thus keep the

water in this pipe in motion.

r'\

K~7\

Figs. 1,253 and 1,254.—Two types of vacuum chamber. The one shown in fig. 1,253 should be
placed in such position as to receive the impact of the column of water in the inlet pipe,
and be of considerable length rather than of large diameter and short.

There seems to be no standard for sizes of air chambers on pumps.
A large air chamber permits running the pump at an increased speed.

A defect in the operation of air chambers is caused by the action of
the water in absorbmg air. Air chambers, therefore, are usually built
with a small neck or entrance so that only a small surface of water is ex-
posed to the air.

For heavy pressures particularly, air chambers should be arranged so
that they can be recharged with air to replace that absorbed by the water.

Air or vacuum chambers are sometimes placed on the suction end,
especially where there is considerable length of intake pipe. The action
of a vacuum chamber is practically the reverse of that of the air chamber.
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In operation the air pressure is less than the pressure in the intake pipe,
thus tending to keep the column of water in motion during the intermittent
action of the pump.
Vacuum chambers are of two types as shown in iigs. 1,253 and 1,254. The

one shown in fig. 1,253 shotdd be placed in such position as to receive the
impact of the column of the water in the inlet pipe and of considerable
length rather than of large diameter and short. The size of the neck is

substantially the same as in the air chamber.

Fig. 1,255 shows the water end of a pump fitted with air and vacuum
chambers.

Fig. 1,255.—^Water end of a horizontal pump, showing location of air and vacuum chambers.

The capacity of the air chamber varies in different makes of pump from
2 to 33^ times the volume of the water cylinder in single cylinder pumps,
and from 1 to 23^ times the volume of the water cylinder in the duplex

type. The volume of the water cylinder is represented by the area of the water

piston multiplied by the length of stroke.

NOTE.—In large pumping plants small air pumps are employed for keeping the air cham-
bers properly charged. In smaller plants an ordinary bicycle pump and a piece of rubber
tubing are used to good advantage.
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The Cornish Mine Pump.—This type of

pumping engine is established in favor for per-

manent pumping plants in mines requiring the re-

mo v^al of large volumes of water. It

is highly economical, both in fuel and
repairs. The steam end may be

located above ground, and in this

respect avoids the heating and annoy-

ance of direct acting pumping plants,

below the surface, as well as the loss

due to long steam lines.

The system or arrangement for deep
mines is shown in fig. 1,256. At the bottom
of the mine is a telescope suction, and lift

or bucket pump; above this, at intervals

of about 250 feet, are force pumps. At
each force pump level is a receiving tank.
The pump plungers are operated by wood
rods, in 30 to 40 feet sections, bolted
together withwrought iron strapping plates.

These are worked from engine by a con-
nection rod and bob at the surface, supple-
mented, if the weight of rods requires it,

by balance bobs at lower levels.

Fig. 1,256.-Cornish Mine Pump. A desirable arrange-
ment where water is to be raised to excessive heights.

By dividing the operation of pumping into several

stages, high pressures are avoided. The arrangement

permits locating the steam end outside of the shaft, thus keeping the latter

free from the heat of the engine.
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Direct Acting Pumps with Equalizers.—Various devices

have been fitted to direct acting pumps, in order to enable them

to use steam expansively, and thus work with greater economy.

If in the ordinary pump, steam be cut off before the end of the

Fig. 1,257.—Steam end of a Cornish mine pump. The considerable size of these pumps is shown by
the dimensions, and emphasized by relative size of the man standing at the left of the fly wheel.

stroke, the pressure on the piston will gradually fall as expansion

takes place. Hence, the power at the steam end may be so

reduced before the completion of the stroke that it will fail to

overcome the resistance at the water end, and the pump will

therefore stop. In order to overcome this difficulty, some
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evice, such as shown in fig. 1,258, must be provided to equaHze

or compensate for the variable pressure at the steam end. A
pump having this improvement is shown in fig. 1,259, it is of

the tandem compound duplex type, as used to some extent in

water works.

Horizontal Fly Wheel Pumps.—Instead of compensating

cylinders for equalizing the variable pressure on the steam piston

due to early cut off, a fly wheel is frequently used. There are

numerous designs of this type of pumping engine differing

.-^^

Pig. 1,258.—Compensating cylinders of the Worthington pump; view showing the cylinders in.

several positions during the stroke. The'object of these cyHnders is to equalize the pres-
sures at the steam and water ends of the pump, thus permitting an early cut off in the high
pressure cylinder, to secure greater economy in the use of steam.

greatly in the mechanical details and * arrangement of parts.

An example of the horizontal fly wheel pump is shown in

ag. 1,260.

In this design the low pressure piston rods are directly in line with the
pump plungers, the high pressure cylinder lying on top of the low pressure.

A swinging beam with links connects the cross head of both engines.
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so that the power
developed by the high
pressure engine which
is not absorbed in

driving the fly wheel
is transmitted to the
pump.

The high pressure
steam is controlled by
double beat valves
worked by eccentrics

off a cam shaft which
lies at right angles to
the crank shaft, being
driven by bevel gear-
ing.

Flat gridiron
valves between the
two cylinders serve
both as exhaust
valves for the high
pressure and ad-
.mission valves for the
low pressure; separ-

ate grids being fitted

for the final low
pressure exhaust.

The air pump is

driven off a vibrating

arm on the beam
gudgeon.

This engine is also

built to operate as a
non-compound
engine, in which case
the upper or high
pressure cylinders
and connections are

omitted, and the

lower steam cylinders

are provided with
automatic cut off

valves. Steam is ad-

mitted to these cyl-

inders direct from the

boiler and exhaust
into the condenser.
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Fig. 1,261.—Three Morris direct connected dry do. iv c^iii^iiiUgu.. pu,iiipiLifci ciigines. Capacity
of each 38,333 gallons per minute; 350 horse power.

NOTE.—Where conditions of head allow, centrifugal pumps directly connected to
steam engines are used , as such outfits are self-contained and take up but little space . With ver >•

large pumps belt drive is prohibitive, and while occasionally a rope drive is resorted to, a
directly connected outfit makes the most economical pumping unit. A steam driven Centri-
fugal pump is, under every condition, more economical in fuel than a reciprocating steam pump,

NOTE.^—T/ie high speed of the steam turbine makes it possible to use direct con-
nected centrifugal pumps for high head where steam is available. Pumps directly connected to
reciprocating engines can only be used for comparatively low heads owing to the engine's limited
rotative speed. On account of small space occupied, light weight and minimum of attention
required, the steam turbine driven pump is very attractive for many situations.

NOTE.

—

Installing centrifugal pumps. The suction elevation or lift should be
made as low as possible, and also the suction pipe as short and direct as possible with a mini-
mum number of elbows or bends. The suction pipe should be so arranged that no air pockets
can form. Particular care should be taken that the suction pipe be air tight, as otherwise
there will be difficulty with the pump's operation. The dynamic lift, tha.t is, the actual
elevation plus frictional resistances through suction piping, should, if possible, not exceed
25 feet, and preferably should be much less than this; especially in extremely high speed pumps.
The larger the discharge pipe, and the fewer the number of elbows, the less the friction head
and power required to drive the pump. The foundations need not be as heavy as for a re-

ciprocating pump, but should be amply rigid and strong to properly support the pump and
maintain correct alignment. Great care should be taken that the pump be properly leveled on
the foundation, and that it be not finally bolted down until it has been carefully ascertained
that shaft is properly in line and turns freely in the bearings. If the pump be directly con-
nected to the driver through a coupling, the alignment of the coupling should be proven. The
bearings should be thoroughly cleaned before the pump is started, and lubrication supplied.
The shaft stuffing box or stuffing boxes should be properly packed with best quality of soft

packing well greased and graphited, and gland should not be tightened up tight as that will burn
the packing and cut the shaft. A slight water leakage from the stuffing boxes does no harm
and is an indication that the packing is not too tight. With a suction lift, it is sometimes advis-
able to provide the stuffing boxes with water seals to prevent air leakage into the pump

._
Usually

the water seal is supplied by water from the pressure portion of the pump shell, which is all right

if the pump be handling clean water; otherwise water should be supplied from any other con-
venient source with pressure of at least 20 pounds.
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Triple Expansion Pumping Engines.—For high economy
in the use of steam, its expansion is frequently divided into

three stages, a further division is ineffective in reducing the

steam consumption unless exceptionally high initial pressure be

used. A type of triple expansion pumping engine used to some
extent, is shown in fig. 1,261.

Capacity of Pump.—This term relates to the amount of

water a pump is able to deliver when operated at a specified

speed. There are two kinds of capacity:

1. Theoretical capacity;

2. Actual or net capacity.

The theoretical capacity represents the pumping ability of a perfect
pump, and is expressed as the volume in cubic feet or gallons displaced
by the pump per minute.

Since it is impossible to construct a perfect pump, it is customary in
computing capacity, to first calculate the theoretical capacity and then
make allowance for the various losses due to slip, leakage, etc.

Oues. What kind of a pump will pump more than its

theoretical capacity, and why?

Ans. A single acting lift pump having bucket valves, because

the column of water does not cease flowing when the bucket

descends, that is, especially at high speeds the foot and head
valves remain open all the time, and the bucket valve accordingly

under such conditions is the only valve essential to operation.

How to Figure Capacity.—RULE: Multiply the area of the

piston in sq. ins. by the length of the stroke in ins., and by the

number of delivery strokes per minute y divide the product by 1,728

to obtain the theoretical capacity in cu. ft., or by 231 to obtain

theoretical capacity in U. S. gallons. The result thus obtained
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is to he rmiliipUed by an assumed factor representing the efficiency

of the pump to obtain the approximate net capacity.

The rule expressed as a formula is

.7854XD2XLXN ^

Approximate net capacity =
p728 ^ ^^

—
'-^^ ^"* ^^'*

or
.7854XD2XLXX ^=

231
^ ^1 —/) gallons

in which

D2 = square of piston or plunger diameter in sq. ins.

;

L = length of stroke in ins.

;

N =number of delivery strokes per minute;

/ = factor representing assumed slip in per cent, of displacement;

1,728- =cu. ins. in one cu. ft.;

231 =cu. ins. in one U. S. gallon.

Example,—What is the approximate net capacity of a 3X5 double
acting power pump running at 75 revolutions per minute with an ^iRsumed
slip of 5 per cent., applying this formula?

.7854X32X5X150
Approximate net capacity =—

\ Yl2^ ^ (^ — -05) =2.92 cu. ft.

.7854X32X5X150=
231 X (1 — .05) =21.8 galls.

Theoretical Horse Power at the Water End.—The theo-

retical horse power required to raise water at a given rate to a

given elevation is obtained by the following formula

:

T H P - ^XWX(L+H)
33,000

in which

V = volume in cu. ft. per minute;

W = weight of one cu. ft. of water;

L = lift in ft.;

H=head in ft.
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Fig. 1,202.—Dunham duplex double acting power pump. The general design comprises two
pairs of horizontal water chambers, each pair connected at each end by vertical water passages,
and at the center by a vertical working barrel or cylinder. The upper water chambers of
each pair are connected at each end by arms firmly bolted together in a vertical plane,
passing lengthwise through the center of the pump. In each arm there is an intake or dis-
charge opening where a gate valve can be placed. By closing one pair of gate valve (on<*

intake and one discharge) the water can not flow from one pair of chambers to the other,
at either end, thus making it convenient to use only one side, or one-half the pump in case
of repairs. Each water chamber carries two sets of valves, intake and discharge; one on each
side of the vertical cylinder. The valve decks proper are cast as part of the water chamber,
but each deck carries one bronze plate in valve rest. The valve chamber openings are pro-
vided with large covers making valves readily accessible. Each upper water chamber sup-

' ports an A frame of box section forming air chambers for both intake and discharge. The
two A frames carry the main bearings for the shaft. The drive is by belt instead of gearing,
thus eliminating noise and friction of extra bearings.
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Example^—What is the theoretical horse power required to raise 100
cu. ft. of water 200 ft., with a 10 ft. lift when the water is at a temperature
of 75° Fahr., and when at 35° Fahr.?

For a temperature of 75°, one cu. ft. of water weighs 62.28 lbs. Sub-
stituting this and the other data in the formula,

100X62.28X(10-f200)
T.H.P.-

33^QQ
-39.63

Now if the water have a temperature of only 35°, as might be in very cold
weather, the weight of one cu. ft. will increase to 62.42, and the horse
power would accordingly increase in proportion to the ratio of the two
weights, or

62.42
T.H.P. (at 35° Fahr.) =39.63 Xg228 = 39.7

By observing the very slight difference in the two results it will be seen
that for ordinary calculation, the temperature need not be considered,
taking the usual value 62.4 lbs.

Horse Power Absorbed at the Water End.—The actual

horse power required at the water end of a pump (not including

slip or mechanical efficiency) is equal to the theoretical horse power

plus an allowance jor the friction of the water through the pipes

and pump passages.

There is also friction of water in the elbows which is usually taken into

account. Values for these two items are obtained by consulting tables of
friction of water in pipes from which the virtual head to be used is easily

found and which when inserted in the T.H.P. formula will give the "actual
horse power" a's above defined. ,

Duty of Pumps.—The word ''duty" is used in engineering

to express the efficiency of a steam pumping engine as measured

by the work done by a certain quantity of fuel, or steam. Duty,

then, stands for foot pounds or work done, and means the num-
ber of pounds of water lifted one foot, or its equivalent, by

'

100 pounds of coal, or 1,000 pounds of saturated steam.
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Formerly duty was expressed on the coal basis, but this has fallen into
disuse owing to the variations in the quality of the latter.

Duty expressed per 1,000 lbs. of steam is equivalent to 100 lbs. of coal
when the evaporation is 10 to 1. This result is readily obtainable with good
grades of coal when the boilers are correctly proportioned and in proper
working condition.

Duty per 100 lbs. of coal would show the combined efficiency of the
pump and boiler; when expressed on the steam basis, the efficiency of

the pump alone is obtained. The latter, therefore, is generally used, as
the result sought is to determine how economical the pump is in the use
of steam.

Another unit of duty is, the foot pounds of work at the water end per
million heat units furnished by the boiler. This is the equivalent of 100
pounds of coal where each pound imparts 10,000 heat units to the water
in the boiler, or where the evaporation's 10,000-^965.7 = 10.355 pounds of

water from and at 212°, per pound of coal.

The last mentioned unit which was reported in 1891 by a committee of

the A. S. M. E.. {Trans. XII, 530), reaffirmed it in 1915 as the standard
unit and defined it as follows: the duty per million heat units is found by
dividing the number of foot pounds of work done during the trial by the total

number of heat units consumed, and multiplying the quotient by 1,000,000.
The amount of work is found in the case of reciprocating pumps by multi-
plying the net area of the plunger in sq. ins., the total head in lbs. per sq. in.*

by the length of the stroke in feet, and the total number of single strokes
during the trial; finally allowing for the percentage of leakage of the
pump. In cases when the water delivered is determined by weir or other
measurement, the work done is found by multiplying the weight of water
discharged during the trial by the total head in feet.

*NOTE.—The total head is determined by adding together the pressure shovm by the
gauge on the force main, the vacuum shown by the gauge on the suction main, and the vertical
"distance between the center of the force main gauge and the point where the suction gauge pipe
connects to the suction main, all expressed in the same units (pounds per sq. inch or sq. foot).
A pet cock should be attached to the gauge pipe below each gauge cock, and opened occasionally
so as to free the pipe of air in the case of the force main gauge, and of water in the case of the
suction gauge. If the suction main be \inder a pressure instead of a vacuum the suction gauge
should be attached at such a level that the connecting pipe may be filled with water when the
pet cock is opened, in which case the correction for difference in elevation of gauges is the
vertical distance between the centers of the gauges, and the reading of the suction gauge is to be
subtracted from that of the force main gauge. If the water be drawn from an open well beneath
the pump, the total head is that shown by the force main gauge corrected for the elevation- of
the center of the gauge above the level of water in the pump well. If there be a material
difference in velocity of the water at the points where the two gauges are attached, a correction
should be made for the corresponding difference in velocity head.
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CHAPTER 21

SPECIAL RECIPROCATING ENGINES

EXPANSION END

EXHAUST

Single
Acting En-
gines.—For

some pur-

poses en-

gines of this

type can be

used to ad-

van t age

.

Since the

pressure of

the steam
acts only in

one direc-

the bearings do

require to be

Fig. 1,263.—Graham special

trunk piston transfer-expan-
sion steam jacketted oscillat-

ing engine. (Patent applied
for.) CYCLE: Ist stroke,
steam is admitted through M,
and acts on annular ring lower
side of piston through entire
stroke; 2nd stroke, steam is

transferred through M and S,

to upper side of piston and
expanded through entire

stroke; 3rd stroke, steam
exhausted through S, to
exhaust pipe. Jacket
steam enters at L, and
passes through upper head
and cylinder jacket, the
condensate being dis-

charged through F. The
figure shows author's

design for a 6 in. stroke engine
with trunk proportioned for 8
expansions using saturated
steam of moderate pressure , and
suitable for high speed light

duty service, operating with about the same economy as a marine compound engine.
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adjusted as close nor as often as with double acting engines,

hence, they may be operated with less attention.

The characteristics of single acting engines are: minimum
liability to get out of order or' to pound, as the working parts are

Figs. 1,264 to 1,266.—Acme two cylinder single acting engines for small unit high speed service.

The sizes range from 23^X33^ to 7X7 developing at 80 lbs. initial pressure, 1% to 27
horse power, 50 lbs. M.E.P., 400 R.P.M. Any size may be operated up to 600 R.P.M.
The valve is of the rocking type. It is a one-piece casting ground to fit a bored chamber
which serves as the valve seat and cylinder head. The lubrication is by the splash system.
The crank case is filled with water to such a height that the cranks just dip into it; a small
quantity of heavy lubricating oil is then added, so that at every dip of the cranks the mixture
is splashed to every part of the interior, where it collects in small pockets and flows in a
continuous stream over all bearings.

reduced to the smallest number consistent with economy in

the development of power; smooth and quiet operation at high

speeds.
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Fig. 1,267.-Westinghouse two cylinder,
single acting engine. The valve H, is

of the hollow piston type. The steam
ports P, are in the heads of the cylinders,
A, which are single acting; the pistons
NN, are directly connected to the con-
necting rods OO, by means of wrist
pins. The crank shaft and cranks C, are
forged in one solid piece and are enclosed
in the oil chamber B, which is formed by
the frame of the engine. Access to this
oil chamber can be had by the removal

of plate F. One end of the crank
shaft carries the shaft governor
wheel T, which operates the valve

XT' by means of rocker
-'* arm J, and link K.

The cut off is regu-
lated by an eccentric

iisaiiBiio^ ^.__:......: ^:_
pin being thrown across the shaft through the action of the governor, thus varying the travel of
the valve. The steam enters at U, at the center of the valve H, and exhausts at the ends
through the exhaust pipe R. The main bearings E, are lubricated by the oil cups Q, from the
outside; all drips from the main bearings run through the channels r, into the oil chamber B.
Although the manufacture of this engine has been discontinued it is here shown, to illustrate

steam distribution in two single acting cylinders, hy a single piston valve, and because of the

large number of these engines still in use.
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They are usually made with two cylinders, cranks at 180

degrees, thus requiring only one valve which reduces the amount
of valve gear parts required. They are suitable for small powers

which require high speed

operation, as for small di-

rect connected generator

sets.

NOTE.—According to Seaton,
"Theoscillating engine, first suggested
by Trevith'ck, and developed by John
Penn & Sons , is the lightest and most
compact form, and has fewest working
parts. It can be arranged with the
cylinder vertical in its mean position,
or inclined even as far as the hori-
zontal position; it will work best, of
course, in the former position, and the
chief objection to its more fre-

quent adoption in shallow
draught steamers is the want
'of

^
room vertically to effect

this. It is not so convenient a form when steam of higher pressure is employed, from the
difficulty of getting an efficient apparatus for an early cut off of steam, and the liability of
the trunnions to leak; the former is the real difficulty, the latter existing more in imagination
than practice. The solution has been found in the introduction of compound cylinders. The
-most successful oscillating engines, however, have been those of large power, working with a
steam pressure not exceeding 30 lbs. per sq. in., and consuming on the average 2% lbs. of coal
per indicated horse power per hour."
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STEAM .

EXHAUST

In construction, the cylinder is

swung on trunnions, the piston rod being
connected directly to the crank shaft,
avoiding guides, cross head and connect-
ing rod . There are two general classes
of oscillating engines: 1 , those with valve
on the cylinder, as in fig. 1,268, and 2,
those with ports oscillating about a
stationary seat as in fig. 1,269. .Either
may be single or double acting.

Fig. 1,269.—Kriebel oscillating marine engine. In con-
struction, the engine frame 00, is made in one piece
and has boxes on each side to receive the crank shaft M

,

and the solid trunnions E, which project at right
angles from the upper head of the cylinder and on
which the cylinder is supported and pivoted. The
piston H, is connected with the piston rod I, to the
crank pin L, and the three are always in a straight line,
consequently as the piston moves up and down, the
cylinder vibrates back and forth on the trunnions . The
valve D, is a hollow, cylindrical casting enclosed in a
casting A,.attached to the engine frame. The bottom
of the valve has a smooth concave surface, while the
upper end of the cylinder F, has a smooth convex surface.
The two surfaces make a steam tight joint, and any
wear that occurs is automatically taken up by springs
U, coiled around bosses above the valve. The steam
and exhaust pipes S and T, connect with two brass
tubes R and R', which are screwed into the valve and
communicate with the valve ports X and QQ'. There
are two cylinder ports P and P' , which open into the top
and bottom of the cylinder. In operation, as the
cylinder vibrates back and forth on the trunnions, the
cylinder ports alternately take steam from the central
valve port X , and exhaust through the 'ports Q and

Q'. In reversing, the direction of the steam in the
tubes can be changed so the cylinder ports will either
take steam from the port X , and exhaust through the
port Q and Q', as above, or else take steam from
and 0', and exhaust through X, and thus reverse
the engine. The piston rod has a long stuffing

box N. The upper ends of the tubes R and R',- are received by fixed stuffing boxes,
B, represents a counter-balance, which is bolted to the cranks of engines with 5X6 in.

cylinder and upward. The reversing valve on top answers also as a throttle, as by moving
the lever to a central position, the steam and exhaust ports are closed and the engine stops.

Fig. 1,2Q8.—Text continued.

the eccentrics, E,E. The cylinder C, and piston rod vibrate the same as the connecting
rod on other engines, the cylinder being suspended on both sides by trunnions T, which
also serve to convey the steam to the valve chest, and the exhaust to the condenser. The
pipes are inserted into the openings O, the joint being made steam tight by means of packing
rings, allowing the cylinders to oscillate. The steam passes through a channel in the cylinder
casting to the valve chest V, and is controlled by a slide valve in the ordinary way. T^e
reversing gear may be of the loose eccentric type, or the so called Stephenson link motion,
as shown. The eccentric rods are connected to the link L, which slides over the link block
attached to a pin in the quadrant N, and by means of the reach rod R. and the reversing
gear shown in the figure, either eccentric may be made operative.
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In the second type the trunnions are used as steam passages. The
trunnions have interposed between them and the cylinder body a belt,

which conveys the steam to and from the valve boxes. An engine of this

type with reversing gear is shown in fig. 1,268.

Steering Engines.—The steam steering engine serves the

purpose of turning the rudder of the ship more powerfully and

Figs. 1,272 and 1,273.—Plain and side view of a steering engine showing construction.

rapidly than can be done by hand. Its power is applied througli

rope, chain or gear transmission to a lever or sheave on the

rudder stock. But its operation is intermittent and is also
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peculiar, in that it swings the rudder onlythrough a part of the arc,

less than 90 degrees, while the engine makes several revolutions

Fig. 1,274.—Steam steering engine shown connected to the pilot house wheel. The pilot wheev
is connected with the regulating valve of the engine by means of a sprocket chain and screw.
In operation, when the pilot wheel is revolved, the screw, also being revolved, will draw or
push the regulating valve, to open a port, which will admit steam to run the engine in the
direction necessary to turn the rudder the way desired, but the nut in which the screw works,
is attached to the drum shaft, which transmits the motion of the engine by cable or chain
to the rudder, and when the drum revolves, thus also turning the nut, the screw, which is

attached to the stem of the regulating valve is forced in the opposite direction, thus shutting
off the steam. It will be understood, that the engine only revolves while the wheel is turned,
thus the rudder can be turned any desired amount. The action of the steering engine,
with its mechanism is somewhat similar to the steam reversing gear. The gear connection
Detween the pilot wheel and the drum shaft, here shown, is for the purpose of operating
the rudder directly by the pilot wheel if desired.
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it is made reversible by the change of steam and exhaust

ports through a special valve, actuated by a handwheel on the

bridge and closing automatically, when the desired position of

the rudder is obtained.

Fig. 1,275.—Self-centering mechanism of the Williamson steering engine. In a steering engine
it is necessary to have the steam valve controlled automatically so that the movement
produced by the engine is kept proportional to the movement given the steering wheel. The
engine controlling valve starts to rnove at once in response to any movement of the steering
wheel in either direction. The engine keeps moving only so long as the control valve is kept
in motion by the steering wheel. To function in this manner motion is given to the shaft A,
from the rotation of the steering wheel in the pilot house. The threaded shaft B, which
is prevented rotating by the follow-up gears E and F, when the engine is at rest, is pulled
endwise by the rotation of miter gears C and D, upon rotation of shaft A. Gear D, which is

threaded to fit shaft B, is held longitudinally by the bearing G. This makes it a block
through which the shaft B , is drawn. The endwise motion of shaft B , controls the opening
of the change valve which admits steam to the main valves of the engine cylinders. Steam
having been admitted to the cylinders during the turning of the shaft A, the revolving of

the drum shaft rotating the follow-up gears E and F, returns the change valve to a neutral
position, when the shaft A, ceases to turn, thereby stopping the steam flow to the main
valve and causing the steering engine to come to a stop. It will thus be seen that the move-
ment of the steering wheel in the pilot house admits steam to the engine, while the motion
of the engine itself cuts off the steam. Stops are fitted to the automatic attachment to

regulate the number of turns of the wheel from "hard over" to "hard over." These stops

are adjustable to agree with the distance the rudder should travel to prevent bringing up
against the chocks at the "hard over" position. Thus undue strains on the chains and con-

nections between the rudder quadrant and the engine are prevented. The steam steering

wheel, made of small diameter, is used only for opening the engine valve. The number of

turns of the wheel, from hard a port to hard a starboard, varies from six to ten, according

to the size of the vessel. The steering wheel is mounted on a column or pedestal of brass or

iron. The wheel is connected with the valve motion of the engine by means of shafting and
gearing. A tell-tale or indicator is located on the top of the column, showing the angle

through which the quadrant or rudder has moved.
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The steering gear

consists of two com-

plete engines, with

regular valves, which,

however, have no
angular advance, lead

or laps. The two
cranks are set at

90°, to insure a posi-

tive starting in any

position. The con-

struction . of the
engines should be
strong and durable,

with large bearing

surfaces, as the strains

upon them may be

Fig. 1,276.—^Worm of Williamson worm drive steering engine. It is a double worm w;ith ad-
justable bearings. The teeth of both worm and wheel are so shaped that the entire face
of the worm is in contact with the wheel at the same time thereby securing the maximum

.

bearing surface and the minimum of wear. The worm, W W, is of steel or brass, according
to size of engine, and is driven from the crank shaft by feathers, allowing a sliding motion.
The adjustable bearings, BB, take the thrust, independent of the main journals of .the

crank shaft, and take up the lost motion due to any war of the worm or wheel. This prevents
any back-lash or noise in reversing the engine. Adjustment is accomplished by slacking the
bolts D D, and tightening the screws S S. To determine whether the adjustment is too
tight, turn over the engine by hand, by means of the crank wheel. Adjustment should be
made as soon as any lost motion is discovered, so that the teeth may always be kept in
proper bearing. Excessive lost motion should be taken up by gradual adjustment, not
all at once. The worn worm is self-lubricated by means of the oiling attachment, L. It
consists of a wheel revolving in an oil reservoir, and always in contact with the worm.

quite severe in a sea way. The steam steerer is placed directly

under the pilot house, in the engine room or near the rudder

stock. The transmitting gear needs attention in keeping it

taut, and in providing that the position of the hand wheel and
its indicator corresponds to the position of the rudder.

Steam Reversing Gear.—On large engines the valve gear
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parts which have to bfe moved to reverse position to change the

direction of motion of the engine have considerable weight and
cannot be mo^Jed by hand without considerable exertion, thus

steam reversing gear is used. The form of reverse gear most
commonly employed in America is of the so called ''floating" or

*'self centering" types as shown in fig. 1,277, its operation being

explained in the text under the figure.

Fig. 1,277.—Steam reversing gear, used with
a marine engine equipped with the Stephen-
son link motion. To the column D, is at-
tached the steam cylinder C, which actuates
the bell crank B. One arm of this bell crank
carries the reach rod, or link R, which is

connected, as shown, to the shifting link L. The valve of the cylinder C, is controlled

by the hand lever, H; and when this is turned so as to admit steam to the bottom face of

the piston, the bell crank B, and link R, describe the paths indicated by the dotted arcs,

thus shifting link L, to the left, and reversing the action of the eccentric rods EE, on the
valve stem S, of the main cylinder. Other lettered parts are; T, the tumbling shaft on
which B, is pivoted; G, guide rod on which the cross head F, slides; I and I . cushion springs
against which F, strikes, thus preventing the piston of C, striking the cylinder heads.
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It is evident from the figure and explanation that the mechanism will

operate the reverse lever arm synchronously with the control lever but
in opposite direction. Should the weight of the moving parts or expansion
of the steam carry the piston beyond the descend point, the valve would
also be displaced from its neutral position admitting steam on the other
side and thus establishing equilibrium.

Owes. What peculiar action is present in engines

equipped with steam reversing gfear?

Ans. Since the elastic force of steam is used to ''lock" the

gear in the running position, when the mechanism is vertical as

shown, the parts tend to move downward until the valve begins

to admit steam which then drives the parts back to the desired

position. This vibration causes a change in the point of cut off

which causes the engine to periodically slow down and speed up.

Oues. Why is lap given to the valve.

Ans. To reduce the sensitiveness of the gear.

Very little lap is given, about l/fe steam and l^ exhaust, the latter being
added to cushion the parts.

Square Piston Engine.—This type of engine is shown in

the accompanying cuts. Reduced to its simplest elements it con-

sists of simply two movable pieces, one sliding inside the other,

NOTE.

—

Turning gear. The object of such gear is to turn the engine by external power,
as when overhauling, setting the valves, such gear being used for engines, too large to be turned
by hand. The turning gear usually consists of a large worm wheel placed on the main shaft
just aft of the bed plate, geared through worm and spur gearing to a small engine, usually
a double simple engine with cranks at 90*^. The gearing ratio is such that many hundred
revolutions of the turning engine may be required to one of the turning wheel or main engine
shaft. This gear must be so arranged as to be readily thrown in and out of connection with
the main turning wheel. This is usually accomplished by carrying the main worm on a shaft
which is pivoted, and which can thus be locked in either of two positions, in one of which the
worm is in gear, and in the other, out of gear, or else by driving the worm on a shaft with a
feather, thus providing for endwise motion, and for fixing it in either of two locations on its

shaft, in one of which it is in gear, and in the other, out of gear. The latter is the arrangement
more commonly met with. Where a turning engine is not provided, the turning wheel is

usually arranged for operation by hand through worm gearing operated by a lever with pawl
and ratchet arrangement, or by some similar device. In some cases the engine is turned by a
hydraulic jack placed under a movable chock piece located in sockets cast in the turning wheel.
This chock is shifted from one socket to another as the jack shoves it upward, and thus the
engine is slowly turned. In small engines the turning wheel is often simply a form of gear
wheel with shallow teeth in which a pinch bar is worked, and by this means the engine may
be slowly pried around. Such a wheel is known as a pinch wheel.

t '
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and both floating in a square steam tight box or cylinder, and

being guided in their movements by the crank on the end of

the driven shaft. In construction the inner piston has removable

shoes which can be adjusted to compensate for wear, when
necessary, and the cylinder is also provided with adjustable

wedge for the same purpose.

Fig. 1,283.—Dake throttling square piston engine. Sizes range ironi 2 to 60 norse power, 800
to 250 revolutions per minute respectively. In starting, apply steam for a few minutes
before commencing work. As soon as the metal is warm the engine will start readily.

'^"

not pry or try to force the piston over till this is done.
Do

The inner piston or cross head has cored through its body four

ports leading to the four sides, which communicate with ports



702 SPECIAL ENGINES

cut in cover or cylinder head of engine. This engine is suitable

for operating blowers, ventilating fans, centrifugal pumps or

other small power applications where high speed operation is

required, the small number of reciprocating parts adapting it

to this service.

Rocking, Valve Engine.

—

This type of engine is intended

to meet the demand for an

engine, where heavy duty is

required, and where economy
is not of prime im-

portance, therocking
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Figs. 1,287 to 1.301.

—

Parts of Dake
square piston en-
gine. 1, cylinder; 2,
cover or cylinder
head; 3, back horn
or main journal; 4,
gland; 5, outer pis-
ton; 6, valve chest;
7, valve stem gland;
8, valve cover; 9,
crank and shaft; 10,
piston slipper or
gib; 11, inner pis-
ton; 12, slipper; 13,
wedge; 14. valve
lever; 15, valve and
stem; 16, bushing
of inner piston; 17,
bushing of crank
shaft.

Figs. 1,302 and 1,303.—Sectional views of Colt disc engine. In construction, the main
body of the engine consists of one casting, containing six cylinders, arranged in a circle, and
parallel with one another. The pistons A, take the form of a hollow plunger, one end termin-
ating in a blunt cone which bears continuously against the periphery of the disc B . They
are single acting, being subject to steam pressure upon the flat end only. Steam is admitted
successively to the six cylinders from the steam chest C, three pistons being constantly in
action at different points of the stroke, thereby imparting a uniform rolling motion to the
conical disc B , which is steadied at its center by the ball and socket joint D , and rolls upon
the conical surface of the back plate E, which receives the full thrust of the pistons, and
protects the ball and socket joint D, from strain. The crank pin F, is securely fixed in the
center of the conical disc B, the rolling motion of the disc causing the pin to describe a circle,

and by means of the crank G, imparting a rotary motion to the shaft H. The shaft H,
passes through the center of the steam chest and carries an eccentric giving motion to the
circular valve K. The valve K, is a flat circular ring which slides steam tight but perfectly
freely between the port face and a balance plate. The steam is admitted to and fills the
annular space C, left in the steam chest outside the circumference of the valve ring K, the
eccentric motion of which alternately opens and closes all the steam ports, successively
admitting steam to the cylinders, from which it again escapes to the exhaust chamber M,
formed by the inside of the valve ring, and thence through openings into the body of the
engine, and is finally discharged by the exhaust pipe N.
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valve engine has long been recognized as one especially adapted

for saw mills, planing mills, etc., where a simple engine and

one capable of furnishing great power is desired. The design

of such parts of the frame, outboard bearing, connecting rod,

Fig. 1,304.—Southern rocking valve engine for heavy duty as in saw mills, planing mills, etc.

cross head, piston, etc., are of ordinary heavy duty form. The
cylinders are provided with steam and exhaust ports of large

areas.

The rocking valve, which is similar to a Corliss valve, has

large wearing surfaces. The cylinder heads and valve bonnets

are made tight by ground joints. Fig. 1,304 shows the general

appearance of a rocking valve engine.
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CHAPTER 22

AIR COMPRESSORS

The ever broadening field for the use of compressed air, and
the rapid increase of invention of compressed air appHances,

have produced a number of changes in the design of the earlier

compressors, the scope of which was confined almost entirely

to mine and tunnel work.

Compressed air is used in almost every art known to man,

and in many cases its use depends so much upon its economical

production, that the modern compressor must embody every

refinement which has proved to be of practical value.

The Compression of Air.—When the space occupied by a

given volume of air is changed, both its pressure and temperature

are changed in accordance with the following laws:

Boyle's law: At constant temperature, the absolute pressure

of a gas varies inversely as its volume.

Charles' law: At constant pressure, the volume of a gas is

proportional to its absolute temperature.

In the ordinary process of air compression, therefore, tw^o

elements are at work toward the production of a higher pressure:
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1. The reduction of volume by the advancing piston;

2. The increasing temperature due to the increasing pressure

corresponding to the reduced volume.

The application of the two laws is illustrated in fig. 1,305,

which shows a cylinder fitted with an air tight piston. If the

cylinder be filled with air at atmospheric pressure (14.7 lbs.

per sq. in. absolute) represented by volume A, and the piston

^- {yoL. >l

. UNITY VOL.-

Fig. 1,305.—^Elementary air compressor illustrating the phenomena of compression as stated
in Boyle's and Charles' laws.

be moved to reduce the volume, say to 3^ A, as represented by
B, then according to Boyle's law the pressure will be trebled or

= 14.7X3 = 44.1 lbs. absolute, or 44.1-14.7 = 29.4 gauge
pressure. In reality^ however^ a pressure gauge on the cylinder

would at this time show a higher pressure than 14.7 gauge
pressure because of the increase in temperature produced in

compressing the air.

Now, in the actual work of compressing air, it should be care-

fully noted that the extra work which must be expended to overcome

the excess pressure due to rise of temperature is lost, because after
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the compressed air leaves the cylinder it cools, and the pressure

drops to what it would have been if compressed at constant temper-

ature.

Accordingly, in the construction of air compressors, where

working efficiency is considered, some means of cooling the

cylinder is provided, such as projecting fins, or jackets for the

circulation of cooling water.

Fig. 1,306.—Sullivan steam driven, direct connected single stage>air compressor on sub-base.

Oues. What is "free air'-'?

Ans. Air at ordinary atmospheric pressure and temperature,

whatever these may be.

NOTE.—In air compressor problems careful distinction should be made between gauge
pressure and absolute pressure, the former being the pressure as indicated by a pressure
gauge, as distinguished from absolute pressure which is the gauge pressure plus 14.73 lbs.,

the weight of the atmosphere at sea level, when the barometer reads 30 ins. or, for ordinary-

calculations, 14.7 lbs.
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Fig. 1,307.

—

Air compression characteristics? curves showing the thermal result of air com-
pression and expansion. The simplest application of this diagram is that which gives the
gauge pressure represented at different points of the stroke. This is shown in the vertical
lines. But in compressing air, heat is produced, and it is important to know the temperature
at any ^iven pressure, also the relative volume. All of these are shown in the diagram.
The initial volume of air equal to one is taken and divided into ten equal parts. Each
division between two horizontal lines, shown by the figures at the right, representing one-
tenth of the original volume. The horizontal and verticallines are the measures of volumes,
pressures and temperatures. The figures at the top indicate pressure in atmospheres
above a vacuum; the corresponding figures at the bottom denote pressures by the gauge.
At the right are volumes from one tenth to one; at the left, degrees of temperature from
zero to 1 ,000 degrees Fahr. The two curves which begin at the upper left hand corner
and extend to the lower right are the compression curves. The upper one is the adiabatic
curve, or that which represents^ the pressure at any point on the stroke, with the heat
developed by compression remaining in the air; the lower is the isothermal, or the pres-
sure curve uninfluenced by heat. The three curves which begin at the lower left hand
comer and rise to the right are heat curves, and represent the increase of temperature
corresponding with different pressures and volumes, assuming in one case that the temper-
ature of the air before admission to the compressor is zero, in another 60 degrees, and in
another 100 degrees. Beginning with the adiabatic curve, it will be noted that for one
volume of air, when compressed without cooling, the curve intersects* the first vertical
line at a point between .6 and .7 volume, the gauge pressure being 14.7 pounds. If
it be assumed that this air was admitted to the compressor at a temperature of zero, it

will reach about 100° when the gauge pressure is 14.7 pounds. If the air had been ad-
mitted to the compressor at 60°, it would register about 176° at 14.7 pounds gauge pres-
sure^ If the air were 100° before compression, it would go up to about 230° at this pres-
sure. Following this adiabatic curve until it intersects line No. 5, representing a pressure
of five atmospheres above a vacuum (58.8 pounds gauge pressure), the total increase of
temperature on the zero heat curve is about 270°; for the 60° curve it is about 370°, and
for the 100° curve it is 435°. The diagram shows that when a volume of air is com-
pressed adiabatically to 21 atmospheres (294 pounds gauge pressure), it will occupy
a volume a little more than one tenth; the totarincrease of temperature with an initial

temT>erature of zero is about 650°; with 60° initial temperature it is 800° and with 100*^

initial it is 900°. It will be observed that the zero heat curve is flatter than the others,
indicating that when free air is admitted to a compressor cold, the relative increase of
temperature is less than when the air is hot. This points to the importance of low initial

temperature. It is plain that a high initial temperature means a higher temperature
throughout the stroke of a compressor. The diagram gives the loss of temperature during
compression from initial temperatures of 0°, 60°, H^0°. Comparing the compression curve
from zero with the compression curve from 100°, it will be noted that in compressing the
air from, say, 1 atmosphere to 10 atmospheres, the original difference, which at the start
was only 100°, has now been about doubled; that is, it has reached 200°. and in carrying
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The Heat of Compression.—This subject has probably
received more consideration in air compressor design than any-
other. The principal losses in the earlier compressors were
traceable to this source.

Figs. 1 ,308 to 1 ,315.—Parts of IngersoU-Rand's Corliss type inlet valve. The working pressure
IS distributed over the entire valve surface, which is almost a half circle. In operation,
ample port opening is provided at the beginning of the stroke, when the piston is moving
most slowly. This opening increases toward mid-stroke; with the piston at its highest
speed the port is fully open. The closing of the valve is timed to coincide with the stopping
of the piston at the end of the stroke. Thus air is admitted for full stroke and shut ofif

suddenly at the end, so that there can be no escape of free air.

Fig. IMl.—Text Continued.
the compression to 20 atmospheres, the difference now becomes about 250°. Each
vertical division represented by the figures at the left is equal to 100°, and the space
between any two adjacent vertical lines may be subdivided into 100 equal parts
representing 1° each. Where there is a system of cooling the air during compression,
the lines on the indicator cards can be traced between the adiabatic and isothermal curves
on the diagram. In practice, the best compressors show a line about midway between
these two curves. For all practical purposes, in using the diagram it is best to follow the
adiabatic curve in all determinations, except where the exact pressure line is known. This
diagram will be found convenient to those who are called upon to figure the pressure at
different points in the stroke of an air compressor and it points out the common error of
neglecting to take into consideration in calculating, the fact that, at the beginning of the
stroke, one atmosphere in volume already exists. Beginning at the upper left hand comer,
the adiabatic pressure curve intersects the first vertical line at that point in the stroke,
when the pressure on the gauge will register 14.7 pounds. The next vertical line shows
where the gauge reaches 29.4 pounds, and it is evident here that the piston of an air com-
pressor travels much farther in reaching 14.7 pounds than in doubling that pressure or in
reaching 29.4 pounds; thus an air compressor is an engine of unevenly distributed resist-
ance. During the early stages of the stroke it has a slowly accumulating load to carry,
while later on this load is multiplied very rapidly. This is one of the reasons for heavy
flywheels in air compressors.
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By reference to a table giving the temperatures at end of

compression for various terminal pressures, it is seen that aside

from the injurious effect such high temperatures would have

on the lubrication of the cylinder and valves of an air

FiG:^. 1 ,o 1 6 to 1 ,320.—Parts of Ingersoh-Rand Imperial direct lift discharge valve and assembly.
The valve proper is machined from steel and ground to seat; the projectmg lip or nm above
the seat is caught m the back lash of the compressed air when the piston stops and assists
the spring in closing the seat quickly. The valve is cup shaped.

Figs. 1.321 to 1,323.—IngersoU-Rand direct lift inlet valve, with its bonnet and locking nut.
Each unit is self-contained, screwing into place in the cylinder and locked with an auxiliary
nut. The valve seats in the cage so that its condition is easilj^ ascertained on the removal
of a vinit.

compressor, thethermal loss would grow as the pressure increased,

if no means were provided for abstracting this heat during com-

pression. It should be noted that the heat of compression, as al-

ready explained, represents work doneuponthe air forwhich there is
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usually no equivalent obtained, since the heat is all lost by
radiation, before the air is used.

Simple Compression.—In the earlier coxapressors, compres-

sion was accomplished in one stage or single cylinder machines,

and the heat of compression was removed by injecting water

into the cylinder in the form of a spray; or, in another type,

the water was used as a piston for compressing.

Fig. 1324.—Sullivan small steam driven single stage air compressor. It is of the center crank
pattern, with the main bearings, crank shaft and fly wheels at oneend of the machine, and the
steam and air C34inders both at the other or rear end. A cylindrical tie piece joins the steam
and air cylinders. The compressor is supported on a sub-base, rendering it self-contained.
The air valves consist of automatic poppet inlet and discharge valves. The valves are set
close to the ends of the cylinder, the inlet valves at the bottom and the discharge valves at
the top of the cylinder. These valves act in a radial direction to the cylinder axis thus
reducing clearance.

_
The frame is a soHd castmg, provided throughout its length with a

broad foot and resting on a heavy sub-base. The rear end is flanged tor the attachment
of the steam cylinder and the front end has two bearings, one on either side, to support the
driving shaft. The central portion is bored cylindrically to serve as a guide for the cross
head. A sheet steel guard surrounds the crank, to prevent oil being thrown upon the floor.

The spray injection cylinder has now given way almost

entirely in this country to the dry or jacketed cylinder.

Oues. What are the features of the spray injection

process?

Ans. A higher thermal efficiency may be attained than by

the dry process, but from a commercial point of view its
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efficiency is not so high, for the water in the cyHnder prevents

proper lubrication.

Impurities in the water also attack the walls of the cylinder, calling

for repeated reboring of cyHnder and other heavy repairs ; the heat absorbs
considerable of the moisture and this is deposited in the deUvery pipe

• where it freezes in cold weather and restricts the passage of air, or it is

carried to the motor, where it chokes the exhaust ports by reason of low
temperatures resulting from expansion.

Oues. What are the features of the dry or jacketed

compressor process?

Ans. In this system the external walls of the cylinder are

flooded with cooling water which keeps the cylinder walls suffi-

ciently cool so that proper lubrication is not interfered with

and all other disadvantages of the wet compressor are obviated.

Compound Compression.—The efficiency due to the heat

of compression decreases as the terminal pressure increases,

and for pressures above 60 lbs., the water jacket of the simple

compressor is not sufficiently effective for producing the most

economical results, and stage or compound compression is

resorted to as the most practical and efficient method for reduc-

ing the loss due to the heat of compression.

Oues. How are the cylinder diameters of a compound
compressor proportioned ?

Ans. They are so proportioned as to divide the work of com-

pression equally between the given number of cylinders.

Oues. Describe the cycle of compound compression
with intercooling.

Ans. Free air is admitted to the low pressure cylinder, where

it is partially compressed, and then forced into an intercooler.

The intercooler acts as a receiver and at the same time removes

the heat of compression of the intake cylinder before the air
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Pigs. 1,325 to 1,336.—Cross section of Ingersoll-Rogler valve and parts. In construction A
is tlie valve seat; B, the valve bolt; C, the valve bolt nut; E, a washer placed between the
valve seat and the valve proper. F is the valve; G a washer placed between the valve and
cushion plate H. L is the guard; J, the valve springs, placed inside the four pockets of the
guard and which act on the valve. Washers E and G, valve F, and stop plate H are
clamped by means of valve bolt B and kept from turning by a dowel pin D. The portions
M of the valve F are integral spring arms. They are ground to about half the thickness
of the valve proper, and are made narrow, giving elasticity. The portions M of the valve
F are integral spring arms. They are ground to abouthalf the thickness of the valve proper
and are made narrow, giving them great elasticity. These portions M should not be
confused with the term springs; they are merely connecting arms between the fixed

and the moving sections of the valve and serve to hold the valve in one position and seat it

always in the same place. With valve at rest, it is held in its seat by the four main springs J,
against a slight tension of the integral valve arms M. As soon as the air pressure required
to open is reached, the valve opens against these four coil springs to very nearly its fuU
opening. It then comes in contact with the cushion plate H and moves the last V^ inch
to V^ inch of^its travel against its additional spring tension, the cushion plate having a
certain amount of elasticity, it being fixed in the center only. When the piston passes the
dead center on the return stroke, the valve closes. The function of the cushion plate is to

act as a buffer, absorbing any shock that might otherwise fall on the valve, thus prolonging
the life of the valve and reducing the noise.
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Fig. 1,338.—Sectional view of steam end of Sullivan two stage air compressor. The steam
distribution is regulated by a Meyer valve gear giving variable cut off by adjustable lap of
the riding valve. The frame is a heavy box shaped casting strongly ribbed and extending
the full length of the compressor. A solid bottom is provided under the steam end for
collecting oil and drippings from the steam cylinder cross head guides and steam valve gear.

Fig. 1,339.—Sectional view of air end of Sullivan two stage air compressor showing Corliss type
air valves, intercooler, etc. The inlet valves on both the high and low pressure air cylinders
areof the rotary type and receive their motion from an eccentric pin located in the end of an
overhanging arm on the crank pin. The motion from this pin is transmitted through a
series of adjustable connecting rods and levers to the valve stems. The poppet discharge
valves are of cup shaped form, and are internally guided on an extension of the valve plug
with the springs inside, so that the springs cannot become clogged by accumulation of oil

and dirt.
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is admitted to the second stage cylinder. In the high pressure

cylinder the process of compression is completed and the air

is delivered to the receiver at the required terminal pressure.

The final temperature in each cylinder will be the same if the work
has been divided equally and the intercooler properly designed, but it

will be very much lower than if the compression were done in one
cylinder. For instance, in compressing air to 100 pounds pressure in

a two stage compressor, the air is compressed from atmospheric pres-

sure to, say, 263^ pounds in the intake cylinder and is delivered to the

L^'^iG. 1,340.—Ingersoll-Rand triple compression, or three stage high pressure air and gas com-
pressor. Probably the largest demand for'high air pressures comes from the mining and
contracting fields where pneumatic haulage is employed. Scientific and experimental work
calls for still higher pressures in air and gas and the U.S. Government uses high pressure
air for a variety of purpose.

intercooler at this pressure and at 240° Pahr. * (atmospheric temperature
at 60° Fahr.). If all of the heat of compression be taken out by the
intercooler, it is admitted to the high pressure cylinder at atmospheric
temperature and is there compressed from 263^ pounds to 100 pounds
and delivered to the receiver at 240° Fahr.*

In a single stage compressor the air is compressed from atmospheric
pressure to 100 pounds in one cylinder and reaches the receiver at
482° Fahr.*

NOTE.—Radiation and cooling influence of water jacket not considered.
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Fig. 1341.—Compression curves. If the heat of compression be removed as fast as generated,
and the compression proceed under a_ uniform temperature, it is said to be isothermal,
and the compression curve follows the line A B C in the diagram. If the isothermal com-
pression of air were practicable, and if the heat absorbed from the air by the cooling agent
could be applied to the air during its re-expansion in use along a similar isothermal curve,
the result would be perfect thermo-dynamic efficiency, and it is toward an approximate
realization of these ideal conditions that the best compressor practice is directed. The line

A D E in the diagram represents the other extreme, or adiabatic compression, during which
no heat is removed from the air, and in consequence of which the temperature rises.
Since a given weight of air at a given pressure occupies a volume proportional to its abso-
lute temperature, the volumes at all pressures are greater in adiabatic than in isothermal
C9mpression in a ratio increasing with the pressure, and since the work of compression and
discharge is represented by the area in the diagram to the right of the curve along which
compression is accomplished, it will be seen that the area A D E C B stands for the waste
of energy caused by allowing the heat of compression to remain in the air. The problem of
economy, therefore, becomes one of the abstraction of the heat generated in the air during
the process of compression; and the most obvious solution lies in keeping the air during
that period in intimate contact with cold water. In the early days of slow running machines
the injection of a water spray into the cylinder was attended with success, but the danger
and impracticability of such a method with modern speeds must be apparent, and have in
fact caused the direct spray to be generally discarded. As a partial substitute for the
injection of water, good practice requires the water jacketing of the air cylinder, but
owing to the short interval within which compression takes place, there is very little actual
cooling of the air therein, and the jackets are chiefly useful in keeping the cylinder walls
cool enough for effective lubrication, and in the prevention of cumulative heating. At
ordinary speeds, the indicator card from an air cylinder in good condition, shows a compres-
sion line approaching the adiabatic curve A D E much more closely than the isothermal
A B C, so closely indeed, that within the usual and proper ranges of single cylinder com-
pression, no great error is introduced by regarding the compression as adiabatic. Any
claims as to approximately isothermal single stage compression must attract suspicion
whether supported by cards or not, since such cards can be based only on abnormally slow
running, a spray injection, or most probably on leaky suction valves or piston. The
loss of energy in adiabatic (approximately single stage) compression is represented by
the area A D E C B. The saving effected by two stage compression is, therefore, repre-
sented by the unshaded portion D E H B. It is evident that this unshaded area»
representing the two stage saving, will increase or decrease with the terminal pressure.
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Fig. 1,342.—Eccen-
tric pin for driving
air valve gears of
Sullivan Coriiss
valve type, air

compressor. The
pin is located in
the end of an over-
hanging arm on
the crank pin as
shown, motion
from this pin
being transmitted
through a series

of adjustable con-
necting rods and
levers to the
valve arms.

_
The

valve gear is so
arranged that the
valves, during
their opening and
closing move-
ments, at the end
of the stroke of
the pistons, are
moving at their
greatest speed,
but at the time
when they are
fully open, at mid-

stroke, during which the piston is traveling at its highest speed, they remain at rest or
nearly so, so that the cylinder will be filled with air at practically the full barometric pressure.

Fig. 1,343.—Front end of Sullivan
"straight line" riding cut off air com-
pressor showing steam valve gear.
There are two fly wheels, one on each
end of the shaft as shown. The
balanced slide valves are operated by
two eccentrics on the crank shaft
between the main bearings through
two upright rockers seen at the end
of the bed plate.
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Oues. What is the principal advantage of compound
compression over simple compression?

Ans. The reduction of the loss due to the hea,t of com-
pression.

Other important advantages due to compounding may be enumerated
as follows;

Fig. 1,344.—^Rand air cylinder showing control devices. Unloading device: The speed of
a belt driven air compressor cannot be controlled the same as that of a steam driven
machine; its regulation must be accomplished either by throwing off the load, or by stopping
the machine during the intervals when there is no demand for compressed air. Accord-
ingly on belt driven compressors a device is provided called an unloader, which is placed
in the air inlet pipe close to the intake cylinder, and unloads the compressor by cutting
off the supply of air. When the unloader is in action, no work is done by the machine
excepting that necessary to overcome friction. Relief starting valve: This device is

used on compressors employing poppet inlet valves* One is placed in each head and
consists of a screw, with a knurled handle, threaded into an inlet valve bonnet, and when
screwed in, it forces the inlet valve from its seat. By thus holding an inlet valve open
in either head, the compressor may be started without load, and when full speed is at-
tained, the valves may be closed, and the compressor i)ermitted to perform its regular
work.

1. Cooler intake air;

2. Better lubrication;

3. Reduction of clearance losses;

4. Lower maximum strains and nearer uniform resistance.

The temperature of air leaving the intake cylinder being low, the
cooling influence of the jacket is better, the cylinder walls are cooler
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between strokes, and the air enters the cylinder cooler than in a single
stage compressor. The lubricant for cylinders and valves is not subject
to the pernicious influence of high temperatures; and the clearance
losses, or losses due to dead spaces, are less in a compound compressor
than \r: a simple compressor. Clearance loss in an air compressor is

principally a loss in capacity, and therefore affects only the intake cyl-

inder; it increases with the terminal pressure, but since the terminal

Fig. 1 ,345l.—;Ingersoll-Rand Imperial unloader. It operates by closing the air intake, and
automatically regulates the compressor, maintaining the line pressure within a satisfac-
tory range. It consists of a valve on the compressor intake pipe, normally held open
by its own weight. When receiver pressure rises above normal this pressure is com-
municated through a small pipe from the regulating valve, acting to close the valve in
the intake pipe, thus shutting off the air supply. The regulating valve can be adjusted
for any working pressure by means of a spring adjusting screw.

NOTE.—Air compressor builders and those who use compressed air will agree that the
problem of heating or cooling air is a difficult one. Hot air in the cylinder of an air compressor
means a reduction in the efficiency of the machine. The trouble is, that there is not sufficient

time during the stroke to cool thoroughly by any available means. Water jacketing is the
generally accepted practice, but it does not by any means effect thorough cooling. The air

m the qyUnder is so large in volume that but a fraction of its surface is brought in contact with
the jacketed parts. Air is a bad conductor of heat and takes time to change its temperature.
The piston while pushing the air toward the head, rapidly drives it away from the jacketed
surfaces so that little or no cooling takes place. This is especially true of large cylinders, where
the economy effected by water jackets is considerably less than in small cylinders. Engineers
who are shown indicator cards from large air compressors with pressure lines running away
from the adiabatic, naturally regard them with suspicion, and look for leaks past the piston
or through the valves. Such leaks will explain many isothermal cards, and until something
better than a water jacket is devised, it is well to seek economy in air compression through
compounding. The great advantage of compounding is in the fact that more time is taken
to congress a certain volume of air, and that this air while being compressed is brought into

contact with a larger percentage of jacketed surfaces.
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NOTE.—Since the power driven compressor is almost always a constant speed machine
various methods of regulation are employed. Constant speed means constant piston dis-
placement; the problem of delivering a variable volume of air with constant piston displace-
ment, becomes one of making a portion of that displacement non-eflfective in the compression
and delivery of air. Only the fundamental principles of several methods of accomplishing
this will here be -discussed.

NOTE.

—

The first method is really one of unloading, rather than of regulating. A
pressure controlled mechanism is arranged so that when pressure exceeds normal a communication
is opened between the two sides of the compressing piston. Usually this is accomplished by open-
ing and holding open one or several of the discharge valves at both ends of the cylinder, the
air is then simply swept back and forth from one side of the piston to the other through the
open valves and the air discharge passage. When normal pressure is restored, the valves are
automatically closed, and compression and delivery are resumed. Evidently this is practically
a total unloading of the machine for a longer or shorter period—a sudden release from load
and a sudden resumption of load. Moreover, the air which is swept back and forth by the
piston in its travel is air under full pressure; so that when the discharge valves suddenly
close, the piston at once encounters a full cylinder of air at maximum pressure. These facts
limit regulators of this class to machines of comparatively small capacity,

NOTE.

—

The second method provides, by means of a pressure operated device, for the
partial or total closing of the compressor intake under reduced load. To avoid the dangers at-
tendant upon such an operation acting suddenly, these devices are provided with some damp-
ing mechanism so that they are compelled to operate slowly, making the release or resumption
of the load gradual. The cutting down of the air intake results in a rarefication of the air

entering the cylinder, and a greater range between initial and discharge pressures, with a
corresponding increase in the range of temperatures. This method of regulation, therefore,
is not suitable for very great load variations.

NOTE.

—

The third method is very similar to the first, except that here the inlet valves^

instead of the discharge valves , are held open when the machine is unloaded, the piston thus sim-
ply drawing in and forcing out air at atmospheric pressure. It is open to the same criticism
(though in somewhat less degree) as the first method, namely, undue shock and strain on
release and resumption of load.

NOTE.

—

The fourth method uses a pressure controlled valve on the compressor discharge

of single stage machine, combining also the functions of a check valve to limit the escape of avr
from the receiver or air line. Excessive pressure blows the discharge to atmosphere, instead
of into the line. This arrangement is also used on two stage machines by placing it on the
low pressure discharge to the intercooler. Then, when the governor valve is opened by excess
pressure, the low pressure cylinder discharges to atmosphere, and the high pressure cylinder
acts simply as a low pressure cylinder with intake at atmospheric pressure. This device is

more of a relief valve than an unloader, for the piston must continue to compress to a pre&«
sure which will open the discharge valves; this volume of compressed air is wasted.

NOTE.

—

The fifth method provides auxiliary clearance^ spaces, or pockets, at each end
of the cylinder, which are stucessively ''cut in" as load diminishes. The excess air is simply
compressed into these clearance spaces and expanded on the back stroke. The capacity of
the cylinder is reduced without any appreciable waste of power; for the energy used in com*
pressing the clearance air is given back by its expansion.

NOTE.—On power driven compressors with Corliss intake valves, several different

methods of unloading or regulating are used. By one method, the Corliss valve is held open
for the full admission stroke, and also for a part of the compression stroke, this latter portion
being determined by the unloading called for. Evidently this is practically equivalent to a
shortening of the stroke of the compressor. By another method the Corliss intake valve

is opened full at beginning of admission, but closes later in the admission stroke. The air ad-
mitted to that point is expanded or rarefied for the remainder of the compression stroke, and
then compressed, the volume of compressed air delivered being of course reduced. This
arrangement is productive of an excessive temperature range in the cylinder. Still a third
method opens and holds open the intake valves at the end of the cylinder, or at opposite ends

in duplex machines. The effect of this is to make ineffective one out of every two strokes.

If still further unloading be necessary, the intake valves at the other end of the cylinder or
cylinders are opened and held open. The three arrangements just outlined all operate by a
pressure controlled mechanism which actuates some form of trip on the Corliss air valve

gear.
NOTE.—Three things are to be avoided in the successful unloader or regulator for powe?

driven machines; first, a sudden release or resumption of load, throwing^ heavy strains on
the macjiine: second, undue rarefication of the intake air, resulting in a wide range of cylin-

der pressures and temperatures; third, the blowing off of compressed air to the atmosphere
Tnth a waste of power.
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pressure of the intake or low pressure cylinder of a compound compressor
is much less than the terminal pressure of a simple compressor, the volu-
metric efficiency of the compound compressor is greater than that of the
simple compressor.

The life of a compound compressor is longer than that of a simple com-
pressor for like duty, due to better distribution of pressures.

Intercoolers.—^A properly designed intercooler should reduce

the temperature of the air back to the original point, that is,

Figs. 1,346 and 1,347.—Sullivan intercooler tubes and shell. The intercooler consists of a
cast iron shell mounted on the air cylinders, and containing two nests or groups of copper
or aluminum tubes through which the cooling water circulates. Suitable baffles, placed
in the interior of the shell, break up the straight flow of air, causing it to come thoroughly
in contact with the tubes, in order that as much heat may be taken away from it as possible
before entering the high pressure cylinder. The in.tercooler shell is so arranged that by re-
moving the heads, either of the two nests of tubes may be drawn from the intercooler for
cleaning or repairs. The tubes are firmly expanded into the tube heads at each end, obviating
the use of packing or gaskets. In order to take care of variation in the length of the tubes,
due to contraction and expansion, the intercooler is arranged so that the outer tube head
of each nest is firmly bolted to the end of the intercooler shell, while the other head is free to
come and go.

NOTE.—It is usually desirable to start a power driven compressor with no load, throw-
ing on the load gradually after normal speed has been reached. This is in fact essential in
machines driven by electric motors, for the heavy inrush of current in starting under load is

dangerous, particularly where power' is taken from a transmission circuit supplying other
motors. Evidently almost any of the unloading devices noted in the previous section can
be used for this purpose if properly arranged for manipulation. The usual form, however,
is simply a by pass valve to atmosphere on the line close to the compressor protected by a
check valve between it and the receiver to prevent the return of air from the line when the
starting unloader valve is open. This check valve is essential where several compressors serve
one line, permitting cutting in or out any machine without unloading the others. This by
pass valve is opened on starting, when the compressor simply compresses to a pressure suffi-

cient to open its discharge valves, this air escaping to atmosphere. When normal speed is

reached, the by pass or unloading valve is gradually closed and load resumed. On two stage
machines, an unloader valve should be provided on the low pressure discharge to the inter-

cooler, as well as on the high pressure discharge to the line. In the latter case, both cylin-

ders operate momentarily as low pressure cylinders.
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to the temperature of the intake air. It can even do more than

this, especially in winter, when the water used in the intercooler

is of low temperature. A simple coil of pipe submerged in water

is not an effective intercooler, because the air passes through

the coil too rapidly to be cooled to the coire, *and such inter-

coolers do not sufficiently split up the air to enable it to be cooled

rapidly. This splitting up of air is an important point. A nest

l*'iG. 1,348.—Ingersoll-Rand horizontal aftercooler with brass tubes. It consists of a hori-
zontal shell supported on cast foot pieces. Air inlet and discharge connections are usually
at the top and the water drain at the bottom. Within the shell is a nest of tinned brass
tubes expanded in steel tube plates at each end, an expansion joint being provided at
one end. Baffle plates face a cross circulation of the air over the tubes. The cooling
water enters the lower set of tube, traversing each row, forward and back, leaving at
the top of the one end of the after cooler. In another design galvanized iron pipes are
used instead of brass tubes. These pipes are of two sizes, the Jarger telescoping the smaller
and so arranged in pairs that water flows in through the inner tube and out through
the annular space between the inner and outer tubes.

NOTE.—H. V. Haight in American Machinist says: , "In multi-stage air compressors,
the efficiency is greater the more nearly the temperature of the air leaving the intercooler
approaches that of the water entering it. The difference of these temperatures for given
temperatures of the entering water and air is diminished by increasing the surface of the
intercooler and thereby decreasing the ratio of the quantity of air cooled to the area of cool-
ing surface. Numerous tests of intercoolers with different ratios of quantity of air to area
of surface, on being plotted, approximate to a straight line diagram for which the following
figures are taken:

Cu. ft. of free air per minute per sq. ft. of air cooling surface . . . 5 10 15

Difif. of Temp. F. between water entering and air leaving 12.5° 25° 37.5®
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of tube carrying water and arranged so that the air is forced

between and around the tubes is an efficient form of inter-

cooler. If the tubes be close enough together and are kept cold,

the air must split up into thin sheets while passing through.

Such devices are naturally expensive, but first cost is a small

expense when compared with the efficiency of the compressor,

measured in terms of coal and water consumed. Receiver inter-

coolers are more efficient than those of the common type because

Fig. 1,349.—Horizontal air receivers. The discharge frpm an air compressor is more or less

pulsating in character, and the receiver^ is analogous to an electrical rectifier, that is it

receives and absorbs the pulsations, delivering a steady flow to the pipe line. It is, in
a very small degree, an accumulator in which excess energy is momentarily stored and
withdrawn.

^
The receiver should be placed as close as possible to the compressor or after-

cooler, and it is good practice to make the pipe between the receiver and compressor a
size larger than that leaving the receiver. A safety valve and pressure gauge should
be provided, and when the receiver is out of doors, the safety valve should be piped back
into the compressor rqom^ to avoid freezing. There is some cooling of the air in the
receiver, and since cooling involves condensation, the receiver should preferably be placed
out of doors, where its cooling effect will reduce the moisture in the air. A drain cock
should be provided at the lowest point which should be opened often for the discharge
of accumulated water. Primary or main receivers, or those next to the compressor,
should be so piped up that the air will enter at the top and leave near, but a little above,
the bottom. On secondary receivers this arrangement should be reversed. On long
pipe line systems small receivers, or moisture traps, should be placed at the low points
in the lines, the piping entering and leaving at the top. These will catch the moisture
condensed in the lines, which should be withdrawn frequently through a drain cock.

NOTE.—The successful intercooler must provide for a complete and minute subdivision
of the air passing through it, that the heat may be dissipated without any dependence upon
the heat conducting qualities of the air itself. The air should be split up into thin sheets or
streams so as to dissipate its internal heat. There must be an ample cooling surface presented
to this subdivided air stream.
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the air is given more time to pass

through the cooling stages because

of the freedom from wire drawing
which may take place in intercoolers

of small volumetric capacity.

After Coolers.—The function of

an after cooler is to reduce the tem-

perature of the air after the final com-

pression. In doing this it serves as

a drier, reducing the temperature of

air to the dew point, thus abstracting

moisture before the air is started on
its journey. In cold weather, with

the air pipes laid over the ground^

an after cooler may prevent ac-

cumulation of frost in the interior

Fig. 1,350.—IngersoU-Rand vertical type after cooler^
half in section. In construction, it has a shell
or body made of steel throughout, with the ex-
ception of the head, which is an iron casting.
Tinned brass tubes expanded in steel tube plates
stand vertically in the body with provision for
expansion and contraction at the lower end . Water
enterc at the lower end of the nest of tube leaving
at the top. The air enters at the top or head, and
leaves at the bottom, surrounding the tubes in
transit and traveling counter current to the water.
An open funnel in the water discharge shows the
flow of water and permits of its proper adjustment.
The enlargement of the body at the bottom gives a
little receiver capacity and also catches the con-
densed moisture which may be drained off at

intervals. A plate in front of the air discharge, guards against the escape of water which
may be splashed up by the flowing air.

NOTE.—The after cooler has been devised to perform the cooling and drying functions by
bringing the hot moist air from the compressor discharge in contact with the water cooled
surfaces of such extent and during such a time that the moisture in the air will be condensed
and deposited before it can enter the distribution system.

_
Obviously the proper propor-

tioning of the cooling surface and air velocity to volume of air to secure complete after cool-
mg is a rather complex problem which needs a wide experience for its best solution.

NOTE.—After coolers, with adequate cooling surface, and properly supplied with wa*er»
will readily reduce the temperature of the compressed air to within 15 or 20 degrees of that
of the cooling water. Obviously, the cooler the water supplied, the more complete the cool-
ing and drying effected. The following figures (according to Ingersoll-Rand) are based on
good cooling results with air at 80 to ICO lbs. pressure:. When the temperature of the cooling
water is 50, 60, 70, 80, 90 degrees Fahr., the gallons per hour required per 100 cubic feet of
free air per minute, are respectively 120, 140, 160, 180, 200.
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walls of the pipes, for where the hot compressed air is allowed to

cool gradually, the walls of the pipe in cold weather act like a

surface condenser and moisture may be deposited on the inside,

for the same reason that frost appears on the inner side of a

window pane. Another advantage of the after cooler is that

it keeps the temperature of the pipe uniform, otherwise this pipe

will be hottest near the compressor, gradually cooling down and

Being thus subject to irregularities of expansion and contraction.

The Saving Due to Compounding.—The table here given

will serve to illustrate the large saving that it is possible to

Work Lost in Terms of Isothermal and Adiabatic Compression

One Stage Two Stages Four Stages

Gauge Percentage Percentage Percentage Percentage Percentage Percentage
Pres- of work lost of work lost of work lost of work lost of work lost of work lost

sures in terms of in terms of in terms of in terms of in terms of in term3 of
isothermal adiabatic isothermal adiabatic isothermal adiabatic
compression compression compression compression compression compression

60 30.00 23.00 13.38 11.80 4.65 4.45
80 34.00 25.26 15.12 13.12 5.04 4.80
100 38.00 27.58 17.10 14.62 8.00 7.41
200 52.35 34.40 23.20 18.88 9.01 8.27
400 68.60 40.75 29.70 22.90 12.40 11.04
600 83.75 44.60 32.65 24.60 15.06 13.10
800 90.00 47.40 35.80 26.33 16.74 14.32

1000 96.80 49.20 39.00 28.10 16.90 14.45
1200 106.15 51.60 40.00 28.60 17.45 14.85
1400 108.00 52.00 41.60 29.40 17.70 15,00
1600 110.00 53.30 42.90 30.00 18.40 15.54
1800 116.80 54.00 44.40 30.60 19.12 16.05
2000 121.70 54.80 44.60 30.80 20.00 16.65

NOTE.—In the above table no account is taken of jacket cooling, it being a well known
fgct among pneumatic engineers that water jackets, especially cylinder jackets, though use-
ful and perhaps indispensable, are not efficient in cooling, especially so in large compressors.
The volume of air is so great in proportion to the surface exposed and the time of compres-
sion so shortj that very little cooling takes place. Jacketed heads are useful auxiliaries in
cooling, but it has become an accepted theory among engineers that compounding or stage
compression is more fertile as a means of economy than any other system that has yet beexa
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effect by compounding. This table gives the percentage of work
lost by the heat of compression, taking isothermal compression,

or compression without heat, as a base.

Altitude Compression.—The height of the atmosphere sur-

rounding the earth has been variously estimated to extend from

fifty miles to twenty thousand miles, and since air has weight

it exerts a pressure upon surrounding objects which is equal to

the weight of the air column above the object.

Since air is very elastic its weight will cause it to have a variable

density throughout its height and exert varying pressures at different

altitudes.

At the sea level an atmospheric column balances a column of mer-
cury 30 inches high and of equal area, which corresponds to a pressure

of 14.7 pounds per square inch. The variation in pressure for different

elevations has been determined by barometric observations and by
examining a table of such pbservations it willbenoted that theatmospheric
pressure decreases with increasing height, and as a consequence one
pound of air occupies a greater volume at an altitude than at the sea
level (at the same temperature); or a cubic -foot of air weighs less at
a higher altitude than at a lower one.

In descending the shaft of a mine the contrary effect is noticed, but
in a nvne or any level below the sea, increase in density is counter-
balanced by increase fin temperature as the center of the earth is

approached. The temperature of the atmosphere also changes with
increasing altitude, but is not alwaj^s uniform for any two places at the
same elevation.

NOTE.

—

Continued from page 726.
devised. The two and four stage figures, as given in this table, are based on reduc-
tion to atmospheric temperature 60° Fahr. between stages. This is an important condition,
and in order to effect it, much depends on the intercooler. This device represents a case of
jacket cooling which in practice has been found to be efficient where engineers specify inter-
coolers of proper design. While cooling between stages the air may be split up into thin layers
and thus cool it efficiently in a short time, a condition not possible during compression. This
splitting up process should be done thoroughly, and while it adds to the cost of the plans
to provide efficient coolers, it pays in the end. A rule which might be observed to advan-
tage among engineers is to specify that the manufacturers should supply a compressor with
coolers provided with one square foot of tube cooling surface for every ten cubic feet of free

air per minute furnished by the compressor at its normal speed. Referring again to
_
the

table, it will be noted that when air is compressed to 100 pounds pressure per square inch
in a single stage compressor without cooling, the heat loss may be 38 per cent. The condition,
of course, does not exist in practice, except, perhaps, at exceedingly high speeds, as there
will be some absorption of heat by the exposed parts of the machme. It is safe, however,
to say that in large air compressors that compress in a single stage up to 100 pounds gauge
pressure, the heat loss is 30 per cent. This, as shown in the table, may be cut down more
than one-half by compounding or compressing in two stages, and with four stages this loss

is brought down to 8 per cent, theoretically, and perhaps to 3 or 5 per cent, in practice. As
higher pressures are used, the gain by compounding is greater.
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The volumetric efficiency of an air compressor, expressed in terms
of free air, is the same at all altitudes (for the displacement in a given
size of cylinder is the same); but the volumetric efficiency, expressed
in terms of compressed air at a given pressure, decreases as the alti-

. tude increases, for the quantity of air taken into a given cylinder per
stroke being less dense at an altitude (due to lower initial or atmos-
pheric pressure) it must be compressed into a smaller space for a given
terminal pressure.

Example*—300 cubic feet of air, at atmospheric pressure of 14.7

pounds, compressed to 80 pounds gauge, will represent a volume of

300X14.7-7-94.7=46.6 cubic feet.

If the atmospheric pressure were 10.1 pounds in the above example,
then the volume delivered would be 300X10.1-^94.7=34.1 cubic
feet; or the volumetric efficiency of a compressor performing the above
work at the lower initial pressure would be but 73.2 per cent, of what
it would be at the higher initial pressure.

In order, therefore, that an air compressor may deliver, at an altitude corresponding to
the lower initial pressure, a volume of compressed air per stroke equal to that which it would
deliver at a level corresponding to the higher initial pressure, the corresponding intake
cylinder must be proportionately larger for the lower initial pressure as compared with
the higher initial pressure.
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CHAPTER 23

BLOWING ENGINES

Blowing engines are used for compressing large quantities of

air against comparatively low pressures, as in blast furnace work

where 15 to 30 lbs. per square inch is common. They are also

employed in supplying large amounts of air or gas under pressure

for chemical works and smelting furnaces, and for pumping

and compressing natural and artificial gases

:

The size of blast furnaces has grown to such an extent that the

blowing engines which they require have become machines of

magnitude.

The blowing engine is almost identical with the air compressor, the

chief differences being in size and ratio of steam cylinder to air cylinder.

Since a blowing engine delivers a large volume of air at low pressure, and
an air compressor furnishes a small volume at high pressure, the cylinder

ratios are quite different.

Blowing engines are usually vertical. The advantage of this arrange-

ment, aside from the small floor space, is the reduced wear of the piston

and cyhnder walls. In the vertical engine, the shaft is generally placed

at the bottom, and the air cylinder at the top, the arrangement being

known as the "long cross head" type.

The Air End.—This is usually called the
*

'blowing tub" and

consists of a large cylinder as shown in fig. 1,351, fitted with a

piston and having inlet and outlet valves in each end. They are

built without any provision for cooling the air during com-

pression, as it is not necessary, owing to the moderate pressure

pumped against.
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Formerly the old fashioned leather flap valve was universally used,
followed by various modifications of the mushroom valve, which was
moved in one direction by the air pressure, and in the other by a spring.

To protect them from undue jar, various forms of cushion were used.
All these required frequent renewal.

Owing to the great cost of maintaining blowing engines for Bessimer,
and blast furnace purposes, due to the continued crystallization and
breakage of the ordinary metal valve, and the liability to accident from
such breakages, engineers have given much thought to the design of some

Fig. 1,351.—Southwark horizontal "blowing tub," with mechanically operated gridiron valves.
View showing valve gear, and relief valves in the head.

device to reduce the repairs and liability to accidents, and at the same
time increase the efficiency of engines of this class.

Formerly about 400 feet was the usual piston speed but with modem
mechanically operated air valves this speed may be considered increased.

Fig. 1,352 is a view of the head of the tub shown in fig. 1,351.
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It is fitted with gridiron air valves. They are rectangular in

shape and extend entirely across the cylinder, thus giving a large

inlet and outlet area. Each head of the cylinder contains one inlet

and one outlet valve. The advantage is here obtained of the

characteristic feature of the gridiron valve of giving a large port

opening with small valve movements.

Fig. 1,352.—Southwark horizontal blowing tub. Sectional view showing valve mechanism.
The inlet valve is operated positively by cam Toilers. Movement of the outlet valve is
obtained by a small cylinder having a piston attached to the valve stem. The cylinder being
m communication with the tub, when the pressure builds up in the latter, the piston in
the' cylinder is pushed outward and the valve opens, being cushioned by a dashpot.

The valves bear against their seats in the direction of the air pressure.

The inlet valves are positive in their movement, each being actuated
by a cam, which derives its motion from a convenient point on the valve
gear.

The outlet valves are automatic in their opening action, being operated
by a small auxiliary cylinder, the piston of which is attached to the valve
stem; this is in communication with the air compressing cylinder and
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provision is made so that when the pressure begins to build up, the piston
in this small cylinder is pushed outward, and the valve opens. Any-
slamming of the valve is prevented by a dash pot. The closing is brought
about mechanically by the action of a cam.

When the pressure in the blowing cylinder equals that in the receiver,

air admitted from the blowing cylinder to the auxiliary cylinder causes
the outlet valve to open. At the proper time a cam driven from the main

Fig. 1,353.—Southwark air cylinder head, inside view, showing inlet valve on the inside and
seat of outlet valve above.

valve gear closes the valve by means of a roqker lever attached to the
valve stem.

The Steam End.—With the advance of engineering knowl-

edge, the demand has steadily increased for a higher efficiency

in blowing engines. To meet this requirement the steam cylinder

is fitted with the Corliss valve gear, and steam expanded to the

degrees of maximum economy.
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Figs. 1,354 to 1,358.—Various types of
Southwark blow-
ing engines. They
are used for supplying
large quantities of air
under low pressure;
in blast furnace
practice, 15 to 30 lbs.

IS common, and in
Bessemer steel works,
25 to 30 lbs. They
are also used for
chemical works and
smelting furnaces,
and for pumping and
compressing natuial
and artificial gases.

\'ertlcal long cross head type.
Steam valves controlled either by
hand or by governor.

Vertical compound steeple quarter
crank type. The air cylinders are
abo\e the steam cylinders.

Horizontal cross compound quarter crank type vAth air cylinder tandem to steam cylinder.

yertlcalcompound quarter crank disconnected
type. With the quarter crank arrangement of
air and steam cylinders, the maximum pressure
upon the steam piston before cut off is balanced
by resistance upon the air piston.

Vertical compound quarter crank disconnected
open frame type. The two inner cyllnder.«i are
the steam cylinders, and the two outer, the air
cylinders.
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Where increased efficiency in the use of steam is desired,

compound engines are used; about the only objection that could

be raised to their use is the more serious results that would
follow the shutting down of two air tubs in case of accident.

Some builders have overcome this objection by building the high pressure
and low pressure engines separate, as shown in fig. 1,360, the only con-
nection being a receiver between the two steam cylinders. The high
pressure engine is controlled by a governor with variable speed device.

It has been found that the low pressure engine, when running com-
pound, requires no governor to insure a uniform speed of both high and low
pressure engines. Some provision is made on the low pressure side, when
running as an independent engine, to control the steam admission as by
governor, or by hand adjustment.

In order that the variable pressure due to expansion of the

steam and compression of the air may be approximately balanced,

blowing engines are sometimes constructed having a phase

difference of ninety degrees in the sequence of strokes at the

steam and air ends. This type is known as the quarter crank

engine.

About the only advantage of this arrangement is that a somewhat smaller
fly wheel will suffice than where the steam and air cylinders are placed
tandem, as here the maximum power exerted in the steam cylinder before
cut off is not balanced by any resistance in the air cylinder, and the surplus
energy is stored in the fly wheel to be given out again when the resistance

in the air cylinder has increased beyond the power exerted in the steam
cylinder.

The quarter crank engine is objectionable on account of: 1, higher
first cost; 2, greater size; 3, multiplicity of parts, and 4, having to
transmit the power for operating the air piston through cross heads, con-
necting rods and shaft resulting in a decrease of mechanical efficiency,

extra wear on bearings.

The balancing of the air and steam pressures due to the quarter crank
arrangement, while very nice in theory is of no practical value beyond
serving as a **talking point" for salesmen.
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CHAPTER 24

ROCK DRILLS

The rapid tendency toward more rapid and more economical

methods of operation makes itself felt, especially in the mining

field in the demand for high speed, high duty rock drills with large

capacity.

Fig. 1,362.—Wickes rock drill for either steam or air. The tripod legs are made with a tele-

scopic extension which allows of an adjustment on uneven ground and by loosenmg a smgle
bolt, either of the front legs may be made to swing into any desired position.



738 ROCK DRILLS

The art of drilling rock has reached
such a state of efficiency that the
manager of a project involving different

kinds of work, usually employs a different

type of drill for each kind.

Drills may be operated
by either steam or com-
pressed air, the latter being
found convenient especially

in confined places such as

mines. The mechanism is

arranged so as to deliver

two motions to the drill.

1. Reciprocating;

2. Rotating.

Pigs. 1,363 to 1,365.—Sectional views of Wickes
rock drill showing construction of ratchet,
valve and feed screw. A slide valve is used
with tappet motion, which depends on the
movement of the piston.
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Figs. 1,371 and 1,372.—"Chicago slogger" drill valve motion. The various paths followed
by the air are shown by the arrows. In fig. 1,371 auxiliary valve is in the position in which
it was thrown by a shoulder on the drill piston as it approached the end of its backward
stroke. It will be noted that live air passes through the hole A, in the auxiliary valve, to
one end of the main valve, the other end of the main valve being placed in communication
with the exhaust by the recess in the valvfe, the auxiliary valve resembling an ordinary D
slide valve. With the auxiliary valve in the position, as shown, the main valve was thrown
and held positively in position, to admit live air to the rear end of the drill cylinder and allow
the air to escape from the front end. Now when the drill has nearly completed its forward
stroke and is about to strike its blow, another shoulder on the drill piston strikes the
auxiliary valve and throws it into the position shown in fig. 1,372. _

In this position it

connects the front end of the main valve with the exhaust, but there is no opening at the
opposite end of the auxiliary valve, corresponding to port A, to admit live air to the rear
end of the main valve. The auxiliary valve merely closes the end of the passage which
was previously in communication with the exhaust. There is a small vent hole B, which
opens from the live air supply. With the auxiliary valve closing the exhaust end of the
passage, this small supply of air builds up pressure enough to throw the main valve, a slight
interval of time being required to do it. This slight delay in the throwing of the main
valve insures full pressure upon the rear end of the piston, and a free exhaust from the front
end, until it has had ample time to deliver its blow with full force upon the rock in which
it is drilling.

Figs. 1,367 to 1,370.

—

Text continued.

rotation or oscillation of the wings with the trunnion as a Center, and is actuated by the
unbalancing of pressure on each wing alternately. The supply and exhaust ports open into
the faces of the slot, and the wings of the valve close the ports by sealing flat over them
against the sides of the slot. There is a separate supply and exhaust port and passage
to each end of the cylinder, making two supply and two exhaiiists in all. The two supply
ports open directly opposite one another at one end of the valve chest slot, with the two
exhaust ports similarly placed at the other end. The valve trunnion in place closes any
opening direct from supply to exhaust through the slot. Adjustments are such that when
one face of one wing of the valve rests over and closes the supply port to one end of the
cylinder, the opposite face of the opposite wing closes the exhaust port from the opposite
end of the cylinder. This leaves open the supply port to one end of the cylinder and the
exhaust port from the other end—the condition for one-half of the operating cycle.

NOTE.

—

Air consumption of rock drills. (Ingersoll-Rand Co.)^ The following table
gives the free air consumption per minute of rock drills of various cylinder diameter for fair
conditions in rock of ordinary hardness:

Gauge pressure.
CYLINDER DIAMETER OF DRILL , INCHES

lbs. per sq. in. 2 ^H 23/2 2H 3 3H 3^ 3H S'A 4M 5 5^

50 50
56
63
70
77

60
68
76
84
92

68
77
86
95
104

82
93
104
115
126

90
102
114
126
136

95
108
120
133
146

100
113
127
141
154

108
124
131
152
166

113
129
143
159
174

130
147
164
182
199

150
170
190
210
240

164
70 ... 181
80
90

207
230

100 252
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Thus, in operation the drill strikes a series of blows and rotates

at the same time.

The mechanism consists essentially of a power piston working

in a cylinder, having at one end a ratchet device and at the other,

a rod extending through a stuffing box, and having at its end a

chuck to receive the drill. A valve motion, similar to the direct

connected pump types, is provided to secure the reciprocating

motion of the piston and drill. The cylinder is attached to a

feed device, and the latter mounted on a weighted tripod.

Fig. 1,373.—Leyner-IngersoU drill set up on column, showing arrangement when water tank is

used. Water under pressure is required and the pressuse may be anything over twenty
pounds and not' higher than the air pressure. The water can be brought to the diill in any
manner that is most convenient. Some run a small water pipe along with the air pipe,
obtaining the supply either from outside the mine, or from the water in the mine, arrange-
ments being made on the different levels so as to provide suitable average pressures. Others

• have one or more central tanks, each supplying several drills. In tunnel headings a suitable
tank is often run in on a car. Where none of these methods is available a small individual
tank for each drill is used. The tank usually employed* weighs 70 pounds, is 3 feet 3 inches
in height and 12 inches in diameter, and holds about 17 gallons. A smaller tank of about
6 gallons capacity can also be furnished, if preferred. Compressed air is admitted to the
tank, and this forces the water to the drills under the same pressure as the air used to operate
the drills , if taken from the same air line. The air which is admitted to the water tank is not
the air which cornbines with the water and cleans the drill holes. This air comes from the
drill. The water is carried from the water pipe line, or from the water tank, through a small
water hose about 50 feet in length, then through a water regulating valve and a short piece
of hose to the backhead of the drill. The water passes through the backhead plug and water
tube, into the shank of the drill steel, where air from the drill mingles with it, and both pass
on through the drill steel to the bottom of the drill hole. A swiveled connection is attached
to the backhead, to which the short length of water hose is attached. The air hose is attached
to the swivel connection at the valve chest. This method permits the hose to lie in a natural
position close to the drill, and eliminates the necessity for a bend in the hose itself.
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Fig. 1,374.—Hardsocg re-

ciprocating column drill.

The proportions of the
various sizes are

:

Cylinder
Length of feed
Depth of hole drilled , feet ....

Number pieces drill steel in set

Size boiler for steam, h.p

MX3M 2MX6M 3KX6M 3>iX6^
20 26 26 26
8 14 18 20
6 7 9 10
6 8 10 10
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Fig. 1,362 shows the general appearance of a typical rock drill

embodying the features just described. Figs. 1,363 to 1,365 are

sectional views of the same drill showing construction.

In the Leyner drill air and water combined are passed through

hollow drill steel.

The application of water and air is for the purpose of: 1, laying the du§t;

2, cleaning the holes of the rock cuttings while drilling, and 3, keeping the
drill bit cooL

Figs. 1,375 to 1,..,. . . L...^..^^ ^...: .^ ^. ^<.j ..^. iugei-soll water drill. The ratchet is a separate
ring held in place between the rotation washer and the back head, and kept from turning by
a large pin. It is thus quickly removed, should occasion require, by taking off the back head.

Figs. 1,378 to 1,389.—Ingersoll-Rand butterfly drill slip "rotation." In construction,
the head of the rifle bar, carrying the pawls, plunges, and springs, fits inside the ratchet ring.

The latter is held by friction between the rotation washer and the back head, pressure being
exerted by the cushion springs. By varying the spring tension, the friction effect can be
adjusted to various conditions. Broken or twisted rifle bars are impossible with this rotation,
even in the worst ground.
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S-SUPPLY-

FiGS. 1,390 to 1,394.—Diagrams of Leyner-Ingersoll drill butterfly valve showing valve positions
and pressure conditions at the three critical points in one stroke. The forward stroke is
here illustrated, but the cycle of operations is the same for the back stroke, so no separate
explanation is made for the latter. In figs. 1 ,390 and 1,391 , the conditions at the beginning

s^uppty

SS2

of the forward stroke are indicated. The piston P is

assumed to have just started its movement. The
valve V, closes the front supply port SI, and the
back exhaust port E2, leaving open the back supply

port S2 and the front exhaust portMH IW El. Air admitted at the supply

CYLINDER ^ passes through the port S2, to

DRILL STEEL

the cylmder port SS2, forcing the piston forward, while the exhaust passes out through the
cylmderport EEl, and the port El. In this particular position of the piston the cylinder
port EE2, IS covered by the piston, and the valve V is in an unbalanced condition, live air
holding it to its seat over port SI. However, the moment piston P, uncovers cyhnder port

EE2, live air passes through EE2, to port E2, itsS^UPPLY
-•-''-"— > '' 1 ^ "ii i^t*.jo>.^o i/ixi.v_;u.gii. jj/i:/^, tu ^ ,

pressure at this point on the valve wing balancing
the live pressure on the opposite wing facing port

Thus the valve, after the stroke is fairly star-
ted, is in equilibrium. But the

FRONT END impact of the supply air from S,

OF CYLINDER
^^ *^® ^^^^^ ^^^^ opposite '""

DROL STEEL

holds the valve stationary, with ports S2 and El, fully open. Now in figs. 1,392 and
1,393 the conditions are shown near the end of the forward stroke. The valve V, is in
the same position as in fig. 1,390. The face Fl, of the piston P, has passed the cylinder port
EEl, just closing it and shutting off the exhaust from this end of the cylinder. Live pressure,
however, is still exerted through S2 and SS2, against the piston face F2, forcing P forward
and causing cushion pressure in the clearance between piston face Fl, and cylinder head.
This cushion pressure, communicated through cylinder ports SSI, to port SI, and exerted at
81, on the balanced valve, throws the valve V, to the position shown in fig. 1,394. Here the
back stroke is just beginning, and live air enters through SI and SSI, with exhaust escaping
through EE2 and E2, to E. The valve V, is unbalanced, but will become balanced the moment
piston face Fl, passes cylinder port EEl, which will admit live air through EEl to El, on
the valve.
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HAMMER CYLINDER
or BARREL

CHUCK ENl^

Figs. 1,395 and 1,396.—Denver, Waugh type, stoping drill; sectional view showing operation,
The positions in' figs. 1,395 and 1,396 differ by 45°. In operation, when the hamme\'
reaches the end of its rearward stroke, as in fig. 1,395, the exhaust ports, 5, in the front of.

the hammer cylinder, have been cleared by the piston head and the pressure there relieved

through horizontal exhaust ports, 4. At this point the neck or thin part of the stem registers

with inlet ports, 2, which are connected with horizontal ports, 1, and admit live air

against the rear of the piston head, driving it forward. As the stem of the piston hammer
is always in contact with live air, the pressure is on the total area of the hammer. When
the piston on the forward stroke reaches the point where the shoulder of the stem covers
the ports, 2 in the bushing, live air is shut off from the rear of the piston head and the piston
hammer continues the stroke on expansion plus the pressure on the end of the stem. When
the piston hammer uncovers the exhaust ports, 3, fig. 1,396, the air back of the head is ex-

hausted to the atmosphere and the stroke is completed by the momentum of the hammer
and the pressure on the stem. The piston hammer thus runs on expansion for half the
stroke, and as it exhausts at a much lower pressure, comparatively little air is used. As the
piston hammer approaches the tappet on the end of the forward stroke, fig. 1,396, its stem
clears inlet ports, 6, admitting live air to the front of the cylinder through horizontal inlet

ports, 7, and vertical forward ports, 8. Ports 6 remain open until the piston has delivered
its blow and returned about V? of its stroke, when the stem of the piston again covers ports 6,

which shuts off the live air from the front of the hammer cylinder and the piston continues
on its rearward stroke expansively. When the front of the head again uncovers vertical

ports 5, this air is allowed to escape to the atmosphere and the momentum of the hammer
carries it to the end of the rearward stroke which brings the head within about one-half inch

of the bushing, where it cushions on the incoming live air that is again entering ports 1 and 2.

Prom this, it is evident that all of the live air that is used in returning the piston is that which
is admitted by the stem of the piston at ports No. 6 just previous to and after the blow has
been delivered, which is equal to ab<j»ut i^ of the full stroke. Part of this air is used to fill

the long horizontal ports 7, and is therefore not actually used until expansion takes place.

The difference between the distance the piston travels rearwardly before this line air is cut
off, or about 1/7 of the stroke, and the distance it travels after the air is cut off, until port 5 is

uncovered, deterrnines the amount of expansion, which is nearly }^ of the full stroke, con-
sequently this air is exhausted at a greatly reduced pressure.
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Figs. 1,397 and 1,398.—Portable deep
hole drill wagon mounting for a single
drill. The mounting consists of steel

wheels and axles supporting a struc-
tural iron frame on which the boiler
and the drill mounting are located.
The wheel gauge is about 6 feet, and
the wagon is provided with tongue,
whiffle trees and yoke for a two horse
team. For making short moves such
as from hole to hole, a small winch is

provided in front, on which a rope can
be wound. This rope passes over a
sheave, which is fastened to a "dead
-man," the other end being fastened
to the end of the tongue. One or
two men can easily handle the wagon
over very rough ground.

_
The drill

mounting consists of a horizontal bar
fastened in brackets on the structural
iron work. On this bar the drill is

mounted in the regular way by means
of a Sergeant clamp, which gives it

universal adjustment so that the holes
can be pitched in any desired angle.
The frame extends back beyond the
center of the drill, and is provided
with two jack screw supports which
are set up for supporting the end of
the wagon during the actual drilling.

For convenience in handling the steels,

for deep holes, the wagon is provided
with a 24 foot, three legged, heavy
pipe derrick, so that the steel can be
lifted in and out of the hole, by means
of rope and tackle. It will handle
steels 30 to 40 feet long. The boiler
is of the vertical type, with damper
regulator on the smoke stack and
live steam forced draft. Under the
wagon, and convenient to the firing

place, is located the coal bin. An
iron water tank is also provided and
is connected to the injector pipe on
the boiler. Connections from drill

to boiler are short, so that there is

very little loss in transmission. This
makes an inexpensive yet efficient

mounting for a large variety of work,
especially quarrying and nioderate
railroad cuts. The equipment is

easily handled by two men and is

capable of doing considerably more
work than the same two men could
accomplish with a tripod drill, espec-
ially in places where the holes are
spaced far apart. Two men easily

handle a 4J^ inch drill, which they
could not do otherwise except under
extremely favorable conditions.
When furnished for air power oper-
ation this machine is equipped with
suitable air reheater in place of the
boiler outfit.
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Another feature of the Leyner drill is the principie of the hand
hammer blow mechanically applied. The drill steel does not
reciprocate, but rests loosely in the chuck, and is struck by the
hammer. The cutting end of the steel is close to or against the
rock at all times, hence the weight moved, that of the hammer

Fig. 1,399.—Ingersoll-Rand-6 foot feed drill wagon at work drilling holes for cement groutine
bridge over Erie R. R. cut off at Jersey City. N. J.; 50 foot steel used. •

K^uuung

?^;n • 2
1,404.—Various rock drill bits. Fig. 1,400, hexagon hollow, shanked; fig.

1,401, hexagon hollow, shankless; fig. 1,402, cruciform shankless; fig. 1,403, solid hoist
with shank; fig. 1,404, hollow steel for making drill bits.
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alone, is light and constant at all times regardless of the length

of the drill steel.

Fig. 1373 shows the Leyner drill in position to operate with portable water
system and fig. 1366 a sectional view of the mechanism. Other details of

this drill are shown in figs. 1375 to 1377.

For a large variety of deep hole work it has proved convenient

as well as economical to have a drill and boiler mounted together

on a truck, the arrangement being called a portable wagon mount-
ing for a single drill, as shown in figs. 1,397 and 1,398. The mount-

ing here shown is suitable for a 33^^ or 4)^ rock drill with two to

four feet feed.

Fig. 1,405.—IngersoU-Rand 15 foot feed drill wagon in use on the P. & L. E. R. R., drilling

15 foot holes, 4 to 5 inches in diameter at Youngstown, Ohio. The running gear is of the

three point suspension type, comprising heavy steel wheels with flanges for traveling on_a

6 foot 3 inch gauge track and provided with power traction, through the medium of a chain

drive from a reversible steam engine, mounted on the wagon. The engine is about 7 horse

power and, while not intended for continuous traction, supplies sufficient power for moving
the wagon from hole to hole. A hand wheel and steering gear are also provided at the front

end of the wagon. The drilling engine and its guides, derrick for hoisting steel, etc., are

carried on the turn table, which is mounted just past the center of the wagon, at the rear

end. This turn table runs on balls. A system of sheaves and ropes suspends the drill

from the top of the derrick, from where the ropes lead to a reversible hoisting engine which is

fastened to the back of the drill guides. Powerful hand brakes on the hoist regulate the

feeding of the drill. Heavy jack screws are provided for supporting and steadying the drill

frame during drilling operations. The swinging of the turn table is accomplished by means of

a geared hand winch and rope. A half circle, 10 feet in diameter, is described when swinging,

and the holes can be placed anywhere on this line. The drilling machine furnished with

this rig is either a 53^2 inch submarine drill, or a 4>^ inch submarine drill, and will drill a
hole from 3>^ to 5 inches in diameter. A steam pump for feeding water to the drill by means
of a pipe suspended from the top of the derrick is a part of the equipment.
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rH CHAPTER 25

SEMI-PORTABLE AND PORTABLE ENGINES

There are some kinds of work that require a good steam power,

and yet the character of the work is such that the outfit is not

Fig. 1,406.—Leffel semf-portable overmounted engine with locomotive boiler.

moved about sufficiently to warrant the investment in a traction

engine. In such cases there is a saving in cost by the use of a

plain engine and boiler mounted on wheels, or on skids, forming

a self contained unit which can be easily moved. *
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Fig. 1,407.—Leffcl semi-portable undermounted engine with locomotive boiler.

Fig. 1,408.—rLeffel semi-portable overmount-
ed engine, with Clyde boiler.

Fig. 1,409.—Leffel portable engine with
vertical boiler.
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Where skids are used the

engine is called semi-portable

y

and in the case of wheels,

portable.

For service requiring the

engine to be moved only at

long intervals as in saw mill

work, etc., the semi-portable

type is frequently used, as

shown in fig. 1,406. With
either type the usual style

of boiler used is the loco-

motive, as in fig. 1,406, or a

return tubular with internal

cylindrical fire box as in fig.

1,408. The latter has a fire

box extending the length of

the boiler, and is designed

especially for burning wood,

etc. The boiler shown in

the cut has no grate bars

but instead short draft tubes

running from the fire box

through the bottom of the

boiler.

With machines of this class

ordinary slide valve engines

are used, as the conditions

of service are not such as

would call for special econ-

omy in the use of fuel. In

rnany cases a feed pump is

attached to the cross head



752 SEMI-PORTABLE AND PORTABLE ENGINES

-4-

o
_i —
00

OJ
<t

51

o

=
-

liJ 3p

X

J
'<s>

CC

^ s
3

=4

<D .

y

"?

H
"

(0

to



SEMI-PORTABLE AND PORTABLE ENGINES 75a

of the engine, the water passing through a heater before en-

tering the boiler.

There should be in addition, an injector, as an auxiliary, the pump being;

used for regular feed, on account of the economy in heating the water by
the exhaust steam, and because a constant feed is better than one inter-

mittent, as with the injector.

A well proportioned pump, feeding through a heater, forms the ideal

method of supplying a boiler, as the water is delivered at approximately

Figs. 1,413 and 1,414.—Russell saw mill friction feed. In operation, the friction wheel
moves horizontally across the disc, reversing the motion as it passes the center, Thus the
forward motion as well as the gigback is accomplished by the use of but one friction wheel,
and the variation in speed for either motion is from nothing to 9 inches per revolution of

saw. This entire range requires but a slight movement of the lever. The sawyer is thus
enabled to feed the log into the saw up to the full capacity of the engine power, and to slow
up when he comes to a knotty place in the log, increasing the speed again when this place is

passed. The frictinn disc being on a separate shaft from that of the saw arbor, and simply
driven from a pulley on it, no thrust is transmitted to the saw by forcing the friction wheel
against the disc.



754 SEMI-PORTABLE AND PORTABLE ENGINES

the same rate it is used, thus avoiding undue fluctuations of steam pressure
and strains due to too rapid cooling.*

*

^l 4 h f portable vci Lxv^cvi eiigiiic auu builcr; view showing engine and boiler turned
S?^wS ""^^^

T
moving. Mounted arrangement consists of two iron saddles or bracketswith the steel axles made part of same, securely attached near mid length of Boiler. Whenat work the engine is set upright on base, and the tongue and wheels removed, which is easily

R p'^M \ \

^"^ ^^^^^ ^ *° ^ ^°^^® P°^^^ cylinder 3^X6 to 5X8; 240 to 220

_
NOTE —The cost of production in the manufacture of lumber is at the present timean important item, yet it is stiU customary in many small and medium mill plants to followthe old and expensive, method of edging boards and planks on the mill carriage, consuming

considerable of the entire crews' time each day in doing what one man can do alone on a singleedger without interfering with the operation of the mill, together with the saving in cost oflabor resulting from the use of a single saw edger. Some single edgers are built in three sectionsto facilitate moving. In one edger of this type, taken to illustrate the proportions and con-
•7i Qo'i' ?® f

^"^ mandrel is 1 V^ inches m diameter and 6 X6 inch drive pulley. It is furnishedwith ^2 teet of track, which accomniodates a carriage 14 feet in length by 18 inches in width.Ihe carriage has four sets of trucks consisting of 3M inches diameter flange wheels on steel

Wf L'^^''T^i'\^1^^^'^*^'^
self-oilmg bracket bearings. This edger is built either right or

lett handed and takes a 14 inch saw which should run at a speed of 2,600 revolutions per rninute.
NOTE.—Under no circumstances should cold water be fed into a boiler, yet there areon the market outfits m which no provision is made for heating the feed water. The accom-panying illustrations show the usual construction of semi-portable, and portable engines. Thewheels of the latter are of iron substantially made and have wide rims to distribute the con-

siderable weight carried and prevent them sinking in soft roads. A portable engine is providedwith a tongue so that it can be drawn by horses when it is to be moved. Powerful brakes are
fatted tor control m descending. grades. Portable engines are extensively used in very hilly
countries where threshing jobs are small, or when an inexpensive outfit is desired
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CHAPTER 26

LOCOMOBILES

If the energy latent in fuel could be completely transformed

into work, a horse power hour could be produced on less than

one-fifth pound of coal.

From the beginning of the history of the steam engine, the best engineering
talent has devoted itself to improving the efficiency of steam power plants,

that is, increasing the amount of power that can be obtained from a given
quantity of fuel.

James Watt invented the separate condenser whose only value was to
make a pound of coal go farther in generating power. Since his day pres-

sures have increased from atmospheric pressure to 250 lbs. for general
use and in special cases up to 500 or more lbs.

More than a century of engineering research and experience has demon-
strated that proper furnace and boiler design, insuring complete com-
bustion of the fuel and absorption of the heat by the boiler multiple expan-
sion of high pressure steam; reduction of cylinder condensation through the
use of steam in a superheated condition; elimination of radiation loss by
the effective jacketing of all parts containing live steam; recovery of waste
heat through a feed water heater and the reduction of back pressure by
means of a condenser are all effective means of reducing waste of heat
to the lowest figures.

It was the clear recognition and intelligent application of these principles

by able foreign engineers that gave to the worlfi the special form of high
efficiency combined engine and boiler plant known as the "locomobile."
This invention, because of its remarkable economy, ease of attendance and
reliability as well as its adaptation to all situations where power is needed,
has met with wide spread application in Europe and its dependencies. In
fact the locomobile seems to be well known to nearly every part of the
world except the United States. (One German firm alone has built nearly

1,000,000 h. p. of these machines, in sizes up to 800 h. p. in a single unit.)

For the locomobile is in no sense an experiment but rather the evolution

of the conventional power plant into its natural and simplest form, a
carefully chosen combination of tried and demonstrated principles.
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Figs. 1,417 and 1,418.—Performance curves of Buckeye-mobile. Fig. 1,417 represents a
24 hour test of a 225 horse power unit in which the load varied from 70 horse power up to

200, then down to 40, up to 230 and down to 40 for the last seven hours of the test period.

The average load was only 37 per cent of the rated capacity of the unit but notwithstanding
this low load factor the machine consumed less than two pounds of coal per brake horse power
hour.
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Accordingly, a locomobile may be

defined as a self contained engine and

boiler with all the auxiliary apparatus

y

necessary to secure maximum economy.

The accompanying illustrations

show a locomobile representing Amer-

ican practice, being called the Buck-

eye-mobile because it is made by the

Buckeye Engine Co.

It consists of a self-contained power

plant designed to use high pressure

superheated steam. In its elements

it comprises: 1, an internally fired

tubular boiler of the non-return or

'*gun-boat" type on which is mounted,

2, a compound engine; 3, a well in-

sulated sheet metal smoke box en-

closes, 4, a tubular super-heater, both

engine cylinders, 5, all steam piping

and valves, and 6, a secondary super-

heater which imparts heat to the steam

as it passes from the high to the low

pressure cylinder. The engine ex-

hausts through a closed feed water

heater into a jet condenser which is

provided with a rotary air pump.

This air pump and the boiler feed

pump are so located as to be

readily belt driven in a most
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economical manner from the engine shaft. The general as-

sembly is shown in sectional view in fig. 1,416.

Boiler,—The boiler is of the internal corrugated furnace fire tube type.
The furnace tubes and tube sheets constitute the entire active heating
surface, therefore deterioration and need of repairs are confined to these
parts which are attached to the boiler shell by studs and nuts, making them
readily removable for inspection and cleaning. Sediment collects in the-
bottom of the boiler (the coolest part) where it is not liable to bake. The
boiler is constructed for 225 lbs. steam as shown in fig. 1,416.

Superheater,—This consists of a single coil of seamless steel tubing
as illustrated in fig. 1,416. The steam passes through it in a direction

Fig. 1,423.—Sectional view of Buckeye-mobile showing temperatures at various points of the
system, viz.; gases in furnace 2;500°; gases to superheater 800°; gases to smoke stack 425°,

steam to superheater 396°, steam to h. p. cylinder 625°, exhaust from h. p. cylinder 325°, steam
to I. p. cyHnder 430°, exhaust from I, p. cyUnder 140®, feed water to heater 70°, feed water to

boiler 125°, injection water 70'', hot well 105°.

counter to that of the hot gases. The flexibility of the coil prevents any
expansion strains in the high pressure steam valves or fittings.

Engine,—The engine is of the compound center crank piston valve
type of extremely simple and rugged construction. The bed plate is rigidly

bolted at its main bearing end to a massive saddle which spans about
one-third of the boiler's 'circumference. The guide barrel end rests on a
smaller saddle and is free to slide thereon, thus relieving the bed plate

from the effects of boiler expansion.

Reheater,—The steam on its way from the high pressure to the low pres-

sure cylinder passes through a reheater built up of a large number of small
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Fig. 1,424.—Sectional view showing Buckeye-mobile extended furnace construction.

Figs. 1,425 and 1,426.—^Buckeye-mobile boiler with furnace and tube unit removed showing
construction.
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Feed pump.—The boiler feed pump is belt driven from the main
engine. An injector is also furnished as a second feed.

Platform and stairs,—The unit is provided with suitable stairs and
railings giving access to all points requiring observation and adjustment.

Lubrication.—^A force feed lubricator, driven from the valve gear,

supplies oil to the valves, pistons and piston rod packings. All the prin-

cipal bearings are lubricated from a gravity oiling system. The used oil is

gathered at one point, flows through a filter and is returned to the supply
reservoir for further use.

Governor.—The governor is of the centrifugal-inertia type.

Safety Stop.—The safety stop is independent of the governor. This
stop closes the throttle valve if the engine run a few per cent faster than
its normal speed from any cause whatever.

Barring Gear.—A barring device is provided to enable the operator
to readily turn the engine by hand.

Relief Valve.—Condensing Buckeye-mobiles are provided with an atmos-
pheric exhaust valve which automatically opens when the vacuum is

broken for any cause.

Condenser.—A jet condenser is ordinarily furnished for condensing
service but a surface condenser can be supplied when local conditions such
as bad feed water, etc., require it. The air pump is belt driven from the
engine crank shaft.
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CHAPTER 27

STEAM HOISTS

Introductory.—The hoisting engine represents a class of

machinery possessing wide utiUties, for besides general, hoisting

work, there are other special duties to which it is adapted. Its

development has been brought about chiefly by builders of this

class of machinery being brought into touch with contractors,

miners, bridge erectors, freight handlers on ships, dock^, etc.,

resulting in a machine well adapted to the requirements.

There are a number of terms relating to steam hoists which
are here given and w^hich will be found helpful in understanding

the subject.

GLOSSARY

Aerial dump.—An improved type of conveyor having low sides, and
open at one end. The form facilitates the handling of material by a
cableway.

Boom fall rope.—The rope which operates the vertical movement
of the boom of a derrick.

Boom swinging gear.—A device for operating a radial or boom
swinging derrick. It consists of a drum, or two spools on which the boom
swinging ropes are simultaneously wound, and unwound.

Bull wheel*—On radial derricks, a large wheel at the base of the derrick

consisting of a circular flange made of structural T iron to which the boom
swinging ropes are attached.

Clam shell crab.—^A term used to describe a form of bucket used in

dredging, excavating, and conveying loose material such as coke, sand, etc.

Cone.—An iron cone shaped cap used in logging operations to assist

the log to pass over obstacles when skidding.
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Derrick swinging ropes.—The two ropes which control the radial

position of the derrick, or by means of which the derrick is made to revolve.

Differential brakes,—Band brakes, in which both ends of the band are
pivoted to the rocker but at different distances from the center of the
load held, tending to turn the rocker in the direction to apply the brake.

Dock wheels.—Small cast iron wheels fitted to hoists and forming a
running gear, for use on docks or places where it is necessary to move the
hoist frequently.

Drum.—A revolving
flanged cylinder, to which
the hoisting rope is

attached.

Drum Spring.—

A

spiral steel spring which
pushes the drum out of

contact with the friction

woods when the friction

pressure is released by the
friction lever.

Dumping block.—

A

form of block consisting

of a small and large wheel.
A piece of chain inserted

in the hoisting rope at the
right point causes the
smajl wheel to revolve
which raises the back end
of the skip, and allows the
load to dump.

Foot brake.—A bank
brake for controlling the
movement of the drum.

Fixed drum.—^A type
of drum in use where only
single loads have to be
handled.

Friction lever latch.—
A device consisting of a
thumb latch and detent,
engaging with serrated
teeth in a quadrant, by
which the lever is held in

any desired position.

PiG._ 1,430.—Orr and Sembower double cylinder single
friction hoisting engine and boiler specially adapted
for pile driving, quarries, railroads, coal yards, docks,
and general hoisting purposes. The principal dimensions
ere: cylinders, 6^ X9; drum, 14 X25; drum flanges, 24;
boiler, 36 X84; 72, 2 in tubes; weight hoisted single rope,
4,000 lbs; weight pile driving monkey 2,000 lbs.; horse
power, 16. The hoist has bronze castings in drum,
double V friction

.
cut gears, steel pinion, and boiler

constructed for 125 lbs. working pressure.
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Guard bands,—Protect-
ing wrought iron bands fitted

over the gear wheels to pre-

vent the rope or any obstruc-
tion getting in the teeth of
the gear.

Locking levers,—On
double friction drum engines
designed for handling a boom
derrick. When the friction

lever is moved, for the purpose
of throwing the drum into
gear, the pin on the end of

the friction lever presses
against the curved part of

the oscillating lever and re-

leases the foot brake. When
the lever is moved back, the
operator places his foot on
the foot brake for a moment,
and the oscillating lever drops
back into its original position,

thereby locking the brake on
the drum.

Loose drum.—A drum,
free to revolve on its shaft,

and which is thrown in or
out of engagement with the
driving shaft by means of a
clutch.

Main hoist rope.—The
rope which raises or lowers
the load.

Operating levers.—
Devices for operating the
brake, friction, etc., in hoist-

ing. They are usually assem-
bled together and con-
veniently located for the
engineer.

Orange peel grab.—

A

term used to describe a
dredging device which when
opened assumes the shape of

an orange peel divided into

four parts.
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Outhaul rope.—^In logging operations, an auxiliary rope, worked by
a separate drum. It is used to carry the skidding rope out into the woods,
which, by former methods had to be done with mules or men.

Post brakes,—A type of brake in use on reversible, mining, and
hauling engines.

Radial ribs,—Cooling ribs placed outside of the drum friction surfaces
to assist in carrying off the heat generated.

Shrouded ratchet ring,—A ring having ratchet teeth around its cir-

FiG. 1,438.—Street double cylinder horizontal engine suitable for coal elevators, sugar mills,

ice houses, dredge boats, logging pull boats, driving conveyors, etc.

cumference and bolted to the drum flange. The outer edge of the rmg is

provided with a shrouded flange, thereby preventing the teeth bemg

broken by the pawl, or the pawl slipping oft.

Side stands.—Supporting frames usually of T shaped section and

designed to carry both the drum and crank shaft bearings.

Skip,—An iron box with a bale holding from one to ten tons of ore or

rock; used for hoisting and running between guides, or m mclmed shafts

to run on a track
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jLm^9
#»-

Figs. 1,439 to 1,540.—Parts of National hoisting engine: 1, clutch winch yoke; 2, boiler bracket;
3, clutch for clutch winch; 4, clutch winch operating lever; 5 clutch winch pawl; 6, plain
eccentric; 7, eccentric strap; 8, hub eccentric; 9, pipe holder on boiler; 10, socket wrench;
11, top drum pawl; 12, lower drum pawl; 13, valve rod stand; 14, eccentric rod and end; 15,
slide valve; 16, piston ring; 17, piston; 18, throttle valve; 19, piston rod; 20, top guide bar;
21, bottom guide; 22, throttle valve rod support; 23, cap for above support; 24 cross head;
25, cross head key; 26, throttle valve operating handle; 27, three way cock; 28, angle valve
for steam pipe; 29, connecting rod brass box; 30, connecting rod key; 31, connecting rod
strap; 32, connecting rod bolt; 33, connecting rod; 34, guide bar block; 35, guide bar bolt;
36, cylinder; 37, plain cylinder head; 38, cylinder cock; 39, steam chest cover; 40, claw drum
cap; 41, drum pawl pin; 42 crank cap; 43, long bearing drum cap; 44, long bearing clutch
cap; 45, threaded shaft collar; 46, drum spring with clamps complete; 47, drum spring clamp;
48, drum shaft; 49, claw; 50, friction key; 51, friction collar; 52, friction pin; 53, friction lever;
54, friction screw; 55, gland wrench; 56, steam ehest stuffing box gland; 57 steam chest
stuffing box; 58, hub cylinder head; 59, piston rod brass gland; 60, check valve; 61, blow off

cock; 62, gauge cock; 63, water gauge; 64, oil cup; 65, angle valve; 66, injector strainer; 67,
injector; 68, globe valve; 69, sight feed lubricator; 70, syphon for steam gauge; 71, plain
lubricator; 72, cock for steam gauge; 73, steam gauge; 74, safety valve; 75, arch for hand hole
plate; 76, hand hole plate; 77, gasket for hand hole plate; 78, brake band; 79, adjusting end
for brake band; 80, brake toggle; 81, stud jaw for brake band; 82, double jaw end for brake
band; 83, foot brake clamp; 84, foot brake weight; 85, brake shaft collar; 86, foot brake
operating shaft; 87, foot brake operating lever with step; 88, crank shaft; 89, pinion; 90,
crank pin; 91, crank; 92, winch head; 93, friction drum; 94, friction block; 95, friction gear;
96, left hand side valve rod with end; 97, right hand side valve rod with end; 98, open end
piece; 99, closed end piece; 100, right hand side frame; 101, ash pan; 102, ash pan circular
end piece.
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Sluing drums.—Two pony drums located on one shaft, and especially
adapted for the operation of radial or swinging boom derricks.

Snaking and loading machine.—-In logging, a hoist with rigging so
arranged that the operations of hauling and loading may be carried on
from separate booms independently and at the same time.

Stiff leg derrick.—A form of derrick fitted with wooden braces instead
of guy ropes for support.

- Tail sheave.—A pulley used in the "pull boat system" of logging.

Winch heads.—A short hoisting drum or spool having curved flanges,

and attached to an extension of the drum shaft.

Classes of Hoists.—The great variety of hoisting work,

calls for different kinds of engine designed to meet special

conditions. They may be classified in several ways:

1

.

With respect to the steam features ; as,

a. Single cylinder;

b. Double cylinder;

2. With respect to the transmission of power; as,

a. Direct drive;

b. Geared transmission.

3. With respect to the drum arrangements; as,

a. Fixed drum;
b. Loose drum;
c. Single drum;
d. Multi-drum;
e. Cone drum.

4. With respect to the conditions of service; as,

I
a. General service;

b. Coal hoisting;

c. Boom swinging;



772 STEAM HOISTS

d. Logging;

e. Cableway;

/. Mining.

Fig. 1,541.—Simple hoisting engine with direct drive.
_
There are two slide valve engines with

cranks at right angles, hence, the engine will start in any position. This type is adapted
to high speed hoisting, as in unloading coal at docks.

The foregoing is intended to give an idea of the varieties of

hoisting engines in general use.
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The Simple Hoist.—In its simple form, the steam hoist

consists of one or two engines and a boiler mounted on one base
plate, a hoisting drum mounted on the engine shaft, as

shown in fig. 1,541. A friction brake is provided so that the drum
may be prevented turning when desired. The power of the engine

is applied in hoisting by means of a cable, fastened to the drum;
the cable is wound upon the drum in hoisting the load, and
unwound when it is lowered.

Fig. 1,542.—Usual type of boiler for steam hoists. View showing furnace, and lower tube sheet.

The Boiler.—Steam is supplied to the engine by an upright

tubular boiler, usually having through tubes, and supported

with the engine on a single base plate. A view of the boiler

showing interior of the fire box and tube sheet is shown in

fig. 1,542.

• There should be ample heating surface and grate area for the engine so

that the work may be done with easy firing; the engineer, then, may
operate the engine without too frequent interruptions.

The table of .proportions given on the next page represents the practice of

the builder of the Twin City hoists, for general work and pile driving where
• one drum is sufficient.

An injector is used to feed the boiler; the other fixtures consisting of

safety valve, steam and water gauges, gauge cocks, and blow off valve.
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In some cases there is a feed pump operated by the engine; this is a good
method of feeding the boiler when a feed water heater is provided.

Twin City Double Cylinder Steam Hoist
One Friction Drum with Boiler

Hoisting
capacity Rated

H. P.

Cylinder sizes Drum sizes Boiler
Shipping
weight
approx.single

line Bore Stroke Diam.
body

Length
between
flanges

Diam.
shell

Height
shell

No. 2"
flues

4,000
5,000
6,500
9,000
14,000

20
25
35
45
65

6M

7

10

8
10
10
10
12

12
14
14
14
16

23
26
26
27
32

36
38
40
42
54

75
84
90
96
102

60
68
85
92
150

6,300
7,600
7,800
9,500
17,000

Figs. 1,543 to 1,552.—Twin City boiler, hood, grate, and lugs. The boiler is the vital part
of a hoisting engine as it limits the operation. Accordingly special attention should be given
to secure the correct proportions of fare box, grate areas and heating surface, so that it will

furnish ample steam for the work for which it is intended. These proportions are given in
the table above.

The exhaust pipe terminates in a two way cock* with one branch con-
nected to the smoke stack, and the other open to the atmosphere. Steam
from the engine, then, can be exhausted directly to the atmosphere,
or through the stack; in the latter case, a strong draught is induced
through the furnace. Usually an independent jet blower is provided to
accelerate the fire when the engine is not in operation.

*NOTE.—Care should be taken to ascertain that the two way cock gives full opening, and
if not a larger size should be used otherwise an unnecessary waste of power will take place.
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Fig. 1,553.—^A single cylinder hoisting engine with geared transmission. For ordinary work it is

well adapted, but for heavy duty two cylinders are preferable.
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The Engine.—Steam hoists are usually fitted with ordinary

slide valve engines. For light service a single cylinder is suffi-

cient, as in fig. 1,553, but for general hoisting work two cylinders

IFiG. 1,554.—^A two cylinder hoisting engine. The cranks being at 90 degrees there are no dead
centers, thus giving better control with heavy loads.

are preferable. They are attached to the bed plate on each

side of the boiler, as illustrated in fig. 1,554, having cranks at right
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angles ; with this sequence of

cranks there are no dead
centers, hence, the engineer

has a more flexible control.

Figs. 1,556 to 1,561 show the

type of cylinder in general use

with heads, steam chest and
pet cocks cover removed. A
flange, and stud bolts project

on the exhaust side for

attaching the cylinder to the

base plate. The cross head

guide, consisting of a single

rectangular bar is attached

to projecting piece on the

stuffing box of the cylinder

head. The cylinder drain

cocks are operated simul-

taneously by a lever con-

veniently located for the

engineer.

Power Transmission.—
For light loads, and high

speeds, as on coal wharves,

engines are sometimes made

with a direct drive, as shown

in fig. 1,541, that is, the crank

is on the same shaft as the

drum. With heavy loads, it is

desirable to place the drum on

a separate shaft as shown in

fig. 1,553 and reduce its speed
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by means of spur gearing, thus allowing the engine to make several

revolutions to one of the drum. By this means a large cylinder

or high steam pressure is avoided.

Drums.—Of the many types of drum there are two general

classes: the fixed, and the loose drum. The fixed drum is found

Figs. 1,556 to 1,561.—Hoisting engine cylinder covers and pet cocks before being assembled.
The flange on the side and bolts projecting from the steam chest are for fastening the cylinder
to the base plate.

on some of the simpler machines designed for that class of work

which requires only the operations of lifting or lowering, or

where only single loads have to be handled.

The loose drum is the type mostly used and is so constructed

that it may be thrown in, and out of engagement while the

engine is in motion, by the action of friction rings.

Fig. 1,564 shows the principle of operation.

The drum D, is thrown into gear by a slight endwise movement on its

shaft A, produced by turning a lever attached to the screw P, whose end
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Fig. 1,562.—National double cylinder, single friction drum hoisting engine without boiler, with
ratchet, pawl, foot brake and winch head. This style engine is adapted for general con-
tracting purposes where steam or compressed air is already supplied. It is used to advan-
tage on docks, in tunnels, aboard vessels for handling cargo, for small mines, etc., being very
compact and readily made portable.

Fig. 1,563.—National single cylinder, double friction drum hoistmg engme without boiler, with

ratchets, pawls, foot brakes and winch heads. This engine is also provided with wide tace

fly wheel which can be used to drive a belt for running pump, etc.
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is in contact with a hardened thrust pin. The action of this pin is best
seen in the sectional view, fig. 1,565. When the engineer turns the friction

lever toward him, the thrust screw, which has a left hand thread, pushes
the thrust pin against a collar key, which works in a slot cut through the
shaft. The collar key, together with the collar, is, in turn, pushed against
the drum, forcing it into contact with friction blocks to prevent* any

Fig. 1,564.—Sectional view of loose drum. The parts are: A, shaft; B, friction blocks; C,
friction flange; D, drum; E and F, friction rings; H, winch head or spool; J, J, bearings;
K, gear wheel; P, thrust screw; S, drum flange; T, ratchet teeth.

DRUM

THRUST SCREW ncx:>

COLLAR

Fig. 1,565.—Sectional view of friction control on loose drum. When the friction lever is turned
counter-clockwise, the left hand friction screw pushes the thrust pin to the left. The pin
in turn pushes the collar key, collar, and drum in the same direction causing the latter

to engage with the friction blocks.
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rotation on the shaft. These blocks consist of sections of hard wood B,
bolted to the gear wheel K, which is keyed to the shaft. The
adjacent flange on the drum has inclined rings E, F, which register with the
bevel on the friction blocks, the endwise movement given the drum by-

turning the friction lever, bringing the rings into frictional contact with
the blocks, thus preventing the drum turning on the shaft since the latter

is keyed to the gear wheel K.

When the friction lever is turned clockwise to release the drum, the
latter is pushed to the right out of engagement with the friction blocks by
the spring M, allowing the drum to revolve freely on the shaft. The loose

drum and parts are shown in figs. 1,566 to 1,573 before being assembled.

Loose drums are usually fitted with band brakes in order to

reduce the wear on the friction blocks. This is especially de-

FiGS. 1,566 to 1,573.—Loose drum and friction control before assembly. The parts are: A, shaft,.

B, friction blocks; C, block retainers; D, drum; E and F, friction rmgs fonnmg a V groove

on drum flange; H, winch head or spoolj I, collar; J, thrust collar; L, thrust pm; i\, washers.

sirable for long descents, as in tall office building construction,

the wear and heat generated being excessive.

Sometimes radial ribs are placed at the friction end of the drum to assist

in dissipating the heat, by presenting additional surface for radiation, ana

inducing air currents.

The pile driver illustrates a class of work in which the loose drum is

most valuable. Instead of loosening the monkey from the rope and having



782 STEAM HOISTS

to re-attach the two before the monkey can be Hfted again, the rope re-

mains permanently fastened, and the monkey, in falHng, simply unwinds
the rope, the drum revolving on the shaft in a reverse direction, and being
again thrown into gear after the blow.

Foot Brakes.—When there is a winch head or spool, as H,

fig. 1,564, it is necessary to have a band brake if the spool is to

be used at the same time that

the load is hanging on the drum.

In fig. 1,574 is shown the usual

type of brake which consists of

a metal band lined with hard-

wood segments, and embracing

the external circumference of

the drum flange.

The brake is operated by the
foot, and, as shown, is of the differ-

ential type in which both ends of
the band are pivoted to the rocker,
but at different distances from the
center of the brake shaft, so that
the strain brought by the load held,
tends to turn the rocker in the
direction to tighten the brake. By
crossing the ends of the band at the
rocker, the rotation of the brake
shaft is limited, so that the foot
lever, when released, cannot be lifted

by its counterweight above a fixed

and convenient position.

Fig. 1,574.—Band brake for holding the
drum with load when disengaged from
the friction. The metal band lined
with hardwood segments tightly em-
braces the circumference of the drum
when the brake lever is pressed down.

Double Drum Boom Swing-
ing Hoist.—The multiphcation

of drums is a feature in the

development of the hoisting en-

gine, adapting it to service of a universal character, • such as the

working of a radial derrick where frequently several operations
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have to be performed at the same time. An example of hoist

adapted to this class of work is shown in fig. 1,575.

The forward drum is for hoisting the load, and the other for raising the
boom. Between the drums and winch heads are two spools for the derrick
swinging ropes. With this arrangement, the operations of hoisting the
(load, raising and swinging the boom can go on simultaneously.

The winch heads are secured to the shaft by a sliding key having a sleeve
• upon which the swinging spools revolve.

Fig. 1,575.—Double drum hoist with boom swinging gear for operating a radial derrick. The
machine is so constructed that the operations of hoisting the load, raising and swmgmg the

boom may go on simultaneously.

Friction adequate for the full power of the engine is used between the

swinging spools and the winch heads. The frictional contact is produced

by cams placed between the swinging drums and the frame of the engine;

on the other side are anti-friction collars to take up the thrust.

The operating cams are connected by Hnks to the end of a lever, which

is carried on a shaft extending across to the side where the engineer stands,

and where the vertical detent lever for operating the swinging device is

placed.
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In operation, a rope is wound on the bull ring of the derrick

and secured to the same in the center, as shown in fig. 1,576.

Each of the two ends is fastened to one of the two swinging

spools, enough rope being wound on each to give the required

amount of motion to the bull wheel. By throwing the lever

forward, it engages the friction clutch on that winch, causing it

to rotate and wind in the rope, which turns the boom in one

direction, the other winch meanwhile paying out the rope.

HOISTING ROPES

Fig. 1,576.—Base of a radial derrick, showing the bull wheel and boom swinging ropes, also
the ropes for hoisting and raising the boom.

The construction of the cams permit this, as the same movement which
engages one friction, disengages the other. By throwing the lever back-
ward, the friction of the rear spool is engaged, and the forward spool
released. Thus, the boom can be turned in either direction.

The cams operating the frictions are so constructed that when the
operating lever is in its central position, there is enough frictional contact
in the swing spools to keep the ropes taut; therefore, when one spool is

winding in the swinging rope, the other has sufficient friction to prevent
the rope, which is paying out, overrunning.
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The brake and friction levers for the drums are shown in figs 1 577
and 1,578. ^^

'

The friction lever of the rear drum, as shown in fig. 1,577, has an ex-
tension piece 1 with a pm, which moves upon the curved surface of an
oscillating lever C. The latter has a notch at the lower end, engaging with
a pm extending from the side of the foot brake lever. When the friction
lever is moved, for the purpose of throwing the drum into gear, the pin
on the end of the friction lever presses against the curved part of the oscil-
lating lever and releases the foot brake.

Fig. 1,577.—Lidgerwood brake and friction levers with safety attachment. When the friction
lever A, is moved to throw the drum into gear, the pin I, on a projection of the friction lever
presses against the curved part of the oscillating lever C, and releases the foot brake.

The friction lever of the front drum, as shown in fig. 1,578, is arranged
with a thumb latch and detent engaging with serrated teeth in a quadrant
by which the lever is held in any desired position. The drum is thus

securely locked, so that hoisting may go on without any further attention

to this lever.

When the lever is moved back, the engineer places his foot on the foot

brake lever for a moment and the oscillating lever drops back into its
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original position, engaging with the pin on the foot brake lever, and thereby
locking the brake on the drum. It will be seen that this drum, with the
boom hanging from it, is locked fast by the brake, the pawl being usually
applied as an additional safeguard.

Directions for operating: The engineer first throws in the

front friction drum lever sufficiently to hoist the load. He is

then free to handle the boom, either raising or lowering it with

the rear drum.

Fig. 1,578.—Friction lever on hoistingdrum; a latch and quadrant hold the drum in any position.

When lowering the boom, he should do it both by the friction

lever, and a slight pressure on the foot brake. This prevents

the oscillating lever falling into place and locking the brake; it

also allows control over the lowering speed of the boom, and as

soon as it is lowered far enough, then, full pressure is put on the

brake lever, and the friction lever thrown out, when the oscil-

lating lever falls into place and locks the brake fast. This use
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of the two levers in combination for lowering the boom provides

against the possibility of the foot slipping off the foot brake.

It is important that the engineer keep the safety lever locked

to the foot brake, and also the pawl applied at all times when
the boom drum is not in use. The only exception to this rule is

when working with a short boom and the time required to

throw in the pawl is too valuable to lose. In such cases, the

safety lever locked to the foot brake performs all that is required

of the pawl and ratchet.

Fig 1 579.—National cone friction, gear actuated derrick swinger. The apparatus consists of

two'small drums mounted on a steel shaft set in two heavy frames in front of engine being

attached to main engine frame with steel screw rods. The swinging is effected by gear A.

which is mounted on outer end of front drum shaft, which gear drives friction gear C. gear C.

driving friction gear B. Mounted on the same shafts with frictipn gears C and B are two.

friction driven pinions which mesh with large gear mounted on swing drum shatt. 1 he inc-

tion gears C and B, are operated by heavy steel thrust screws; which are connected to main

operating shaft on which shaft is placed in a notched quadrant, convenient to engineer, the

niain operating lever. A movement of the operating ever in either direction causes the

swinging drunis to revolve as desired. One of the swinging drums is loose on the shaft

Kheld fast by notched collar. To take up slack in the swinging ropes it is only necessaxy

to release the notched collar. The position of the swing drums bemg outside of the hoistmg

engine drum flanges allows a fair lead for all ropes. This swinging gear can be attached

m. to any make hoisting engine.
^
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The use of the safety lever locked to the foot brake is de-
sirable with a long springy boom, in chaining or dogging rock
after a blast, at which time it may not be known whether the
rock, which it is intended to hoist, is free.

The effect of applying the strain for hoisting the rock is to
spring the boom, and if the dogs fly loose, or the chain break,
the boom springs back to its normal position, slackening for an
instant the boom fall rope, which may throw out the pawl
causing the boom to fall.

F;g. 1,581.—Hendrie and Bolthoff first motion hoist; an unusual construction. In this
hoist, the cylinders and drum are located on the same side of the cross head, the double con-
necting rods straddling the cylinders.

The type of hoist as shown in fig. 1,575, is suitable for light service, but
for heavy duty with long booms, it is desirable to have both swinging spools
mounted on a separate shaft.

Logging Engines and Log Skidding.—In fig. 1,580 is shown

an engine designed, as the result of experience with practical

lumbermen, to overcome the difficulty in paying out the rope,

which was formerly done by mules or men. With a receding

drum, the rope is carried out along the cable without difficulty.
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The drums are all of
the friction type and
can be operated sepa-
rately, or together, as
desired.

The front drum oper-
ates the carriage to get
the slack, or skidding
rope into the woods.

The second operates
the overhand rope, the
third the skidding rope,
and the two parallel

drums on one shaft are
for loading the logs.

The drum nearest the
track should be used
for loading, which gives
the engineer full view
of the work.

The method of

skidding logs in

swamps is shown in

fig. 1,582. The main
cable is suspended

from two suitable

trees, about 700 feet

apart. On this cable,

the carriage travels in

either direction, and
is provided with a

block for the hoisting

rope. Tongs are se-

cured to the end of the

hoisting or skidding

rope and fastened
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to the logs for skidding. With the receding rope the carriage is

paid out over the cable, and controls the slack in the skidding

rope.

Hoisting for Deep Mines.—When mining is to be done at

great depths, the problem of hoisting the ore becomes more

Fig. 1,583.—Hendrie and Bolthoft neavy duty second motion double 'drum hoist with balanced
slide valve and hand brakes. This hoist is especially intended for heavy and rapid mine work.
The drums are grooved to suit rope used. They are loose on the shaft, having removable
comr^osition bushings, and are fitted with Webster, Camp and Lane band friction clutches.
This enables the drums to be used independently or for balanced hoisting from various levels,
and changes from one level to another can readily be made. Each drum is provided with a
chain drive dial indicator.

difficult than that met with in ordinary mines. For instance, the

variable dead weight of the rope must be taken into account, that

is, when the cage is at the bottom, not only is its weight, and that

of the one to be hoisted, but also the full weight of the rope,

which diminishes as the cage ascends. The rope on the descending

side becomes heavier as the cage goes down, with the result that
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it takes a great effort for the engine to start the cage or skip
from the bottom, while as the ascending cage nears the top, the
descending cage and rope may even more than balance the total
weight of the former, so that the engine has no work to do during
that period. This variable load, of course, results in poor

economy, and prevents the use of compound engines. The
difficulty IS overcome by means of a tail rope of the same size and
weight per foot as the hoisting rope.

anH ^«^t*r)?/h'^f.°^ ^'^%^fu '""P/^'"''
fastened to the bottoms of the two skips

fneufdes ornn r "^-'^^ shaft the rope passes around a sheave placedin guides, or on a carnage, according to circumstances. This arrangement
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Figs. 1,585 to 1,594.—Indicator card illustrating cycle
of operation of Nordberg convertible air hoisting ma-
chine. Card A.—In starting the hoist the throttle is

wide open and air is admitted and exhausted for the
entire stroke. Card B.—After a few revolutions the
governor takes control, shortening the cut off. Air is

still exhausted during the entire return stroke. Card
C.—^When about six-tenths full speed is attained the
point of closure of the exhaust valves is advanced to

cause compression of clearance air. When the governor
has risen to such a height as to produce the last card shown,
the air is expanded down to atmospheric pressure and

compressed to initial pressure and the engine works at perfect efficiency. Card D.—In order
to eliminate loops in the indicator card air at atmospheric pressure is admitted to the cylinder

as the point of cut off shortens, with further decrease in load. Card E.—This shows the last

diagram for these conditions when the engine is doing no work and consuming no air. Card •

F.—The hoist is now to be retarded without applying the brakes. The operator moves a

regulating lever and the hoist becomes a compressor with gear for changing the point of

closure of the exhaust valves, which allow the escape of air up to any point of the stroke.

.Card G.—By movement of the regulating lever from neutral position the amount of air

rejected from the cylinder is decreased and the amount compressed increased, (^ord "'—
A larger compressor card is obtained. Card I.—A full capacity card is obtained. ^^^^"^ •'j

—By moving the regulating lever to its extreme position an auxiliary valve is actuated and

communication established between the ends of the cylinder when the piston passes dead

center and both exhaust valves are closed. This causes the compressed air filling the space

behind the piston to flow over to the other side with an increase m pressure, a larger card

and about 50 per cent higher mean effective pressure which brings the hoist to a standstill.
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balances the hoisting rope, and the load on the engine is, therefore, at
all times only the weight of the ore that is being hoisted. This counter-
balancing is desirable, aside from the smoothness ©f operating, because
the engine can be better proportioned for the work, resulting in greater
economy.

Cone Drum Hoisting Engines.—^A development of the

single cylindrical drum with two ropes is the double cone drum
as shown in fig. 1,597; this is another way of counterbalancing

the variable weight of the hoisting rope. The theory of this

construction is that as the weight of the rope increases, the radius

at which it acts correspondingly decreases, thus equalizing the

work of the en«:ine.

Fig. 1,597.—Hendrie and Bolthoff Corliss valve double cone drum first motion hoisting
engines. The object of the cone drum is to equalize the work on long hauls by varying
the wind radius inversely with the variation in the weight of rope paid out.

The dimensions of the drum must be proportioned for each particular

case, and if used under different circumstances, the drum would fail to

fulfill the purpose of its design.

For very deep hoisting in order to balance the great weight of rope,

the central portion of the drum would become inconveniently large in

diameter, therefore this portion is made cylindrical, and is used by both
ropes. This arrangement, while it shortens the drum, makes it impossible

to balance the weight of rope.

Reel Hoisting Engines.—The reel hoist is often used where

it is not the intention to hoist always in balance, and where no
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tail rope or compensating device such as a conical drum can be
used.

The greatest weight to be lifted by any hoist is when the
loaded cage is at the bottom of the shaft, consequently all the

Fig. 1,598.—^Hendrie and Bolthoff first motion, Corliss valve double reel hoist for flat rope,
post brakes.

rope is off the drum or reel. At this point, however, the reel

begins to wind on its shortest radius. As the rope winds on the

Fig. 1,599.—Hendrie and Bolthoff first motion Corliss valve, double reel hoist for flat rope

post brakes.

reel, the total load decreases while the leverage of the rope on

the reel increases, thus keeping the load on the engine nearly
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Figs. 1,602 and I,(i03.—Conlinued.

in a position corresponding- to the movement of the operating lever. In other words,
the entire mechanism has followed the movement of the operator's lever and as soon as
he ceases inovement, the mechanism becomes locked in that position so that the operator
has the sarne control over it as though it were directly operatea by hand. Brakes, clutches,
reversing gear and throttles, where necessary
are operated by this device. Safety devices.
In addition to the mechanism above de-
scribed, safety devices are sometimes pro-
vided on hc^isting engines. These safety
devices operate as follows: At some pre-
determined and adjustable point of the lift,

the throttles are closed and the hoist is

slowed down. Throttle valves cannot again
be opened until the engine is reversed. In
addition to this, the brakes are automatically
applied it the skip over travel the dump.

Fig. 1,604.—iNordoerg xiyuiaunc or oil operate- —:_
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Reel hoists are used mostly in the western part of America. As a rule,

hoisting is done there from different levels, one car often being hoisted
from one level while the car on the other deck may come from another
level; under these conditions the hoisting cannot be done in balance.

Capacity of Hoisting Engines.—The horse power required

to raise a load at a given speed is equal to

gross weight in lbs. X speed in feet per minute

33,000

To this there should be added from 25 to 50 per cent for

friction, contingencies, etc. The gross weight includes the

weight of the cage, load, and rope. In a shaft with two cages

balancing each thus, the net load is taken.

Limit of Depth in Hoisting.—Taking the weight of a
hoisting rope, 1}/^ inches in diameter, at two pounds per foot,

and its breaking strength at 84,000 lbs., it should, theoretically,

sustain itself until 42,000 feet long before breaking from its own
weight. But taking the usual factor of safety of 7, then the safe

working length of such a rope would be only

42,000 ^7 = 6,000 feet.

If now a weight of three tons, which is equivalent to that

of a cage of moderate capacity with its loaded cars, be hung
to the rope the maximum length at which such a rope could be

used with the factor of safety of 7, is

6,000-5^ = 3,000 feet.
2

The limit may be considerably increased, by using: 1, special

steel rope of greater strength; 2, a smaller factor of safety, and

3, taper ropes.
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CHAPTER 28

PILE DRIVERS

A pile driver consists essen-

tially of a hoisting engine,

boiler, derrick, monkey or ham-
mer, and rigging, all assembled

on a foundation of heavy skids,

or on a scow.

The derrick consists of an

elevated structure having a

pulley at the top over which

passes a cable from the hoist-

ing engine drum to the mon-
key or hammer, the latter

working in vertical guides. In

operation, when the pile is in

position under the monkey,

the latter is hoisted by the

engine, till near the top of the

derrick, when the operator

releases the drum friction al-

lowing the monkey to fall and

deliver a blow to the pile.

The sinking of the pile de-

pends on the character of the

ground into which the pile is

driven.

Fig. 1 .605.—View of pile driver for land pile driving showing constructionof de"^^,^ ,^"1\""^"8^-

merit of hoisting engine and rigging. For marine use the assembly is mounted on a scow.



804 PILE DRIVERS

Opinions vary as to the. best weight

of monkey. A heavy monkey with a

short fall, is considered better than a

light one with a long fall, because the

latter is more likely to split the pile

The blow given by the heavy

monkey is firmer without undue

shock, and having a shorter

fall, the blows are delivered

quicker. Generally the

weight of the monkey
should be proportional

to the sectional area

of the pile to be

driven.

Piles having a

diameter of 10

to 14 ins., re-

quire to be
driven with a

monkey weigh-

ing from 1,000

to 1,700 lbs.

Sheet piles,

with a breadth

of 9 ins. and a

thickness of 3

or 4 ins.

quire a

1,000 to

1,700 lbs.

monkey.
Fig. 1,606.—National portable pile driver for land work mounted on trans-

verse wooden rollers for single motion shifting.
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Fig. 1,605 shows the general construction of a pile driver, the
type of hoisting engine, mounting, and rigging being plainly
shown. For marine use the assembly is mounted on a scow.

Fig. 1,607.—Mundy pile driver for land pile driving. The derrick is provided with a set of iron

rollers bolted to the bed frame of the derrick. The rollers are made elliptical, for running

lengthwise on a long wooden roller. The wooden rollers are heavily banded at the ends and
arranged for moving the derrick sideways. This arrangement permits moving in any
direction to suit the convenience of the work.
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Figs. 1,608 and 1,609.—Pile driver
fittings. Fig. 1,608 roller spool and
axle; fig. 1,609 nead block with center
oiling axle compression grease cups.

Fjg. 1,610.—Bucyrus locomotive pile driver with leaders in travelling position. This machine
has been designed for the use of railroads whose requirements demand a machine of sufficient

power and strength to drive concrete and other piles with rapidity, and with sufficient

propelling power to obviate the necessity of an attendant locomotive. The Bucyrus driver
is provided with a large locomotive boiler and has double cylinder engines of about 300 h. p.,
which are readily capable of driving the machine with a load of 250 tons, inclusive of its

own weight, at a speed of 25 to 30 miles an hour. It may be equipped with a hydraulic turn
table, capable of lifting the driver from the track and turning it end for end in ten or fifteen

minutes. Abstract of specifications.—Engines, 11 X 12 ins.; boiler, locomotive type^
54 ins. by 15 ft. 9 ins. ; boiler working pressure, 175 lbs. per sq. in. ; car length, 40 ft.

;
journals,

5M X 10 ins.; leaders, 47 ft. long; air break cylinder, 10 X 12 ins.; driving distance ahead
from center of forward wheels, 20 ft.; driving distance at right angles from center of track,
21 ft.; driving distance on turn table swung across track, 32 ft.
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The following table gives pile driver proportions as recommended
by the Lidgerwood Co.

Derrick Monkey
25 foot suitable for 1,000 to 1,200 pound
30 " " «

1,200 " 1,500
"

35 " " "
1,500 " 1,800

"

40 " " «
1,800 " 2,500 «

45 " " «
2,500 " 3,000

"

50 " « "
3,000 " 3,500

"

55 " « «
3,000 " 4,000 "

60 " « «
3,500 " 5,000 "

Figs. 1,611 to 1,614.—Pile driver fittings. Fig, 1,611, pile band; fig. 1.612 monkey or

hammer for use with friction drum engines; fig. 1,613, one pulley bracket for face of mast;

fig. 1,614, boom fitting with shank to fit pile driver hammer.
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For quick work, the following are suitable proportions of engine, boiler
and hammer.

Boiler dimensions in

Weight hoisted
inches

Weight of
Engine single rope, lbs. monkey

Diam. Height lbs.

5X 8 2,000 32 75 1,250
6MX 8 3,000 36 75 1,600
6MX10 4,000 38 81 1,800
7X10 5,000 40 84 2,500

8MX10 8,000 42 90 3,000
9X10 9,000 48 102 3,500
10X10 10,500 50 102 4,200
10X12 12,000 53 102 5,000
12X12 16,000 '56 120 6,500

The construction of hoisting engines is explained in detail

in chapter 27.
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CHAPTER 29

STEAM HAMMERS

A steam hammer consists essentially of a heavy weight con-

nected direct to a piston arranged to operate in an inverted

vertical cylinder with suitable valve gear to give proper control,

the cylinder being mounted on an A frame which contains the

guides for the hammer, and the assembly being placed over an
anvil.

The original hammer as invented by James Nasmyth was single acting,
operating simply by gravity, the function of the steam being to lift the
hammer for each succeeding fall.

The first improvement was made by Rigby, who took the waste steam
exhausted from the lower side of the piston to the upper side and so im-
parted some slight pressure in the descent. It was a stage between the
early and the present hammers. In the latter, high pressure steam is

admitted above the piston to impart a more powerful blow (compounded
of velocityXmass), than is obtainable by gravity; hence they are termed
double acting hammers.

In the modern hammer, steam is used to raise and may also be used to

drive down the hammer. By means of the valve system, steam is ad-
mitted below the piston to raise the hammer and to sustain it while the

metal to be forged is placed on the anvil.

To deliver a blow, the steam is exhausted below the piston, and the

hammer is allowed to fall by its own weight.

To augment the blow, live steam may be admitted above the piston to

assist in driving it downward.

To deliver a gentle blow, the exhaust steam below the piston may be
retained to act as a cushion.

Blows can be delivered at any point of the stroke, quickly or slowly,

lightly or with full power of the combined weight of the hammer and force
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SELF CENTERING
PISTON VALVE

THROTTLE.
VALVE

EXHAUST

HAMMER

CONTROL
LEVER

Fig. 1,615.—Sectional view of steam hammer with. direct connected self-centering lever.
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. of steam pressure. The machine may also be used as a vise or squeezer.
The various construction details of modern hammers are shown in the
accompanying illustrations.

They are rated according to the effective weight of the piston and hammer
head and range from 100 lbs. to 80 tons.

The principal difficulties met with in construction are those due to the
severe concussion of the blows, which very sensibly shake the ground over
a considerable area, accordingly, very heavy foundations are required.

The Valve Gear.—Piston valves are generally used in pref-

erence to ordinary slide valves. The periods of admission of

steam are under the control of the operator, so that the length

of stroke and the force of the blow are responsive to his manipula-

tion of the operating lever.

Many hammers can be set to run automatically for any given

length of stroke.

In order that the hammer may reproduce the movements

which the operator gives to the control lever, some type of self-

centering valve gear is essential. In this type of gear the valve

is displaced from its neutral position each time the operator moves

the control lever, and is brought back to its neutral position

by the self-centering gear, the latter receiving its motion from

the hammer.

1. By direct lever connection, or

2, By cam movement.

Fig. 1,615 is a sectional view of a hammer having direct connected self-

centering lever.

In operation, the throttle being open, if the control lever A. be moved

downward, it will displace the valve in the same direction through Imk D,

admitting steam at the top end of the cylinder and driving the piston and

hammer downward. During the movement, link C, bemg pivoted to the

hammer, moves D, downward and with it the piston valve, the latter

shutting off steam to the upper end of the cyHnder and cushioning the

exhaust at the lower end, thus "steam locking" the hammer when it has

reached a position corresponding to the position of the control lever.

The essential parts of the gear are very clearly; shown in the illustration.
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"^IG. 1,616.—Sectional view of steam hammer with self-centering cam motion.
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^ -^1^;.^^^^ ^^^^f
^^e cam type of hammer which is virtually the gear as in

tig. I,bl5 except that the self-centering lever is replaced by a self-centering
cam and connecting link as shown.

Hammer Capacity.—It is impossible to rate the capacity
of steam hammers with respect to the size of work they should
handle, as so many factors enter into the problem that any rate
given for one condition would not apply to all.

For making an occasional forging of a given size, a smaller
hammer may be used than for manufacturing the same size

Fig. 1,617.—Erie automatic safety stop. It is attached to the top of the cylinder as shown by the
cut. The pin projects through the center of the cyHnder head to a point below the top steam
port, and is ground in place, making a steam tight joint between pin and head. In case
the rod should break, the piston flying upward will not break the cylinder or cylinder head,
as the force will be absorbed by striking the projecting pin, causing all shock to be trans-
mitted through the yoke to the side rods shown in cut. The lower ends of these rods are keyed
to lugs projecting from either side of the cylinder. Usually the spring will wholly absorb
the shock; if not, the worst that can happen is the breaking of two easily replaced side rods»

pieces in large lots. As an illustration, for forging a 6 inch piece,

such as a pinion or a short shaft, a hammer of 1,100 pounds

capacity would answer, but if the general work run largely to

the same size, a 1,500 pound hammer should be used. On the

other hand, for forging 6 inch axles a 7,000 or 8,000 pound

hammer would be required to ensure maximum output.
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For general blacksmith work the following table of sizes may
be followed, with modifications according to conditions:*

Size of hammers
800 to 1,000 pounds

1,100 to 1,500 pounds

Diameter
of stock Size of hammers

Diameter
of stock

Z}/2 inches
4 inches

4J^ inches

250 to 350 pounds
350 to 600 pounds
600 to 800 pounds

5 inches
6 inches

Figs. 1,618 and 1,619.—Two types of steam hammer illustrating the di^erence between single
and double hammers.

Boiler Capacity.—For operating steam hammers the size

of boiler depends upon the number of hammers in the equipment

and the service. It may vary from one boiler horse power for

each 100 pounds falling weight, as in a forge where many ham-
mers are in use, to three horse power per hundred pounds falling

weight where a single hammer is installed at hard service.

*NOTE.—As recommended by the Niles-Bement-Pond Co.
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Fig. 1,620.—Buffalo special axle forging hammer
The feature of this design consists in providing
guides for the hammer head for its entire length,
even when hammering thin material. This per-
mits more allowance for striking a blow at the
ends of the die, and permits the use of combina-
tion dies.

Fig. 1,621.—Buffalo double frame tube
hammer. The dies are so aligned that
half round swedge dies are' available
for use away from the center of the
die as shown; this permits finishing

operations without change of dies.
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J'^iG. 1,622.—View of Niles-Bement-Pond single hammer giving names of parts and showing
foundations. The latter consists of two pieces of masonry or concrete which support the
bedplate and need only extend below frost line, and a separate one of timber for the anvil.,

extending beyond the others on each side to gain more bearing surface. The anvil pier
is made separate from and deeper than the other piers, to reduce the effect of concussions
due to the hammer blows. All the piers should rest on solid ground, or if in marshy places,
upon piles or timber platforms. Should the anvil settle and require readjustment, it can
be readily reached by removing the earth at either side.
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Figs, 1,623 and 1,624.—Typical cross sections of main frame of Buffalo standard guide o\
combmed hammers. Fig. 1,623 top of guides; fig. 1,624 bottom of guides.

*NOTE.—Erecting Niles-Bement-Pond hammers. To set single frame hammers:
Place the hammer over the anvil. Let the dies come together. Plumb the piston rod and
adjust the aavil or bed plate, as most convenient, until the die faces match exactly; then
insert the anvil keys and screw fast to the foundation timbers with woodscrews. To erect
double frame hammers: Set the anvil perfectly level, being sure that all parts have a good
bearing. The die faces should come together so as to bear all over and not on one or two points.
Place the bed plate over the anvil, level carefully and bolt down. Place the ram upon the anvil
with both dies keyed in. Erect the frames. Bring the guides together against the ram and
bolt to bed plate. Bolt on the cylinder and insert the piston. See that taper- hole in ram
and taper end of piston rod are perfectly dry and free from oil or dirt. If sent connected they
need not be disturbed. To set valves: Place the latch handle central on its rack and ram
at half stroke. The valve should then be central with steam ports and laps equal; if not,
adjust by screwing or unscrewing valve stem connection. When properly adjusted the steam
will hold the ram down on the anvil or up against the bumpers by placing the latch handle
at the bottom or top of its rack. A satisfactory packing is one of the manufactured kind,
made to suit diameter of rod and box, as well as depth.

*NOTE.—Starting arid maintenarice (Niles-Bement-Pond hammers). To start the
hammer: First see that piston rod is driven in ram sufficiently firm to lift it. This can be
done with a heavy bar or sledge. Then by steam, strike several hard downward blows, with hot
metal or lead between the dies, in order to more securely jam the taper end of the rod into
the ram. Do not allow the ram to strike the spring bumpers until it is secure. The taper pin
through the ram does not hold the piston rod and ram together, but is intended to prevent the
rod flying out should it become loose. The real hold is the taper fit of the rod in the hole
of the ram. Ordinary care should be taken in driving the anvil taper keys not to force them
harder than necessary to hold the parts together securely, as such treatment, together with
expansion of the parts when hammer is in service, may cause the anvil cap to crack in corner
of die notch. Oil cylinder and working parts. Do not use tallow, but good lubricating oil.

Open the drip cock.
' Place the latch handle at top of rack and turn on very little steam. If the

valve will not drop freely at first, pull it down by hand until the cylinder becomes well warmed.
Close the drip and practice the effect of different positions and motions of the handle with

very little steam, until familiar. Be careful not to hammer upward or to strike the dies to-

gether carelessly when cold. See that the dies have good bearings in anvil and ram; bearings

at the corners or center only are likely to cause breakages. The anvil must be level and die

faces bear on each other over their entire surface. When the top of the ram is flush with V
mark on the guide, the piston head is striking the bottom of the cylinder; the anvil should

then be raised or a higher die used. At night, when work stops, always leave the drip open

and the handle at the top of rack. This will prevent freezing. Examine the packing rings

in the piston every three months. To get at them remove the buffers and the piston stuffing

box packing. Raise the ram until the piston head rises out of the cylinder. To remove
piston from ram: Raise the ram to the top of stroke. Wedge a steel pm in the center

hole in its under side, against the bottom of the piston rod; then allow it to drop upon the

anvil. The pin will drive the piston out. To remove main valve; The lower part oi
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Fig. 1,625.—'Cross section of small double frame hammer, showing the hammer head set at
an angle with the columns, a construction allowing the use of straight line dies without
twisted faces, and making the hammer suitable for general blacksmith work.

Fig. 1,626.—Cross section of large double frame hammer. On this hammer work is confined
to the making of forgings, and in this process forgings are only worked crosswise of the die.

^OTB—Continued.

main valve is about one-sixty-fourth of an inch larger than upper part, to insure a slight down-
ward pressure of the valve. When removing the main valve, the liner or bushing must be
taken out at the same time, on account of the valve proper being somewhat larger in the lower
portion. Do not try to force valve through the casing. The steam pipe should be well
jacketed. Keep the machine well oiled, but use no tallow. The exhaust pipe should incline
downward from the hammer, if posi^ible, or a drain pipe be connected with it to draw off the
water . No cock in the drain pipe.
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The capacity of a steam hammer or its rating is the weight

of the ram and its attached parts, such as the piston and rod.

The steam pressure behind the piston is not considered as

far as the rating is concerned. For example, a 1,000 pound
hammer has reciprocating parts of that weight.

Rule.—Multiply the area of the largest cross section to he worked by 80, if

of steel, or 60, if of iron, and the product willbe required rating of the hammer
in pounds.

Example,—The capacity of a. hammer for working steel billets 5 inches
square would be determined as follows: 5X5 = 25 and 25X80 = 2,000,
which is the rating of the hammer in pounds. A hammer rated according
to this rule is an economical size to use, although it can, of course, be em-
ployed for heavier work.

Hammers should be operated with steam at a pressure of

from 75 pounds to a more efficient pressure of 100 pounds per

square inch. They also may be operated by compressed air,

in which case the operating valve should be fitted to suit

For average conditions the boiler horse power can be deter-

mined approximately as follows:

Rule.—Divide the rated capacity of the hammer in pounds by

100, and the quotient will be the boiler horse power required for

continuous operation.

Example,—If a hammer be rated at 2,000 pounds, the boiler horse

power would be 2,000 -r- 100 = 20.

The rule also applies in cases where the hammer is not used continually,

by estimating the amount of idle time and making suitable allowance, but

the boiler capacity must not be reduced to such an extent that there is a

decided diminution in the pressure during the working period.
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The capacity of most of the board drop hammers in use varies from 800

to 1,500 pounds; the steam hammers found in drop forging plants usually

range from 2,000 to 5,000 pounds capacity, for handling average work. It

does not seem practicable to build board drops larger than 3,000 pounds
falling weight, and where the forgings are heavy enough to require a capacity

over 1,500 or 2,000 pounds, steam hammers are usually preferred. The
latter type is also preferred in some forge shops for all classes of work. It

is generally conceded that the cost of operation and repairs is greater for

steam hammers, but the latter has a greater output for a given capacity.

Board Drop Hammers.—This type of hammer is generally

considered superior to the steam hammer for producing drop

forgings of small and medium size. When the work is heavy
and requires a great deal of "breaking down" or drawing, or even

when the forgings are light, but have thin sections that cool

quickly, thus requiring sharp, rapid blows, the steam hammer
will usually give better results than a ''board drop."

The power required for operating board drop hammers varies consider-
ably with the nature of the work. Very little power is required at the point
of "pick up," if the work be practically "die to die" ; but when the work is soft

and there is no rebound, a great deal more power is required, as the rolls have
to pick up a "dead load" from rest and there is little kinetic energy in the
driving pulleys. When there is a good rebound, with the knock off properly
timed, the board will be moving upward with considerable velocity when
engaged by the rolls, and much less power is required. Seasoned maple
boards have proved superior to any other kind for board drop hammers.
Paper fiber has been tried with fair results, but at present the cost of this

material is too high.
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CHAPTER 30

STEAM SHOVELS

There are few engineering problems which contemplate ex-

cavation of earth or rock that do not warrant the use of a shovel.

In railroad construction they are employed for making cuts

and for digging material, which is deposited into cars to make
fills and enbankments and for loading gravel for ballast purposes.

For large canal excavation and for shipping overburden from

ore deposits and loading the ore, they are in common use.

There is scarcely a large brick or clay plant, gravel, cement,

or rock quarry that does not consider a shovel an essential part

of its equipment. These and many other varied fields for which

shovels are used, naturally give rise to numerous types, which

may be classed:

1. With respect to locomotion, as

a. Track;
{skids and rollers;

wheels-
caterpillar.

2. With respect to radial action, as

a. Revolving;
b. Swinging.

3. With respect to the lifting gear, a^.

a. Chain;
b. Wire rope.
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swing type, and shows the mechanism necessary to produce the

compound crowding and hoisting motion.

The dipper is suspended by an adjustable arm, hinged to a carriage or
trolley moving horizontally along a suitably designed trackway. This
enables the shifting of the point of rotation of the dipper so that the

~^-—v^j

Fig. 1,629—Thew horizontal crowding motion, for handling shallow cuts, removing con-
crete and macadam, digging clay and shale, and in general contracting work. It is as nearly
automatic as can be expected or desired, and renders the machine practicable for cuts as
shallow as six to twelve inches. A cranesman is not required. When power is applied the
dipper moves forward into the material, enabling the dipper to fill completely in very shallow
cuts. In deeper cuts the trolley is moved forward just enough to secure a cut through the
face of bank that will fill the dipper when cut is completed. When reaching the end of the
stroke, on either the forward or return movement, the trolley engages a trip rod which
throws the throttle of the crowding engine into a neutral position. The range of the crowd-
ing motion is such as to permit a long forward movement and correspondingly decrease the
frequency of changes in position of shovel. Through the use of horizontal crowding the dipper
cleans a floor to the grade upon which the shovel is being operated, thus reducing hand
labor about the machine, and the number of pit men required.

hoisting force is at all times exerted in the most effective manner, while the
crowding force is applied, in a horizontal direction. This type of shovel
resembles in a general way the famiHar type of locomotive crane, having
its operative mechanism mounted upon a rotary bed plate or turn table
and carried upon a single four wheel truck.

The shovel swings through a complete circle, delivering the excavated
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material at any desired point either at the side or in the rear of the machine.
With shovels of this type, sections of track upon which the shovel operates
can be readily handled from rear to front by means of chains hung over the
dipper teeth.

Fig. 1,630.—Thew shovel; view illustrating prying motion and swivel dipper arm. In operation,
by the manipulation of the horizontal crowding motion, a powerful prying action is obtained,
the operation being similar to that of a man using a crow bar. ^ The teeth of the dipper are
forced under the material and the reverse of the crowding motion applied. The result is a
prying action sufficiently powerful to break up most hard materials without the necessity of
previously "breaking the bond" or loosening it in any way. The dipper arm, on machines
having the horizontal crowding motion, is round and retained in the dipper arm sleeve by
means of a swivel clamp. When one of the dipper teeth or one side of the dipper encounters
an unusual obstacle, the round dipper arm swivels in its socket, permitting a limited lateral

motion. At the same time the dipper arm is relieved from severe torsional strains, which
would otherwise be transmitted to the boom, while the pull of the hoisting cable is equalized
over the entire cutting edge of dipper lip. By means of the clamp, which also provides the
swivel motion, the length of the dipper arm can be adjusted to give the proper cutting angles
for the dipper and to dig to any desired depth within a range of about 30 inches below the
level of the wheels.

A horizontal motion is imparted to the dipper, by its suspension from
a carriage or trolley moving horizontally along a suitably designed track-

way. The shovel is mounted upon car wheels, set to narrow or standard

gauge, or upon traction wheels, for transportation over city streets; is self

propelling.

The hoisting, swinging, and crowding motions are controlled by double
horizontal reversing engines. Some of the dimensions of a small full circle

swing shovel are as follows:
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Swing of boom 18'

Height of boom 18' 6''

Lift of dipper 10'

Radius of cut 20'

Length of crowding 5'

Hoisting engine double. . . .5X6
Swinging engine double. . , .4X5

Crowding engine double . . 4X5
Vertical boiler 36X84
Steam pressure. 10X100 lbs.

Boiler feed Injector
Capacity of dipper ^-/4 cu. yd.
Rated capacity per hour . .35-40 cu. yd.
Approximate weight 27,000 lbs.

Fig. 1,631.—Semi-
portable mount-
ing consisting of
rollers and skids.

Fig. 1 ,632.—Caterpillar traction, a desirable mounting where the machine is to be moved about
to any extent.

Fig. 1.633.—Four wheel
equalizing trucks.
Xhese may be all non-
propelling in which
case the drag lines
move in the same
way as when mounted
on skids and rollers

or two of them may
be driven by power
from the main engine.
On the two smaller
drag lines the trucks
would be mounted directly under each corner gf the base, but on the twO larger
two of them can be mounted on an equalizing beam as illustrated.

drag lines»
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Fig. 1,634 shows a track shovel of the swing type. Here, in-

stead of the entire machine turning, the boom carrying the shovel
is pivoted which permits radial movement but to a lesser extent
than in the revolving type.

1̂̂̂̂̂
y8'- /U
lr» '"Si'' '

Fig. 1,634.—Bucyrus steam shovel for general contracting and railroad work in averaj:

materials.

Fig. l.Ooo. 1 US) ^Lcei om showing swinging and bo.^i ; thrusting gt^^

Traction Devices.—Fig. 1,631 shows a semi-portable rig

consisting of skids and rollers. This forms a standard mounting

for dray line work. When mounted in this way, the dray line

(later described) travels on a track of plank laid on the ground

and is pulled ahead by pulling itself up to its bucket, which in



823 STEAM SHOVELS

this case forms an anchor. The caterpillar traction is shown in

fig. 1,632. Where the machine is to be moved around to any
extent this is an ideal mounting as it eliminates the gang of men
necessary to carry plank and rollers, or to handle track sections.

Modifications of Standard Shovels.—The term standard

shovels, applies to those machines having dimensions and char-

acteristics which long experience has shown to be most efficient

Fig. 1,636.—Bucyrus swinging and crowding engine. It is a double cylinder center crank re-
versing engine. The bed plate is a single casting, with' bored guides for the main cross head,
and rocker connection for the valve stems.

and best adapted for general requirements. Modified forms

are often necessary to meet special conditions of service, and

the following modifications are frequently employed.

Sewer Trench Booms,—For sewer trench work at considerable depths
below the surface, special booms with long dipper handles and special

dippers of reduced capacity designed particularly for such conditions are

recommended. Because of the increased leverages and proportionately
greater strains such booms are of extra heavy construction. Frequently
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mmm^x.x:ii-. _^ _;_

Figs. 1,637 to 1,641.—Various
types of Thew steam shovel.
Fig. 1,637, type O shovel
using horizontal crowding
motion to excavate shallow
sub- grade for paving; fig.

1,638, type O shovel with hori-
zontal crowding motion ex-
cavating a through cut inroad
construction work; fig. 1,639,
type O shovel using shipper
shaft mechanism and long
dipper stick in trench exca-
vation; fig. 1,640 example of
high lift work done by Thew
shovel eq^uipped with long
dipper stick; lift is 20 ft.

above level of wheels; fig.

1,641 example of how Thew
shovel digs its way down to
the level of the excavation.
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the machine is coun-
terweighted to com-
pensate for the
additional weight of
boom.

Clam Shell
Booms.—^For clam
shell operation or for

use as a locomotive
crane a special boom
is provided with
auxiliary mechanism
for derricking boom
and handling second
rope of clam shell or
orange peel bucket.
For railway construc-
tion the standard
shovel is frequently
employe din the
manner indicated on
the opposite page.
For emergency re-

quirements the so-

called single rope
clam shells may be
used with standard
booms.

Drag Scraper
Booms,—For Type 1

and larger shovels
special booms can be
furnished with neces-

sary mechanism for

handling drag scraper
buckets. Counter-
weighting is essential

to secure a proper
radius of action.

Jack Knife
Booms.— For work
on city streets it is

at times desirable to
reduce the clearance
height of boom to
swing under trolley
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Fig. 1,643.—Bucyrus shovel with special long boom digging full height of 35 foot gravel and
clay bank.

Fig, 1,645.—-Bucynis revolving shovel with caterpillar traction digging a sewer trench.
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wires. This may be accomplished without interfering with the efficiency

of the shovel in general work by having an adjustable section at end of

boom as shown on the opposite page.

High Lift Booms.—Local conditions sometimes demand the use of

longer booms to secure greater dumping height or radius. Such modifica-
tions result in decreased efficiency, loss in stability and hoisting power

^

reduced operating speed and increased strains on swinging mechanism

»

They should be avoided if possible.

Fig. 1,646.—Bucyrus double hoisting engine with hnk motion reverse,
single iron castings, with bored guides for the cross heads.

The bed plates are

Special Boilers,—When shovels are to be employed in localities having
boiler requirements of a special nature, such fact should be specified in
placing order.
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CHAPTER 31

TRENCHING MACHINERY

The varied conditions met with in excavating work give rise

to several types of machine in addition to those classed as

steam shovels, and which are properly known as excavators

or trenchers. The principal machines of this class are:

1. Drag line excavators;

2. Trench excavators;

3. Ditching machines.

Drag Line Excavators.—Machines of this type, though not

properly classed as steam shovels, are closely related, for with

the addition of a boom and dipper handle they become steam

shovels.

This machine is becoming recognized more and more as capable of doing
work which formerly had been done by hand and team labor and in many
cases supplements work commonly done by the steam shovel and the

dredge. Its broadest field is perhaps the field of irrigation and drainage

ditches.

Because of its wide radius of action it can deposit the material far

enough from the cut to keep the weight off the banks and prevent caving.

Furthermore, it can dig a much better slope than it is possible to make
with a dipper dredge or a steam shovel. It is especially efficient in levee

or dam building where it may travel parallel to the work and borrow the

material from one side.

Experience in Louisiana, on reclamation projects in the West, and else-

where, has proved conclusively that it will construct as compact and
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watertight embankment as
can be built by any other
method. In hke manner rail-

road fills may be constructed.
Here the rehandling of the ma-
terial and the necessary extra
equipment can be done away
with. Sand, gravel and clay
pits are also being successfully
operated by these machines.
Inasmuch as it digs below the
level on which it stands, rain
may occasionally flood the
excavation without stopping
the dragline, whereas a steam
shovel would be "drowned
out." Many pits which have
been worked down to water,
have been re-opened by the
aragline by virtue of this fact.

Its wide reach, furthermore,
eliminates the necessity of
frequent moving. Draglines
are also being used for placer
mines where conditions pre-
vent the economical use of a
large gold dredge.
Some of the dragline ex-

cavators now in use are virtu-
ally adaptations of light

hoisting machines capable of
giving fair results only under
the most favorable conditions
and often not even then.
This has led to a general
misapprehension as to the
actual field of a machine built,

as it should be, built along the
substantial lines of a steam
shovel. Effective and econom-
ical operation requires both
speed and the great strength
necessary for continuous oper-
ation.

The accompanying illus-

trations show the con-

struction and operation of

dragline excavators.
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Trench Excavators.—Perfect ditching is reproducing in the
ground exactly to form and dimension the engineer's computed
ditch plans. These plans invariably call for sloped sides, wide
berms, even spoil banks and a smoothed channel true to line

Fig. ,1,651 —Bucyrus dragline excavator stripping phosphate 300 feet from digging, to dumoinepoint. A good operator can throw the bucket from 10 to 40 feet beyond thfend of the^S^mdepending upon the size of the machine, and the conditions under which it is working Th?digging depth does not conform to any fixed rule. It increases with the length of the boombut vanes greatly with the material being dug.
icngLu oi xne ooom,

Fig. 1,652,—Bucyrus drag line excavator on caterpillar traction digging small drainage ditches.
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and grade. Unless there be no merit in this precision of en-
gineers' ditch plans, these plans should in actual construction
without question be reproduced in the ground.

There is merit in the truly planned ditch section. Volume
of flow, speed of current, caving of banks, silting of channel,

Pig. 1,653.—^Austin excavator beginning ditch showing method of dumping buckets. This
type of excavator is adapted tQ digging nearly all kmds of ditches when supported on a
track resting on the surface of the ground, as shown, one rail being placed on each
side of the ditch (or roller platform traction). Thus mounted, it easily propels itself for-
ward or backward at the will of the operator. The presence of water in the ditch does not
seriously interfere with the yardage capacity. By commencing at the outlet or lower end
of the ditch, the water is disposed of to quite an extent, and generally the machine passes
over the wet ground comparatively dry shod. Large lakes and extensive swamp areas have
been drained in this manner. A ditch left smooth contains no obstructions, and since banks
and bottom are true to grade, it is impossible for it to be filled by erosion, as there is nothing
to obstruct the flow of silt, and a waterway of maximum capacity is therefore maintained.
Excavated in this manner, the earth taken from the ditch is comparatively dry and is de-
livered at a distance, insuring a berm of practically any desired width, and the waste banks
are therefore never returned to the ditch by erosion, nor will the banks cave, as is the case
when torn up by dipper dredges that can deliver the waste banks only immediately ad-
jacent to the ditch.

NOTE,

—

Perfect ditches,—Don't fall into the error of assuming that any sort ot a channel
which will carry water makes a good enough drainage ditch. To produce a perfect ditch the
following requirements must be fulfilled: 1, the bottom of the ditch must be true to grade and

. free from roughness. 2, the sides of the ditch must be true and smooth and must slope back
from the bottom at an angle flat enough to prevent the earth falling, caving or shpping.

3, the earth below the true planes of the bottom and sides must be left undisturbed and as

firm as nature made it. 4, the material excavated from the ditch must be deposited far enough
away from the edge not to work or slide back and not to bring a caving pressure on the edge of

the ditch. 5, the spaces between the edges of the ditch and the bottoms of the spoil banks,
which engineers call the berms, must he wide and clean.
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minimum of excavation are all taken into consideration by
the engineer and his plan of ditch section is the one that best

meets all requirements. To vary from his plans may cheapen

excavation but it is at the expense of efficiency of the ditch.

The function, then of a trench excavator is to reproduce in the

"Fig. 1,654.—Small sewer trench dug by Parsons excavator at Aberdeen, S. D. The machine
is seen at the farther end of the ditch.

,
ground in one operation the form and dimensions of the engineer's

planned trench section. That is to say, a trench excavator digs

to template.

A typical trench excavator such as is shown in fig, 1,653, and

suitable for digging drainage and irrigation ditches and building
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levees, consists of a structural steel "frame" which spans the
ditch and propels itself on wheeled trucks (or caterpillar traction
wheels) running along the berms. This frame supjxjrts the
operatmg machinery and also a bucket guide frame. The
bucket guide frame has vertical movement. When hoisted it

K-'

WATER
LEVEL

Fig. 1,655.—Parsons ditching machine. It consists of a portable boiler and engine, the latter
connected by suitable gearing to the digging mechanism which consists of a chain of buckets
as shmvn, traveling around three double sprockets, and having near the top a conveyor for
depositing the excavated material to the side of the ditch. An oscillating device permits of
making a ditch of any width between 22 and 42 inches, and which consists of a double worm
mechanism with reversing gears which deliver the oscillating power at two points on the digger
boom. The double engine delivers power through a large fly wheel and expanding clutch
direct to the digging buckets. Traction, steering and hoisting power are delivered inde-
pendently by a sprocket on the crank shaft. Power steering is through worm and quadrant,
shifting one lever being the only operation necessary. The hoisting device is operated
through a worm gear by one lever and permits the grade to be maintained. Power is applied
to the driving wheels at the wheel rim by bull pinions, these pinions being keyed to the
differential shaft. The drivers are supplemented by a heavy steel cable mounted on a drum,
which is geared to the driving shaft. In case the drivers should slip in soft ^und, the
cable may be attached to a dead man ahead and traction obtained regardless oi the action
of the drivers.
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rides clear of the ground, and from this high position it can be

lowered by degrees to the depth below the surface of the trench

bottom. This guide frame is the template, made to the en-

gineer's ditch plans, on which the excavating bucket travels

and cuts the ditch exactly to desired shape. <

When grade is reached the guide frame is raised to high point, the machine
moves itself ahead the width of the bucket and the operation is repeated.

The travel of the excavating bucket is across ditch. It shaves off a thin
slice down one side, across the bottom and up the opposite side. It then
makes a return stroke, repeating the cut in the opposite direction. The
frame carrying the bucket is lowered as the ditch increases in depth, so

that banks and bottom are cut to exact specifications. There is no loose

earth left in the trench, and the original strata of earth in the banks and
bottom are undisturbed and remain perfectly firm.

The machine constructs a trench any reasonable depth, with slope of

sides 1 to 1 or 13^ to 1, at a single operation. The waste banks are also

, constructed at a distance from the trench, and they may be made con-
tinuous to serve as dikes, thus increasing the capacity of ditch; or the
earth can be delivered to either side, and at various distances.

Ditching Machine.—This type of excavator differs from a

trenching machine in that it digs a narrow deep trench or ditch

with vertical instead of sloping sides. Its essential features are:

1, a system of digging buckets which operate in the direction of

the excavation instead of transversely as in a trench excavator;

2, a conveyor that will deposit the excavated material on either

side of the trench at the will of the operator; 3, propelling

mechanism. Fig. 1,655 shows a type of ditching machine suitable

for digging ditches of considerable depth and having a range

of width between twenty-two and forty-two inches.
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CHAPTER 32

DREDGES

A dredge may be defined as a marine or floating excavator;

their construction has much in common with the steam shovels

and excavators described in the preceding chapters. There
are several types of dredge, designed to meet the varied con-

ditions of dredging; these may be classed as

1. Dipper;

2. HydrauHc or suction;

3. Elevator.

Dipper Dredges.—This type of machine is virtually a floating

steam shovel. It has in common with the shovel, the character-

istic features of dipper, handle, boom, rigging, etc. The ma-
chinery being mounted on a scow or flat bottom hull.

For securing the dredge in position a system of spuds is em-

ployed. These consist of heavy timbers (usually reinforced)

which are arranged to move through supports, and by means

of cable or rack and pinion movement can be let down vertically

and stuck into the bottom of the stream, thus anchoring the

dredge.

In some cases the spuds are arranged in an inclined position

so as to project to the banks or sides of the stream. Fig. 1,660

shows the general arrangement of a dredge with convertible

band and vertical power spuds.



844 DREDGES

o oj-d ** 0)1;

»oo £.5 o > 2

^ X ,„ eo l^ P- a;

OJ+i'O ^ o S^

.- .i<4-4 (u P< bo
•^ U' o M U) g rt

to a'^-S-o ^ ^

.«:^rC3 +-" o <-> <i>

rt-p^ B c «^ £

boy, cC^ rt 'B< (u

TJ c ;s^ £ M " .

o «^_ r3 o (u rt
"C «3S O O U^ "

•^ tot^.2 g* o

u. C-, j:::-^ c^ '-

« . P
-J^ a; •3 >.



DREDGES 84."

Fig. 1,657.—Marion dipper dredge improving Louisiana Canal system.

Fig. 1,658.—Manon dipi)cr dredge, having 92 foot reach with 83 foot boom.

Fig. 1,659,—Marion dipper dredge cutting ditch through timbered country.
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Hydraulic or Suction Dredges.—The essential feature of

this type of dredge is a pumping plant of considerable capacity,

having a suction pipe projecting over the side of the dredge

hull and so hinged that it can be lowered and moved radially

over the surface of the material to be dredged.

In operation, the dredging pump creates a partial vacuum in the suction
pipe which produces a strong velocity of water in same, sufficient to draw
in the material and keep it moving; and the pump also produces the

Fig. 1,660.—Fairbank's convertible bank and vertical power spuds. They are operated by-

means of powerful gears meshing into heavy wide racks attached to the spud members as
shown. The drive is by a worm on a horizontal shaft. The method of operation enables
the dredge to be moved either fore or aft. The power is supplied by independent reversing
valve engines compounded and direct connected to driving gear, rwhich gives the operator
comDlete control. On small machines the spuds are operated by sprocket and chain from
hoist engine.

pressure necessary to force through the discharge pipe line to distance
desired, and at the same time elevates to reasonable height.

If, occasionally, the material should be found too hard packed, a few
jets of water under pressure from a centrifugal pressure pump delivered

at the suction intake will help in boiling up the sand so that the pump
can draw it in to better advantage.

For general dredging service where all classes of material will be handled
it is necessary, however, to use an agitator or cutter to cut and loosen the
material, after which the pump will draw it in to the suction pipe.
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Here the suction pipe i

mounted within a structu-
ral steel ladder hinged to
the dredge, of suitable
length to dredge to the
depth required, and of very
heavy proportions to stand
the strain due to dredging
in hard material. The
cutter is provided with a
series of cutting blades
and ismounted on a power-
ful shaft supported on the
ladder and driven through
gearing from an indepen-
dent engine. If properly
constructed even shale
rock can be dredged.

Usually two spuds are
arranged in the stern of

the dredge that act as
anchors to hold the dredge
in position. By means of

winging lines to either side

of the dredge controlled by
a hoisting engine, the
dredge is swung from side

to side on the spud as a
pivot and thus the dredge
can also be moved for-

ward as the work progress-

es and the dredging opera-
tion be perfectly control-

led.

The hydraulic dredge is

very economical in hand-
ling sand, gravel, silt, mud,
clay, loam, etc., in fact, it

can be used in all classes

of material except solid

rock.

The dipper dredge, ele-

vator dredge, or other

types of dredges, are effi-

cient machines but neither

can deliver the material

except within a very short
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radius of the dredging operation. If the material is to be delivered at any
distance it must be done by means of, for instance, dump scows requiring
tug boats, etc.

The hydraulic dredge not only dredges the material, but also delivers
it to just the point desired as regards distance and height, all with one
operation; and the cost of the dredge, considering its capacity, is less

than any other type of dredge.

A dredge is most efficient when handling the greatest amount of material

with the least amoimt of water.

Fig. 1,663.—Detail of Norbom cutter and suction pipe, showing both in operation under water,

By the use of the rotary cutter and by systematically swmging the

dredge and moving forward on the spuds the amount of material fed to the

pump can be regulated so that the dredge is carrying the maximum per-

centage of material constantly.

The operator or lever man has before him a vacuum gauge showing the

vacuum in the suction pipe and a pressure gauge showing the pressure

in the discharge pipe; the reading of the vacuum gauge when handling

material is greater than when pumping water only, and ^hc operator shortly

becomes proficient so as to keep the vacuum readmg at the point ^^hlch

carries the greatest amount of material without choking the pipe.
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The power required to drive the dredging pump depends

upon the elevation above surface of water to which the material

is to be raised, the length of pipe through which delivery is to

be made, and character of the material.

In fine sand, silt or mud, a high velocity through the discharge pipe line is

not necessary to obtain satisfactory results. In coarse, heavy sand and
gravel the velocity must be high.

Overcoming the friction through the discharge pipe, therefore, represents
a large portion of the power that must be expended in driving the pump.

Figs. 1,666 to 1,668.—Plan and elevations of centrirugal pump direct connected to compound

engine as used on hydraulic dredge.

In pumping water only, large pipes are used to reduce the velocity and

frictional resistance and thus save power. In a dredging pump a high

velocity is necessary, however, so that the material may be carried through

the pipe without settling and choking the pipe.

For most economical operations as regards power used, the velocity

through the pipe line should not be higher than is just necessary to carry

the material satisfactorily.
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As the frictional resistances decrease with larger sizes of pipe, it follows

that with long pipe lines the larger dredge becomes the more efficient in

use of power and operating cost per cubic yard handled.

With easily handled material the delivery pipe may be a mile

in length or more.

With heavy material, requiring high velocity, the length of the pipe

line can usually not exceed 4,000 to 5,000 feet. For longer pipe line the
pressure required on the dredging pump becomes too great; there will be
difficulty in maintaining the rubber sleeves joining the pontoon pipe,

and the wear on the dredging pump becomes excessive.

STUFFING BOX
FLAN6EL

Pig. 1,669.—Ball joint and hinges on suction pipe of hydraulic dredge.

The practical maximum discharge pressure is from 45 to 55

pounds.

For long pipe line it therefore becomes necessary to use relay pumps;
that is, the dredge pump delivers through a certain length of discharge
pipe into the suction of a relay pump, which pump then delivers through
the remainder of the pipe line.

For high elevations and very long lines several relay pumps
may have to be used.
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Fig. 1,671.-20 inch Bucyrus hydraulic dredge digging a canal, showing? cutter in operation.

Fig. 1.672.—Spoil pile of rock from a 20 inch Bucyms hydraulic dredge.
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The efficiency of a dredging pump is usually from 40 to 50 per cent. As
the pump must be built with large openings to pass all classes of material
the efficiency must be largely disregarded. The main requirement is

ability to keep going.

For sake of economy dredging pumps of medium or large size are usually
-directly connected to compound or triple expansion engines.

To better adapt a dredge to the varying conditions of length of pipe
line and elevation it is well, with a directly connected pump, to provide
several different diameters of impellers so as to enable full boiler capacity
and the maximi m horse power of the driving engine to be utilized at
all times.

Fig. 1,673.—Plan of winding machinery of Norbom hydraulic dredge. The standard outfit

has five drums, each with friction discs and band brakes, all operated from a set of levers

in the pilot house. The bearings rest on cast iron stands. The winding machinery is some-
times made with six drums, which is especially useful when the ladder is made for inde-
pendent side swing.

With a long pipe line a large diameter of impeller is required.

If same impeller were used with short pipe line the engine speed would
be held down so that the engine could not deliver its maximum power.
Therefore with the short line a smaller impeller s-hould be used, enabling
the engine to speed up and deliver its maximum power and thus a greater

amount of material be handled.
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Fig. 1,674.—Parker pontoon pipe coupling being assembled.

Fig. 1,675.—Parker coupling ready for usa.
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The machinery of a hydrauh'c dredge may be divided into

several units or groups, as

1. Boiler plant;

2. Steam piping and auxiliaries such as condensers, auxiliary

pumps, feed "water heater, hot well and all such auxiliaries

necessary to make a complete plant;

3. Pumping unit.;

4. Cutter machinery

;

5. Winding machinery;

Fig. 1,676.—Arrangement of operating levers on Norbom hydraulic dredge. These levers
can be divided ihtb two groups of five or six levers each, in place of one group as here shown.

6. Hull piping and fittings;

7. General fittings such as sheaves, wire rope, moving bits,

spuds, and frame fittings, etc.

Usually some type of shell boiler is used. The -dredging pump is of the

centrifugal type, sizes 6 to 20 inch being used in the western rivers for

dredging sand and gravel for building purposes and other uses. Here
usuaUy the sand lies loose and the suction force of the pump is sufficient
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Fig. 1,678.—^Bucyrus 3^ ft. gold elevator or placer dredge at work xiear Nome, Alaska.

Fig. 1,C79.—Bucyrus 9 ft. gold elevator or placer dredge
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to draw it into the suction pipe and obtain a satisfactory capacity without
the aid of an agitator.

The dredge for this class of service becomes exceedingly simple, consisting

principally of the dredging pump with its driving equipment mounted on
a scow; the suction being a pipe of suflficient length to reach to the bottom
with a piece of flexible suction hose in same to give necessary flexibility

so that the suction can be raised and handled as desired.

The material is usually delivered into a flat deck scow with raised sides,

so that the sand is retained and the water flows back into the river. Some-
times these dredge boats are self-propelling and provided with hoppers
into which the material is pumped.

Fig. 1,680.—Marion gold dredge used in winter gold dredging, Alder Gulch, Montana.

Elevator Dredges.—This t3^pe of dredge is constructed with

an endless chain of buckets which travel on sprockets attached

to suitable booms, the rig being designed for such service as ex-

cavating gold bearing material.

The material is deposited near the center of the dredge, where

it is dumped into screens which separate the stones and coarser

material from the gold bearing sand. The sand then passes

over riffles and gold saving tables and, after the gold is col-

lected, passes on to the tailings pile at the rear.

Fig. 1,680 shows Marion gold dredge used for winter gold

dredging, Alder Gulch, Montana.



CONCRLTli MIXERS
. 359

CHAPTER 33 ,

CONCRETE MIXERS

Concrete mixture is cement, sand, and gravel or broken
stone, mixed with water. The quaHty of a concrete mixture is

determined by -^-^

1. The quaHty and proportions of the materials composing
it, and

2. Its uniformity.

Hence, the best mixture depends not alone on the quality

of material but upon the qualit}^ of the mixing.

To properly mix concrete, the elements must be successively subdivided
and re-arranged in new relations toward each other. To keep the fine

pieces from sifting to the bottom, a pouring action is necessary, combined
with a horizontal endwise movement, averaging all parts of the batch.

The essential parts of a concrete mixer are:

1. Charging hopper;

2. Mixing drum;

3. Water tank;

4. Discharge device.

The Charging Hopper.—This should be not over, 36 to 40

inches high, so as to be convenient for either shovel or wheel

barrow charging. It should also be wide enough to receive

the discharge of an ordinar}^ concrete barrow, and have high

wings to keep the gravel from spilling.
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Fic;s. 1,GS1 to 1,683.--Various types of

Marsh-Capron mixers. Fig. 1,681, mixer
with gas engine drive; fig. 1,682, No. 4
mixer steam power; all levers are operated
liy one man on platform built over the
mixing drum; fig. 1,683, No. mixer with
10 h. p. engine; fig. 1,684, No. 3 mixer
with hoist and 25 h. p. engine; fig. 1,685,

gasoline engine mixer.
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Fig. 1,686.—Lakewood charging hopper.

Fig. 1,687.—Grand charging hopper. In operation, as hoppers B, and C, reciprocate back-
ward and forward, the material that is thrown into hopper B, is forced toward the mixing
trough at one move of the hopper, shoving charge I, off into the mixing trough and at the
same time "striking off" charge J. At the next movement of the hopper, charge J, is shoved
into the mixing trough and charge I, is "struck off." The amount of these charges is de-
termined by the height of steel wire brushes Gl and G2, which are adjustable. The amount
of the cement discharged is regulated by a steel slide which passes over the cement feed roll.

This slide is drawn out certain distances for different proportions, allowing only the uncovered
part of cement roll to fill and discharge. After slide is set for desired proportion it is locked
in place by set screw so there is no possible chance for variation in the proportion. 9y
discharging the cement and other materials at the same time we receive a good gravity mix
before the material even reaches the mixing trough.
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Mixing Drum.—The drum is usually cylindrical and rotates

on bearings called trunnion rollers.

The tracks encircle the drum which bear upon the rollers, and support the drum as it
turns. At the center is a circular rack to which power is applied through a pinion for driv-
ing the drum. At each end of the drum is a head having a central opening, one for charging
and one for discharging. The general appearance of a mixing drum as described is shown
•in fig. 1,691.

Figs. 1,688 to 1,690. — Miles three com-
partment charging hopper. Jn opera-
tion, cement enters through the center
and sand, crushed rock, or gravel from
either or both sides. A constant stream

of materials are fed simultaneously into the mixing
drum, the mechanism being adjustable so that
any proportion may be obtained. The feed is con-
trolled by an individual clutch and may be stopped
or started regardless of the rest of the machine.
Often for various reasons, the shovelers stop for a
minute or two. In such cases the feed is thrown
out of gear by a clutch lever. Further if it be
desired to empty the drum, the feed may be stopped
while the balance of the mixer continues until
the materials are all discharged. The materials
are conveyed or forced into the mixing drum by
three conveyor chains with scraper links. These
conveyor chains are driven by three sprocket
wheels, mounted on a square steel shaft, which
prevents any possibility of their slipping and all

are traveling at the same speed, and by the ad-
justments of the steel brushes and the fact that it

can be fed from either or both sides, gives the ma-
chine a capacity up to one hundred yards in ten
hours. The cam or eccentric proportioning discs

which are graduated and provided with a positive locking device. The parts are: A, chain,
B, scraper links for sand; C, scraper links for cement; D, idle sprocket; E,* idle sprocket
for sand chain; F, idle sprocket for cement chain; G, square shaft; H, sprocket feed drive;

J, adjustment for thickness of brushes; K, cement slide; L, brushes for sand or stone; M,
proportioning cam for sand or gravel; N, proportioning cam for cement; O, proportioning cam
for stone or sand; P, slotted slide for holding proportioning cam; Q, lock nut for double
locking proportions; R, short section of mixing drum.
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Water Tank.—The water used in mixing concrete is usually
placed in an elevated tank containing some device to regulate
the flow.

Fig. 1,691.—Lansing mixing drum showing tracks which are cast integral with the head having
a flange at each outer edge which serves as guides for the trunnion rollers.

CAST STEEL
BRACKETS

Fig. 1,692.—Interior of Chain Belt mixing drum showing lifting buckets, moving blades, drive

sprockets, etc.
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On one type of tank, the amount of water desired is regulated by a float

inside of the water tank. This float can be set by the contractor according
to the consistency of the batch he desires. By raising the float the flow

of water is increased, and by lowering, decreased.

When the desired flow of water is secured, the float can be set and there

will be no other adjustments necessary until the contractor wishes to

change the consistency of his batch.

The construction of the water tank is very simple, consisting of the float,

one check valve, one three way plug valve, and one hand lever by which
it is operated.

Fig. 1,693.—Municipal automatic measuring tank for measuring the water for each batch. The
supply can be varied according to requirements by raising or lowering the gauge rod pro-
jecting through top of tank.

Methods of Discharge.—The two general methods of re-

moving the concrete mixture from the drum is

1. By tilting the drum;

2. By inserting a chute.
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Pig. 1,694.—Clover leaf mixer, showing involute curved drum. In operation, the drum re-
volves counter clockwise. As the material is carried along it falls of its own weight when it

reaches a certain point. In falling the material is doubled over several times each revolution.

FLOAT VALVE ^
AIR PASSAGES CLOSED BY iO_

.WATER PRE.SSURE

Figs. 1,695 to 1,697.—Lakewood automatic tank. The wat^r tank is filled by attaching a hose
to the one-inch pipe connection on the three way valve below, and pulling the operating
handle down, when the tank will fill to the top and close automatically. By pushing the
handle up, the connection from the supply hose is cut off and the discharge side of the valve

is opened, allowing the water in the tank to flow into the mixer. The amount dischargea

from the tank into the mixer can be regulated by the loop of two inch pipe on the discharge

side of the tank by placing this loop in a vertical position if a small amount of water be de-

sired, and by placing the loop in a horizontal position when the full contents of the tank

are desired. Any amount between the minimum and. maximum can be discharged, by
placing the loop at intermediate positions between the vertical and horizontal.
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5EiS 55^^_^3^.
Fig. 1,698.—Milwaukee mixer with batch hopper, engine boiler and run ways. All mounted
on a flat car, discharging over the end of the car.

Fig. 1,699.—Smith tilting drum hot mixer on asphalt repair work. In the hot type of mixer
a steam blower creates a forced draught from the boiler through the mixing drum. The
gases enter the mixer at a temperature well above 600° Fahr. As the aggregate is sprayed
from the blades, every surface is dried and heated by immediate contact with the hot fumes.
The rapid motion of the particles prevents sooting or burning of the material. The bitumen
is introduced after the drying process is complete, by means of the tank on the top of the
skip. The output of the mixer varies with the size, character and condition of the aggregate
and the temperature desired for the finished batch.
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Fig. 1,699 shows
a mixer discharging
by the first method.
Figs. 1,700 and
1,701 illustrate the
chute method of dis-

charge.

Power Trans-
mission.—On all

mixers the engine

furnishes power for

turning the drum,

and in many cases,

provision is made
to apply the power
for loading and dis-

charging the drum.

Fig. 1,706 shows

a chain drive with

countershaft for
turning and load-

ing the drum.

On the Smith
mixer which has a
tilting drum, the tilt-

ing motion is rever-

sible, permitting
discharge of any
part of the batch.

At the points of

greatest travel, the
clutches are auto-
matically disengag-

ed. The tilting ac-

tion is controlled by
a revolving screw
and traveling nut.
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Fig. 1,704.—Ransome mixer with boiler and
pivot hopper.

Fig. 1,705.- R,t snr7v

sliding pivot hopper.
X r with boiler and

NOTE.—Proportioning Concrete. The following four mixtures will serve as a roughguide to the selection of proper proportions for various classes of work (Taylor and Thompson)'
1.

_

liicn mixture for columns and other structural parts subjected to high stresses or re-

?.'l!yr^ Tfl^P^'°''u^
water tightness. Proportions. 1: Ui: 3. 2. Standard mixture, for

reintorced floors beams and columns, for arches, for reinforced engine or machine foundations
subject to vibrations, for tanks, sewers, conduits, and other water tight work. Proportions
1. z. 4. J. Medium mixture, for ordinary machine foundations, retaining walls, abut-ments, piers, thin foundation walls, building walls, ordinary floors, sidewalks, and sewers with

i^rV
Proportions 1: 2^: 5. 4. Lean mixture, for unimportant work in masses,tor heavy walls, for large foundations supporting a stationary load, and for backing for stonemasonry. Proportions 1: 3: 6. The above specifications give fair average practice. If theaggregate be carefully graded and the proportions are scientifically fixed, smaller proportionsot cement may be used for each class of work.
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The Power Unit.—The conditions under which a concrete
mixer is used are such that the power machinery must be very
dependable, since usually it receives little or no care, being
entrusted sometimes to an engineer of low grade. Accordingly,
the power outfit is of the simplest type consisting of a slide valve

Fig. 1,703.^-Chain drive for turning and loading drum of chain belt mixer. The loading mechan-
ism consists of a hoisting drum and clutch as shown. The Ipader is charged on the ground
level directly from the wheel barrows, being filled while the previous batch is being mixed
in the drum. As soon as this batch has been mixed and discharged from the drum, the
loader is elevated and another full batch emptied into the drum. The loader bucket is

raised and lowered by means of a four part line. The cable used is three-eighths inch plow
steel, six strands of 19 wires each attached to a hoisting drum operated by a wood friction
clutch.

engine and upright shell boiler designed to operate at about 80 lbs.

pressure.

Figs. 1,707 and 1,708 show both sides of the Lakewood mixer

and give a very good idea of the power equipment. As shown

the mixer is at one end of the frame and the boiler at the other,

the engine being between the two. The figure also shows clearly

the transmission between the engine and boiler consisting in

this case of double reduction spur gearing.
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Figs. 1.707 and 1,708.—Lakewood mixer Fig. 1,707
discharge side; fig. 1,708 loading side. As shown
the mixer is mounted on trucks with steam power
and batch charging hopper; also with baffle plate
attached to mside of discharging chute effectu-
ally closmg the drum opening while batch is being
mixed, thus absolutely preventing slopping.
This discharge chute may be operated from
either side of the machine.
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Fig 1 710.—Ransome street paver equipped with 20 feet distributing boom and automan

H imnina burket All controlling levers are brought to a point within easy reach of the

maTrequirrd to^pe^^^^^^^ Standing on the platforni at the right h^^^^^^^

pivot hopper, empties the water tank, operates the discharge f^ut^ sends the bucke^^u^

along the boom, and controls the point of automatic dumping almost ^^thout effort. J^rom

?he same position he controls the engine, operates the traction clutch and ^^eers the machm^^

A fwr^ harrow nivot hoooer. across wh ch extends a dumping bar to prevent tne wneei

wZs^?5SiTn|bac\, P^^^^^^ quick charging.
.
For discharging, eith^^^^

matic dumping bucket or a distributing chute is provided. The boom
^%^y(f!}^y /^V- "^"e

Sid has a swhfg o^ 180°. The distributing chute has a discharge radius of fi^^^J^^//^^^^^;^^

intermediate oStlet gates and like the boom has a swing of 180 T^^^^^^^^

from 1,250 to 1,500 sq. yds. of concrete road, 5 inches thick, in aten hour aay.

K; speed of the machine is 4.775 feet per hour, forward and reverse.
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Fig. 1,711.—International concrete mixer, open and
side leader and automatic tank, showing cable gear
for operating hopper.

Pig. 1,712.—Clutch as used on International side loader mixer. One
lever controls bracket and brake.
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Figs. 1.713 and 1.7U.-International concrete mixer (globe type). ^"^J.^^^'^ -fi^^^oun e i

winding drum. The view shows discharge side oiihernx^er InconstrucUon^^^^

on a steel frame and arranged for motor drive by belt. .T^^
.^^n rondiUonsTece^^^^^^^^^

special, not regular design, and may be reversed to opposite end
^^f

" ;^°"^'^^^^^

changing location of motor. The standard machine is mounted on trucks ana is pro> luc

with side loader and automatic water tank.
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Pig. 1,715,—Concrete construction work in C. R.R. of N. J. terminal, Jersey City, N. J.,
showing lower method of distributing concrete; Lakewood 75 ft. steel hoist tower, bucket,
hopper, and 240 ft. concrete chute.
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CHAPTER 34

TRACTION ENGINES

Most of the operations in connection with the production of

crops can be done better and quicker by the use of steam than

any other power. Plowing, harrowing, seeding, harvesting,

threshing, grinding, etc., are all regular work for the traction

engine. On account of the nature of the work, traction engines

are also appropriately called the agricultural or farm engines.

The use of these machines has made possible the extensive development
of the world's agricultural resources that has taken place within the last

generation. While apparently tending to displace manual labor, they
have in reality had the effect of giving more work and better wages to the
working man.

The hard usage to which the traction engine is subjected require that

it be built of superior materials, and be of substantial resign. It must
not only propel itself, and haul its thresher over the roughest roads and
fields, over hard and soft ground, but it must haul plows successfully, and
withstand the strain of pulling a grader through most obstinate soils.

Since incompetent men, or careless hired help are often placed in

charge, it is sometimes subjected to jars, shocks and misusage which

other kinds of machinery do not encounter.

A traction engine is a self-propelled machine and consists of:

1. A single, or double cylinder reversing engine;

2. A boiler, usually horizontal;

3. Running gear with differential device on rear wheel;

4. Clutch and transmission gears;

5. Engine and boiler accessories and connections.
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The Engine.—This may be the simple cylinder, duplex,

or compound type.. In the first instance, a friction clutch is

necessary, because the engine might stop on a dead center, and

would be difficult to start by hand if in engagement with the

transmission gear.

Pjp,^ 1,717.—Reeves two cylinder engine. Both sfeam chests are connected to the main steam

pipe by a T branch; the cranks are at right angles thus avoidmg dead centers.

Fig. 1,716 is a sectional view of a single cylinder engine showing

clutch, cross head pump, and heater.

The pump plunger is attached directly to the cross head and therefore

operates in unison with the piston, making the same length stroke.

A two cylinder high pressure engine is shown in fig. 1,717.
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The advantage of this arrangement is the nearer uniform application
•or power, and the absence of dead centers owing to the cranks being placed
.at right angles.

"Where better economy is desired, a compound engine is used;

this type of engine is built in two, and four cyHnder units. The
former may be either tandem, or cross compound, while the latter

Ji'rcs. 1 ,725 to 1 ,727.—Intercepting valve of the Reeves engine .When lever B , is pushed forward
as shown in fig. 1,727, Hve steam is admitted to both cylinders, thus simpling the engine.
In the position shown in fig. 1,725, the engine works compound. In the figures C, C, C,
is a connecting bar to lever B. When the bar is pulled up into the position shown in
fig. 1,725, the engine is compounded, thereby using its steam most econo nically, and also
when compounding the reverse lever should be hooked up as close to the center as the work
you are doing will permit; this will add further to the economy of the engine. C, C, C,
connecting bar to lever B; E, steam pipe; F, throttle valve; I, operating rod to throttle;

J, cross steam pipe; G, feed water heating chamber; H, exhaust chamber from high pressure
cylinder to low pressure. The words simple and compound, with the arrows, show how to
'Use the "intercepting" valve.

'Consists of two tandem compound engines connected to the

:same shaft with cranks at 90°. Most compound engines are

so arranged that, in case of emergency, they can be converted

into a simple double cylinder engine, both cylinders using
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live steam. This will give a large increase in power for an

extra heavy pull in ascending steep grades, or passing over heavy

roads. The simpling device consists of an intercepting valve

as shown in figs. 1,725 and 1,726.

It is located at A, and is of the same construction as the ordinary slide

valve. When the lever B, is pUvShed forward into position, as showTi in

fig. 1,726, the live steam is admitted into both cylinders, that is, the engine

has been converted into two simple high pressure engines, or simpled.

The engine is usually started with the lever in simple position; after

the machine attains some speed, the lever is pushed back to compound
position, thereby using steam most economically.

In working the engine compound, the
reverse lever should be hooked up as close

to the center as the load will permit, as

this increases the total number of expan-
sions of the steam which adds further to

the economy of the engine.

Characteristic Reverse Gears.—
There are numerous forms of valve

motions in general use for reversing

traction engines; those mostly used

are:

1. Shifting eccentrics;

2. Radial gears;

3. Link motions.

A large nvimber of engines are fitted

with shifting eccen-

trics, which in ad-

dition to forming a

reverse gear, permit

of varying th^ cut off by the

method of combined variable

throw and variable angular

advance. One construction of

this type of reverse is shown

Fig. 1,728.—Rumely double cylinder engine.
'^'^ %S. 1,729 tO 1,7^1.
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The eccentric (fig. 1,731) is provided with two parallel guide flanges that
engage with corresponding flanges on a fixed disc (fig. 1,730) secured to the
shaft by a set screw. To the hub of this fixed disc is pivoted an angle arm C,
(fig. 1,729), one limb of which passes through an opening in the fixed disc,

Figs. 1,729 to 1,731.—Best Mfg. Co.'s shifting eccentric reverse gear. The cut off may be ad-
justed by placing the eccentric in an intermediate position.

Pig. 1,732.—The Russel shifting eccentric reverse and adjustable cut
off gear. The eccentric is made to slide across the shaft, by a single
bell crank, for reversing or changing the cut off, and can be placed at
any point of cut off from bare admission to three-quarters stroke,
in either direction.
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Fig. \JZZ.~Qe\ser shifting eccentric. It is so constructed that at whatever point it is placedby throwing the reverse lever, it stands independent of any pressure from the collar untilmoved, and simply revolves as a part of the crank shaft.

Figs. 1,734 to 1,738.—Marsh reverse gear as used on the Advance engine. It is composed of a
three part box, one end of -which is mounted on the main shaft, and at the other end is a small
crank shaft. The crank of this shaft is connected directly to the valve, on the other end of
the shaft is fastened a pinion which engages with another pinion on the main shaft. This
gear is the equivalent of^a rotating eccentric which reverses by changing the angular advance,
but since the throw is fixed it cannot be used for variable cut off. To limit the travel of the
box in reversing the engine, a stop plate is fastened to the frame of the engine, and the
box in either of its two extreme positions rests against the screws in this plate- The lever
for operating the reverse gear is mounted upon a quadrant at the rear of the boiler and within
easy reach of the engineer. The quadrant is notched for forward and backward motion
and neutral, and a spring catch is provided on the lever for holding it in position. The gear
on the main shaft is in two pieces, and this allows the reverse gear to be easily taken off the
shaft without dismantling the engine.
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and extends within, and is pivot-
ally connected within an opening
to the shifting eccentric. The
other arm of this lever is pivoted
to a disc collar B, that is splined
to move longitudinally on the
shaft. A strap or arm F, from
this disc collar connects with a
slide rod G

,
parallel with the shaft.

This slide rod carries an adjust-
able collar with slud from which
extends a connecting rod H, lead-
ing to the crank arm of a rock
shaft. The latter may be oper-
ated in any suitable manner.

When the eccentric is to be
shifted, the movement of the rock
shaft causes the slide rod to shift

the disc ^ollar along the shaft,

which in turn through the angle
arm shifts the eccentric.

NOTE.

—

How to set the Curtis valve
gear.—The pawls are first thrown out, to
avoid damage in case the rods are not of
proper length; the pawls are retained in
the out position by slipping the ends of the
pawl springs over the points of the pawls.
The machine is then turned slowly by hand
until the pawls on one set of valves are at
their highest point of travel, then, with the
valves wide open, the drive rods are adjust-
ed so th^t there is one-thirty-second inch
clearance at the point of the opening of the
pawls when they are in. With drive rod
jamb nuts set, the machine is turned slowly
until the pawls are at their lowest point of
travel. After closing the valves, each valve
stem is adjusted to give one-thirty-second
inch clearance at the point of closing of the
pawls when they are in, securely locking
the jamb nut as each valve is set. The
operation is repeated on the other side of
the machine, after which the governor rods
should be adjusted. With turbine running
and synchronizing spring in mid position,
the rods are adjusted for normal speed at
full load. The governor rods on the other
side, (controlling valves 6 to 10) should be
so adjusted that the speed change between
the fifth and sixth valves will not be more
than three or four revolutions.
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Fig. 1,740.—Case geared feed pump. It is driven by a gearon
the crank shaft meshing with a larger gear that carries the
crank pin which operates the pump. This pump has sufficient
capacity to supply fifty per cent more water than needed by
the boiler in extreme conditions. The feed water on its way
to the boiler passes through the steel shell heater. By means
of a by pass valve, the water can be returned to the tank
when not needed in the boiler. The feed can be regulated
making it unnecessary to stop the pump.

Fig. 1,742.—Port UuTonradial reverse gear. The reverse lever quadrant has
J^o^^/

"o^^hes

at each end for hooking up and using steam on any of four different degrees of expansion

running either forward or backward. A notch is also cut ^"
^^^tbrot^re ff the e^nTneer ia

safeguard against the engine starting by steam leaking pest the throttle if the engineer, in

stopping, set the lever in this center notch.
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It will be understood that the disc carrying the shifting eccentric turnswith shaft, the sliding collar disc being provided with a strap similar ?oan eccentric strap. ^

Gears of the so called radial class, are extensively used, the
types usually employed being the Marshall, and the Brer^me.

M^k'rM-.'iff^Xig'ii.fW^fiisM^'.

and swings around so as to easily open the smoke box for repairs wSerfs fed^o the bo^fer'

M.r.l.'^Jlf?
^^^^ pump and .injector. The engine has one cylinder and fs fitted with thi

h^orsfp'owIr^Jle^nd^^^^^^ 9^ "^^'^ ^-- Dimensions of'2I
tSa^Mpr? iV^J, %9^- '^?/'^'?-' spee^i reduction of transmission 21}^: 1; returnxuDuiar Doiier. length 132, diam., 44, return tubes 22—^2X105.

*ci,uxu

In fig. 1,739 is shown one construction of the former gear. This
forms a simple and satisfactory reverse and one which is well
adapted for traction engine service.

The link motion is too well known to require any extended
description of its application here; a well designed"^ link with
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center suspension is shown in figs,, 1,744 and 1,745, which illus-

trates also the location of the rocker and double reach rods.

Boiler.—The two classes of boiler in general use for traction

engines are the direct tubular, or locomotive type, and the

Fig. 1,746. ^Huber
straw burning boiler.

The straw chute is

provided with a shut-
ter opening inwardly,
thus preventing ad-
mission of air when
feeding straw. In
operation, straw is admitted
at one end, and air through the
grates at the other end ; a water
leg and baffle plate direct the
flame along the straw, thus
causing rapid combustion.

Fig. 1,747.—Rumely link motion reverse. The gear is of the center hung locomotive type
with link hangers provided with bronze bearings. The link, block, and connections are of
steel. Notches are provided in the reverse so the engine can be hooked up to vary the cut off.

return' tubular, a modification of the Scotch boiler; both have

internal fire boxes, and, as built by the various builders, differ

only in minor details. Boilers for traction' engines are usually

constructed so as to burn either straw, wood or coal.
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Figs. 1,748 to 1,750.—Detail of

Rumely construction. Fig.

1,748, engine bed as attached to

boiler, fig. 1.749. single engine
mounted on boiler. fig 1,750,

crank end of engine showing
support from boiler and shifting

eccentric reverse gear.



890 TRACTION ENGINES

For burning straw a change is generally necessary in the

furnace such as putting an arch in the locomotive type, or an

extension on the back end of the return tubular boiler so as to

give the burning gases a longer distance to travel in passing

through the boiler, and to provide more space for feeding the

straw into the furnace. It also

prevents the burning straw lodg-

ing against the ends of the

tubes.

Fig. 1,746 shows the method of
burning straw in locomotive boilers.

A straw chute attached in place of
the fire door, so that the straw may
be fed continuously. A trap open-
ing inwardly in the chute prevents
the admittance of cold air. As the
straw falls over the inner end of the
grates, it comes in contact with the

flame and is ignited, and
burns while falling.

In the locomotive boiler,

it should be noted that
the firing door is low down,
allowing the straw to be
fed into the fire box im-
mediately above the grate
surface; also the fuel and
draft enter from opposite
ends, thus the flame, being
guided by the arch, is led
toward the incoming
straw, resulting in rapid
combustion.

An important re-

quirement in boilers

for traction engines is

Fig. 1,751.—Huber boiler with superheater. Steam from the dome is taken in a small pipe
down through the fire thence back in a larger pipe, thus superheating the steam.
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some provision to prevent the crown sheet becoming bare of

water when descending

teep grades.

One method of doing this

is sho^vTi in fig. 1,753. By
means of a displacement
chamber K, the water line

does not reach below the
crown sheet when the boiler

is tilted as shown in the figure;

the crown sheet is inclined

so the end will at all times
be covered with water. The
dotted line Y, shows the

water line as it would be
without the displacement
chamber.

^ TUBE SHEET
ri INCH TMICK

Fig. 1,752.—Detail of Port Huron tube and sheet. The tube sheets are H inch thick with

drilled holes. All tubes at the fire box end have copper ferrules.

Pig 1 753 —Geiser locomotive type boiler. The figure shows the displacement device for

mainiafning th/^^^^^^^ abo?e the crown sheet m descendmg steep hills.
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Fig. 1,754.—rRear end construction
of Rumely boiler showing full

wing sheet mounting.

Fig. 1,755.—Flue and stay
construction at front end
of Rumely boiler.

Fig. 1,756.—Detail of spring mounting
of Geiser boiler. The boiler is carried
upon springs both in front and rear,
so arranged_ that it can oscillate in all
directions without disturbing orchang-
ing the relative position of bearings
and gear wheels.
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Some boilers are provided with superheaters to secure higher

economy in the use of steam. A device of this kind is shown in

fig. 1,751.

Steam is taken from the top of the dome in a small pipe down through

the fire to the bottom of the fire flue, thence back in a larger pipe through

the hottest part of the fire, thus superheating the steam before it is de-

livered to t]ie engine.*

Friction Clutch.—The purpose of the friction clutch is to

engage or disengage the engine shaft and the transmission

Fig. 1,757.—Wood friction clutch. The two friction shoes have wood frictions and adjusUble

friction rods which permit adjustment for wear.

gearing. It enables the engineer to move the machine very

slowly, or apply all the power of the engine to the gearing at

once when necessary to start a heavy load, or get out of a bad

*NOTE.—The saving in fuel due to superheating is approximately one per cent for each

11 degrees of siii)erheat.
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place or hole. Starting under these conditions being particularly-

difficult, the engine may be released from the transmission

gearing and given high motion, then thrown into gear, the

momentum gained giving power in starting largely in excess

of the ordinary power of the engine. Fig. 1,758 illustrates the

operation and construction of a clutch.

Keyed to the end of the engine shaft is a fly wheel, and concentric with
this shaft and attached to the first transmission pinion is a double friction

Fig. 1,758.—Harrison six shoe friction clutch, with two speed change device. The construction
is such that the friction spider can revolve with the fly wheel. When the engine is under the
belt, simply throw the engine out of gear, and throw in the clutch, thus causing fly wheel
and the friction spider to revolve together. The friction may be locked by loosening the
set screws and dropping the two dogs, C C, which fit into corresponding recesses in rim of

fly wheel. By doing this, all strain is taken off the shaft.

arm, which has iron shoes pivoted at its ends. These shoes have wood
liners or frictions which engage with the rim of the fly wheel when pressed

outward by the shoe rods, which are attached to a loose sleeve mounted
upon a hub on the double friction arm.



TRACTION ENGINES 895

There are two half rings which fit in a groove in the sleeve and to which
is attached a fork which is connected with a lever mounted on the rear of
the boiler for operating the clutch and which is within reach of the engineer.

The Transmission and Differential Gearing.—On account

of the great resistance encountered by a traction engine in

propelling itself along the road, or in ploughing, etc., it is nec-

essary that the driving wheels turn much slower than the engine
drive: pinion

intermediate gear

BULL PINION
FFERENTIAL

BULL PINION

DRAW BAR

Fig. 1,759.—Wood transmission, and differentiaL Integral with the differential is a cushion de-

vice to prevent undue strain or shocks coming on the gearing in starting.

shaft. This reduction in speed is obtained by a series of gears

known as the transmission, and shown in fig. 1,759.

A small spur drive pinion keyed to the engine shaft engages

with the intermediate gear which being of larger diameter, gives

the first reduction in motion. The intermediate gear, in

turning, engages with the differential, which works on a counter
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shaft. At each end of the counter-shaft is a bull pinion; these

are in mesh with the hull wheels, thus transmitting the power to

both drivers.

By observing the relative sizes of the gears it will be seen that the
greatest reductions in speed are obtained by the first two and the last

two gears. In some cases there is no reduction between the intermediate
and the differential.

DRIVE PINION

INTERMEDIATE
'GEAR

) CUSHION DEVICE

DIFFERENTIAL

PULL PINION

Fig. 1,760.—The Northwest friction clutch, transmission, and differential. The figure illustrates

the large speed reduction between engine and drivers, which is necessary on account of

the considerable tractive effort or thrust required to propel the engine and its load.

The special object of the differential is to transmit the power

to both drivers, and at the same time allow them to turn in-

dependently of each other, that is, to allow one to revolve

faster than the other when going around curves in the roadway.
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It must be evident that

when themachine ismaking
a turn this is necessary to

prevent one wheel sHding

since the path described

by the outer wheel is an

arc of a circle of larger

diameter than that describ-

ed by the inner wheel.

To secure independent turn-
ing of the drivers, the bull

pinion shown at the left end
of the countershaft is keyed
to it, while the one at the other
end is free to revolve on the
shaft. This pinion is cast to-

gether with a bevel gear wheel
called the loose bevel, and which
is in mesh with four bevel pin-

ions mounted on the differen-

tial, as shown in figs. 1,761 and
1,763.

On the opposite side of the

differential (fig. 1,759) is slfixed

bevel keyed to the counter-

shaft, and which engages with

the four bevel pinions. These
bevels are of the same size.

In operation if traction

power be applied to the differ-

ential, to move the machine
straight forward, the four bevel

pinions will remain motionless,

and act simply as a kind of

lock, or clutch, to secure uni-

form and continuous rotation

of the drivers. If the machine

be steered in a curved path,

the outer driver will turn faster

than the inner, causing the four

bevel pinions to rotate on

their axis. The inner driver,

therefore, V)y the operation of
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Pigs. 1 764 to 1,766.-Port Huron diff-
erential gear costruction. The mas-
ter gearA IS not keyed to the coun-
tershaft G, but turns it by forceapphed through the three bevel pin-
ions B, and the respective bevel gearsC and p. The journal for master
gear A, is formed by the projecting
hubs L of the bevel gears over which
It fits loosely. It turns on this jour-
nal only when one driver is revolv-
ing faster than the other. The bevel
gear C, is keyed solid to the counter-
shaft. Bull pinion E, is also keyed to
countershaft. Set collar H, for taking
end play out of countershaft, is held
solid to the shaft with two set screws
Bevel gear D.is not keyed to coun-
tershaft but is an easy turning fit
thereon. It is made in one casting
with bull pinion F. It turns on the
countershaft onlii when one driver
is revolving faster then the other. At
other times it turns with it. Coun-
tershaft nut J, holds bevel gears into

__ mesh with bevel pinions. Bevel pin-
les K, when both drivers are revolving at the same rat^ 'tSpv'!" k°^

revolve on their spind-

i^T/o^h^tt^"o*Vh*t^^s t^iS°S Fr?- <-"$^^^^^^"^
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the differential is allowed to slow up, or remain stationary, as conditions
require, while the outer one is urged forward.

On some engines the differential forms a part of the bull wheel- the
construction of the differential movement varies in minor details in 'some
cases spur gears are used in place of bevel pinions.

Fig. 1,767.—^View of Case spring mounting transmission gearing, frame for fuel bunkers
bars and connections.

An important part of the transmission is the cushion device

which acts on the same principles as the spring draw bar of a

railway car, being designed to protect the transmission from

too violent and sudden strains, which might otherwise occur

when the engine is started suddenly on a hard pull.
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The operation of this device is shown in figs. 1,761 to 1,763. The outer
toothed ring of the differential works on a disc upon which the bevel pinions
are mounted.

The ring has a circular groove and radial projections or stops while the
disc is provided w4th four projecting lugs which fit in the groove when the
parts are assembled as in fig. 1,761.

Between the lugs and the stops are a series of stiff springs, hence, in the
transmission of power the thrust of the ring is imparted to the disc and
on to the driveis through the medium of these springs. The traction
force is, therefore, gradually applied instead of abruptly, thus protecting
the gears from severe strains and shocks. )

Fig. 1,768.—Rumely engine. The cylinder is mounted at the forward end of the boiler and the
shaft at the rear. The boiler is of the direct tubular locomotive type with round bottom
fire box. Traction wheels of unusually large diameter are furnished. The engine is fitted

with a shifting eccentric, reverse, friction clutch, cross head pump, and heater. There
is an injector for auxiliary feed.

Steering gears.—The traction engine is guided by the front

wheels which work on a pivoted axle the same as an ordinary

vehicle. This axle is connected with a transverse shaft by two
chains which are wound around the shaft right and left handed,

and securdy fastened. Hence, rotation of the shaft winds

one chain and unwinds the other, thus turning the front axle.

At the end of the shaft is a pinion which engages with a worm
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gear on the end of the steering rod. There are several methods
of operating the steering gear, as by:

1. Hand;
2. Friction from main engine;

3. Independent steam power.

Hand operation is quite common on medium, and small size

machines, but when drawing a heavy load over rough roads it

STEERING WHEEL

Fig. 1,769.—Geiser steering gear. Two chains from the front axle are wound, in opposite
directions, on a transverse steering shaft. This is operated through the worm geanng at

the end by means of the steering wheel located at the end of the boiler.

requires considerable exertion, especially with large engines.

Fig. 1,769 shows the usual arrangement for hand steering. The trans-

verse shaft is located under the boiler shell at the forward end of the fire

box. Attached to the end of the steering rod is a hand wheel conveniently

located for the engineer.
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The second method of steering is illustrated in fig. 1,770, power
being furnished b}^ the engine.

A vertical shaft is a horizontal mitre gear arranged to engage alter-

nately with two vertical bevel gears. These vertical gears are on a shaft
by a chain of small gearing from the engine shaft. They are thrown in
and out of gear by means of a shifting yoke, which is worked by a
straight rod extendinc: back to the right hand side of the engineer and

Pig. 1,770.—Huber, friction steering gear. A vertical shaft leads from the worm gear to a
horizontal shaft arranged so that the horizontal bevel at its end may engage alternately
with the two vertical bevels on the horizontal shaft; the latter by a chain of gears is operated
by the engine. The vertical gears are thrown in and out of gear by a shifting yoke with
suitable connection, for operation by the engineer. The direction in which the front axle
is turned in steering depends on which bevel is thrown into gear.

having a lever at the end. By moving it forward or backward, the engine
is guided to the right or left, as desired.

An independent steam steering gear is shown in fig. 1,771,

this is a desirable method for large engines.



It consists of a double cylinder engine geared to the transverse steering

shaft. The valve gear is of the single eccentric type; there is a bell crank
connection to a collar and sleeve on the shaft running to the steering

wheel in the cab.

The engineer, in steering, turns the wheel to the right or left according

to the direction he wishes to go. The action of the valve gear is such that

the steering engine operates while the wheel is turning and stops when the

motion of the wheel ceases, the steering gear remaining in that position

until a change is desired.

J'-i^i^T^-- '"^p-i-i^^tt^^^'^rw! T^t> pri""?L^aiv;fnTr^t.'v^ ?s?

of the steering wheel, and retains it there until the position of the latter is again cnangeo.

Feed Pumps and Heaters.—The most usual, and in fact

the best method of supplying the boiler with water is by a pump

driven direct from the cross head of the engine, as shownm
fig. 1,772. This type of pump is single acting, and with the plunger

properly proportioned for the work, the operation is ideal.
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On the discharge pipe is a hy pass valve leading to the tank, so that
the quantity of water being fed to the boiler can be regulated, or all re-

turned to the tank as required. Hence, water may be fed continuously
to the boiler, and in the same amount as used.

A cross head pump will operate on from one-half to one-third the amount
of steam required by a small direct acting steam pump;* while it has the
advantage of economy, it can operate only while the engine is running.

An independent fly wheel pump is sometimes used for feeding

the boiler, as it works with practically the same economy as a

cross head pump, and has the desirable feature of being able

to operate when the engine is not running.

Pig. 1,772.—Huber cross head pump. Some advantages of this type of pump are that it sup-
plies the boiler with water as used, and being worked by the engine is economical in operation.
Much heat is saved by using a pump and heater instead of an injector as the feed water is

heated by exhaust, instead of live steam. «

Figs. 957 and 958 show a well designed pump for this purpose. It is

arranged to be operated either by hand or steam, and since the speed
may be varied, the water supply may be regulated without a by pass.

*NOTE.—^A well designed single cylinder traction engine will consume from 50 to 60
lbs. of steam per hour per horse power, while a small direct acting boiler feed pump will require
from 120 to 200 lbs. on account of working without expansion, slow speed, leakage, slip and

. inefficient valve gear.



TRACTION EXCIXES 905

Most traction engines are provided, as they should be, with
two means of feeding the boiler so that if one break down, the
other is available. The boiler should be fed regularly. The
reason for using a pump in preference to an injector is because
considerable fuel is saved by heating the feed water with the
exhaust steam.*

Fig. 1,773 and 1,774.—Northwest fly wheel boiler feed pump. This method of feeding the boiler
is practically as economical as the cross head pump, and has the advantages of direct instead
of by pass regulation, slower speed and of independent working, permitting the boiler to be
fed when the main engine is not running.

*NOTE.—The saving due to heating the feed water is approximately one per cent for
each increase of 11 degrees in the temperature of the feed water. A well designed and properly
proportioned heater will raise the temperature of the feed water within a few degrees of the
temperature of the exhaust. Thus, if the water enter the heater at, say, 60, and be heated to
210°, the saving is (210— 60)^11 = 13.6 per cent.
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The discharge from the pump is piped to a heater usually

located on the side of the boiler shell, from which it is delivered

to the boiler. One type of heater for traction engines is showr

in fig. 1.775.

It consists of a cast iron shell containing a number of tubes which ar<

expanded in the heads at the ends. In each tube is placed a pipe extending

flEPRESENTS WATER

REPRESENTS STEAM

t» RELIEF VALVE

t DRAIN COCKS

Fig. 1,775.—Case feed water heater. A number of tubes are expanded into the two heads c

the shell. The feed water passes through thin annular spaces, formed by placing inside th
tube, pipes of somewhat smaller diameter; it is thus brought into intimate contact with th
tubes, thus extracting considerable heat from the exhaust steam as it passes over the tubes

The saving due to heating the feed water is approximately, one per cent for each 1 1 degree
elevation in temperature of the feed water.

:ONNECT»0N

Fig. 1,776.—Huber feed water heater consisting of a coil "made of pipe and return bends place
inside a tight vessel or receiver."

full length, and which forms an annular space, about one-eighth inch thicl<

through which the feed water passes; with this arrangement, considerabl
heat is absorbed from the exhaust steam which enters the shell at one end
flows around the tubes, and passes out at the other.
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Drain cocks are provided at lower part of the shell so that it may be
properly drained when not in use.

How to Operate a Traction Engine.—It is usually best
to carry the water a little higher while on the road than when
the engine is at work, especially in hilly country. There is

Fig. 1,777.—^Huber exhaust relief. Its purpose is to give a sharp exhaust to increase the draught
when burning poor fuel, or when it is desirable to raise steam quickly. The main nozzle is

closed nearly to a point to make the exhaust sharp. By opening a globe valve, a part of
the exhaust passes through the relief chamber. In this way the operator has control of
the draught and can prevent the throwing of sparks.

more or less fluctuation of the water on an uneven roadway^

and unless the boiler contains some special provision for main-

taining the water level (as, for • instance, some device such as

Fig. 1,778.—Throttling governor as used on the Ruber engine,
the engine to eliminate bevel gears.

It is placed horizontally on

shown in fig. 1,753), the tube ends or crown sheet may become

bare when on a hill. Care, however, should be taken not to

carry the water high enough to cause priming.
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[
The steam pressure should be maintained near the blow off point. The

valve gear, if of the expansion type, should be well hooked up, so that
steam may be used with as much expansion as the running conditions
lermit, to secure the economy resulting from a short cut off.

Before descending a hill it is well to put fresh coal on the lire,

and close the damper.

Fig. 1,781.—Rear view of Advance-Rumely rear mounted engine bed.

Since very little steam will be required this will prevent a loss of water

bv blowine off, and in case the crown sheet become exposed by the re-

ceding water it will be somewhat protected from the intense heat of the

lower lavers of the fire.
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When descending the hill the speed of the engine should not be allowed
to increase much above its ordinary speed. If the engine run too fast on
a reduced throttle, the latter should be further reduced and the brake
applied if necessary. In case the engine be not provided with a brake, it will

be necessary to shut off steam, and reverse; this converts the engine into

a pump, and the air, or rather smoke and cinders in the stack are carried

through the heater and cylinder, being compressed therein, and forced
into the steam chest. While acting as a resistance to check the speed, it

is very bad for the cylinder and valve, and should never be done if it can
be avoided.

As soon as the bottom of the hill is reached, the damper should be
opened and the fire allowed to brighten.

Fig. *1,782.—Port Huron spark arrester, as used on straw burning outfits. The bottom sleeve
is jifapered and fits into the top end of regular smoke stack. The body sides and cap are made
of^heavy wire netting. A rod extending from cap to base of stack, where it is held by a
bi^cket and tail screw, makes, it easy for the operator to raise the cap when firing up, also to
jar the soot out of the screen.

When approaching a hill, a good supply of water should be

fed to the boiler, because in making the ascent it may be' nec-

essary to shut off the feed to maintain the steam pressure, if

the hill be very steep.

Under ordinary running conditions, the feed should be continuous and
.at the rate in which it is used, rather than in spasmodic doses.

It requires skill to successfully take a very steep hill. In beginning the
ascent, the steam pressure should be near the blowing off point, the engine
well hooked up, and running slowly in order not to use the steam too
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In steering an engine, the engineer should keep his eye on
the front wheels and note their position. As usually constructed,

the machine will turn in the same direction in which the top
of the steering wheel is turned.

"The steering wheel may be turned more easity when the engine is in
-motion than when standing still. The steering chains should be moderately
tight, though not tight enough to cause undue friction. If too slack, it

\will be somewhat difficult to guide the engine.

Fig. 1,784.—Rumely concaves and concave adjusting device. By far the greater part of
separation is done at the cylinder and immediately behind it, before the straw reaches the
rack. The concaves have diagonal ribs, so arranged that in conjunction with the teeth,

maximum separation is accomplished. Much grain is hurled by the motion of the cylinder
through the grates and the inclined slattered carrier behind them. The straw is conveyed
up this carrier, being agitated meanwhile by a large winged beater which revolves directly

above it. The concaves can be adjusted to any condition of grain._ This is done from the
outside of the machine by means of a worm gear device seen at the right of the cut.

Mud holes should be carefully avoided as the wheels will have

^ tendency to slip.

If the wheels turn without propelling the engine, the calks on the wheels

will dig holes, making it more difficult to get out. The engineer, then, should

stop the engine when the wheels begin to slip, pnd put something under
the wheels, such as straw, rails brush, or any kmd of rubbish, that will
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enable the wheels to get a grip tipon the earth. Sometimes a log chain is
fastened to some object ahead of the engine and one end thrown nnder
the wheel.

In extracting the engine from a hole, it should be run slowly as it is less
liable to lose its footing.

Before crossing a bridge, the engineer should examine it,

to see if it be strong enough to carry the weight of the engine
and load. An engine may be run across a weak bridge safely by

((

Figs. 1,785—Ploughing corftinuous furrows from center of land. There are several ways of
laying out and plowing land with tractors. It must be remembered that plows will not
always cut the same width in tough land-as in easier plowed land, and therefore it requires some
experience and judgment on the part of the operator in order to lay out and plow a field and
do a clean job. Local conditions must always govern the manner of laying off "lands," and
they can be narrow or wide to give more dead furrows for drainage in wet localities and fewer
dead furrows in dry countries where it is desirable to conserve all rainfall in the soil. The
illustration above shows two ways of proceeding to lay out the plow. One method quite often
used in plowing rectangular fields is by means of a continuous furrow. Down through the
center of the field, stakes are set 10 or ISsteps closer to the ends than the sides, to allowfor the
narrowing of the furrow in turning the ends. Plows are started at the left end ana pulled to
the right, in the direction of the arrows. When the opposite stake is reached the plows are
lifted and the tractor turned around as indicated by dotted lines, and swung in on a curve so.

as to round up the ends. It is necessary at the outset to make ,this loop at the ends On
account of the short turn on the return furrow. When the land is wide enough the plows

I are left in the ground for a continuous furrow around the entire land. When the field is

finished nothing will remain except small corners which can then be finished. From the
standpoint of saving time this is the most approved method, because the plows are working
continuously. Curve plowing, however, due to an uneven distribution of the load, is hard
on the tractor gears.

placing thick planks lengthwise of the road so the weight will

be distributed over a larger surface.

In starting an engine on' the road, it should be first brought

to speed, and then the friction clutch thrown in gradually until

the gearing is in motion, when the friction may be set tight.
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In reversing while in motion the throttle is first closed, the

reverse lever thrown over, and the throttle gradually opened

again. It is done in this way so as not to reverse too quickly

which would bring severe strains on the transmission.

An important maneuver in handling a traction engine is

''setting the engine."

Pig. 1,787.—Case tractor at work. The engine is of the two cyhnder opposed type, size 8 X i

magneto ignition; force feed lubrication; thernio siphon circulation. The radiator fan has i

friction drive with the engine fly wheel. Two speed transmission.

Nearly all threshing outfits are arranged so that the engine

pulls the water wagon, fuel tender, and separator while on the

road. The separator is pulled in to the stacks, the engine

uncoupled, and then turned and placed in position. The latter

operation is usually done by rtmning ahead to the right or left,

until at right angles with the .separator. The engine is then

reversed and backed in the other direction until about the

required position. It should be backed a little farther than

required if not backed into exact line, and then brought up in

line with the separator pulley.
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When the wind does not blow from either side, the engine

should be in exact line with the separator; it may be determined

if the separator be in line by sighting with the eye, as shown

in fig. 1,792. The engine should be manoeuvred, until the

points L, R, A, F, are in line, L, representing the point of sight.

If there be a strong side wind, it is well to set the engine

a little to one side toward the wind with the fly wheel turned

slightly away. The wind will tend to carry the belt with it,

SEPARATOR ENGINE

^M L R A F

Figs. 1,792 and 1,793.—Setting the engine. In fig. 1,792, the separator and engine are placed in
line by manoeuvring until points L, R, A, F, of the pulleys are in line, as sighted by eye at M.
In fig. 1,793, when there is a strong side wind, the engine is set a little to windward with its

fly wheel turned slightly away from the wind, to allow for the action of the latter on the belt.

and the engine should be placed so the belt will run straight

with the fly wheel and separator pulley as in fig, 1,793.

The fly wheel on nearly all traction engines turns ahead while

threshing, and backwards while travelling on the road. If the

friction clutch be thrown in slightly while threshing, the belt

may be tightened at any time. A good sized block, or a jack

screw should be carried to block the^drive wheels when threshing.



ROAD ROLLERS 917

CHAPTER 35

ROAD ROLLERS

In the construction and repair of roadways, a modified form
of traction engine is used for the various operations, such as:

plowing up old roads; '"spiking" or loosening the surface of

worn out macadam roads; rolling or compressing the road to

make it hard; consolidating earth fills and embankments, etc.

There are two classes of road roller, adapted to special conditions

in road construction:

1. The tandem, or two wheel roller;

2. The three wheel roller.

The Tandem Roller.—This type of roller was first designed

for use in rolling newly laid asphalt, or brick pavement. In

addition to this service the tandem roller is used to advantage

in finishing or
*

'puddling" a macadam road, where it is employed

as an auxiliary to the three wheel roller; also in building roads

and driveways for light traffic, in rolling lawns, or golf courses.

The center of gravity being low it may be operated on very

rough ground without danger of upsetting.

For rolling asphalt, the rolls are turned in a lathe and set

true in the bearings, thus, the pavement may be rolled without

waves or depressions. The rapid movement of the rollers

adopts itself well to this class of work. This feature is of ad-

advantage in finishing a macadam road where the tandem
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roller can follow directly behind the sprinkler and get the
advantage of the entire amount of water. Fig. 1,794 shows a
typical tandem roller.

The main frame is constructed of steel channels, curved at the front end
to form a "goose neck" for the king pin bearing of the forward roller. The
horizontal part of the frame lies quite low being under hung from; the
axle of the rear roller.

The main hearings, at either side of the roller carry the greater part of
the weight, and consist of heavy castings bolted to the frame. In tlae

Fig. 1,794.—The Erie tandem road roller. It is fitted with a two cylinder high pressure engine
with bevel gear transmission power steering device, and sleeve reverse. Rollers of this type
are visually built in sizes ranging from 2K to 10 tons.

design shown in the figure, the cap is on the lower side, bringing the weight
on the solid casting instead of on the studs which hold the cap.

The boiler is qf the ordinary vertical shell type, the usual working pressure
for this service being 150 lbs. There are, as a rule, two injectors for boiler

feed, and in some cases an injector, and cross head pump ; the latter com-
bination is preferable, if a feed water heater be provided.

The engine consists of two high pressure slide valve cylinders with cranks
at 90 degrees to avoid dead centers. The reverse is made by a spiral slotted

sleeve, cast solid with the eccentrics and free to revolve on the crank shaft.
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The saddle over the front roller is made of extra heavy flanged steel, and
swivels at the center of a steel universal joint, in which the vertical pivot
or king pin (corresponding to the king bolt in a carriage) allows the axle
to turn, for the purpose of guiding the machine, and also permits the front
axle to assume any angle with the rear axle. This allows the roller to adapt
itself to uneven surfaces without twist or strain on the frame, or possibility

of injuries to the engine.

The king pin is a steel forging of large diameter; its bearings or journal
box is made in two parts to permit, adjustment.

The transmission f as shown, consists of a beveled pinion at the end of the
<;rank shaft which engages with beveled teeth on the side of the rear roller.

Pig. 1,795.—Iroquois 2y^xon tandem roller with attachment for rolling asphalt.

On account of the conditions of operation a considerable speed reduction is

here made between the crank shaft and rear roller. Both pinion and gear

have two step teeth arranged for alternate contact between the two sets

to give smooth working.

NOTE.—Iroquois 5-ton tandem, standard roller. General dimensions: Length over

all, 13 ft. 3M in., width over all 4 ft.; height over all 8 ft. 9 in.; height with smoke stack ^emovecl:

crank pin: 2 in. X 2H in.; size of wrist pin in cross head: 1 in. X ^Wein.; diameter of st^nj

pipe: IMin.; diameter of exhaust pipe: l^in.; diameter of boiler shell: 2 ft. 4 in he»ght of

boiler: 4ft.6in.; number of tubes : 84; size of tubes: 1>^ in.; l/ngth of tubes: 2 ft. lO** itk.

sq. ft. heating surface: 101.36; sq. f .. grate area: 3.14; ratio of heating surface to g^a\ea^
32.2 to 1; working steam pressure: 125 lbs.; size of engine (^wo): b m. X 6 m^ normals^
of engine: 124 R. P. M.; ratio of gearing: 5.88 to 1; coal capacity: 228 lbs ^fnk capacity

.

116 gals.; compression per inch of width, rear rolls:. 212; compression per mch of w»dth. fi^
rollsT 92; average speed in miles per hour: 3; weights: actual manufactured weight. y„JW

lbs.; weight with coal and water: 11,020 lbs.
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The steering gear consists of a "steel segment forming a worm gear keyed
to the king pin, the worm shaft being fitted with two hand wheels. A
friction power steering device is provided on the larger size rollers as shown.
A sprocket on the worm shaft is connected by chain drive to a pinion which
meshes with two bevel wheels on the engine shaft. These bevels turn loosely

on the shaft, but either, may be thrown into frictional engagement with
the shaft by the lever and friction clutch, the direction of steering depending
on which bevel is in operation.

The water supply is carried in a metal tank mounted on the rear end
of the main frame, and arching slightly on the inner side to conform to the

arc of the roller. The capacity of tanks on tandem rollers is usually

sufficient for five or six hours' continuous operation.

WOBM
KIK16 PIN

SCCTDR

r CROSS HE.AD
REVERSE SLEEVE

Figs. 1,797 to 1,805.—Some important parts of a tandem roller: 1. worm for steering gear; 2.

sector for steering gear; 3. reverse sleeve and eccentrics; 4. reverse sleeve rod; 5, Kmg pm,

6, cross head; 7, gib; 8, cross head back.

A coal bunker is placed above the water tank, extending forward to

the boiler. On some rollers there is a bunker below the foot plate. Ihe

size of bunker is usually large enough to carry a ten hours supply of fuel.

The Three Wheel Roller.—This class of roller is adapted

to building macadam, telford, gravel, shale, or dirt roads; it

is useful in pulling a plow, spiking, and for driving a stone crusher

or as a road. locomotive in hauling a train of wagons. Fig. 1,796

illustrates the three wheel roller which is composed of three

principal members: engine, boiler, and rollers. The construction
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of these machines is practically the same as the traction engine

with the exception that the wheels are replaced by rollers.

The front roller is in two or more sections on a single axle

and is pivoted in the same manner as on the tandem roller for

steering. The several sections enable the roller to turn without

twisting or rooting the road material. Approximately two-

thirds of the weight of the machine rests on the driving or rear

rollers, which are therefore the chief agent for compressing the

Fig. 1,806.—Detail of Case roller showing transmission gearing. Power is applied to both
drivers through the large periphery of the ball gears direct to the rims; the pull being applied
through the tangential bars which connect the large gear to the rim as shown.

road material. These wheels are of large diameter so that

obstructions may be easily surmounted without jar, and that

the fresh material will not be crowded in front of thern. When
the machine is travelling in a straight direction the driving rollers

overlap the track of the steering rollers by about six inches.
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The driving rollers

may be fitted with

a set of spikes as

shown in fig. 1,807, for

loosening the surface

of the old roads; a

set of plugs is pro-

vided for filling the

holes when the spikes

are not in use.

Fig. 1,807.—Rear roller, with spikes inserted for "spiking" or loosening the surface of worn out
macadam roads. The spikes are easily removed, and when not in use plugs are inserted
to fill the holes in the tire.

Fig. 1,808.—Russell compound steam road locomotive with special tanks, engineer s cab and

canopy. Curtains can be attached to drop over sides and enclose the engine. Cable drum

attached. Details of 50 rated horse power size: Working pressure. 1^, l^fJ »J.f
••

120; cylinders. 8 and 14X12; r.p.m., 300; speed on road. 2 to 4 mp.h.:
^y'^^^f'f'^J^J^^^'

Boiler: Diam.. 34; tubes 4o-2yiX72; fire box. 30X52; grate areaJX).8 sq. ft.; heating sur-

face, 250 sq. ft. Tanks: Water, 500 gals.; fuel. 100 gals, (oil); 2.000 lbs. coal.
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Compressive Power of

Road Rollers.— By this is

understood the compressive

power of the driving roller

which sustains the greater por-

tion of the weight. The total

weight of this roller and its

load is the maximum pressure

exerted downward by the ma-
chine, and this weight, divided

by the width of the tire, gives

the pressttre per linear inch of

the tire, which is the effective

compression of the surface.

For instance a five ton roller

with a 39 inch tire will give as

much compression as a seven

ton roller with a 56 inch tire.

Comparison therefore, should

be based on the compression

obtained and not on the nom-
inal weight of the machine.

The compression may be

varied by providing driving

rollers of different widths.

The compression per linear

inch of tire, as given for one

make of tandem roller is:

2yq ftH

Size:

23^ ton
3 ton
5 ton

8 ton
10 ton

Compression

:

100 lbs.

140 lbs.

210 lbs. .

265 lbs.

275 lbs.
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Sizes of Road Rollers.—The usual sizes of tandem rollers

are 2J4, 3, 5, 8, and 10 tons, and of the three wheel rollers,

8, 10, 12, and 15 tons. This range of sizes has been found to
meet the varied requirements of road construction.

TO 5TeERlNG WHEEIL

:hAIN TRANSMI55I0N

Fig. 1,813.—Kelly-Springfield steam steering gear. The two cylinder engine drives the steer-

ing drums through a worm mounted on its crankshaft and meshing with a gear bolted to
the drum. By disengaging the small levers controlling the valves of the engine, and placing
the worm on the steering column, the machine may be steered by hand. The steam steering
gear is used on the 30,000 and 37,000 lb. sizes.

Proportions of Road Rollers.—The following dimensions

will serve to illustrate the general practice in the design of

machinery of this class:
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Case 10 ton three steel roller.

General: Rolling with SI ins.; wheel base, 113 ins.- leneth IR if -

£w^.-7z^; 61^ and 9 by 10 ins. compound; 36 brake horse power-

Erie 5 ton tandenv
roller.

General: Weight.
11,000 lbs.; length, 13
ft. 6 ms.; width, 4 ft.

2 ins.
; wheel base, 9 ft.

1 in.
; height to top of

stack, 8 ft. 8 ins.

Boiler: Diameter,
303^ ins.; height, 54
ins.

; 108 one and one-
half inch tubes.

Engine: Two cylinder
high pressure, diameter
6 ms.

; stroke, 6 ins.

Rear: Rollers, diam-
eter, 48 ins.; width,
39 ins.

; compression,
210 lbs.

^V^f^..Stt^^f^^.'^^,'Z'^^^S.t''^''^ *"° "^^ ^'"'"^ «e- t-n-ission.
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CHAPTER 36

FIRE ENGINES

The steam fire engine is practically a portable pumping plant

as shown in fig. 1,815; it is in all respects a complete water works
on wheels. The boiler, which is generally of the upright semi-

water tube type, is combined with the engine by means of a

strong iron frame, which carries all the appliances as well as

the driver's seat, and also forms the body of; the truck. There

are usually two vertical pumps of the fly wheel type placed

side by side ; the exhaust passes up the stack giving the necessary

draft.

Some engines are equipped with a boiler feed pump, others

depend upon an injector, or feed directly from the main ptunp.

The coal box, which also forms a platform for the engineer to

stand upon while underway, is placed back of the boiler. All

engines are equipped with two suction and two discharge open-

ings so that connection may be made from either side. The tool

box is in front of the engine under the driver's seat. Springs are

interposed between the frames and running gear to absorb

vibration and shock when running over rough roads or uneven

pavements.

Modern fire engines are classified as to size as "double extra first," etc.,

their capacity and weights are about as follows:
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Size Capacity Weight

Double extra first 1,300 gallons per minute
1,100 "

900 "

700 "

600 "

500 "

400 "

10,800 pounds
9,800 ''

8,800 "

7,800 "

6,800 "

5,800 "

4,800 "

Extra first

First.. .

Second
Third
Fourth
Fifth

The Boiler.—For fire

engine service a boiler is

required in which steam

may be generated very

Fig. 1,816.—Continental combination
shell and water tube boiler. In con-
struction there are two cylinders of
heavy boiler plate steel having
welded seams. Nested together the
cylinders are joined top and bottom,
to forged spacing rings. The hollow
parallel walls are reinforced by stay
bolts. The interior tubular grouping
or generating system consists of

straight boiler tubes made up into

sections. These sections or units
fill the interior above the fire space
and grate. The steam generating
system may be described as con-
sisting of two divisions, each being

. marked by a difference in the size of

the tubes and in the manner in which
the tubes are disposed. [

The thin

and smaller tubes are inclined to the

axis of the boiler, their lower ends
converging toward the middle; the

heavier and larger tubes are placed

vertically and in connection with

the two divisions thus formed is a
steam separator within the support-

ing spider at the top. Heat, from

the fire on the grate, causes an active

upward movement of the water

within the small inclined tubes; the

current, a mixture, partly water and
part steam, impulsively traverses the

full length of these tubes. Upon
reaching the upper limits of the m-
Glined units, a downward discharge

is directed into the top of each large

vertical tube. Separation takes

place at this point; the steam thus

released is taken upward and passes

through the top radial headers into

the shell.
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rapidly, hence water tubes are used; most fire engine boilers are

of the semi-water tube type, being a combination of the shell

and water tube types. A boiler of this class is shown in fig. 1,816.

It consists of numerous vertical water tubes surrounded by two shells

which form an annular space for water and steam. The lower part of
the inner shell is enlarged to faciUtate the rapid pjeneration of steam by

Figs. 1,817 and 1,818.—End views of Continental combination shell and water tube boiler.

Pig. 1,817, top view; fig. 1,818, view as seen from below.

contracting the water space and providing the max-
imum grate area.

The tubes are divided into outer and inner sys-

tems. The outer tubes embrace the short manifold

sections adjacent to the fire box walls; they dis-

charge below . the water hne, and the inner tubes

above this point into the steam space. The latter

discharge a mixture of steam and water, hence the

steam space is by no means dry.

To insure a delivery of dry steam to the cylin-

ders, a pecuHar take off ring is provided at the highest

part of the steam reservoir, the same encircling

the inner shell. The ring is perforated with many
small holes at its upper part, the steam entering in

small streams is held in close contact with the hot

inner shell, thus drying it more or less before dis-

charge.

Fig. 1,819.— De-
tail of Conti-
nental boiler running muf-
fler connected and discon-
nected.
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Pumps.—Fire engines are usually fitted with pumps of the

vertical double acting fly wheel type, There are two distinct

piston ptunps united in a single body. The steam and water

ends are connected by a frame of steel columns which carry the

main bearings for the fly wheel shaft. The steam and water piston

of each unit are

connected to a

yoke, with con-

necting rod con-

nection with the

crank shaft.

Fig. 1,820 shows
the usual arrange-
ment of these
parts; at the right

IS a large air

chamber and on
the other side two
vacuum cham-
bers. A small
plunger pump for

feeding the boiler

is attached to the
frameand worked
from the yoke.

Fig. 1,821
shows construc-

tion of the bed
plate and frame
work, and fig.

1,823 an end view
of the pumping
engine assembled
with valve covei

removed for
steam cylinder

showing the slide

valve. The water
cylinders are seen

Fig. 1,820.—Continental self-contained pumping unit. In con- With two cylinder

struction, the steam and water ends are jomed by six steel col- heads, and the
umns, these being a marine bed plate midway between, by means valvC COVer
of which the unit is suspended for the mam frame of the steamer. -^^^^^

j

The steam cylinders bed plate, and pumps, each is a single casting. reiiiuveu.
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Figs. 1,821 to 1,823.—Continental
pumping unit construction. Fig.
1,821 detail of bed plate and frame

;

fig. 1,822, feed pump; fig. 1,823,
assembly. The frame (fig. 1,821)
consists of six straight line columns
which pass directly through the
bed plate and engage correspond-
ing holes in the steam and water
ends. These columns have no
connection with the rotating or
reciprocating mechanism. The
machinery is supported entirely
by the bed plate and the feed
pumps and the vertical guides are
housed therein. Fitr. 1,821 shows
air feed pump barrel in place, the
other fig. 1,822 is read^ for inser-
tion in the supporting sleeve which
projects from the bed plate.
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Hose and Nozzles.—Owing to the contracted diameter of

fire hose, the flow of the water is retarded; the loss of power due
to friction increases directly with the length of the line and
nearly as the square of velocity.

In other words, if the loss due to a given flow be 12 pounds for 100 feet
of hose, then 24 pounds will be required to maintain the same rate through
an additional 100 feet. To double the velocity will require four times the
pressure, or 48 pounds for 100 feet and 96 pounds for 200 feet. It must
be evident, then, that the capacity of any engine is diminished as the length
of hose is increased.

Fig. 1,824.—Sectional end view of pump cylinder showing location of valves and design of pis-

ton. Large removable covers are placed opposite the valves making them easily accessible.

Care should be taken not to use too large nozzles if two or

more streams are being thrown. The sizes of nozzles named

below will give the most satisfactory results, those in italics

being best adapted to fire duty.

Extra first size engine.—1,100 to 1,500 gallons capacity. Through

short lines of hose: One VA inch smooth bore nozzle, for one stream; one

1% inch ring nozzle, or one 2 inch ring nozzle; 1-^6 inch ring nozzle. With

1,000 feet of hose, one 1)4 inch ring nozzle.
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First size engine,—900 to 1,000 gallons capacity. Through short
lines of hose: One 1^ inch smooth bore nozzle, for one stream; one 1^ inch
ring nozzle, or one 1^ inch ring nozzle; 13^ inch ring nozzles for two
streams. With 1,000 feet of hose, one IJ^ inch ring nozzle.

Second size engine.—700 to 800 gallons capacity. Through short
lines of hose: One IJ^ inch smooth bore nozzle, for one stream; one 1^ inch
ring nozzle, or one 13^ inch ring nozzle; 1^^ inch ring nozzles for two
streams. With 1,000 feet of hose, one If/g inch ring nozzle.

Third size engine,—600 to 650 gallons capacity. Through short Hnes
of hose: One 1}/^ inch smooth bore nozzle, for one stream; one IJ^ inch ring

nozzle, or one IJ^ inch ring nozzle; 1 inch ring nozzles for two streams.

With 1,000 feet of hose, one 1 inch ring nozzle.

Figs. 1,825 and 1,826.—Plain view and side view of Continental steam slidj valve.

Figs. 1,827 and 1,828.—Pump barrel and piston.

Fourth size engine,—500 to 550 gallons capacity. Through short
lines of hose: One V/iq inch smooth bore nozzle, for one stream; one IJ/g inch
ring nozzle, or one 1*}^ inch ring nozzle; J/g ^'^^^^

^'^'^i nozzles for two streams.

With 1,000 feet of hose, one 1-inch ring nozzle.

Fifth and sixth size engines,—300 to 450 gallons capacity. Through
short lines of hose: one 1-inch smooth bore nozzle, for one stream; one inch
ring nozzle, or one IJ/g inch ring nozzle; % inch ring nozzles for two streams.
With 1,000 feet of hose, one J^ inch ring nozzle.

Care and Management.—The fire engine is essentially

an apparatus adapted to emergencies, and owing to the inter-

mittent nature of the duty performed, it is quite likely, unless

the proper precautions be observed, that its several parts, more



FIRE ENGINES 935

8s 005COCO 1

<N001>CO s s s:feg82: 1

T-H (N r-i iO
t^o r^ioc^ CO lOO iO(M^O

COt^ ZDQXXiQClGOt^ i-HOOI>'^
(M

x
T-( Tt<

1>;D i-H>CO(M
CO o CO r^ Oi lOA «-> T-t CO lO Xl> -^

.E
(M

'1
^ Tt^

C^ O (N CO^QO coo COOiCOCO
05 UO "^ l> l> OCOiO rHt^COO

"^

oo o^»oo I^O t^OiCOCO
iQ Tti rH qD lO 00 l^Tt< COCOCOCO

CO

t>. o t>. 1-H r^ 1-K QOO OOUOCOiO
coco lO^CD UOCO (M»0»0^

CO
^ O ^ lOO'-H Oi O Oi O i005
05 00 rH 00 t^ O (M 00 Tt^ Oi 00 ^

(N ,-1 rJH

oo O—iCOOO COO COt-(t-h(M
00l> 1-HOOCDOO rHl> T^^OSOOOS

T-H

JS

^ . CO

050 C5t^^ TtH

CO CO t^ CD t^
t^ O l^ lO CO CO
05C0 COQOI^CO

.S
x'^i

CO

r>- O l>- rH lO Oi ^O i-^t^O'-H
r^

T—

1

OOO COt^I>CO

CO O CO(M Ci (M lO O ^ I> CO CO
Tt< -^ CO '^ -^ COtJH (Ncocoo:

1—1 (N

Tt^O ^OiC^ CO oo OCOtJ^CO
CO CO Tfi '^ (N Tj^CO iOiCO

(N

CO O CO 05 (M i:^ (NO C^CNtHCO
00 00 t^ CO '^ T-l 00 CO 05 00 CO

T-H r-H CO

lo o lo CO 00 r^ OOO OOOOt^rt^
i^ I> t^ lO CO Ot^ 1-4001^1-1

^
CO

»0 O lO (M Tf 1^ Tfi O T^ CO (M 1-1

coco t^iOC^

2

ooco (Nocr^o

Tfi O TlH t^ O CO 5 O O O O CO CO
^•; lo »o CO ^ T-i i> »o (M i>.coco

CO O CO O TfH Tt^ CO O CO "0 Oi 00
Tt^Tt^ corf O lO^ rHCOOCO

1—1 c^

05 O (NOOt^O (NO (N(N OCO
coco '^COO Tft CO tH lO »0 O

. .^ . . ^
CJ

^ % :s
,

feet

earn,

nute

(N a (N

a
4^
CD S

JC 'S g^e

+^ --a
0) «*j Wi

f

dran zzle,

n

10

ght,

fee

distance :harged N

dran
zzle,

n

10

'v

I

I

J P-

4-

) 1/

ir t

>

00

o

O
1

4-

t

I

4-

::

•Si

w C Vertical

he

Horizontal

Gallons

dis

be

g

03

.2

a
u
o

d
^ rt

<D 0)
U C!

<
o (D
;-. Ao 4->

S
>.
X5

;̂3 a
XfX 0)

>
• »-•

biO

^
w

G c3

ctS

(J
(D

6^

O
P.

w
CO

(U £a o

cr
o

^ .2

.S > jn

o a «

^ n I

^ .1^



936 FIRE ENGINES

General Directions,—All things about the house should be kept in good
order and neat condition, particularly the engine, which ought always to
be clean and bright. Avoid neglect, which tends to waste and decay, as
dirt often covers unsuspected faults.

While standing in the house, the engine should at all times be kept
ready for immediate service, with plenty of shavings and kindlings in the
fire box, and as much kindlings and coal in the fuel pan as can be con-
veniently carried.

In winter, if no heater be attached to the engine, the room must be kept
warm, to insure against frost.

Fig. 1,829.—Siamese connection. This is used for stand pipes attached to the outside of build-

ings, etc., and also as an appurtenance of the fire engine, as for leading off two lines of hose.

Fig. 1,830.—Approved form of strainer. This should be attached to the bottom of the suction
pipe.

The joints and connections in the suction must be perfectly tight. The
stuffing boxes of the engine and pump should be well packed.

All of the bearings and journals, as well as the oil cans, should be well

supplied with good oil. The best lard oil is recommended for this purpose,
and in winter it should be mixed with kerosene, in the proportion of two
parts of the former to one of the latter, to prevent its becoming thick.

From three-fourths to one inch of water should be indicated in the glass

gauge, except there be a heater attached to the engine, when from four to
five inches should be carried. The bottom of the glass tube being on a line

with the crown sheet, when one inch of water shows in the tube the water
line in the boiler is then one inch above the crown sheet.

Every engine house should, be provided with a force pump, for filling

the boiler with water, as well as for washing and other purposes, fitted for

one inch hose, together with at least 25 feet of the latter.

It is advisable occasionally, say once a month, in towns where fires are
not frequent, to take the engine out for practice and drill, and to make sure
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that it is in proper working order, after which the boiler should be blown
off and refilled with fresh water, as hereinafter directed.

Laying of Fire.—Before laying the fire, see that the grate and fire box
are clean, also that the grate bars are fast, so they will not be liable to jar

out, and that all the steam outlets of the boiler are tightly closed.

Lay on the grate some dry pine shavings, not too many, spread evenly
over the grate, with a few hanging down between the bars; on the shavings

put some finely split pine or hemlock wood, then some a Httle coarser,

and finally a quantity coarser still. It is well to put on the top some finely

split hard wood. These kindlings must all be dry and split, not sawed,

and should be put in loosely, in layers, the layers being crossed, so that

there will be a free circulation of air between them.

C=fl
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Fig. 1,831.—Continental duplex throttle. Its object is to alloW the operator more freedom

and to permit a wiae radius of action about the machine. It consists of two complete and

distinct valves joined in a single body. The operating stems are extended to opposite sides

of the engine within easy reach. Both stems turn to open or close in the customary manner

for respectively starting or stopping.

Never start a fire unless a full gauge cock of water is in the boiler.

Always keep a good torch in the fuel pan, ready for use. This can be

made by taking a stick about two feet long and tying some cotton waste

on one end, and saturating the waste with kerosene.

Starting and Maintaining the Fire.—To light the fire: Apply

torch, already described, below the grate, never m the door; and ^yhlle

doing so move the torch around to insure thoroughly ignitmg the shavings.

Be particular not to open the fire door oftener than necessary, especially

when getting up steam.

In addition to the wood in furnace, an extra supply is carried in the fuel

pan. For convenience this is put up in bundles; their size should not
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exceed four or five inches in diameter, nor much over a foot in length. If

these dimensions be exceeded they become cumbersome and cannot be
readily passed into the furnace.

The kindling should be carefully prepared, and the quantity carried
sufficient to generate a working pressure in the boiler before coal is added
to the fire.

When there is a pressure of 40 to 60 pounds of steam, begin throwing
in' coal, a little at a time, broken up in pieces about the size of a man's fist.

Bituminous coal should be used, the same as that from which illuminating
gas is made. It should be of the very best quality, entirely free from slate

or sulphur.

Fig. 1,832.—Continental steam blast valve control. By opening this valve an artificial draft

may be started in the chimney for trimming the fire at such times when the engine mechan-
ism is at rest.

The mistake is frequently made of allowing most of the wood to bum out
before putting in any coal. This should be avoided, as the kindlings must
be burning nicely in order to start the coal. If the supply of wood should
become exhausted, always begin throwing in coal while there is still enough
wood in the fire box to ignite it, even if the gauge do not indicate any
steam whatever.

Do not put the wood or coal all close to the fire door, but scatter it

about and spread it evenly over the grate.



FIRE ENGINES 939

As soon as the engine is started, coal should be put in often, a little at
a time, and the grate should be kept nicely covered, but not thickly—say
to a depth of three or four inches. Be particular to fire evenly and regu-
larly, taking care that there be no air holes through the fire, and to open
the fire door only when necessary.

The grate bars should be kept well raked out from below, and the fire
and coal occasionally stirred otf the grate bars inside the fire box, using
the flat side of the poker for .the latter operation. But do not ''clean"
oftener than necessary ; keep the fire door open as short a time as possible,
and use no more coal than is required.

Operating the Engine,—The engineer should start up the machine
gradually, but before doing so he ought to satisfy himself that the joints
and connections in the suction hose are air tight, that the discharge gate
is open and the churn valve closed, and that the fire has been properly
attended to. Let the cylinder cocks be open and the exhaust nearly
closed, and all the bearings and journals well oiled. The wheels should be
properly blocked, especially if standing on a grade. When starting, the
throttle valve should 1 e opened slowly at first, or condensed steam will be
thrown out of the stack on the dome, and is liable to stain it.

The automatic air cocks on the upper pump heads must be opened
immediately after starting. They serve to promptly relieve the upper
pump chambers of air, and may be closed as soon as water is ejected from
their orifices.

When condensation has ceased, the engine being warm, the drain cocks
should be closed and the machine speeded up gradually until a good pressure
of steam is obtained.

After the engine is fairly started, do not stand too close, but let your
position be a step back; and, with your face toward the machine, endeavor
to train your eyes and hands to command the entire situation. While it

is perfectly proper to be near the throttle, in order to promptly close it in

case of bursting hose or failure of the water supply, do not acquire the
habit of constantly clinging to the same, for there are other duties equally

as important that require your attention.

In the general hurry and rush, avoid all excitement, and let your duties

be attended to in a calm and collected manner.

Until the engineer has had some experience with the machine, and is

thoroughly familiar with its workings, it is not advisable for him to

use more than 90 or 100 pounds of steam, which is all that is required

for ordinary fire duty, and the necessity for more than 120 pounds will

never arise.

The water in the boiler should be carried as high as six or eight inches

in the glass tube as soon as the engine is fairly at work and a good pressure
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of steam is obtained. The gauges will indicate more water in the boiler

when the machine is running than it will with the same quantity of water
if it is not at work. For this reason, the boiler should be kept well supplied
with water; and the feed tank (when there is one) should be kept always full.

If the glass tube get broken, the height of the water line in the boiler

can be ascertained by means of the gauge cocks, opening them but a
trifle. If opened wide the tendency would be to draw up the water. A
little experimenting will enable one to use them properly, but sole reliance

should not be placed on the glass tube at any time, and the gauge cocks
ought to be used frequently. Both the gauge cocks and the glass water
gauge should be kept clean, and water from the glass gauge should be
blown out occasionally.

The uniformity of the boiler's action is materially aided by maintaining
an even fire and a stead}'^ feed.

I" RETURN,
PIPE

TOP VIEW

Figs. l,83.i and 1,834.—Usual arrangement of heater pipes on Continental engine. The pipes are
tastened to the bottom of the fuel pan and the spacing and dimensions as given conform
with the arrangement of pipes for the stationary heater shown in fig. 1 ,835.

If there be a tendency to foam, the feed should be 'increased and the
surface blower opened quite frequently to relieve the boiler of the scum
and surplus water. If the foaming be unusually violent, it may be sub-
dued by stopping the engine for a few moments and permitting the water
to settle.

During temporary stops the fire should be cleaned, the clinkers removed,
and the moving parts of the machinery examined and oiled.

When the engine is not running, the fire may be replenished if necessary;
and it_ can be kept bright by slightly opening the blower valve, by means
of which a steam jet is blown into the smoke stack for the purpose of
improving the draught.
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Boiler Feed.-—The boiler is usually fed by force pumps, the plungers of
which are secured directly to the yokes of the main engines. Both pumps
are arranged to work in unison; and the supply is generally taken from the
discharging chamber of the main pumps, and is controlled by an ordinarv*
globe valve.

vShould the water being delivered by the main pumps be unsuitable for
feeding the boiler, this valve must remain closed, and a supply from some
other source introduced through the opening provided for that purpose.

Every engine required to pump salt water, or other water unfit for the
boiler supply, should be provided with a fresh water feed tank.

The purpose of the automatic air cock (if there be One) is to prevent the
ratthng of the check valves when the pumps are being only partially filled

;

if the supply is to be draughted from a barrel or tank, the entrance of air
through this cock must be prevented.

In any engine, to feed the boiler directly from the main pump, the water
gauge must indicate a greater pressure than the steam gauges; and it may
be necessary, in order to obtain the desired water pressure, to partially
close the discharge gates of the pump if a large nozzle or two or more
streams are being used.

When feeding' the boiler, it is a good plan to occasionally feel the pipe
leading from check to boiler with the hand, as one can tell by this means
whether the pump be feeding properly. If feeding all right, the pipe will

be cool. If the pipe be hot, the pump is not feeding properly, and it should
be attended to.

In case of low water, and it is found impossible to feed the boiler in any
of the different ways provided, the fire must be drawn at once. Don't
turn on the feed, start or stop the engine, nor open the safety valve; let

the steam outlets remain as they are, and allow the boiler to cool down.

Relief Valve,—This is a device attached to the discharge main of the

pump, and connecting with the suction chamber, its purpose being to

relieve the hose of undue pressure. It is used in connection with a shut off

nozzle. When such nozzle is either partially or fully closed the valve is

operated automatically, like a safety valve, and the surplus water not

required for the duty being performed is diverted from the hose into the

suction chamber of the pump, without any cessation to the machinery.

Its operation is similar to that of a churn valve, the difference being that

the relief valve works automatically while the churn valve does not.

If the engine be suppHed with a relief valve you should familiarize your-

self with its construction and working. It is not practicable for us to

give directions here that will apply to all the several different types of

rehef valves now in use, most of which are no longer made. Care should

be taken, however, whatever the style of valve, to see that all comuctions
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Pig. 1,835.—Continental stationary heater for fire
engines. The complete equipment includes automatic
steamer connections, expansion tank, three way cocks,
floor stand and trip bars. As here shown, the heater
is intended to set on the same floor and at the rear of
the engine, but the piping may readily be modified to
suit any other situation. This heater is suitable for
all ordinary fuels and may be used as a surface burner,
or, with the self-feeding magazine which is also
provided.

NOTE.

—

Standards for Hose Couplings, Hose
couplings for 2K, 3, 3 3^ and 4H inch sizes have been
standardized and adopted by the American Water Works
Association,The New England Water Works Association,
the National Firemen's Association, the National Fire

n»£i,v^?r/T^'^*T' ^fc P'^J^Ji/^''^ ^P^^ coupling is the size most generally used by
?ervtpf.nHT f

"*'• ^^^ ^ ^"^ '^^ ^"^^ ^^^^^^^^ ""^^^ "^^^-^^i^ ^°^ ^'^^ P'-^ssure or fire boat

SeTarP ?t Wf SV^-g^^'^T """^-ii f°?"f'^^l
under 2 ^ inches, there is no universal standard;

lhttJ7
at least six different so called "standards" used, known as follows: Eastern ^auge hose

fnrnf. if '^i '!5 ^u^ ^fu
^ngW States)

;
Pacific Coast hose thread, known also as thi Cali-

M^ddlP wl^H?P^?f\*^'^?;^ ^^'A^i^ *5^ ^^^l^^
Coast); Chicago hose thread (used in the

f^fhJl^ S' F'^A^^'il
^°^-^ thread; Boston hose thread, and the iron pipe thread, which

diviJS J 9]^>^'''^wu^°'"/'P^ threads In addition to these "standards.'' there is a great

3-J^?.iL .^^^ '^""^ threads used by the fire departments of various cities. As regards the
?<. f^«f.f ;i!

'''^ '^ ^"^ absolute agreement as to the dimensions. The only actual standard
IS that of the iron pipe thread, which, of course, is extensively used i.i all parts of the country.

,Vo„ Vl^^^'^T'']^
threads have been adopted by National Board of Fire Underwriters, Amer-

Acc^ • f^"" ^7^^ Association, New England Water Works Association, National Fireman'sAssociation, National Fire Protection Association.

Size

Threads

2^ inch 3 inch S}4 inch

6
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are kept tight, in order to prevent any leakage of air into the suction chamber
of the pump.

There ought always to be a valve between the relief valve and the suction
chamber of pump, so as to cut out the relief valve in case same should
from any cause become disabled.

Priming Valves.—The priming valves, in cases where such valves are
attached to a fire engine, control small passages leading from the discharg-
ing side of the main pumps to the upper receiving chambers of the same.
If the air cocks fail to show water promptly, flood the upper pump ends
by opening these valves for a moment, provided of course, that the lower
ends of the same have already taken suction.

The Variable Exhaust.—In connection with good coal and good firing

on the part of the stoker, the engineer must make proper use of the exhaust
lever, to maintain an ample working pressure of steam. When there is

plenty of steam the exhaust should be kept wide open; if more steam be
required push in the lever. This will diminish the opening, and the velocity
of the exhaust will be increased, improving the draught, but creating a back
pressure on the engine.

The variable exhaust is particularly useful when first starting, but as
the boiler steams more freely open it to the full extent.

The Churn Valve,—The principal objecf; of the churn valve is to permit
the operation of the pumps without discharging any water through the
natural channels; it controls a passage by which the discharging side of

the pumps is connected with the suction chamber.

In draughting water, when the pumps are first started, this valve must
remain closed until the pumps are filled" with water, thereby excluding

the air which would find its way into the suction chamber if the same
were open. It should also be closed when the pumps are at rest, to prevent

the dropping of the water in the suction pipe. It may be opened slightly

with good effect when pumping through long lines of hose, or when first

starting against a heavy resistance, thereby increasing the piston speed

of the machinery without actually delivering a greater quantity of water.

It also permits the force pumps to be kept in motion, for the purpose of

supplying the boiler at times when it is undesirable to deliver water through

the hose lines.

When the engine is put to suction, acquire the habit of feeling this valve

to assure its complete closure.

The Water Supply.—-The suction basket or strainer should always be

attached when draughting water, and every precaution taken to tnsure

tight connections in the suction. The basket must be kept well under the
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surface, and kept from clogging if the water be foul. Additional strainers

should be provided, placed just inside of the suction inlets of the pump
when the suction is carried disconnected; when the suction is permanently
connected to the pump, the strainer is set in the end of the suction. These
strainers must always be examined and cleaned before the engine is returned
to quarters, and at all other times when there is any reason to suspect
that they are obstructed.

When the supply is taken from a hydrant, satisfy yourself that the same
has been fully turned on; if opened before water is wanted through the
hose, the discharge gates on the engine must be closed. Unless the pressure

be excessive, the hydrant is usually permitted to remain open while the

Fig. 1,836.—Front view of Continental fire engine showing method of withdrawing wire strainer

for inspection. The strainer intercepts foreign particles which would otherwise clog the valves
of the pump. The strainer may be withdrawm from either side as shown without lifting,

disconnecting or otherwise disturbing the suction hose.

steamer is attached, the discharge during temporary stops being controlled

by the engine gatej:.

Frequently the first water taken from a hydrant is stagnated; hence, if

• necessary to feed the boiler before any considerable quantity has passed, it

is advisable to permit it to waste by opening an idle gate.
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The apparatus should always be halted, or placed at a proper point,
with reference to the source of the water supply. Good judgment on the
part of the driver will often obviate short and awkward bends in the suction
hose, and also facilitate the work of making the necessary connections.
The suction hose should always receive considerable attention; oil is very
injurious to the rubber, and when allowed to remain long in contact with
its surfaces, will cause decay. Ordinary precaution will be sufficient to
prevent injury by chafing on sharp stones or rough surfaces when the
pumps are in operation.

When attached to a hydrant or plug, do not run the engine faster than
you can get water to supply the pump, and if the pressure be not sufficient
to allow the pump to work to its full capacit}^ avoid using too large nozzles.

If it be suspected that one of the joints in the suction is loose, the speed
of the engine may be slackened without stopping entirely, until water is

thrown eight or ten feet from the nozzle, when if the pump be taking air^ the
stream will crack and snap instead of flowing out smoothly. If it be found
that the pump is taking air through the suction, and the leak cannot be
located in any other way, it may be found by removing the suction basket
and turning the end of the suction up higher than the top of the pump,
and then filling it with water. The water will be forced out through the
joints wherever loose, and leaks can easily be found in this way.

When draughting the water, bear in mind that the greater the perpen-

dicular Hft, the less the quantity of water which can be pumped, remember-
ing that it is the pressure of the atmosphere which forces the water into-

the pump, and not any power exerted by the pump itself, which simply

produces the vacuum. Thus, the nearer the surface of the water the-

greater the velocity with which it enters the pump, while the higher the-

pump, the weaker the pressure and the less the quantity of water which

enters it, and at a height of about 30 feet no water will go in the pump.

For this reason, the greater the lift, the smaller the stream that can be

thrown effectively, and the size of nozzle used should depend upon the

height the water is draughted, reducing it one-eighth inch for every five

feet above a lift of 10 feet.

Shutting Down,—In extremely cold weather, if it be desired to stop,

doing duty for any reason, it is a good plan to keep the main pump con-

stantly but slowly revolving, even if it be just barely moving, and to keep

a light feed on the force pumps, to prevent freezing. This should be done,

also, when necessary to change positions at fires, while the engine is being

transferred. In small towns it is well to have a good supply of water m the

boiler, and sufficient steam to revolve the engine and pump slowly while

returning to the house.

Preparatory to the final shutting down of the apparatus, with a view of

returning to quarters, permit the steam pressure to rise to the jxjint ot

blowing off; also let the fire be burned clear and bright befcre wtthdrawtng
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the same from the furnace, which may be readily done by closing the fire

door and opening the blower valve. This will burn off most of the soot
adhering to the heating surfaces. Allow water to drop down to first

gauge cock, which will insure your obtaining dry steam; when blower is
opened with a high water line, water is apt to rush through the blower,
and wet steam is not so effective in blowing off the soot.

There should be a steam pressure of about 30 pounds when the grate is

dumped, after which all remaining soot and ashes should be blown with
steam from the top of the smoke stack down through the smoke flues into

Fig. 1,837.—^Front end of Ahrens-Fox, self-propelled fire engine with gas engine power unit;
view showing the power and pumping unit. The gas engine is used both for propelhng the
machine and for pumping.

the fire box, using for this purpose the small cleaning hose. Then the soot
should be blown from the fire box and water tubes, and the ashes from
around them, using the cleaning hose and steam through the fire door;
the grate may then be replaced.

Not less than once a month, after dumping the grate, with from 15 to 20
pounds of steam., all of the water and steam should be blown out of the
boiler through the blow off cock, in the water leg of the boiler.
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Returning to Quarters.—Promptly refill the lubricators and all other
oil cups, and thoroughly examine the mechanism, and also the running
gear, as soon as the apparatus is returned to its quarters. If, however,
the work has been of long duration or the water bad, the boiler should be
thoroughly washed out before again placing the machine in service. To

do this properly, a one-inch hose with suitable
nozzle must be provided, and if there be no
hydrant connection or pressure, a force pump

may be substituted. Remove all the
plugs at the bottom of the boiler, and
with the hose and scrapers free the
shell of the sediment lodged therein.

^

Fig. 1,838.—Sectional view of Ahrens-Fox six cylinder engine and pumping unit, showing
cooling system. The cooling system includes a junction box seen at the rear of the pump.
To the upper and lower divisions of this junction box are affixed a number of tubular loops

made of thin copper. It is seen that these several loops penetrate well into the depth of

the suction chamber. Their exterior surfaces, therefore, are subjected to the cooling influence

of the full volume of water discharged by the fire pump, all of which must necessarily pass

through the chamber where the loops are installed. A two way regulating sleeve, located

in the lower division of the junction box, affords control of the device. Turned to the

position appearing on the diagram the sleeve has cut off entrance to the cooling loops. The
hot flow leaving the top of the motor cylinders will therefore by pass into the radiator, thus

following the circulative course ordinarily prescribed. Reversing the position of the sleeve

the flow from the motor is diverted and forced to pass through the loops. In transit the ex-

terior surfaces, in contact with the rapid rush of water, absorb heat very rapidly and after

making the loop circuit the flow proceeds to the radiator and resumes the course which

ordinarily obtains. The flow can be diverted to the loops in any degree desired by the

operator. When driving over the road the hot flow from the motor is prevented entering

the tubular loops by setting the lever in its off position. Unnecessary radiation of heat in

the interior of the pump is thereby avoided. The cooler may also be used as a heater, that

is by keeping the loops in circuit at times when extremely cold weather is encountered, the

pumps may be kept quite warm as long as the motor is in action. This feature is noteworthy

and is of advantage in cold climates. Enroute, coming or going, the pump will be protected

from the danger of freezing.
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of the oil cups on the
top heads of the en-
gines; have the pis-

tons at a point pre-
venting the oil
entering the ports,
and after allowing
sufficient time for the
same to distribute
itself over the piston
head, give the engines
several turnsby hand,
thereby coating the
sides of the cylinders
with a film of oil and
effectually preserving
them against rust.

It is a matter of
the greatest import-
ance that all of the
jointsandconnections
in the suction should
be kept tight at all

times. Every little

while the engineer
ought to take the
wrench furnished for

that purpose, and see
that every joint in the
suction is provided
with a piece of good
packing and that it is

perfectly tight.

The steam gauges
should stand at zero
when pressure is off.

If necessary to clean
the glass tube in the
water gauge, close the
cocks on top and bot-
tom, fill the tube with
benzine, and allow it

to stand an hour or
two. Then draw the
benzine out, open the
cocks, and let water
in again.
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READY REFERENCE

INDEX
Absolute, and gauge pressure, difference

between, 707.
temperature, gas, law, 705.

Acme two-cylinder single acting engine,

ills., 688.
^

Adiabatic, air compression, diag., 708, 717,
726.

Admission, Corliss gear, 464-482.
uni-flow engine, ills., 601.

Advance-Rumely traction engine, ills., 909.

Marsh reverse gear, ills., 883.
Aerial dump, hoisting engine, 765.

After coolers, ills., 723, 725.
Ahrens-Fox nre engine, ills., 946-950.
Air, chamber, pump, 672, 674.

compressed, 705.
compression, 705—728.

adiabatic, 726.
altitude, 727.
compound, 712, 719.
compounding, 726.
dry or jacketed, 712.
heat of, 709.
isothermal, 726.
simple, 711, 719.
spray injection process, 711.

consumption drills, 738, 740,

cylinder head, blowing engine, ills., 732.

end, air compressor, ills., 715.

force, def., 707.
hoisting engine, cylinder, mine, ills.,

792,793
indicator cards, 793.

receiver, horizontal, ills., 724.

rock drill, Wickes, ills., 737,

valve, gridiron, 731.

Air compressor(s}, 705-728.
aftercooler, ills., 723, 725.
compound, 712, 714.

dry or jacketed, 712.
eccentric pin, ills., 718.
intercooler, ills., 722,
principle, 706.
receivers, ills., 724.
regulation, 721.
riding cut off, ills., 718.

single stage, 707, 711, 716.

three stage, 716.

Air compressor (s),—Continued
two stage, 714, 715.
unloader, ills., 720.
valve, ills., 710, 713.

Ajax engine, valve movement, diag., 566.
Allis-Chalmers, releasing gear, ills., 488, 489,

491.
Altitude, air compression, 727-728.
Ames-Stumpf unSlow-engine, ills., 596.
Armstrong valve gear, 565, 567.
Austin trench excavator, ills., 839.
Automatic, by-pass valve, ills., 596.

high speed engine, ills., 699.
steam hammer, ills., 912.
tank, concrete mixer, ills., 865.

Auxiliary, apparatus, hoisting engine boiler.

773.
exhaust valve gear, ills., 597, 600.

Avery traction engine, boiler, ills., 911.

Axle forging hammer, Buffalo, ills., 815.

B
Back flow, pump valve, 671.
Baker uniflow cylinder, ills., 908.
Balance, water, ills., 649.
Balanced piston valve, ills., 879.

Ball, cyUnder, ills., 664.
joint, hydraulic dredge, ills., 852.

Band brake, hoisting engine, ills., 782.

Bank power spud, ills., 846.
Barrel, pump, fire engine, ills., 934.

Bates Corhss engine^ iiain bearing, ills., 542.

releasing gear, ihs., 480.

Bearings, centrifugal pump, 665.

Corliss, oil required, 537, 542.

road roller, 918,
Bed plate, fire engine, ills., 932.

Bend, pipe, water flow, 650.

Best MiR. Co., reverse gear, tracUon engine,

ills., 882.

Bilgram diagram, valve defects, 468.

Bits, rock drill, various, ills., 747.

Blast valve, fire engine, ills., 938.

Blowing engine (s), 729-736.
air, end, 729.

cylinder head, ills., 732.

compound, vertical, ills., 734.
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Blowing engine (s),—Coniinued
cross compound, ills., 735.
piston speed, 730.
Southwark, various types, ills., 733.
steam end, 732.
uses, 729.
valve gear, 732.

"Blowing tub," Southwark horizontal, ills.,

730, 731.
Board drop hammers, 820.
Boiler, Buckeye-mobile, ills., 758, 762.

capacity, steam hammer, figuring, 814.
f:ed, pump, flywheel, ills., 905.

v.ater heater, traction engine, ills.,

906.
' fire engine, 929, 930.

hoisting engine, 773, 774.
locomoiivef 761.

type, ills., 891.
road roller, 918, 926.
spring mounting, ills., 892.
straw burning, ills., 888, 890.
traction engine, 886-893.

locomotive type, ills., 911.
Boiling point, water, 651.
Boom, fall rope, hoisting engine, 765.

fitting, pile driver, ills., 807.
steam shovel, 828, 830, 832.
swinging gear, hoisting engine, 765.

Box, smoke. Buckeye-mobile, ills., 758.
stumng, pump, 663, 664.

Boyle's law, 705, 706.^
Brake, hoisting engine, ills., 782.

International concrete mixer, ills., 872.
Brasses, connecting rod, Corliss, gripping,

ills., 550.
Buckeye-mobile, ills., 758-763.
Bucyrus, excavator, ills., 838.

gold elevators, ills., 857.
hoisting engine, ills., 777, 832.
hydraulic dredge, ills., 853, 857.
pile driver, ills., 806.
steam shovel, ills., 827, 831.
swinging and crowding engines, ills., 828.

Buffalo st-;am_hammer,_ills., 815-817.
Bull wheel, hoisting engines, 765.
Butterfly, drill, slip rotation, 743.

valve, rock drill, ills., 739, 744.
By pass valve, automatic, uniflow engine,

Ames-Stumpf, ills., 596.

Cam, motion, steam hammer, self centering

_
ills., 812.

safety, ills., 491.
Capacity, boiler, steam hammer, 814.

hoisting engine, 802.
pump, calculation, 681-682.
steam hammer, figuring, 812, 814.

Capstan engine, Rees, ills., 698.
Card, indicator,

_
see Indicator card.

Carrier rod, Corliss engine, 477.

Case, automatic high speed engine, ills., 699.
feed, pump, ills., 885.

water heater, ills., 906.
road roller, transmission gearing, ills.,

922.
traction engine, ills., 899, 914.

Centrifugal pump, 665.
direct connected, ills., 851.
installing, 680.
turbine, 668, 669, 680.

Chain, belt mixing drum, ills., 863.
drive, concrete mixer, ills., 869.

Charles' & Boyle's laws, phenomena, ills..

705, 706.
Charging hopper, concrete mixer, ills., 859,

861, 862.
Chassis, fire engine, Ahrens-Tox, ills., 948.
Chum valve, fire engine, 943.
Clam shell, boom, steam shovel, 830.

crab, 765.
Clark four valve engine, ills., 568.
Clearance, Corliss valve gear, 464.

multi-stage expansion engine, 606.
Clover Leaf concrete mixer, ills., 865.
Clutch, International concrete mixer, ills.,

872.
friction, traction engine, 893-896.

Coal bunker, tandem road roller, 921.
Colt disc engine, construction, 703.
Column rock drill, reciprocating, Hardscog,

^
ills., 742.

Combined diagrarns, engine, 616, 632.
Compensating cylinders, pump, ills., 677,

678.
Compound compression, 712, 716, 719.
Compound engine, 607.

blowing, ills., 734.
cross, ills., 630.
cut off, 617, 622, 624, 625. 626, 628.
cylinder ratio, 615, 616.
diagram^ cut off, variable, 622, 624, 625.

direct expansion, 609.
equal temperature and work, 614.
cxpansioii with drop, 613.
Graham direct expansion oscillating

marine, 616.
receiver, 611, 612, 613.
regulalion, by throttling, 628, 629.

by variable cut ofi, 622,
624, 625, 626, 628.

diagram factor, 618.
direct expansion, 608-610.
expansion W'ith drop, 612.
pumping, ills., 680.
receiver, ills., 610-615.
regulation, example, diag., 622, 624,

626.
single acting, diagram, actual, 611.
tandem, ills., 631.
traction, 880.
variable cut off, 621.

diagrams, 622, 624, 625, 626, 628
variable load, 621.

Compound locomotive, diagrams, 638.
Russell, i:::., 923.

Compounding, saving due t:> 726.
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CompresGion, air, 705.
Compressor, air, 705-728.
Compressive power, road rollers, 924.
Concrete, mixer, 859, 868.

chain drive, ills., 869.
charging hopper, 859, 861, 8G2.
Clover Leaf, ills., 865.
International, ills., 872, 873.
Lakewood, ills., 870.
Marsh-Capron, ills., 860.
Milwaukee, ills., 866.
mixing, 859-874.

drum, ills., 862, 863, 867.

parts, 859.
power transmission, 867.
Ransome, ills., 868.
street paving, ills., 871.
tilting drum, hot, ills., 866.
water tank, 863, 865.

Condensation, Corliss engine, 464.

steam engine, effects, 604.

Condenser, jet, ills., 528, 529.

Watt's, 755.
Condensing engine, ills., 634, 635.

Cone, hoisting engine, 765.

drum, 796.
friction gear, ills., 787.

Connecting rod brasses, ills., 550.

Conoidal centrifugal pump, 666, 667.

Continental fire engine, ills., 928, 944.

boiler, ills., 929.
Convertible bank power spud, ills., 846.

Cooling, air compressor, 707, 711.

fire engine, 947.

Cooper releasing gear, ills., 481.

Corliss engine, 463-558.
bearings, ills., 537, 538, 542.

bed, ills., 545. . , . . .„

brasses, connecting rod, gripping, ills.,

550.
compound, poppet, ills., 588.

condensing, 556-558.
construction, ills., 464, 465, 470.

crank pin, ills., 650.

cut off, 466.
cylinder, construction, ills., 466-468.

Filer & Stowell, ills., 552.

parts, ills., 460.
Providence, ills., 485.

Vilter, ills., 467.

dash pots, ills., 491-495.

elevation of, ills., 464.

examination, 625-527.

exhaust rod, 478.

frames, ills., 503-507, 558.

governor, ills., 464, 515, 616.

heavy duty, ills., 505.

heating, causes, 534.

hoisting, ills., 798.

indicator card, 541.

journal, grooving, illf •» 548.

knocks and pounds, 540-543.

leaks, causes, 534.

left hand, ills., 626.

lubrication, 534, 540.

operation, 625-558.

Corliss engine,

—

Continued
out of line, ills., 546-551.
parts, ills., 464, 465.
piston,' ahgnmont, ills., 549.

loose, 545.
parts, ills., 545.
rod, packing, 525.
worn, effect, ills., 547.

poppet valve, 590.
pounds, causes 640-543.
right hand, ills., 526.
rolling mill type, ills., 501, 507.
running, 530.

over, diag., 526.
under, diag., 526.

speed, 494-498.
starting, 527.

preliminaries, 525.
valve, 471-474.

air compressor, 709, 718.
construction, ills., 472, 563.
hoist, ills., 796, 797.
knocks, causes, 543-546.
location, 464.
Providence, ills., 472.
releasing gear, des., ills., 483.
seat, grooving, effect, 545.
setting, 607-524.
squaring, 610, 618.
stem, packing, proper. 525,
types, ills., 482.

valve gear, 474-503.
advantages, 464, 482.
Allis-Chalmers, parts, ills., 489.
dash pot rod, adjustment, ills., 555.
exhaust, ills., 656.

rody adjustment, ills., 554.
peculiarities, 651.
parts, ills., 474, 479, 487-490.

water click, cause, 640.
wrist, pin, ills., 650.

plate, 477, 478.
Cornish mine pump, 644, 675, 676.
Couplings, hose, fire engines, 942.

pipe, Parker pontoon, ills., 855.
Crab claw gear, ills., 483-486, 654.
Crank pin, Corliss engine, ills., 550.

Cross, compound, engine, ills., 630.

blowing, ills., 735.
head, feed pump, Huber, ills., 904.

road roller, ills., 921.
square piston engine, location, 701.

Crowding, swinging engines, Bucyrus, ills.,

828.
motion, horizontal, ills., 824.

Crown sheet, boiler, 891.

Compressor, air, Boyle's & Charles' law,

phenomena, ills., 706.

Curtis, valves, setting, 884.

Curves, Buckeye-mobile, 757.
compression, 708, 717.
expansion, 603.
heat, 708.
hyperbolic, 603, 604. , ^
isothermal, air compression, 708, 717.
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Curves,—Continued
performance, poppet valve engine, diag^

584.
Cushion device, traction engine, ills., 897.
Cut off, adjustment, compound Corliss en-

gin?, 516.
arm, ills., 484, 491.
cam, ills., 497.
changing, 628.
collar, Corliss, 514.
direct, 563, 569.
economical, 466.
multi-stage expansion engines, 617.
positive, 562.
regulation by, 625-629, 632.
riding, 567, 572.
typical, indicator card, 617.
valve defects, 463.
variable^ multi-stage, expansion en-

gines, 621.
angular advance, 562, 572.

varying, indicator, card, 624.
Cutter, hydraulic dredge, ills., 849, 850.
Cycle, compound compression, 712.
Cylinder, air compressor, 712, 719.

closed, pumping engine, ills., 655.
compensating, pump, iils., 677, 678.
Corliss, ills., 466-469, 473, 485, 552.
diameter, calculating, 619.

compressor, 712.
triple expansions calculation, 641.

hammer, 745.
head, ills., 664, 571. 573, 732, 768.
high pressure, ills., 756.
hoisting engine, Nordberg, ills., 792.

parts, ills., 768, 778.
lubricator, ills., 539, 739.
oscillating marine engine, Kriebel, 691.
poppet valve engine, ills., 583, 584.
pump, fire engine, ills., 933..
pumping engine, closed, ills., 655.
ratio, compound engine, 615, 616.
thrust, ills., 800, 801.
uniflow engine, ill., 597.

Baker traction, ills., 908.
water, fire engine, ills., 949.

Dake square piston engine, ills., 701-703.
Dash pot, arm, ills., 480.

Corliss engine, des., ills., 491-495.
governor, ills., 476.
plunger, ills., 476, 489.
rod, Corliss, 512, 519, 555.

pin, ills., 491.
Deep, hole drill wagon, ills., 746.

mine hoisting, 791-796.
Delivery pipe, hydraulic dredge, 852.*

valves, pump, 661.
Density, maximum, water, 647.
Denver-Waugh stoping drill, ills., 745.
Derrick, pile driver, 803.

Derrick,—Continued
radial, base, ills., 784.
swinging ropes, hoisting engine, 766.

Detroit lubricator, ills., 540.
Diagram, indicator, see Indicator card.

factor, examples, diag., 618.
Diameter, air compressor, cylinders, 712.

cylinder, multi-stage expansion engine,
619.

hose, fire engine, 933.
Differential brakes, hoisting engine, def., 766.

gearing, traction engine, 895-897, 898.
Dipper, arm, steam shovel, ills., 825.

dredge, ills., 843, 845, 847.
Direct, acting pumps, 676.

connected cent^'ifugal pumps, 680.
dredge, ills., 851.

cut off, sliding valve engines, ills., 569-
572.

drive, hoisting engine, ills., 772.
expansion, compound engine, ills., 608-

610.
flue, locomotive type boiler, ills., 911.
lift, valve, ills., 710.

Disc engine, Colt, 703.
Discharge, pressure, hydraulic dredge, 852.

valve, air compressor, ills., 710.
Disconnected type, blowing engine, ills., 734,

735.
Ditch making, 838.
Ditching machines, 833-842.
Dock wheels, hoisting engine, 766.
Double, cone hoist, Hendrie & Bolthoff Cor-

duplex, ills., 683.
acting /)Mm/), 657.
cone drum hoistmg engine, 796.
cylinder, engine, Rumely, ills., 881.

hoisting engines, 766, 767, 769, 774,
779.

traction engine, 881.
drum, boom swinging hoisting engine,

782, ills., 783, 784, 786.
eccentrics, 499, 517.
frame hammer, ills., 815, 818.
hoisting engme, Buyrus, ills., 832.
"nigger" engme, ills., 698.
reel mine hoist, ills., 797.
seated poppet valve, ills., 578.
steam hammer, 814, 817.
tandem, quadruple expansion engine,

ills., 642.
piston, pump, ills., 660.
plunger, 661, 662.

Drag, line excavator, 833-838.
scraper booms, steam shovel, 830.

Draw bar, traction engine, ills., 899.
Dredges, 843-858.

dipper, ills., 843, 845, 847.
elevator, 858.
gold, ills., 858.
hydraulic, 846-856.
placer, ills., 857.
suction, 846.

Dredging pump. 846, 851, 854.
Drill, rock, 737-748.

wagon, ills., 746-748.
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Drive, chain, concrete mixer, ills., 869.
Driver, pile, 803-808.
Driving mechanism, pump, fire engine, ills.,

950.
Drop, cut off, 659.

hammers, board, 820.
Drum, concrete mixer, 862, 863, 867.

hoisting engine, 766, 778.
Dry, compressor process, 712.

dock pumping engines, ills., 680.
Dumping block, hoisting engine, 766.
X>unham pump, author's design, ills., 683.
Duplex, Corliss hoist, ills., 798.

pump, 683.
throttle, steam fire engine, ills., 937.

Dynamic head, water, 648, 649.
lift, water, ills., 648.

Eccentric, Corliss, ills., 477, 489. .

double, 499, 502, 515.
four valve engine, ills., 560, 561, 566.
oiling system Corliss, 531, 532, 536.
pin, air compressor, 718.
positions, ills., 522.
road roller, ills., 921.
rodf adjusting, 519.

Corliss, ills., 477, 489.
four valve engine, 565.

setting, Corliss engine, 512, 519, 521.
shifting, reverse gear, ills., 876, 882, 883.
single, Corliss, ills., 477, 498, 499, 507.

Eclipse engine, ills., 876.
Economical cut off, Corliss engine, 466.
Economy, steam, 603.

theoretical, expansion, diag, 603.
Efflux, water, 646.
Elevator, gold, Bucyrus, ills., 857.

dredges, 858.
End play, Corliss valve, 544.
Engine, see Steam engine.
Entry head, water, pipes, flow, 650,
Equalizer, pump, 676.
Equalizing trucks, steam shovel, ills., 826.
Erie, steam hammer, ills., 812,

road roller, ills., 918.
Excavator, ditching, 842.

drag line, 833^838.
trench, ills,, 838-841.

Exhaust, arm, Corliss, 474, 488.
bracket, ills., 474.
carrier rod, iils., 502.
chest, ills., 469.
compound engine, ills., 610.
eccentric, Corliss, setting, 519, 520.

Jire engine^ 943.
variable, 943.

flange, ills., 469.
hook rod, ills., 474.
inlet, ills., 528.
lap, valve setting table, 512.
marine engine, ills., 691.

Exhaust,

—

Continued
pipe, 854.

two-way cock, 774.
port, ills., 469, 592.
relief, traction engine, Huber, ills., 907.
red, Corliss engine, def., 478.

adjustment key, too long, ills., 554.
section through, 594.
steam hammer, ills., 810, 816.
travel, four valve engine, ills., 566.
triple expansion engine, ills., ^4.
valve, bonnet, ills., 474, 488, 686.

cage, ills., 586.
Corliss, ills., 464. 469, 471-478,

481, 498, 520.
gear, auxiliary. Skinner uniflow en-

gine, ills., 597.
Corliss turned over, ills., 653.

poppet valve engine, ills., 586.
rod, ills., 474.

_
stem, ills., 474.

variable, fire engine, 943.
wrist plate, ills., 474, 502.

Expanding poppet valve. Skinner, ills., 600.
Expansion, compound, 607.

continuous, 617.
curve, 603.
economy diag., 603.
free, 613, 617.
quadruple, ills., 640, 641.
triple, 633.

pumping engine, 681.
with drop, 612.

Expansion engines, 603-642, 681.
compound, 607.
direct, ills., 608.
pumping, 681.
quadruple, 640, 641.
receiver, 607, 610.
triple, 633, 681.

Extended furnace. Buckeye-mobile, ills., 762.

Fairbanks convertible power spud, ills., 846.
Farquhar traction engine, ills., 75j.
Feed, friction, saw mill, Russell, ills., 753.

pump, traction engine, ills., 885, 930 -

905.
water heater, traction engine, 906.

Fibrous packing, pump plunger, 660.

Filer & Stowell, Corliss cylinder, ills., 652.

uniflow engine, 594.
valve gear, ills., 523, 524.

Fire engine(s), 927-950.
Ahrens-Fox, 946-950.
boiler, 929, 930.

feed, 941.
care and management, 934.
chassis, ills., 943.
chum valve, 943.
classification, 927.
cleaning, 947.
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Fire engine(s),—Continued
Continental, ills., 928, 944.
cooling system, Ahrens-Fox, ills., 947.
exhaust, variable, 943.
equipment, 927.
firing, 937.
hose and nozzles, ills., 933, 934, 935,

936, 942.
operation, 939.
pumps, ills., 931, 932, 933, 934, 947, 949,

950.
returned to quarters, 947.
shutting down, 945.
strainer, ills., 936.
throttle, duplex, ills., 937.
valve, ills., 934, 941, 943.

blast, steam, ills., 938.
water supply, 943.

Flow, water, pipes, 650.
Floating steam reversing gear, 697.
Flue, Rumely boiler, ills., 892.
Fly wheel pump, Jlls., 905.

horizontal, 677.

Foot brakes, hoisting engine, des., 782.

Force pump, double acting, 656-658.
single acting, ills., 655.

Forging hammer, axle, ills., 815.

Four cylinder, engine, hoisting, ills., 799.
traction, valves. Port Huron, ills., 878.

triple expansion, ills., 635.

Four gear reverse, hoisting engine, ills., 800.

Four valve, non-releasing engines, 559-574.
cylinder head, ills., 572, 573.

_

differential valve movement, ills., 570.

direct cut off, 563, 669.
drop cut off, 559.
gridiron valve, Mcintosh & Seymour,

ills., 572.
high speed, Porter-Allen, ills., 569.

riding cut off, 667, 668, 672.

rocking valves, 563, 664, 667.

sliding valves, 669, 672.
valve gear, ills., 660, 661, 665, 566, 570,

574.
Four wheel equalizing trucks, steam shovel,

ills., 826.

Franklin- Corliss, releasing gear, ills., 497.

Free air, def., 707.

Frick Corliss dash pot, ills., 495.

Friction, clutch, traction engine, ills., 893,
894, 896.

control, loose drum, hoisting engine, ills.,

780, 781.
feed, saw rnill, Russell, ills., 753.
gear cone, ills., 787.
steering, ills., 902.
head, water, pipes, flow, 650.
levers, hoisting engine, ills., 785, 786.

clutch, hoisting engine, 766.

7iut, hoisting engine, 767, pin, 767.
screw, 767. wood, 767.

Fuel cost, steam power plants, 758.

Furnace, extended, construction, ills., 762.

straw burning boiler, 890.

Furrows, plowing continuous, diag., 913.

Gas, absolute pressure, law, 705.
Gauge and absolute pressure, difference be-

tween, 707.
Gear, steering, 696.

tandem road roller, worm, ills., 921.
traction engine, friction, Huber, ills.,

902.
hand operation, 901.

valve, see Valve gear.
Geiser balanced piston valve, ills., 879.

locomotive type boiler, ills., 891.
shifting eccentric, diag., 883.
steering gear, ills., 901.

Gib, engine, ills., 921.
Gland, pump, ills., 663, 664.
Globe type, International concrete mixer,

ills., 873.
Gold dredge, ills., 858.

elevator, ills., 857.
Grade, effect on power, diag., 879.
Graham, oscillating marine engine, diag., 616.

transfer; expansion, ills., 6<S7.

Grand charging hopper, ills., 861.
Graphite, 525, 539.
Grate, hoisting engine, ills., 774.
Grease cup, marine, ills., 538.
Gridiron valve, 572, 731.
Gwynne centrifugal pump, ills., 665, 666.
Governor, adjustment, Corliss, 622.

arm, ills., 491.
cam rod, ills., 487, 615.
column, Corliss, ills., 476.
crank, 479.
dash pot, ills., 476.
drop rod, ills., 476.
knock off lever, 490.
Lentz, ills., 579, 680.
locomobile, 764.
Murray, Corliss, 516.
pulley, Corliss, ills., 465, 476.
reach rod, ills., 477.
rod,'Corliss, i41s., 464, 465, 474, 476, 477,

490, 602.
stand support, ills., 476.
throttling, traction engine, Huber, ills.,

907.

H
Half moon gear, Corliss, ills., 487-491.
Hammer, pile driver, ills., 804, 807.

steam, 809-820.
Hardscog drill, ills., 742.
Harris-Corliss dash pot, ills., 493.
Harrisburg road roller, ills., 920.
Harrison friction clutch, traction engine, ills.,

894.
Head, block, pile driver, ills., >SOG.

dynamic, total, 649.
water, 647-650.
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Heat, compression, losses due to, 70S, 709.
Heater, feed water. Case, ills., 906.

fire engine, ills., 940, 942.
Heating or cooling air, 720.
Hendrie & Bolthoff hoists, ills., 789, 791, 796.
High, lift booms, steam shovel, 832.

pressure, air compressi9n, 7'J6.

speed engine, automatic, ills., C98, 699.
gear, ills., 481, 497.

Hoisting engine (s), 765-802.
boiler, ills., 773, 774.
brake, 782, 785.
capacity, 802.
classes, 771.
cone, 765.
double cylinder, ills., 769.
cylinder y parts, ills., 778.

Twin City, parts, ills., 768.
derrick swinging ropes, 766.
differential brakes, 766.
dock wheels, 766.
double^ Bucyrus, ills., 832.

cone, ills., 796.
cylinder, 766, 767, 774, 779.

drumsy 778, 780, 781. 782, 783, 784, 786.
cone, 796.
friction lever, ills., 786.

dumping block, 766.
first motion, ills., 789.
fixed drum, 766.
foot brake, 766.
friction, control, ills., 780, 781,

lever {s), ills., 785.
• clutch, 766.

nut, 767.
pin, 767.
screw, 767.
wood, 767.

locking levers, 768.
loose drum, 768, 780, 781.
main hoist rope, def., 768.
mine, Corliss, duplex, ills., 798.

double cone, ills., 796.
four cylinder, inclined, ills., 799.
heavy duty, ills., 791.
Whiting system, ills., 794-795.

parts, 765-771.
power transmission, 777.

. radial ribs, 769.
reel, 796.
rocking valve type, Buffalo, ills., 777.

safety attachment, ills., 785.
skip, 769.
shrouded ratchet ring, 769.

side stands, 769.
single cylinder, ills., 779.

geared transmission, ills., 775.

Holly pumping engine, ills., 6S0.

Hood, hoisting engine, ills., 774.

Hook end device. Filer & Ftowell, ills., 524.

Hopper, concrete mixer, 859, 862.

Horizontal, aftercooler, Ingersoll-Rand, ills.,

723.
air receiver, ills., 724.
blowing tub, ills., 730, 731.

Horizontal,

—

Continued
crowding motion, steam shovel, ills., 824.
hoistmg engine, double cylinder, ills.,

769.
pumping engine. Holly, ills., 677, 680.

Horse power, botler, steam hammer, 819.
traction engine, various, tubes, 911.

equal, compoundcylinder diameters, 619.
hoisting engine, 802.
pump, 682, 684, 685.

Hose, fire engine, 933-936.
coupling, 942.

Huber, threshing engine, ills., 915.
traction engine, ills., 886.

boiler, ills., 888, 890.
cross head pump, ills., 904.
exhaust relief, ills., 907.
feed water heater, ills., 906.
steering gear, 902.
valve gear,,885.

Hydraulic(s), 644-653.
dredges, 846-856.
thrust cylinder, ills., 801.

Hydrodynamics, 646.
Hydrostatics, 646.

I

Independent steam steering gear, ills., 902,
903.

Indicator card. Buckeye-mobile, 759.
clearance loss, 606.
combined, 633, 636, 637, 639, 640.
cut off{s), typical, 617.

varying, 624.
diagram factor, 618.

equal, temperature, 614.
work 614.

expansion, direct, 609.
hoisting engine, 793.
locomotive, 638.
marine engine, 616, 617.
receiver, 611, 612, 613.
regulation, 622, 624, 625, 626, 628, 629,

632.
stationary engine, 617.
steam distribution, faulty, 541.

uniflow engine, 593, 594, 595.
condensing cycle, 599.
non-condensing cycle, 598.

Inertia releasing gear, Bates-Corliss engine,

ills., 480.
Ingersoll-Rand, air compressor, ills., 716.

aftercooler, ills., 723, 725.

unloader, ills., 720.

valves, ills., 709, 710.

drill wagon, ills., 747, 748.

rock drills, ills., 740, 743, .

Ingersoll-Rogler, valve, parts, ills., 713.

Injection, air compression, spray, 711.

Injector, traction engine boiler, 902.

Inlet valve, air compressor, ills., 709, 710.
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Intercooler, air compressor, 712, 722.
International concrete mixer, ills., 872, 873.
Intercepting valve, traction engine operation,

881.
Iroquois tandem road roller, ills., 919.
Isothermal curve, air compression, 708, 717.

J
Jack kftife Boorftf, steam shovel, 830.
Jacketed compressor process, 712.
Jet, height of, 650.

condenser, Wheeler, ills., 528.
condensing, Corliss engine, 529, 530.

Jig, valve seat, pump, ills., 664.
Journal, Corliss engine, grooving, ills., 548.

K
Kelly-Springfield road roller, gear, ills., 925,

926.
Kilgore steam shovel, ills., 823.
King pin, road roller, 919, 921.
Knocks, Corliss engine, 540, 543.
Kriebel marine oscillating engine, ills., 691.

Lakewood concrete mixer, ills., 870.
automatic tank, ills., 865.
charging hopper, ills., 861.

Lane & Bodley steam engine, ills., 562.
Lansing mixing drum, concrete mixer, ills.,

863.
Lean mixture, concrete, 868.
Leakage, pump valve, causes, 671.
Leffel steam engine, 749, 750, 754.
Left hand engine, ills., 526.
Lentz engine, and parts, ills., 576-580.
Lever, hoisting engine, ills., 768, 785, 78().

hydraulic dredge, arrangement, ills., 856.
Leyner-Ingersoll drill and parts, ills., 739,

741, 743, 744.
Lidgerwood, brake, ills., 785#

levers, 785, 786.
pile driver proportions, table, 807.

Lift, 650, 651, 653.
pump, construction, ills., 653-654.
valve, piunp, ills., 670.

Link motion, Allen, ills., 334, 335.
Locking levers, hoisting engine, 768.
Locomobiles, 755-764.
Locomotive, compound, diagram, 638.

pile driver, ills., 806.
road, compound, ills., 923.
type, boilers, ills., 891, 911.

reverse gear, ills., 888.

Logging engine, ills., 788, 789.
Lubricator, Corliss engine, ills., 551-533,

35-55-40.

Mcintosh & Seymour engine, ills., 571-573.
Marine engine, cut off, ills., 617.

grease cup, ills., 538.
oscillating, Kriebel, ills., 691.

combined diagrams, Graham, 616.
Marine, pile driver, Mundy, ills., 805.

steam reversing gear, ills., 697.
Marion dredges, ills., 845, 858.
Marsh-Capron concrete mixers, ills., 860.
Marsh reverse gear, Advance-Rumely trac-

tion engine, ills., 883.
Marshall radial valve gear, traction engine,

ills., 884.
Maximum density, water, 647.

discharge pressure, hydraulic dredge,
852.

Miles charging hopper, concrete mixer, ills.,

862.
Mill, saw, friction feed, ills., 753.
Milwaukee concrete mixer, ills., 866.
Mine, hoisting engines, ills., 791-799.

pump, ills., 675, 676.
Mixing drum, concrete mixer, ills,, 862, 863,

867.
Moncky, pile drivers, 804, 807.
Monighan drag line excavators, ills., 834-837.
Morris centrifugal pumping engines, ills., 680.
Multi-stage expansion engine (s), 603-642.

clearance, 606.
combined diagram, 632.

Graham oscillating engine, 616.
condensation, 604.
compound, 607.

cut offs, 617.
cylinder ratio, 615.
diagram factor, 618.
locomotive,, indicator diagrams, 638.
oscillating, the author's, diag., 616
receiver, ills., 610, 611.
tandem, ills., 630.
variable load, 621.

cross compound engine, ills., 630.
direct expansion engine, ills., 607-610.
expansion, economy, due to, diag., 603.

with drop, 612.
non-condensing combined, diag., 632,

633.
quadruple expansion, indicator diagram,

640.
tandem arrangement, ills., 642.

receiver compound engine, ills., 610, 611.
regulation by throttling, 629.
tandem compound, ills., 630.
throttUng, 629, 632, cross compound,

ills., 630.
triple expansion, engines, 633.

indicator cards, 636, 637.
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G39.

Multi-stage expansion engine (s), triple
expansion ,

—

Continued

.

four cylinder, ills., 63o.
pumpin T, indicator diagram,
three cylinder, ills., 634.
vertical, diag., 636, 639.

Mundy marine pile driver, ills., 80.5,

Murray Corliss,^ dash pot, ills., 494.
governors, ills., 516.
rolling mill frame, ills., 507.

Mushroom valve, blowing engine, 730.

N
National, hoistmg engine and parts, ills., 767,

770, 779, 787.
pile driver, ills., 804.

Newcomen's pumping engine, 644.
Nichols and Shepard single cylinder engine,

ills., 887.
Nigger engine, ills., 692, 698.
Niles-Bement-Pond steam hammer, parts,

ills., 816.
Non-releasing four-valve engines, ills., 559-

574.
Norbom hydraulic dredges and parts, ills.,

848-850, 854, 856.
Nordberg, hoisting engine, ills., 792, 798-801.

indicatxjr card, 793.
poppet valve engine and parts, 586-590.
pumping engine indicator cards, 638-640.

Northwest traction engine gearing, ills., 896.

Nozzle dimensions, fire hose, 933.

Nugent crank pin oiler, ills., 633.

Orange peel grab, hoisting engine, def., 768.

Orr and Sembower hoisting engine, ills., 766.

Oscillating engine, the author's transfer ex-

pansion, ills., 687.
diagram, the author's comiXDund, 616.

Kriebel, 691.
marine, 690.
nigger type, 692.

Outboard bearing, lubrication, ills., 535.

Oval releasing gear, ills., 488-489, 491.

Packing, piston rod, 525.
pump plunger, 660-662.
valve stem, proper, 525.

Parker pontoon pipe coupling, ills., 855.

Parsons, ditching machine, ills., 841
trench excavator, ills., 840.

Pascal law, ills., 651.

Performance curve. Buckeye-mobile, 757.
Corliss engine, 584.
poppet valve engine, 584.

Phoenix lubricating system, ills., 532.
Pile, sinking, factors, 804.

spoil, hydraulic dredge, ills., 853.
Pile dnver(s), 803-808.

boom fitting, ills., 807.
derrick, construction, 803.
hammer, 804, 807.
head block, ills., 806.
land, ills., 803, 804.
locomotive, Bucyrus, ills., 806.
marine, Mundy, ills., 805.
monkey, weight, 804, 807.
proportions, table, 807.
pulley bracket, ills., 807.

Pipe(s), coupling, pontoon, ills., 855.
delivery, hydraulic dredge, 852.
flow of water in, 650.
heater, steam fire engine, ills., 940.
line dredge, 854.
suction, hydraulic dredge, 847, 849, 852.

Piston, alignment testing, ills., 549.
built up, ills., 470.
bull rings, 543, 547.
construction, ills., 543.
Corliss engine, alignment, testing, ills.,

549.
worn, effect, ills., 547.

double acting, water end, ills., 660.
engine, ills., 701, 703.
hammer, of drill, ills., 745.
hoisting engine, ills., 777.
hollow, ills., 689.
leakage^ pump, causes, 671.
loose, worliss engine, effect, 545.
nut, ills., 470.
out of :enter, 547.
packing rings, ills., 470, 543, 547.
plugs, ills., 469.
plunrer, difference between, 657.
posit|.on, 547.
pump, fire engine, driving mechanism,

ills., 949, 950.
rod, packing, proper, 525.
speed, blowing engine, usual, 730.

spider, 543.
soUd, ills., 469, 470.
square piston engine, ills., 702.

valve, ills., 594, 879.
worn, 547.

Placer dredge, Bucyrus, types, ills., 857.

Plowing continuous . furrows, 913.

Plunger, pump, ills., 656-662.

Pontoon pipe coupling, Parker, ills., 855.

Poppet valve engine (s), 575-590.

cylinder, Vilter, ills., 583, 584.

eccentric, ills., 579.

governor, 579, 580.

Nordberg, ills., 687-590.

performance curve, 584.

steam consumption, 682.

valve gear, ills., 678, 679.

valves, 575-590, 600, 602.
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Port Huron traction engine, boiler tubes, ills.

891.
differential gear, ills. 898.
valve, 778.

gear, 885.
Portable drill wagon, ills., 746.

engines, 749-754.
pile driver, ills., 804.

Porter-Allen high speed engine, one valve,
ills., 569, 57C.

Post brakes, mining engine, def., 769.
Powell oiling devices, ills., 536.
Power, compressive, load rollers, 924.

plants, steam, fuel costs, 758.
speed, ills., 846.
transmission, hoisting engine, 777.
unit, fire engine, ills., 946.

concrete mixer, 869.
Pressure, absolute, gas, low, 705.

air compiession, 706.
boiling point, 651.
gas, 705.
gauge and absolute, 707.
hydraulic dredge, 852.
liquid, ills., 651.
reversal, Corliss engine, 541.
water, 648, 652.

Primings centrifugal pump, 665.
valves, fire engine, 943.

Providence Corliss, cylinder, ills., 485.
valves, ills., 472._

Pulley fitting, pile driver, ills., 807.
Pumping engine (s), 643-6C7.

capacity, 681.
centrifugal, ills., 665.

installing, 680.
turbine, 668, 669.

classification, 658.
compound, ills., 678, 679.
Cornish mine, 675.
direct acting, 676.

connected, ills., 680.
dredger, ills., 851.
Dunham power pump, author's design,

C83.
horse power, 682.
lift, 649.
lift pumps, 653.
mine, 675.
operation, 659.
quadruple expansion, combined cards,

diag., 640.
reciprocating, 660.
rotary, 664.
slip, 670.
speed, 658.
triple expansion, 639, 681.
turbine, ills., 669.
volute, ills., 66G.
water end, 660.

Q
Quadruple expansion engines, ills., 640-642.

Quarter crank blowing engine, 736.

Radial, derrick, base, ills., 784.
ribs, hoisting engine, 769, 7S1.
valve gear, traction engine, ills., 884,

885.
Railroad steam shovel, ills., 831.
Rand air, compressor cylinder, ills., 719.
Ransome concrete mixers, ills., 868, 871.
Ratchet parts, water drill, ills., 743.
Receiver, air horizontal, ills., 724.

compound engine, ilh., 610-615.
Reciprocating, column rock drill, ills., 742.

pumps, 660.
Reel hoisting engines, 796.
Roes capstan engme, ills., 698.
Reeves, traction engine, ills., 877.

intercepting valve, ills., 880,
Reheater, buckeye-mobile, ills., 758.

locomobile, 761.
Relay pump, hydraulic dredge, .852.
Releasmg gear, 483.

crab claw, ills., 483, 484.
half moon, 487, 490.
high speed, ills., 481, 497.
inertia, ills., 480.
oval arm, ills., 488, 491.
parts, ills., 476.

Relief valve, steam fire engine, 941.
Reverse rod, engine, road roller, ills., "921.
Reversing gear, 696.

action, 700.
link motion, steam reverXf ills., 697.

traction engine, ills., 887, 888.
marine, steam reverse, ills., 697.
radial, 885, 886.
shifting eccentric traction engine, ills.,

882, 887.
traction engine, 881-883, 887, 888.

Reversing traction engine, 914.
Revolving shovel, Bucyrus, ills., 831.
Rice & Sargent, Corliss engine, bed, cross

section, ills., 545.
dash pots, ills., 492.
exhaust, valve gear, ills., 556.
inlet valve, position, extreme, ills., 514.
main bearing, ills., 534.
steam bonnet, ills., 486.

Rich mixture, concrete, proportions, 868.
Riding cut off, air compressor, ills., 718.

four valve, engine, ills., 668.
Rites, radial, loose drum, 781.
Road rollers, 917-926.

proportions, 925.
tandem, 917-919.
three wheel, 920-926.

Rock drills, 737-748.
butterfly, ills., 739, 743, 744.
reciprocating column, ills., 742.
stoping, ills., 745.
water, ills., 743.
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Rocking valve, direct cut off, 563.
in cylinder head, 564.
riding cut off, ills., 567-569.

Rocking valve engine, ills., 702, 704.
four valve, ills., 664.

Roller, road, 917-926.
Rolling mill frame, Corliss engine, ills., 506,

507.
Rotary pump, 664.
Rumely traction engine, ills., 881, 900.

bed, ills., 909.
boiler construction details, ills., 892.
concaves, ills., 912.
link motion reverse, ills., 888.
construction details, ills., 889.

Running over and under, Corliss engine, 526.
Russell, road locomotive, ills., 923.

saw mill friction feed, ills., 753.
traction engine reverse gear, ills., 882.

Saddle, tandem road roller, des., 919.
Safety, attachment, hoisting engine, ills.,

785.
stop, steam hammer, Erie, ills., 812.

Saw mill engines, 751.
_

Second motion hoist, ills., 791.
Sector, steering gear, road roller, ills., 921.
Self-centering, mechanism, steam hammer,

810-813.
reverse gear, ills., 697.

Self-ontained pumping unit, fire engine,
ills., 931..

Self-propelled f.re engine, ills., 446.
Semi-portable, engines, 749-754.

mounting, steam shovel, ills., 826.
Setting, up steam hammer, 817.

valves, see Valve setting.

Sewer trench booms, steam shovel, def., 828
Shell and water tube boiler, ills., 929.
Shifting eccentric, traction engine, diag.

883.
Shovel, steam, see Steam shovel.
Siamesje hose connection, fire engine, ills.,

936.
Side stands, hoisting engine, 769.
Sight feed lubricator, ills., 539.
Single, acting, engine, two cylinder. Acme,

ills., 688-690.
pumps, 653-657, 662.

cylinder engine, traction, ills., 887.
hoisting, ills.,' 775, 779.
stage air compressor, ills., 707, 711.
marine engine, theoretical diagrams,

diag., 616.
suction standard volute pump, ills., 668.

Sinking piles, factors, 804.
Siphon, water, elementary, types, ills., 647.
Six shoe friction clutch, traction engine,

ills., 894.
Skid, semi-portable engine, 751.
Skidding or logging engine, 789-791.

Skinner unifiow engine construction an.i

^, . , .
operation, ills., 597-602.

Skip, hoisting engine, 769.
"Slamming," pump valve, causes, 604.
Slide valve, defects, ills., 468.

steam, engine, number required, 589.
fire engine, ills., 934.

Shdmg valves, direct cut off engines, ills..
569-572. 6 » -

,

non-releasing engine, ills., 572-574.
Slip of pump, causes, 670, 671.
Sluing drums, hoisting engine, 771.
Smith concrete mixer, ills., 866.
Smoke box. Buckeye-mobile, ills., 758.
Snaking and loading machine, hoisting en-

gine, 771.
Southern rocking valve engine, ills., 704.
Southwark, blowing engines, ills., 733, 735.

cylinder head, ills., 732.
horizontal "blowing tub," ills., 730, 731.

Spark arrester, traction engine. Port Huron.
ills., 910.

Special engine(s), 687-704.
nigger, ills., 692, 698.
oscillating, 690-693.

Graham transfer expansion, ills.,

687.
rocking valve, 702.
steam reversing gear, 696.
square piston, 700-703.
steering, 693-696.
two cylinder single acting, ills., 638, 689.

Spoil pile, Bucyrus hydraulic dredge, ills.,

853.
Spray injection, air compressor, 711.
Spring, dash pot, ills., 492.

mounting, traction engine boiler, ills..

892.
Spuds, hydraulic dredge, 846, 847.
Square piston engine, ills., 700-703.
Stationary, engine, cut off, ills., 617.
Static head, water, 648.

lift, water, ills., 648.
Stationary heater. Continental, ills., 942.
Stay, Rumely boiler, ills., 892.
Steam distribution, drop, cut off, 559.

faulty, indicator, 541.
hoisting engine, 800.

Steam end, air compressor, ills., 715.
blowing engine, 732.

Steam engine, bearings, Corliss, 537, 538,
542.

blowing,ills.,' 729-736.
Buckeye-mobile, assembled, ills., 756-

763.
capstan, Rees, ills., 698.
compound, 607-642.

traction, 880.
condensation, 604.
condenser. Watt's, 755.

condensing, ills., 634, 635.
Corliss, stopping, ^56-558.

Corliss, see Corliss engines,

crowding, ills., 828.
cut off, see Cut off.

cutter, hydraulic dredge, ''
.

"^"'^
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Steam engine,—Continued
cylinder, see Cylinders,
dash pot(s) , ills., 491-494.
rod, 512, 519, 555.
disc, ills., 703.
eccentric, see Eccentric,
efficiency, conditions for, 463, 466, 468.
examination, Corliss, 525-527.
exhaust, see Exhaust,
expansion, 603-642, 681.
fire, see Fire engine.
four valve, see Four Valve non-releasing,
gear, see Valve gear,
governor, see Governors.
high speed, ills., 699.

gear, ills., 481, 497.
hoisting, see Hoisting engines,
horse power, boiler, steam hammer, 819.

boiler traction engine, tubes, 911.
equal, cylinder diameters, 619.
hoisting engine, 802.
pumping engine, 682, 684, 685.

indicator card, see Indicator card,
knocks, Corliss, causes, 540-543.
leaks, Corliss, causes, 534.
left hand, ills., 626.
locomobiles, 755-764.
locomotive, diagram, 638.

pile driver, ills., 806.
road, ills., 923.
type boiler, ills., 891, 911.

logging, ills., 788, 789.
lubrication, Corliss, ills., 531-533, 535-

540.
main bearing, Corliss, ills., 534, 542.
marine, grease cup, ills., 538.

oscillating f author's, compound, diag.,

616.
^ transfer expansion, 687

Krisbel, 691.
reversing gear, ills., 697.
pile driver, ills., 805.

mine, hoisting, ills., 791-799.
pump, ills., .675-676.
multi-stage expansion, 603-642, 681.

compound,, 607.
quadruple, 640, 641.
triple, 633, 681.

non-releasing, four valve, ills., 559-574.
oiling, Corliss, ills., 531-533, 535-540.
oscillating, 690-692.

Graham, two cyUnder, dia'?'., 61G.
transfer expansion, 687.

poppet valve, 575-590.
portable and semi-portable, ills., 749-754*
pumping, 643-686.
quadruple expansion, ills., 640-642.
releasing gear, see Releasing gear.
road roller, 917-926.
rollmg mill type, Vilter, Corliss, ills., 501.
running over and running under, .526.

semi-portable, ills., 749-754.
shovels, 821-832.
single acting, 688-690.
skidding, ills., 788.
speed, Corliss, 494-498.

Steam engine,—Continued
square piston, 700-703.

. starting, Corliss, 527-529.
steam, bofinet, Corliss, ills., 486.

rod, Corliss, 478.
steering, ills., 693-696.
swinging, Bucyrus, ills., 828.
thrust cylinder, ills., 800, 801.
triple expansion, diag., 637.

Steam hammer (s), 809-820.
axle forging, ills., 815.
board drop, 820.
boiler capacity, 814.
capacity, 813, 819.
double, 814, 815, 817, 818.
operation, 809.
single, 814, 816, 817,
standard guide, ills., S17.
valve(s),eesiT, 811-813.
setting, 817.

Steam hoisters, 765-S02.
Steam shovels, 821-831.

booms, 828, 830, 832.
crowding motion, ills., 824, 828, 829.
mounting, ills., 826.
prying.motion, ills., 825.
swinging, ills., 828.
swivel dipper arm, ills., 825.
track, 823.
swing type track, 827.
various types, ills., 823, 829, 830, 831.

Steel boom, Bucyrus, ills., 827.
Steering engine, ills., 693-696.

gear, road roller, des., 921, 925.
traction engines, 900-903, 912.

Stiff leg derrick, hoisting engine, 771.
Stoping drill, Denver, Waugh, ills., 745.
"Straight line" riding cut off air compressor,

ills., 718.
Strainer, fire engine, ills., 936.
Straw burning boiler, ills., 888, 890,
Streams, fire, table, 935.
Street Bros, hoisting engine, ills., 769.
Street paving concrete mixer, Ransome, ills,,

871.
Stuffing box, Lentz engine, ills., 577.

pump, 663-664.
Suction, dredger, des., 846-858.

pump, volute, standard, ills., 668.
Sullivan, air compressor, single stage, ills.,,

707, 711.
intercooler, tube, ills., 722.
riding cut off, ills., 718.
two stage, ills., 715.

Superheater, Buckeye-mobile, ills., 758, 761..

traction engine, ills., 890.
Swinging and crowding engines, ills., 828.

Table, air compressor, work lost, 726.
fire engine, capacity, 929.
fire stream- effective, 935.
hoisting engine proportions, 774.
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Table,—Continued
pile driver proportions, 807, 808.
pump horse p>ower, 685.

lift, 653.
steam shovel dimensions, 826.
valve setting, 512.

Tail, sheave, hoisting engine, def., 771.
Take off ring, boiler, steam fire engine, des.,

930.
Tandem road roller, 917-921.
Tank, concrete mixer, ills., 863, 865.
Temperature, chart. Buckeye-mobile, ills.,

761.
gas, absolute, 705.
water, effect, 647, 651.
maximum density, 647.
theoretical lift, various, 653.

Theoretical, capacity, pump, 681.
economy due to expansion, diag., 603.
horse power, water, 682, 685.
lift, water, various temperatures, table,

653.
Thew steam shovel construction, 824, 825,

829.
Three, cylinder triple expansion engine, ills.,

634.
stage compressor, ills., 716.
wheel roller, Harrisburg, ills., 920, 921.

Threshing outfits, ills., 914, 915.
Throttle, rock drill, ills., 739.

fire engine, ills., 937.
Throttling, compound engine, 629-632.

governor, traction engine, Huber, ills.,

907.
Thrust cylinder, ills., 800, 801.
Tilting drum, concrete mixer, ills., 866.
Timing, blowing engine valves, 732.
Track shovels, ills., 823, 827.
Traction engine^^s), 875-916.

accessories, 907, 910, 912.
boilers, ills., 886, 888-893, 911.
engine, bed, ills., 889, 909.

double cylinder, ills., 877, 880, 914.
four cylinder, valve, ills., 878.
gearmg, differential, ills., 895-900.
"setting", ills., 916.
single cylinder, ills., 876, 887.
valve^ compression control, ills., 908.

four cylinder ,_ ills., 878.
intercepting, ills., 880.

feed, heaters, 905-907.
pump, ills., 885, 903-906.

friction clutch, ills., 893, 896.
steering gears, ills., 900-903.
operation, 907.
threshing, ills., 915.
valve gears, 881.

link motions, 887, 888.
radial, ills., 884, 885, 886.
rotating eccentric, ills., 883.
setting Curtis, 884.
shifting, eccentric, ills., 882, 883,

889.
link, ills., 887.

Transmission gearing, road roller, ills., 919,
922.

Transmission gearing,—Continued
steering engine, ills., 696.
traction engine, ills., 895, 896, 899.

Trenching machinery, 833-842.
ditching machines, ills., 841, 842.
drag line excavators, ills., 834-838.
trench excavators, ills., 838-841.

Triple expansion engine, ills., 633-641.
Trucks, steam shovel, four wheel equalizing,

ills., 826.
Tube hammer, double frame, ills., 815.
Turbine pump, 668, 669.
TuKiing gear, steam engine, 700.
Twin, piston ptmip, fire engine, ills., 949.

city hoisting engine and parts, ills.,

768,774.
Two cylinder en^ne, compound, 607-633.

Graham oscillating, diag., ills., 616.
high speed, ills., 688.
hoisting, ills., 776, 779.
marine, diagram, 616.
"nigger" type, oscillating capitan, ills.,

692.
single acting, ills., 689.
traction, ills., 877, 881.
uniflowj ills., 592.

Two stage~air compressor, ills., 714, 716.

U
Uniflow cylinder. Baker traction engine, ills.,

908.
Uniflow engine >,s^, 591-602.

admission gear, ills., 601.
cylinder,- ills., 592, 594, 597, 598, 599.
indicator cards, 593, 594, 595, 598, 599.
relieved compression, ills., 592, 602.
variable clearance, ills., 595, 596.
valve, adjusting, 601.

automatic by pass, ills., 596.
auxiliary, ills., 600.
gear exhaust, ills., 597.
piston, ills., 594.
poppet, ills., 600, 602.

Unit, power, concrete mixer, 869.
pumping, fire engine, Ahrens-Fox, ills.,

947.
Unloader, IngersoU-Rand, ills., 720.

Vacuum, chamber, pump, use, 673, 674.

dust pot, ills., 492.
Valve, adjusting, uniflow, ills., 601.

air, blowing engine, 731.

automatic by pass, uniflow, ills., 596.

auxiliary, uniriow, ills., 600.

blast, fire engine, ills., 938.

blowing engines, 729, 730.

butterrty, drill, ills., 739, 744.

churn, fire engine, 943.

compressor, 710, 713, 715.
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Valve,—Ccnit inued
Corliss, exhaust, ills., 467, 471, 472, 473,

475.
inlet, ills., 472.
inside admission, ills., 482.
knocks, 543, 544.
outside admission^ ills., 482.
setting, 475, 509-513, 515, 518, 519,

522, 523, 567.
double e cjntri: setting, 515.

single, eccantr-ic setting, 507.
steam, ills., 471, 4^2, 473, 475, 482.
differential movement, ills., 570.
direct lift, ills., 710.
discharge, air ccrnpressor, ills., 710.
drill, ills., 7oS, V3.9, 740, 744.
exhaust, ills., ,467, 471, 472, 473, 475, 498,

poppet, ills., 586.
fire engine, 92 , 941, 943.
tour vaive non-releasing engine, 560-

574. , ^
{:ear, air compressor, 715, 718.

Corliss, 464.
air, Corliss tvpe, driving, ills.,

718.
admiss'on, ills., 601.

crab claw, ills., 483, 554.
double eccentric, ills., 502.
inlet, ills., bl\.
parts, ills., 474.
releasing, ills., 476, 482, 483,

487-491,496, 497, 523.
single eccentric, ills., 477.

crab claw, 4S3, 5 )4.

double ec enlric ills., 500, 531, 532.
exhaust, Corliss, ills., 556.

uniflow, ills., 597.
inlet Corliss, ills., 514.
Meyer, ills., 715.
non-releasing, ills., 560, 561, 665,

567.
poppet, 575.

operation, 581.
shifting eccentric, ills., 579.

releasing, Corliss, 476, 482, 483, 487-
491, 496, 497, 523.
half moon, ills., 487.
high speed, ills., 481, 496, 497.
inertia, ills., 480.
oval arm, ills., 488, 490, 491.

reverse, characteristic, 881.
shifting eccentric, poppet, ills., 579.

traction engine, ills., 876.
single eccentric, ills., 499, 500.

steam, Corliss, ills., 479.
traction engine, Marshall, 884, 886.

rotating eccentric, ills., 883.
Woolf,886.

uniflow engine, exhaust, ills., 597.

gridrion, 572, 731.
inlet, air compressor, 709, 710.

blowing engine, 729, 731, 732.

Corliss, ills., 472.
intercepting, _ traction engine, ills., 880.

knocks, Corliss, 543, 546.
leakage, pump, causes, 671.

Valve,—Continued
leather flap blowing engine, 730.
lift, pump, ills., 670.
metal, pump, ills., 671.
mushroom, blowing engine, 730.
non-releasing engine, ills., 559-563.
outlet, blowing engine, 729, 731, 732.
piston, traction engine, Geiser, ills., 879

uniflow, ills., 594.
poppet, 575.

construction, ills., 582.
double seat, ills., 577, 57s.
exhaust, ills., 586.
operation, 581.

pump, 660-664, 670, 671.
relief, fire engine, 941.
removing, method, ills., 573.
rock drill, ills., 738, 739, 740, 744. -' '

rocking, 563, 704.
seat, grooving, effects, 545, 663, 664.
setting, Corliss, 475, 509-513, 515, 518-

523, 567.
slidei defects, ills., 468.

drill, ills., 738.
fire engine, 928, 934. '

sliding, direct cut off, 669;' 589.
sieam, Corliss, ills., 471, 472, 473, 475,

482.
hammer, setting, directions, 817.

stem, packing, 525.
squaring, 510, 518.
timing, blowing engine, air end, 732.
tmifiow engiiTe, adjusting, uOl.

automatic by pass, ills., 596.
auxiliary, ills., 600.
piston, ills., 594.
poppet, ills., 600, 602.

wire drawing, 478.
Variable, angular advance, 572.

cut off, multi-stage expansion engines,
regulation, diag., 625.

exhaust, fire engine, 943.
load, multi-stage expansion engines, 621.

Velocity load, water, 650.
Vertical, aftercooler, ills., 725.

compound blowing engine, ills., 734.

power sfed, ills., 846.
turbine pump, ills., 669

Victor, steam shovel, ills., 830.
dipper dredge, ills., 847.

Vilter Corliss engine, heavy duty, ills., 505.
cylinders, ills., 467.
piston, parts, ills., 543-546.
poppet valve cylinfier, ills., 583-584.
rolling mill type, ills., 501.
simple girder frame, ills., 557, 558.
valve gear, parts, ills., 479, 500.

Volume, gas, 705, 708.
Volute centrifugal pump, 667, 668.

W
Wagon, drill, ills., 746-748.
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Walking drag line excavator, ills., 835-837.
Waste, steam engine, 755.
Water, balance, ills., 649.

characteristics of, 646.
drill, ills., 743.
dynamiCf head, total, 649.

lift, ills., 648, 649.
efflux, 646.
end, pump, 660, 670, 674, 682, 684.
flow, under pressure, ills., 646.
force of, 646.
head, 647, 648.
hydraulics, 644-652.
jet, ills., 650.
lift, 650, 653.
maximum density, 647.
pipes, flow, conditions, necessary, 650.
pressure, cause, 648-652.
siphon, elementary, types, ills., 647.
stalk, head, ills., 648.

lift, ills., 648. .

supply, fire engine, 943.
tandem road roller, des., 921.
lankt attached to Leyner-Ingersoll rock

drili, ills., 741.
concrete mixer, des., 863, 865.

A\'ater tube boiler, Continental, ills., 929.

Watt's condenser, 755.
Westinghouse two cylinder engine, ills., 689.
Wet steam, 540.
Wicke's rock drill, ills., 737, 738.
Williamson steering engine, seU-centering

mechanism, ills., 695.
Winch heads, hoisting engine, 771.
Winding machinery, hyaraulic dredge, ills.,

854.
Wing sheet mounting, traction engine, ills.,

892.
Wire drawing, prevention, 464.
.Wisconsin Corliss, exhaust valve, ills., 498.

releasing gear, ills., 496.
Wood, differential, traction engine, ills., 897.

friction clutch, ills., 893.
traction engine transmission, ills., 895.

Worm, steering gear,- tandem road roller,

ills., 921.
Worthington pump, compensating cylinders,

ills., 677, 678.
Wheeler jet condenser, ills., 528.
Whiting system, deep mine hoisting, ills.,

794-795.
Wrist, pin, Corliss engine, ills., 550.

plaiCf Corliss engine, 47 T.

squaring, ills., 509.
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