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PREFACE

Tais book is intended to be of service to officers of manu-
facturing corporations, works managers, superintendents, account-~
ants, and the heads of such departments as purchasing, stores, cost,
and production, and in fact to all employees of manufacturing
corporations who desire to acquire a comprehensive grasp of the
problems treated. It is the result of some twenty years’ expe-
rience on the part of the writer, of which time about one-half
was spent as an employee and about one-half as a consultant.

The work has gradually acquired its present form as the result
of lecture courses delivered for a number of years to senior stu-
dents in engineering colleges, and it is believed that while pri-
marily intended for the actual practitioner in manufacturing
work, it will be of value to engineering students.

Hvuco DiEMER.
StaTE COLLEGE, Pa., July 1, 1910.
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FACTORY ,ORGANIZATION AND ADMINIS-
TRATION :

CHAPTER 1

INDUSTRIAL ENGINEERING

It is now some twenty years since Mr. Henry R. Towne
presented to the American Society of Mechanical Engineers a
paper on ‘“Gain Sharing,” in which he assumed that everything
connected with successful factory management constituted a
part of the work of the engineer. From time to time papers
have been presented_on similar topics before that society and
in the Engineering Magazine, which publication was early and
alone among engineering publications to realize the inevitable
passing of the work of industrial management into the hands of
the engineer. In the early discussions of these topics there were
engineers who were opposed to the introduction of discussions
of this character into engineering societies or publications,
holding that these fields should be reserved for strictly technical
discussions of problems dealing directly with pure mechanics.
Among the early opponents to the introduction of these discus-
sions there were some who argued that the questions involved
were matter for bookkeepers and accountants and not for engi-
neers. If a mechanical engineer dabbled in works management,
his fellow brothers in the profession began to think it necessary
to suspect his technical ability as an engineer. On the other
hand, a cry arose from bookkeepers, auditors, and statisticians
that the problem was not one of engineering at all, but of “sys-
tem,” and that shop men or engineers were incapable of mental
attitudes or processes of auditors. How these conditions have
given way to a more enlightened view is indicated by the enthu-
siasm "and unanimity with which Mr. Fred Taylor was elected
to the presidency of the American Society of Mechanical Engi-
neers. Mr. Taylor stands to-day as the earliest and foremost
advocate of modern business or industrial engineering.

As early as 1889, Mr. Taylor earnestly pleaded that shop

1



2 FACTORY ORGANIZATION AND ADMINISTRATION

statistics and cost data should be more than mere records, and
that they in themselves constituted but a small portion of the
field of investigation to be covered by the industrial engineer.
While he did not so express himself, the gist of his treatment of
factory management is this: He considers a manufacturing estab-
lishment just as one would an intricate machine. He analyzes
each process into its ultimate, simple elements, and compares
each of these simplest steps or processes with an ideal or perfect
condition. He then makes all due allowances for rational and
practical conditions and establishes an attainable commercial
standard for every step. The next process is that of attaining
continuously this standard, involving both quality and quantity,
and the interlocking or assembling of all of these prime elements
into a well-arranged, well-built, smooth-running machine. It
is quite evident that work of this character involves technical
knowledge and ability in science and pure engineering, which
do not enter into the field of the accountant. Yet the industrial
engineer must have the accountant’s keen perception of money
 values. His work will not be good engineering unless he uses
good business judgment. He must be able to select those mechan-
ical devices and perfect such organization as will best suit present
needs and secure prompt returns in profit. He must have suffi-
ciently good business sense to appreciate the ratio between invest-
ment and income. He must be in close enough touch with the
financial management to be able to impress upon them the neces-
sity of providing sinking funds to provide for the more perfect
installations and organizations which future demands of a more
educated and enlightened public will necessitate.

The industrial engineer to-day must be as competent to give
good business advice to his corporation as is the skilled corpora-
tion attorney. Upon his sound judgment and good advice depend
very frequently the making or losing of large fortunes.

Mr. James Newton Gunn is responsible for the use of the
term “production engineer” in speaking of the engineer who
has to do with plant efficiency.

The word “production” indicates the making or manufac-
turing of commodities. Engineering as applied to production
means the planning in advance of production so as to secure
certain results. A man may be a good mechanic but no engineer.
The distinction between the mechanic and the engineer is that
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the mechanic cuts and tries, and works by formulez based on
empiricism. The engineer calculates and plans with absolute
certainty of the accomplishment of the final results in accordance
with his plans, which are based ultimately on fundamental truths
of natural science.

Instinet and experience are valuable guides to the work of .
either the mechanic or the engineer, but they serve only as the
coast-line does to the mariner without chart or compass. Guided
by the chart and compass of his certain knowledge, the engineer
is as positive of results in designing, for instance, a machine he
has never before seen as is the mariner of reaching a port he may
never before have set eyes on.

The mechanical engineer has to do with the design, construe-
tion, testing, and operating of machines. The mechanical
engineer designs with certainty of correct operation and adequate
strength.

Production engineering has to do with the output of men
and machines. It requires a knowledge of both. The product
involved may be anything that is made by or with the aid of
machinery.

It is the business of the production engineer to know every
single item that constitutes his finished product, and every step
involved in the handling of every piece. He must know what
is the most advantageous manufacturing quantity of every
single item so as to secure uniformity of flow as well as economy
of manufacture. He must know how long each step ought to
take under the best attainable working conditions. He must
be able to tell at any time the exact condition as regards quan-
tity and state of finishedness of every part involved in his manu-
facturing process.

The engineer must be able not only to design, but to execute.
A draftsman may be able to design, but unless he is able to execute
his designs to successful operation he cannot be classed as an
engineer. The production engineer must be able to execute
his work as he has planned it. This requires two qualifications
in addition to technical engineering ability: He must know
men, and he must have creative ability in applying good statis-
tical, accounting, and “system” methods to any particular
production work he may undertake.

With regard to men, he must know how to stimulate ambi-
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tion, how to exercise discipline with firmness, and at the same
time with sufficient kindness to insure the good-will and codpera-
tion of all. The more thoroughly he is versed in questions of
economics and sociology, the better prepared will he be to meet
the problems that will daily confront him. As economic produc-
tion depends not only on equipment and plant, but on the
psychological effect of wage systems, he must be able to dis-
eriminate in regard to which wage system is best applicable to
certain classes of product.

A manufacturing ' organization being a live, human thing
is like a municipality. Many of our shops are as fruitful fields
for riddance of “graft” as are many of our cities. The graft
in the shop consists mostly in the distortion of the managing
and planning body into a wire-pulling and influence machine
with easy berths filled by incompetents or idlers. This condition
often exists not because of any intentional desire to be disloyal
on the part of the employees, but simply on account of the work
being allowed to drift without systematic attention to depart-
mental organization. Business managers, and even owners, often
dislike to think about this highly important matter because of
their interest in keeping up harmony and ‘‘esprit de corps.”
They do not wish to tread on the toes of employees who have
been loyal and are rendering services which, to all appearances,
are satisfactory. An analogous condition has frequently con-
fronted the owners of successful newspaper and publishing estab-
lishments in connection with their purely mechanical plant.
~They felt chary about taking out the old and beloved machines
to replace them by better and radically different equipment,
and yet, one by one, even the most conservative among the suc-
cessful publishers have made these changes and have found that
there was not only room for all of the old and faithful employees,
but opportunities for their working at a higher efficiency.

Up to the present, but few manufacturing establishments
have investigated this question of production engineering suffi-
ciently to have clear-cut conceptions of what it really means.
Those few that have, and have put into practice the principles
herein set forth, have realized financial returns so remarkable
as to be beyond the belief of the skeptical uninformed. I have
known cases where these doubters have witnessed a remarkable
increase in the annual production of some other establishment
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that had introduced methods based on the principles enumerated.
The doubters make a superficial investigation and find that the
successful establishment is paying high wages for the mainte-
nance of its production engineering and planning. Frightened
at what they call the large non-productive expense, they decide
that the old way is good enough for them. It is only a question
of time until necessity will compel them to adopt like methods
or retire from the field.

Accountants and “system” men and companies exploiting
the filing and other mechanical features connected with produc-
tion engineering are beginning to spread some superficial knowl-
edge of the visible paraphernalia of this branch of engineering.
Too often they make the mistake of believing that these visible
paraphernalia are all there is to production engineering. There
can be no greater mistake.

The adopting of another company’s printed forms is no more
of a substitute for production engineering than would the adop-
tion of another company’s tooling jigs be a substitute for a tool-
designing department.

The greatest difficulty that confronts factory owners desirous
of adopting methods of modern production engineering is the
scarcity of capable men to fill the line and staff positions. Our
schools are hot as yet providing any adequate instruction as a
preparation for industrial engineering, and it is doubtful whether
most of them will be able to do so for some years.

For many years the orthodox courses in mechanical engineer-
ing as taught in our leading technical universities have elaborated
and specialized on applied mechanics and thermodynamics.
It has been only within recent years that problems of practical
machine design, combining a rational teaching of the subject
based upon fundamental laws of stresses and factors of safety
rather than empirical rules, have been introduced. Within the
past few years a number of leading universities have endeavored
to meet the demand for young men with some preparation to
fit them for beginners in fields which would lead to industrial
management, by introducing so-called courses in commerce and
business in its higher relations. The work of these courses has
been directed almost exclusively towards distributional and finan-
cial rather than the productive side of business enterprises. A
great demand at the present time is for young men specially .
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prepared, capable, and willing to enter the productive departments
of manufacturing establishments. In order that America may
assume her natural leadership in export trade, we need not only
experts in financing and distribution, but experts in production.

It is a noticeable characteristic of the manufacturing estab-
lishments of this country that turn out an engineering product
of high excellency, that their technical staff includes not only
designers but company officers, and heads of productive depart-
ments as well. The successful engineering establishments of
to-day are those that produce a high-grade produect, and it will
be found that they are paying good wages all along the line.
The field is becoming constantly narrower for the manufacturer
of engineering products who depends upon low selling prices and
low wages. It is in this type of shop that we find officers indif-
ferent to problems of modern engineering, management, and
economics. It is in this class of shop that we find poorly paid
foremen, and a notable absence of capable, educated men.

I do not wish to be misunderstood as claiming that we can
by any system of education prepare young men so that imme-
diately after graduation from some kind of a college or university
course they can be full-fledged managers or production engineers.
The work of industrial management is of such nature that it
requires not only thorough preparation, but the stability of age
and practical experience which should cover not only a period
of at least ten years, but varied fields of work. The school ecan,
however, develop an aptitude as well as a desire to fill certain
" minor staff positions in the management of industrial enter-
prises, so that a technical graduate may, after serving his appren-
ticeship of several years, be able and willing to assume the duties
of foreman or head of some shop department, or some depart-
ment such as Production, Tracing, Stores, Cost, Employment,
or Purchasing. I do not wish to advocate the supplanting of
the shop foreman who has advanced from the ranks of the crafts-
men by college-trained young men who have completed their
apprenticeship, nor will we ever have such a condition. But I
claim that we should have (and I believe that we are bound to
have) an increasing number of technical college graduates filling
positions in practically all of the departments of manufacturing
corporations, instead of in only the designing, drafting, and test-
ing departments.



CHAPTER II

TuE EcoxoMmic THEORY OoF FactorY LocaTioN

Tae industrial agents of railways are continually gathering
and systematizing data regarding favorable sites for prospective
industries. In some cases their reports and recommendations
indicate careful study, and the obtaining of definite knowledge
at first hand. In other instances the data collected are appar-
ently based upon replies to circular letters addressed sometimes
to leading merchants or hotel-keepers, and sometimes to secre-
taries of Commercial Clubs or Boards of Trade. Where the
latter is the case, it is evident that the work done by the indus-
trial agent is purely clerical. The replies sent from various
towns along the line are usually from people whose horizon is
limited, and who, for the sake of booming their town, will always
be willing to make rosy reports. If there happens to be a deserted
factory building in a town, the enterprising citizens can see a
fine field ahead for the manufacture of almost anything that
could be suggested, for the sake of having the old site reoccu-
pied, if even for only a limited time. -

So far as distributive establishments are concerned, local
advice is apt to be valuable, but even then, personal knowledge
based upon a visit to the town should be added by the industrial
agent. On the other hand, information regarding location of
productive industries gathered from purely local sources is likely
to be erroneous.

The country is, however, full of real opportunities for pro-
ductive industries. There are no people in better position to
make a careful study of the conditions governing them than
railway officials. The ability to give reliable advice can be based
only upon personal study of natural resources, trade and market
facilities, and economie statistics. The pursuit of such studies,
and the exercise of sound judgment consequent upon them,
requires a knowledge of manufacturing processes and industrial
economics in addition to ability of a high order.

7
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Census reports and State departmental reports are always
more or less retrospective. The true function of the railway
industrial agent is to look ahead clearly, making only such
cautious use of reports and statistics as a sound judgment dic-
tates.

The problem of factory location is one that presents itself
to the industrial engineer who is working for the lowest cost
of production. Location means everything to the retail estab-
lishment. It means less to the factory, as a rule, yet its impor-
tance is often overlooked. Well-managed factories may fail in
bad locations, while poorly managed ones owe their very existence
to a happy site.

The choice of a factory site, geographically considered, is
influenced by considerations regarding (1) Market, (2) Labor,
(3) Raw Material, and (4) Transportation.

The first consideration in manufacturing is that the manu-
factured product must fill a want. There must be a market for
it. The goods, once manufactured, must be sold. The location
of many factories in surroundings not at all favorable to cheap-
ness of production has been due to the fact that their founders,
realizing the local demand, started the establishment in the best
sales market, and, having usually at the start a limited capital,
the local site itself was generally not influenced by considerations
of what would be the best site for cheap production, but what
would be the cheapest site obtainable in quarters not too unfavor-
ably situated as regarded both local market and transportation.
The founders of a manufacturing establishment, often by reason
of limited competition, and owing to the fact of their priority
in the field, have been able to build up splendid businesses with
factories located in cities far away from all the component raw
materials of their product, and with the local factory site unfavor-
ably situated as regards transportational facilities. With the
growth of competition and wider development of natural resources
all over the country, more attention has had to be given to the
economies of cheap production, and many old and well-estab-
lished factories have changed their location, while others that
have failed to do so have suffered from constantly diminishing
profits.

The oldest manufacturing establishments of the country have
been located chiefly in distributing centers, or cities, where busi-
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ness men conveniently meet and commodities may be easily
exchanged. In addition to the advantages from a selling stand-
point, such centers presented the advantage of abundance of
labor. The convergence of railroads in larger centers of this
sort has also offered facilities for the securing of raw material
and shipping of products.

The advantage of direct contact with the consumer that is
offered by a factory in a large city is well worth considering.
Frequent instances may be found where, after the removal of a
factory which has found its city site disadvantageous as com-
pared with a location in the suburbs or the country, some new-
comer has been able to start up a thriving establishment near
the old site, with perhaps less profits, but still reaping the advan-
tage of this close touch with the market.

The cities that form the best sales markets are those where
trade routes meet or toward which they converge. Similarly,
good sales markets are afforded by cities at the convergence of
navigable rivers, such as Pittsburg and St. Louis, or at points
where the limit in direction of a waterway necessitates trans-
shipment, such as Chicago, Cleveland, and Cincinnati. Another
class of cities forming good markets is found in cities which are
collecting and distributing points in an exceedingly productive
region, such as Indianapolis and Kansas City.

The great obstacle in the case of a city location is the extremely
high first cost of a site, provided sufficient ground extent is secured
for expansion, which must always be an accompaniment of a
successful industrial establishment.

As between city and country sites, the city presents the most
flexible labor market. Skilled labor is most easily obtained on
short notice in a city. In the country labor is cheaper, and the
workmen are likely to be more contented. They are likely to
marry and have homes in pleasant surroundings, and the induce-
ments for the wasting of their earnings are not so great as in a
city. ‘At the same time, in dull times the country factory is
looked to as bound to exercise a paternal interest in the employees
and town, — a responsibility from which the city factory is
relieved.

A suburban site, convenient to a belt railway line such as
exists in most of the larger trade centers, presents many advan-
tages of both city and country. It permits the purchase of suffi-



10 FACTORY ORGANIZATION AND ADMINISTRATION

cient ground for a factory site to allow for future expansion.
It has the labor market of the city to draw from, and offers the
workmen who choose to live close at hand the opportunity of
pleasant home sites.

In cases where the factory is not needed as an adjunct to a
sales department, considerations as _to cheapest transportation
of raw material and finished product should be of great impor-
tance in determining the location.

So far as cost of raw materials is concerned, that location
will be the best that will make the total resultant freight charges
of all raw materials the minimum. |

As a simple example, we may take the case of an establish-
ment manufacturing paving brick. It has been estimated that
the relative weights of clay, finished product, and coal required
in this industry are approximately as 40, 30, and 3. In a case
of this sort it is evident, by a brief inspection, that in the matter
of choice of factory site as between coal fields, clay beds, and
nearest market or distributing center, the most advantageous
point of location would be nearest the clay beds. Of course, the
combination of several favorably influencing conditions will be
more desirable, such as clay beds with cheap fuel close at hand.
Such conditions exist in natural gas fields in several sections of
the country.

Similarly, the best location for a blast furnace is a site where
ore, coke, and limestone may most conveniently be brought
together. About two-thirds of the Lake Superior iron ore is at
present melted in the vicinity of Pittsburg, and most of the
remainder at Lake ports. The reason for this is apparent when
one remembers that the total weight of fuel required in furnace
work is about 209, of the weight of the iron produced.

Nearness to coal is to be had in Pennsylvania, Ohio, Indiana,
Illinois, Missouri, Iowa, Kansas, Kentucky, Tennessee, and
Alabama. The Lake Superior region furnishes about two-thirds
of all the iron ore in the United States, and most of the remainder
comes from the Appalachian region, from Pennsylvania and
Maryland southward.

Of equal importance to nearness of raw materials is the matter
of available methods of transportation. As between railways
and waterways, the latter have the advantage of cheapness,
whereas the former have the advantage of greater speed. A
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factory producing an output of considerable bulk, and which
will not suffer from slight moisture, would be advantageously
located on a waterway. The greater expense of railway trans-
portation is largely due to the high speed demanded for passenger
traffic. A system of freight railways especially arranged for
heavy tonnage and moderately slow speed will be of great advan-
tage to the economic distribution of factory products.

A location convenient to receipt of raw materials by means of
the cheaper waterways, and at the meeting of railways, makes a
most favorable location for a factory site. Examples of manufac-
turing centers so located are found in Pittsburg, Buffalo, Cincin-
nati, Cleveland, Detroit, Milwaukee, Chicago, and St. Louis.

In the case of light machinery, or of any output in which thke
labor cost is considerably greater than that of materials, nearness to
raw material is of minor importance. The largest cities are always
the best places for the securing of the most skilled labor, and they
offer also advantages of the promptest shipping facilities for man-
ufactured products, and of a sales market close at hand. Indus-
tries of this sort are naturally most numerous in the largest cities of
the country, such as New York, Philadelphia, Boston, Chicago, etc.

It is evident that factory location ‘must be governed by due
consideration of each of the influences that have been suggested,
and a final decision is to be reached only after giving to each
consideration its proper weight.

It will be apparent that numerous cities much smaller than the
examples mentioned will answer many of the requirements for most
economic factory location. While the history of the past seems to
point towards the large city as the most favored factory site, there
are many examples of success in the smaller towns. The labor
agitator finds the small town a poor field. The pleasant sur-
roundings and sunshine of a home in a small town tend towards
contentment, — the worst enemy of the walking delegate.

It is possible that the era of combination may be followed
by just as rational a period of decentralization. There are too
many intermediary agencies that raise the cost of production and
distribution, to make the centralization and combination of all
factories an economic desideratum. There is a legitimate most
economic territory, and a corresponding maximum capacity for
economic production, that point towards distributed production
as an ultimate condition, even with centralized capitalization.



CHAPTER III

THE PLANNING OF FAcTORY BUILDINGS, AND THE INFLUENCE OF
DEesicN oN THEIR PropUCTIVE CAPACITY

IN designing factory buildings considerations of utility and
economy must come first, and architectural effects must subser-
viently adapt themselves to these prime requisites. The building
must be designed with regard to intake and output, adapting the
arrangement to the equipment and flow of work, following always
the lines of least resistance as regards both losses in transmission
apparatus and losses in activity of live operators.

It must be evident that a wide variety of output cannot be
advantageously built in a single shop. It sometimes happens
in the machine-manufacturing business that a single shop must,
on account of trade conditions, manufacture both light and heavy
machinery, or machinery and light detail fittings. In such cases
careful planning of departmental arrangements, equipment, and
organization is particularly necessary, so as to keep the separate
costs of production of each type distinet, and at a price reason-
ably near the minimum for each class. Again, it has been found
that the building of groups of parts representing a complete
organ of a machine, in a single department, is often more likely
to bring about the cheapest production than an' arrangement
in which all pieces travel through the whole shop in which each
distinct class of machine tools is grouped by itself.

The proper arrangement of departments, and of machines,
with regard to each other, depends on statistical knowledge of
the most predominant paths of travel of the material in process
of manufacture. Such observational information alone can deter-
mine to best advantage also the location respectively of rooms
for stores, stock, tools, grinding, ete.

Except when specific reasons to the contrary appear, the
cheapest building is to be constructed in which it is physically
possible to do the work well. A building must provide shelter
from weather, afford good light and ventilation, and must be

12
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able to resist all stresses to which it is subjected by equipment
and employees, besides offering reasonable resistance to weather
and conflagration. Beyond these considerations any additional
elaborations are only excusable when charged to advertising
account.

For psychological reasons it is desirable that the building
present a pleasing appearance rather than that of an ugly monster
or prison. Hence, any architectural artifices are to be commended
that will relieve monotonous continuity, such as in the case of a
long building, the use of projecting pilasters, which also add to
the rigidity of the structures, or the use of external projections
for elevator shafts and stairways, if such a location is desirable.
Where a low building with central monitor and single gallery is
used, it may be desirable to have elevators and stairways at the
inside of the gallery on account of their thus feeding a wider
territory with a shorter amount of walking and hauling than
they would if placed at the outer walls.

It is important that as much floor space as possible should be
visible at all times. Hence all angles, “L’s,” “E’s,” and “H’s”
should be avoided in favor of the plain rectangle. The same
considerations of visibility, and the avoidance of unmnecessary
walking or elevator riding, argue for the single-floored structure
as against multi-floored buildings. Even the single gallery in
monitor-roof buildings is best avoided, as it forms a more or
less isolated set of areas not readily visible, and increases walking,
stair-climbing, elevator-riding, and trucking. ‘Avoidance of
unproductive travel” demands a minimum of passageways, which
passages should always be under the close supervision of watch-
men, who must note all wandering clerks and workmen, and who
must be so informed as to the employees and their duties, that
they may be able to observe and report illegitimate or aimless
wandering.

The single-floored building is to be preferred as a general rule
even where land is costly. The lower cost of building, the lesser
fire-risk, and above and beyond all, the greater productivity
per unit of floor area, usually more than counterbalance the inter-
est and other fixed charges per unit of floor area.  Moreover, a
large tract of really valuable land is bound to rise in value, though
such increase would naturally increase the fixed charge per unit
of floor area. The exact amount of this fixed charge should be
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_calculated for each and every proposed site, as there are certain
locations where it may be so high that in order to reduce it to a
point permitting profitable operation, it is necessary to adopt
multi-floored buildings or else abandon the site and go where
real estate is cheaper.

The site selected, as well as the shape of the building, must
be such as to allow for expansion. This demands the possession
of land enough to allow for the expansion lengthwise of the rect-
angular building, and such lateral expansion in the way of addi-
tional buildings as may in time be needed.

A well-designed building will provide facility of enlargement,
maintaining the same balance of floor area. This demands
the recording of all increases of departmental area whenever
they have become necessary, and the use of such records in pre-
paring the designs for new buildings. It has been aptly stated
that a well-designed factory building or set of buildings should
be as flexible and adaptable to enlargement as the “unit”’ system
of filing cabinets. Fig. 1 shows the rear view of the factory
of Ludwig Loewe at Wittenau, near Berlin. It will be noted
that either the saw-tooth shop or either of the lateral buildings
may be extended toward the rear, preserving the same balance
of area. hr % T :

- The departmental organization of an establishment should be
carefully analyzed, and if necessary, revised, before a new building
is erected. The location of departments so as to secure minimum
travel demands careful study, as does also their arrangement to
secure the easiest flow of work without interference of currents.

The proper location of the rooms for raw material, partly
finished material, finished parts, finished complete stock, wash-
rooms, lavatories, locker-rooms, tool-room, grinding-room, ete.,
should not be deferred until after plans have been adopted, since
their proper location will have a decided influence on the cost of
production.

In the shop portions room must be provided not only for all
machinery, but for all materials in process of manufacture, with-
out crowding. Sufficient room must be allowed to provide con-
venient access to all parts of a machine, and for the removal of
any machine whenever necessary. Sufficient area must exist for
the storing of as large a supply of working material and finished
material as may be necessary, without interfering with the pas-
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sageways. The open areas must be wide enough to permit the
passage of two trucks in the aisles and for the side-tracking of
trucks around machines. ~A good truck system involves consid-

roof arrangement of main shops with administration front and three-story side structures.

Fic. 1.—Rear view of the factory of Ludwig Loewe, Wittenau, near Berlin, showing saw-tooth

erable planning. A truck system involving the retention of the
material in the trucks, with as little unloading and reloading as
possible, and with as little hauling of empties as possible, is an
important feature, and one deserving attention in any establish- -
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ment. It involves the building of a considerable number of
trucks, and departmental supervision, but is likely to result in
economy. In some instances trucks are desirable, built so as to
pick up and deliver a sheet steel keg for holding work in process.
An_ample supply of metal “tote boxes” for holding small parts
will facilitate stock moving and lessen losses of small parts.

A noticeable defect in the great majority of factory buildings
is the large amount of vibration. A careful study of the uses
to which the building is to be put, and the location of its equip-
ment, could almost wholly prevent this defect, whose evil results
are far greater than generally appreciated.” Vibration causes
- undue wear and tear of machine tools, and interferes with correct
tool work, besides seriously affecting the efficiency of all employees,
whether they are engaged at manual or mental work. Here
again the folly of adopting some architect’s “ready-made’ plans
becomes apparent. This is too often the case, the designer’s
knowledge of the work to be done in the factory being practically
nil. The wind loads and snow loads are wholly secondary to the
live stresses due to shafts, countershafts, and moving machines.

Economic production demands that the building fit the
machinery, whose location in turn, as previously stated, depends
on the flow of the work. Liberal foundations are to be provided
for all heavy machines. A cushion of asphalt below and around
the foundation has been used to good effect as an addltlonal
vibration destroyer.

Economy usually demands the location of the source of power
and heat at the side of the building, somewhat nearer the end
which is likely to be elongated. It should be provided with easy
means of access for delivery of fuel and for removal of ashes.
The use of sloping trestles is often an advantage in bringing cars
to the level of upper floors or platforms in the case of power-
plant, foundry, etc. A system of outdoor tracks and of out-
door cranes and power shovels should be considered and provided
wherever, on investigation, it would appear to be an economic
move.

The general form of the framing of the building designed to
conform with the ideas suggested will not include many varieties.
It may have the central monitor with sloping sides, the central
monitor with saw-tooth construction on the sides, or the entire
shop may be of the saw-tooth roof construction. The central
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monitor gives a more pleasing architectural effect than the saw-
tooth roof over the whole building, although the monotony of a
saw-tooth roof structure is easily relieved by a multi-floored
administration portion. Fig. 2 is a view of the Potter & Johnston
Co. factory at Pawtucket, R. 1., a good example of the last-
mentioned style.

FiG. 2. — Factory of Potter & Johnston Co., Pawtucket,
R. I, showing administration front, saw-tooth shop, and
power plant, all under practically one roof.

It is not the aim of this presentation to take up such features
of building construction as have not directly to do with the pro-
ductive output. Hence it will -be unnecessary to treat of such
matters as materials for foundations, side-walls, framework,
roof, paint, ete., excepting to reaffirm the general statement that
inasmuch as interest and depreciation affect costs of production,
as they are greater or less, so it is desirable to construct that type
of building which will result in least total sum of combined mterest
depreciation, and insurance.

The very cheapest factory building can be constructed of
wood framing of just sufficient strength to withstand the stresses
to which it is subjected, and covered with corrugated steel siding
and tar paper or asbestos paper roofing. Such construction
involves a rather high insurance rate, high cost for heating, and
depreciates rapidly. The slow-burning type of wood construec-
tion uses much heavier timbers for framing and thick flooring,
the idea being that, coupled with a good automatic sprinkling
system, no fire can gain great headway, and that only the surfaces
of timbers, or certain sections of the building, will be destroyed.
The slow-burning all-wood type of construction is apt to be no more
expensive and a better fire-risk than light steel and brick con-
struction. A more permanent building than the all-wood slow-
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burning type, and a better fire-risk than the light steel and brick,
is presented in the brick and wood slow-burning type of construc-
tion. This last-named type of construction is apt to fill in most
cases the requirement of that type of building which presents
the lowest combined charges for interest, depreciation, and insur-
ance, although its cost is but slightly exceeded by a construction
of reinforced concrete, which will be accompanied by still lower
fire insurance rates. Reinforced concrete presents difficulties in
tearing down which may in some cases cause a preference for
slow-burning brick and wood.

In designing a building it must be borne in mind that while
it must be so planned as to place to greatest advantage the ma-
chinery of manufacture, there will always be a great deal of work
that depends upon human attendance, and that it is just as impor-
tant that the human machinery be provided with such surround-
ings and arrangements as will make it the most efficacious. Such
arrangements are too often looked upon as philanthropic or
advertising measures, when in fact they are part of the produc-
tive equipment. The output of man as a machine is regulated
first of all by the amount and quality of fuel or nourishment
supplied, as food and air and heat. Poor air and insufficient
light and warmth inevitably result in poor work, both as regards
quantity and quality, even though the workers might be picked
for their cheerful and sunny dispositions. But another factor
enters, namely, that of contentment. Agreeable and healthful
surroundings will tend more than anything else to remove the
chief cause, next to lack of proper and sufficient vital supplies,
which is responsible for diminished labor efficiency, namely, dis-
content. Hence it becomes important to consider what features
of building construction influence comfort.

Factory floors are often responsible for much discomfort.
The wood floor is the only one that is conducive to comfort, since
wood is a poor conductor of heat. Hence the wooden shoes worn
in many cold and earthen-floored foreign shops, the object being
to keep the feet less cold. A wood surface on concrete floors is
advantageous for other reasons than those of comfort. The
dust from concrete when it is abraded is injurious to machined
surfaces. Moreover, a wood floor furnishes a good grip for bars
used in moving heavy castings, machines, etc. Short lengths of
hard maple, even of poor grade, are to be preferred to softer woods
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for flooring. The short lengths facilitate repairing. The best
floors for factories are constructed of 3-inch yellow pine flooring,
grooved on both sides and with separate tongues. The separate
tongue makes it possible to take up and remove or repair the
floor with very little waste. This yellow pine floor is next covered
with a sound deadener of tarred paper, and on top of this is placed
the surfacing of £-inch hard maple.

For heavy machines and on testing floors, metal floor plates
with “T” slots, sunk in concrete, are often desirable.

In ground floors made of concrete with wood surfaces, it
has been found that asphalt or coal tar mixed with the concrete,
or used as a surfacing, prevents the rise of moisture through the
concrete to the hard-wood surfacing. The most satisfactory
ground floors are constructed with steel ‘“I”” beams, laid in con-
crete, with asphalt moisture-proof coat and hard-wood surface.

With regard to heating and ventilating, it can safely be said
that the loss in labor efficiency and consequent output per man
will certainly be found to be enormously greater than the cost
of proper heating and ventilating facilities.

The heating of most factory buildings is best accomplished
by the indirect pressure system, using the exhaust steam of one
or more non-condensing engines ‘as complete or auxiliary heating
medium. Fig. 3 is a view of the shops of the United Railway
Company, Baltimore, Md., showing hot-blast heating apparatus
and distributing ducts.

In many cases the heating system has been very carelessly
put up, without any plans or specifications having been prepared
forit. As a result, heating is often insufficient or poorly balanced,
and circulation defective. A system of heating should always
be planned by a competent engineer. Owing to the very long
pipe lines necessary in factory buildings of the modern type,
direct radiation systems for factories, even when designed in the
best possible manner, are likely to have poor circulation and to
be slow in action in cold days unless a vacuum system of circu-
lation is used. The hot-blast system of heating the air in heating
chambers supplied with steam coils, and delivering it under pres-
sure from a blower, possesses the advantage of heating a shop
quickly in the morning, and of uniformly distributing the heat,
if it is properly designed and installed, so that, although the total
heat units required to heat the air will be theoretically greater
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than with direct radiation, the tremendous gain derived from
uniformity of temperature and comfortable workers will far
more than counterbalance the additional cost of operation when
using the indirect pressure system, as compared with direct radia-
tion. The pressure is always outward, hence there is a freedom
of drafts and, when properly installed, an avoidance of the accum-
ulation of the total heat radiated at the -top of the building, as
is so apt to be the case with the direct radiation system. The
cubical contents of most factory buildings are so large that suffi-

Fie. 3. — Hot-blast heating system as applied to shops of United Railway
Co., Baltimore, Md.

cient number of changes of air per hour are secured by drawing
only a portion of the air for circulation from out of doors, so that
the expense of the indirect pressure system when applied to fac-
tories can be made a good deal less than that of the same system
as applied to public buildings, where the cubic space per person
is many times less and the number of changes per hour must
be much more frequent. Of course, if the air in the shop is viti-
ated by the processes of manufacture going on, the foregoing
remarks will not apply. It will always prove economical to
provide pure air. This is especially true of a factory located in
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unsanitary surroundings, in which eircumstances it will be profit-
able to provide air shafts of considerable height to draw in pure
air or provide other means of purification.

Clean air as a money saver in mercantile establishments and
offices has not received the attention it deserves. Omne can daily
see on display, in the show windows of high-grade dry goods
establishments, fabrics and gowns worth thousands of dollars,
which are being badly damaged by sooty and dirty air.

The same conditions prevail, to a greater or less extent,
throughout these establishments. The depreciation due to dirty
air could be reduced 909, by the introduction of air-cleaning
devices whose cost is trivial compared with losses now taking
place.

Most engineers and writers on heating have confined their
attention, in the matter of the use of the pressure system, to
calculations as to how to provide sufficient heat to overcome
the heat losses through walls, windows, roofs, floors and open
doors, and have apparently failed to appreciate the importance
of furnishing better health and greater activity of employees from
breathing wholesome air, which always results when the pressure
system is properly installed. :

In a building thus ventilated.there need be no drafts, as the
most healthful conditions are reached by keeping all windows
tightly sealed. The outlet of air is best secured by a separate
set of ducts leading to the roof.

This system is so common that it seems almost impertinent
to mention it. Nevertheless it is equally common to see great
black streaks radiating from the hot air ducts, showing how full
of soot and dust the air is which is forced into the building,
though it is otherwise full of oxygen and far more healthful than
the air furnished by any other system of heating and ventilating.

The black streak, however, is entirely unnecessary, and can
be absolutely avoided by proper systems of air washing —a
process accomplished by either of two systems of spraying; the
first method is used where only a moderate water supply is
available; the second, where abundant water is at hand.

The first plan, for cases where it is necessary to be economical
of water, is that of using a ‘““coke” washer. In this system the
air is drawn through a series of cages filled with coke, over which
fine. streams of water trickle. The coke absorbs the soot and
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dust, and will serve in this way without replenishment for at
least a year.

Fig. 4 shows a typical hot-blast heater with coke air washer.

The second and better plan is that used where an abundance
of water is available. This plan consists of blowing the air
through several curtains of fine streams of water. The drying
is effected by passing the air alternately over and under a series
of baffle plates. The centrifugal force, where the air makes the
sharp turns about the edges of the baffle plates, separates the
moisture so that the air can be furnished at any degree of humidity
desired.

Fia. 4. — Hot-blast heater with coke air washer: C, screen through which
outside air enters; D, tempering coil fed by steam pipe E; F, by-pass
so air can go through without touching tempering coils ; G, coke air fil-
ters moistened by perforated water pipe H; I, catch basin; K, blower;
O, partition permitting part of the air to be blown over heater coils and
part or all to be blown through ducts without passing over heater coils.

In order that there may be no discomfort with sealed win-
dows in summer, the air can be passed over refrigerator coils,
making it possible to secure any degree of coldness.

Another advantage, from the standpoint of economy as well
as of health, accompanies the use of air-washing systems, namely,
the ability to humidify the air to any desired degree. The nor-
mal degree of humidity of the human body is between 60 and
709%, and with this degree of humidity the body is just as com-
fortably warm at 65° F. temperature as it is at 70° with a low
condition of humidity, say 15 to 209, which is the usual condition
of artificially heated atmosphere where the air is not humidified.

This means that a fuel saving of 7 or 8% can be effected by
furnishing air of lower temperature but of higher humidity. It
should also be borne in mind that it is seriously detrimental to
health to breathe air having so low a degree of humidity as is



THE PLANNING OF FACTORY BUILDINGS 23

furnished by most heating systems. The result is an excessive
evaporation from the membranes of the body, which is pro-
ductive of catarrhal diseases. In addition, one is more apt to
contract a cold when passing from an atmosphere of 15° relative
humidity and 70° F. temperature into outtide zero weather
with 70° of humidity, than if the normal percentage of moisture
had been maintained within the building.

Humidity control is effected through the ageney of a ther-
mostat. This is possible because of the discovery that the amount
of moisture which a body of air will absorb during any given
length of time in contact with water is more dependent on the
temperature of the water than on the temperature of the air.
Hence, when the thermostat indicates that the temperature of
the air surrounding it is changing, it follows that the absolute
humidity must be changed in order to preserve the relative humid-
ity at a constant percentage. The temperature of the spray
water is therefore changed by a steam jet, acting through a device
similar to an injector, over which the thermostatic motor has
control. Another duty which the spray system of air cleaning
accomplishes very efficiently is that of cooling the ventilating
air in summer. The entering air is placed in contact with an
immense amount of cooling surface, namely, the total area of the
water globular surface. The air can thus be cooled by about
809, of the initial temperature difference between the spray
water and the entering air. In order to use the same water a
second time, ice must be placed in the settling tank, or such tank
provided with brine coils connecting with a small refrigerating
machine, to keep down the temperature.

Abundance of light is as important as abundance of pure
air. Natural light should permeate the whole shop during all
hours at which it prevails out of doors, and not only work-benches
and machines, but stairways and all passages, should be light.
The saw-tooth roof, with glass portion towards the north, gives
the most agreeable and diffused light. It should be borne in
mind that with saw-tooth roof construetion, the side windows
in the walls can be dispensed with altogether, although this prac-
tice is by no means common. To determine how far inwards good
light will penetrate, a very close approximation can be secured
by taking a 45° triangle and laying the hypothenuse along the
extreme edges of the glass in either side windows or saw-tooth
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roof windows. In shops of ordinary height, this will limit the
well-lighted area to a distance of from 20 to 25 feet from the
windows, and will limit the width of the saw-tooth ‘“bays” to
about the same, unless unusually'high windows are introduced.

Fig. 5 shows some structural details of the saw-tooth roof
construction used in the shops of the Blake & Johnson Co., Water-
ville, Conn. An interior of this same shop is shown in Fig. 6,
showing how well the light is distributed.

Skylights are generally undesirable on account of their admit-
ting so much direct sunlight, and also on account of their liability
to breakage of glass and obstruction by.snow. In the case of
the saw-tooth roof, facing the north, clear window glass may
be used, since it is never exposed to the direct rays of the sun.
Windows in the ventilating portion of the central roof gable will
need shades, unless made of ground or yellow glass. As to the
side windows, except those facing the north, they are exposed to
direct sunlight if there are no closely adjacent buildings. Shades
usually receive rough treatment in a shop, and are certainly short-
lived, hence opaquing the glass is usually preferred to installing
shades. If the nature of the work is clean enough to permit
their use, buff color is recommended, since this variety does not
shut out too much light. Ground glass panes may be desirable
in certain locations where it is advisable to keep out direct sunlight
or to obstruct the view inwards or outwards.

Prismatic glass has been used to advantage in places where
the light requires to be deflected inward into the space desired
to be lighted, as in basements, or in a space darkened by
neighboring walls or in top floors with little or no side-lights, but
receiving light from sloping skylights. A ribbed glass acting
somewhat like a prism may be found to answer in some cases
where the more expensive plate-glass prisms might be considered
too costly.

As to artificial light, there is but one kind to be considered
in a modern establishment having its own power plant, and that
is the electric light. In some cases where the factory generates
its own gas it may be found that a carbureted producer-gas
will be more economical than electric light, even with prompt
renewal of Welsbach type of mantles.

As wide fluctuations in the loads of electric generators are
accompanied by low efficiencies, it will sometimes be advisable
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to have a distinct engine and dynamo for lighting purposes.
Arc lamps on the incandescent circuit are desirable for general
illumination, supplemented by incandescents for individual ma-
chines and benches. For monitor roofs where lights must be
high above the floor to afford free space for crane service, the
flaming ares will be found advantageous. The mercury vapor
lamps are less expensive to operate than the flaming arcs, but
proportionally less satisfactory owing to the weird color effects
accompanying their use. It may be found desirable to alternate
them with flaming ares to secure sufficient white light. Good
light demands that the wiring be of ample size to prevent drop
enough in voltage to produce any dulling of incandescent lamps.
Wire guards should not be used on lamps excepting where really
needed. Their cost and interference with light renders it doubtful
whether they are any real saving. For delicate work, the so-called
“tipless” incandescent lamp provides the most perfect illumina-
tion, being free from the circles of darkness that are cast by lamps
sealed at the bulb end. Some provision must of course be made
for artificial illumination when the power plant is shut down, by
connection to a public electric or gas circuit, or, if this is not
available, by a stock of oil lamps for emergency use.

Eye-strain causes brain fatigue and materially deteriorates
manual efficiency. Hence careful consideration needs to be given
to dayligflt and artificial lighting. The efficiency of any light-
ing system depends, not on the number of lights supplied, but
upon the extent to which this system enables the eyes to perform
their duties with least effort and strain.

With good daylight, all parts of a machine are about equally
illuminated. At night, however, with the commonly prevailing
system of localized lights, the illumination of machines is very
uneven, one part being very highly illuminated and other parts
being in comparative darkness. With suitable diffusion, direction
and intensity of light, operators can see their work far better
with a low-foot candle value of illumination than they can with
the high-foot candle values of concentrated illumination.

The eye adapts itself to artificial illumination in such a way
that the intensity of light required for good vision at night is
only a small fraction of the intensity of average daylight. As a
rule, the general illumination of a shop at night is wholly neg-
lected. In order to read ordinary writing, a minimum illumina-
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tion of about one-foot candle is required. A good reading light
should be about two-foot candles. In most shops, the general
illumination falls below this. A good indoor daylight illumina-
tion needs to be only about forty foot-candles, although this
may be considerably increased or decreased without discom-
fort. Where the daylight is insufficiently diffused, prismatic
glass should be used.

With a highly concentrated artificial light and a dark field
just outside this concentrated area, conditions are such as invari-
ably result in eye-strain. Continued sgbjection of the eyes to
this kind of illumination results in decrease of vision until the
workman is unable to perform his work with accuracy or rapidity.
A strong objection to the use of concentrated lights is the glare
due to reflection of the bright image of the light, which is thrown
into the eye of the operator.

The general illumination of a shop should not be so inefficient
as to make it appear gloomy. A low degree of general illumina-
tion makes it impossible for the foremen to exercise the same
degree of supervision at night as in the daytime.

The remedy for many of these objectionable features lies in
the introduction of suitable illumination, proper care of lamps,
reduction of the intrinsic light sources, and improved diffusion
and direction of light.

Too much stress cannot be laid on the great importance of
the absolute fireproofing of such parts of buildings as are intended
for the reception of the almost unreplaceable requisites of manu-
facturing, such as drawings, patterns, and inventory. Drawings
and patterns of tools, jigs, etc., are too often carelessly treated,
since there may be but one article completed from them, but
their loss in case of destruction of the tools by fire would be
€normous.

Lockers and wash-rooms should be so planned that thorough
discipline and system can be maintained with regard to them.
Good discipline and system in these incidental features is bound
to react on the work of the shop as a whole. Workmen should
register time after depositing clothes, ete., in lockers, and not
before, and location of lockers and time-clocks should favor
this method.

Outside of the locker and wash-rooms, the only portions of
the shop which it is desirable to have partitioned off and not
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subject to visibility are such departments as need isolation on
account of the work to be carried on in them, such as grinding
and buffing departments. Such departments must not be so
isolated that their supervision will be any less close than that of
the shop as a whole.

It must be apparent, on consideration of the influence of the
building as a productive factor, that, aside from the specifica-
tions covering materials of construction, the planning of the
building is best undertaken by an engineer familiar with the
processes of production, who will provide the structural designer
with a general plan of the requirements, together with data
regarding the dead and live loads to be encountered, and their
location.

In general the problem of laying out a complete factory plan,
or an addition to an existing plan, consists first of the determi-
nation of the complete equipment required for the production
of a given quantity of output. This equipment must then be
arranged in the most advantageous manner, so as to secure the
least unnecessary traveling and handling of materials, so as to
secure the allowing of abundant space for storing of rough mate-
rials and partially finished products around the machinery, and
so as to leave ample passage for trucks, industrial railw ays, cranes,
or other method of transportation. After having determined on
the equipment and its arrangement in each department, the
layout of each department -being prepared separately first, the
next step is the arrangement of the departments and their
surrounding buildings, with respect to each other; then follow
the consideration of the heating, ventilating, light, and power
transmission and mechanical transportation systems. These
considerations in. turn are followed by the design of the power
plant and power house. .

It is not advisable to consider proportion, dimensions, or loca-
tion of various departments until one has determined for each de-
partment its equipment, space required for same, storage space,
and passage areas. It is desirable in this connection to investigate
data covering actual equipment in use in shops making the same
or similar product to that contemplated, and to reduce these data
to such units as floor space per unit of output, floor space per
employee, power and light per unit of floor space, etc. Having
determined on the equipment required in a given department,
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the best procedure is to cut paper templets to scale to represent
each item of equipment, and secure final arrangements by pin-
ning these templets into various trial positions until the best
possible arrangement has been secured. Having determined in
the above manner the general dimensions of the various depart-
ments, one can determine which departments must of necessity
be located on the ground floor, which departments may be located
in galleries or upper floors, which departments require buildings
of their own, etc. Then we can surround such groups of depart-
ments as should go into one building by confines of building struc-
ture. Having determined in this manner the general dimensions
of the leading departments and groups of departments, templets
should be prepared showing the general proportions and dimen-
sions of each building which is to confine such department or
groups of departments. These templets are then arranged in
various trial positions, until the most satisfactory arrangement
of all departments and buildings is secured, the idea being borne
in mind of having as few separate buildings as possible. Finally,
the power plant, whose dimensions must be roughly estimated
at this stage of the calculations, is placed in such location as will
be most advantageous for economic distribution of power, easy
access for fuel and removal of ashes, and in a location permitting
expansion of the plant as a whole, as well as of the power plant.
When this plan of procedure is followed, it is possible to present
several alternative sets of plans from which the most satisfactory
set can be selected.



CHAPTER IV

STAFF AND DEPARTMENTAL ORGANIZATION

THE factory system as it exists to-day presents as wide a
range of physiological structure as does the whole animal king-
dom. We can well compare some establishments to a mass of
protozoa. Others may be likened with justice to the highest
orders of vertebrates, with their complex systems of organs,
muscles, and nerves. In the lower and extinet types of animal
life we find beings with few organs, and often with the same organ
many times duplicated. As the ages have passed, these types
have decreased in number, being unable to resist the more highly
developed classes. In the higher types we have no duplication
of vital organs. The same is true of factories. The crude types,
lacking in some organs, and with much duplication of functions,
must pass away and give place to the vertebrate type, with its
higher physiological development.

It is evident that the art of administration as applied to the
newer, larger, and more complex establishments becomes of con-
stantly greater importance. This art of administration demands
a knowledge of all details of the interior workings of an industrial
establishment. The process of building up an organization that
shall be the best for a certain factory depends primarily upon
scientific research work, having for its object the dissection of
the entire series of internal workings into the elementary steps.
Following this analytic process comes the even more difficult
synthetic one of preparing a structure which shall be the most
efficient possible engine of industrial production of its type.

The great advances in the construction of heat engines have
depended to a large extent upon researches which brought to
light the conditions during the minutest fractional part of a second
representing any instant in a single stroke of the piston. It is
only by ascertaining and recording continuous running conditions
of our industrial engine, the factory, and an analysis equal in
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‘refinement to that employed in engine tests, that we can apply
modifications and improvements to produce higher efficiency.

From the foregoing it follows that he who would deal with
questions of factory organization must understand, first of all,
manufacturing processes; also that he must be able to make
precise observations, and that he must be able to record systemat-
ically the results of these observations. Continuous records and
comparisons of all steps in the workings of a factory are essential
to successful management.

Thus far considered, the question of organization has been
wholly a physical one. ‘A man with engineering education and
understanding the principles of accounting and statistics could
work out the physical organization of an industrial establish-
ment. ) I do not exclude from this scientific treatment of factory
workings the questions of time required to do the various opera-
tions and the compensation therefor. These are most fit subjects
for scientific inquiry, and, indeed, such treatment is the only one
which ean bring about absolute fairness. The phases of the factory
system which may be included in the list of those most susceptible
to the methods of applied science are those having to do with
location, design, equipment, organization, wages, and accounting.

Our physical organization having been drafted, it remains
to select the men to fill the positions of petty and staff officers.
The selection of the personnel which shall carry out successfully
the work of the physical organization is a problem demanding
more than skill in engineering and accounting. Success in admin-
istration demands a knowledge of men and of economic and
sociologic questions. Successful officers possess this knowledge.
They have gained it as a rule wholly by contact with men and
with economic problems, oftentimes quite unconscious of the
fact that they had acquired knowledge in a field which has
so prolific and theoretic a literature. The attitude of disdain
towards this literature is, however, gradually giving way to one
of investigation. One reason for this is that students of economics
are beginning to realize that they must investigate the influence
of science upon industry. In discussing industry economists talk
less to-day of political economy, and more of just simple eco-
nomics. They are beginning to realize that tariffs and interna-
tional laws have less to do with national wealth than scientific
methods of production and organization.
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It must be acknowledged that successful commercial estab-
lishments exist whose administrative officers know very little
about what they choose to call the practical part of the business.
Their success, where it has not been due to natural location and
priority in the field, is usually dependent on their good judgment
in happy selection of lower officials and the turning over of the
entire internal management to these lower officials, who were
equipped with proper training for scientific conduct of the factory.

Here again the old problem of the general advantages of
education presents itself. A man without education has been
successful. With an education the same man would probably
have been more successful. A great general has won distinction
in the art of war, having but a meager knowledge of tactics and
of military equipment. With a well-rounded education he might
have been still greater. The really great captains of the future
will be men trained not only in the art of salesmanship, but those
who have made a scientific study of the problems of production,
organization, and administration as well.

When, by reason of increased business, a manufacturing
establishment finds it necessary to erect an extension, or to put
up a new plant, the progressive firm seldom plunges headlong
into building. The necessity for alteration leads to a careful
investigation of such matters as the travel of work through the
factory, the maintenance of proper balance of floor area, the
provision for a rational growth, an investigation of machine tool
and power equipment, and other important considerations.

In the planning of extensions and new buildings, the owners
of a business often find it profitable to employ the services of
experienced industrial engineers, so as to relieve their own
superintending staff from the additional labor involved in such
planning — a strain which, without outside assistance, might
seriously handicap the regular productive work of the factory.
Hand in hand with the evolution of the mechanical equipment
should go the development of the staff and departmental organ-
ization. That this development does not keep pace with that
of the mechanical equipment is easily explained by the fact that,
with respect to the equipment, the superintending staff and their
assistants are craftsmen, with a considerable knowledge of tech-
nical matters beyond the limits of the immediate routine work
of each individual. On the other hand, the men on whom falls
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the burden of the routine work of recording, and also a large
part of the planning, are too often clerks whose horizon is limited
by the working hours and the dollars per week wages.

The actual execution of the direct productive work in the
factory is but an intermediate step between the planning of it
and the recording of it. There is bound to be in every factory
employing over one hundred men some sort of organization or
departmental division of this work of planning and recording.
In some factories the supervision of this force devolves upon the
superintendent. In other works some corporation officer, such as
the secretary or vice-president, assumes direct charge of it.

In making a study of the existing organization of the plan-
ning and recording departments, the first step is to write out a
functional list, without names of individuals, showing the duties
of each department and of each man in each department. With
this functional analysis as a basis, there can be built up such an
impersonal functional list or chart as appears best adapted to
the company’s conditions. The complete removal of the per-
sonal element is absolutely essential. After the new chart has
been prepared, comes the selection of each man, of that man
above all others that will best fit each place.

Simply as an example of what such a functional list might
be, and without any intention to dogmatize, the following pos-
sible list is presented:

1. Entering and classifying orders.

2. Designing of output.

3. Designing of tools and machines.

4. Preparation of specifications and bills of material.

5. Requisitions on purchasing department, if this department
is not at factory, or purchasing department itself, if at factory.

6. Stores department.

7. The routing of work through departments.

8. Instruction card covering individual departmental opera-
tions.

9. Specification of and providing for tools with which work
is to be done.

10. Feed and speed of machines.

11. Fixing of time required for all operations.

12. Piece rates, premiums, bonuses, etc.

13. Pay-roll.
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14. Cost accounts.

15. Finished stock.

16. Inventory.

17. Employment of unskilled labor.

18. Employment of skilled labor.

19. Maintenance of power, heating, ventilating, and lighting
apparatus.

20. Maintenance of transmission apparatus.

21. Shipping and receiving.

After the listing of each distinct departmental function, out-"
side of the direct productive departments as above, or including
the direct productive departments also, the next process is the
merging together of such departments as must necessarily be
combined in establishments of moderate size, which cannot carry
a list as long as the above, of distinct departments. The dis-
tinct listing of functions is advisable, however, whether each
function represents a department or not. The next steps in this
direction would be the charting, first of the organization as it
now exists, and secondly, of any improved or ideal organization
which-it is hoped to secure.

There is probably no better method of charting than that of
circles connected by lines or arrows, each circle representing a
department, and the lines or arrows representing either their
subordination to each other, or, by some different type of
line or by using a separate chart, representing also their
geographic juxtaposition, or the manner in which the work
is handled first by one department and then by another. This
method of charting was first used by Messrs. Garcke & Fells,
and adopted by J. Slater Lewis and subsequent investigators
into the matter of factory organization. Fig. 7 is an example
of this method of charting applied to internal departmental
organization. This example will suffice to show the method of
division of duties coming under each functional head. 1 believe
it to be a good plan for each department to have a chart showing
the organization within that department, as well as a chart of
the general factory organization, so that each man may see his
place and not labor under any delusions as to his authority or
his prospects. In Fig. 8 is presented a form illustrating this
method of showing the general organization scheme. The scheme
here shown is presented merely as an example for illustration.
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The advantage of a study as above suggested is that it tends
to bring about a departmental system of interlocking but inde-
pendent units. It will lead to the encouragement and better
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F16. 7. — Departmental internal organi-
zation circle.

satisfaction of the men employed in the planning and recording
departments by offering them a departmental headship rather
than a mere clerk’s post. This will offer a stimulus to ambition
which will attract men of better mental caliber than can be
obtained under a loose and poorly defined system.
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CHAPTER V

ExecuTivE CONTROL IN THE FACTORY

IN the great majority of manufacturing establishments the
company officers are far more conversant with the details of
financing, accounting, and selling than they are with those of
manufacturing. From time to time questions of business policy
arise which have an intimate connection with cost of production,
time of delivery, stock of raw material, stock of finished parts,
condition of work in process of manufacture, and similar matters.

At such times many officers realize that whereas in the settle-
ment of questions of financing, accounting, and selling they had
clear-cut records at* hand to guide them in forming policies, on
the other hand, when it came to questions involving the factory
itself, they were dependent wholly upon opinions of superin-
tendents or foremen, these opinions having no firmer foundation
than intuition. The realization of their helplessness and the
absence of reliable and accurate knowledge of manufacturing
conditions has been an incentive to progressive officers of manu-
facturing establishments to devise more thorough systems of
executive control of the factory. More and more it has been
appreciated that some graphic method of showing interdepart-
mental relations is necessary if responsibility is to be placed.

The most successful factory organizations are those in which
all departments having to do with production in any manner
whatever are subordinate to and responsible to one general head,
the works manager, who has a thoroughly competent assistant
ready to take the chief’s place at any time, and who is recognized
as the acting works manager in the absence of his superior.
This form of control is a typical characteristic of the most suc-
cessful manufacturing organizations. There must be no paths
whereby company officers or any other departments in any way
deal with departments responsible to the works manager except
through the works manager’s office.

In manufacturing, next in importance to the centralization
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of executive authority are clearly defined departmental lines,
with a responsible head and assistant head for each department.
The business which has its factory departments so organized that
each department head is responsible to the works manager,
without any intervening bosses, will be far more free from internal
dissensions than one in which this is not the case. Yet one
hears of company officers gleefully telling how they are ‘“‘keep-
ing them guessing,” in referring to their most capable men and
the question of where they stand in the organization. There
are corporations who deliberately pursue this course as a fixed
business policy, giving as their reason that they do not want to
give any man too much power. Another reason for failure to
establish clear-cut departmental lines lies in company officials
making promises and offers to high-grade men in order to get
them into their employ — promises they’know they cannot fulfil
on account of numerous similar promises to other employees.
Such policies are suicidal to a business in the long run.

A few examples of successful organizations of factories are
illustrated in the accompanying charts.

In Fig. 9 is shown the factory organization of the Remington
Typewriter Company at Ilion, New York. This company is
engaged in what is generally called “a straight manufacturing
proposition’’; that is to say, things are not built to order, but
the product is fixed, and thoroughly standardized. Hence,
designing and drafting do not appear among the list of depart-
ments. It will be noted that there are nine general departments,
namely: (1) General Office of Works; (2) Purchasing; (3) Finished
Parts and Production Order; (4) Shipping; (5) Inspection; (6)
Labor; (7) Cashier (including Time- and Cost-Keeping); (8) Works
Engineering, and (9) Manufacturing. The head of each of these
departments is directly responsible to the works manager and
assistant works manager, and to no one else.

It is noteworthy that this company has put under the works
manager such departments as shipping, purchasing, time- and
cost-keeping. In the great majority of American shops, where
principles of good organization have not become well recognized,
we find the head-bookkeeper or some company officer looking
after purchasing, time- and cost-keeping, and shipping, leaving
all the rest of the functions, departmentalized as shown in the
Remington Company’s chart, to the shop superintendent. He,
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therefore, in addition to being head of the manufacturing depart-
ment with all its subdivisions, must also look after stock and
production orders, employment, inspection, works engineering,
power plant, and so'on. Being badly overworked, he usually
has an assistant superintendent under him, and a general fore-
man under the assistant superintendent, and a chief shop clerk
under the general foreman, and so on, each being looked on as
more or less of a “boss”’ in the works, but without clearly defined
limits of authority.

The type of man usually filling the position of shop superin-
tendent in the average American shop is often not capable of
filling the broader position of works manager. Frequently com-
pany officers, though capable of financing, accounting, and sell-
ing, are also incapable of acting as works managers. Most shop
superintendents, when relieved of the many duties which are
shown segregated in Fig. 9, make excellent heads or superintend-
ents of “manufacturing departments.”

Another interesting feature of the Remington chart is the
division of the labor department into two branches, one having
to do with hiring, employment records, and general labor, and the
other having to do with industrial betterments. This permits of
combining a good hiring boss, on the one hand, and a trained
welfare man or sociologist, on the other, who can pool their abili-
ties to the best end for practical results.

It will also be noticed in the Remington chart that all pro-
" duction orders emanate from the finished parts and production
order department. No factory operation of any sort whatever,
whether for stock, upkeep, or betterments, may be made without
a proper order issued by this department. The stock of parts
required for manufacturing purposes is entirely separate. from
stock for shipping and repair purposes. Also the stock of raw
material is under separate jurisdiction, being under the purchas-
ing department. All stocks, in each of the above classes, are
regulated by definitely established maximum and minimum quan-
tities.

By way of further illustration of typical factory organizations
put into charted form, Fig. 10 shows the factory organization
of the National Motor Vehicle Company of Indianapolis. This
type of factory is one in which designing and drafting comes to
the front, for here the product is modified annually, and there
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is more or less new designing and experimenting throughout a
season. In this chart the superintendent has many of the duties
assigned to the works manager in Fig. 9.

The organization of a strictly engineering business conducted
by the Western Gas Construction Company of Fort Wayne,
Indiana, is shown in Fig. 11. Here the designing department is
the initiating order authority, as all work is built to order with
but few exceptions. This chart differs from those before men-
tioned in that it covers the entire organization, including account-
ing and selling branches which are not shown in Figs. 9 and 10.

An interesting feature in Fig. 11 is the advisory board, which
consists of the heads of all departments, who meet once a week,
and make recommendations to the president and manager, and
receive recommendations from the latter, who is himself an expert
mechanical engineer.
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Frc. 11. — Showing the organization of a strictly engineering business con-
ducted by the Western Gas Construction Company of Fort Wayne,
Indiana. Here the designing department takes the initiative on all

orders, since practically all product is built to order.

The chart covers

the entire organization, including accounting and selling. The advisory
board, which consists of heads of all departments, meets once a week and
makes and receives recommendations from the president and manager,
who is himself an expert mechanical engineer.
rectangular method of procedure has been employed. -

In plotting this chart the




CHAPTER VI

DEPARTMENTAL REPORTS

DEPARTMENTAL reports serve two purposes — they enable the
head of each department to know conditions in his own depart-
ment, and they enable the management to get in concise form
definite knowledge as to each department.

(The first requisite of a departmental report is that it serves
some really useful purpose)) This fact is often lost sight of. In
some establishments, reports are made covering data which have
very little if any practical value. This is a danger which must
be carefully avoided. Whenever a works manager finds reports
accumulating on his desk which he finds he passes by week after
week, without drawing any useful information from them, he
would better discontinue such reports altogether.

On the other hand, there is no better way of keeping in inti-
mate touch with the whole field of a large establishment than
through the medium of well-planned periodic reports. Just what
should such reports cover? The purpose of this chapter is to
determine methods of furnishing classified periodic information
to the executive office covering existing conditions and out-
look of every phase of the manufacturing side of a business.

Certain reports need to be made in order that the executive
department may at any time know the exact conditions prevail-
ing in every department. Such reports, although comprehensive,
should be condensed. Hence, the method of preparation may,
in certain departments, require that department to keep detailed
records which can be referred to if necessary in explaining the
summarized information in the reports. It is recommended that
any reports prepared by certain departments be returned regu-
larly to the department from which the reports originate. It
is desirable that all reports be provided with spaces where they
can be checked in the executive office, indicating that the report
has been noted, or that they be stamped in the executive office
after having been noted and approved, and that there be a private

45
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secretary in the executive office who has a list of reports that
should come in, with the dates on which these reports fall due.
The private secretary should see that these reports are presented
to the executive office when due, and that they are returned from
there to the department concerned after having been noted,
such statistical posting from them having been done in the execu-
tive office as may be deemed desirable.

Let us take first the general factory office. The general office
of the factory receives the orders from the sales department,
turns them over to the proper order departments, and advises
the sales department of promise dates of delivery. This would
be the routine in a factory which does not regularly ship every-
thing from stock. The nature of the reports from the general
office department to the works manager will vary with the class
of manufacturing done. For instance, the reports of this depart-
ment in a hosiery mill, employing 1200 people in the manufac-
ture of a few dozen varieties of hose, will be quite different from
the reports in a factory employing three hundred men in the
manufacture of a dozen types of machinery, involving some
ten thousand different component parts, to cover the whole line.

In general the things the works manager wants to know
periodically are: First, the condition of orders; second, the con-
dition of stock; third, the cost of product and of running of
plant.

It is not the purpose of this paper to discuss financial reports
such as should be received by the general office management
from the accounting department. The particular class of reports
here referred to are such as are to be rendered to the works man-
ager of a factory.

Certain reports should be made every week, and turned into
the works manager’s office on Monday of each week, such reports
covering the week ending the previous Saturday. These weekly
reports are then discussed at a meeting of an advisory board
or council consisting of heads of all responsible departments.

Weekly reports of this character can be presented to the
manager either in the form of a statement on a regular printed
blank, or in the shape of a typewritten statement from the head
of the department. A printed sheet for this purpose is shown
in Fig. 12. This may be used for a general office department
report of machine orders entered, a shipping department report
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of machines shipped, and a manufacturing department report
of machines ready for shipment.

The general office department report is turned into the work
manager’s office by the head of the general office or correspond-
ence department, and on it are listed the most important items

COST DEPT'S REPORT OF EMPLOYEES AVERAGE WAGE RATES

AND PRODUCTIVE AND NON-PRODUCTIVE LABOR.

GENERAL OFFICE DEPT'S REPORT OF MACHINERY ORDERS ENTERED.
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Fics. 12, 13, and 14. — Forms for the presentation of weekly reports. Fig.
12 (in the center) is adaptable for reports from all heads of departments
who handle these items. Fig. 13 (top) forms a basis for the manager’s
judgment on labor conditions, while Fig. 14 (bottom) is a summary pre-
pared by his secretary. Originals 8} inches wide and 11 inches high,
white paper with red and blue ruling.

for which orders have been received during the preceding week.
The form shown would apply to a business in which electrical
mining machines are manufactured. A little ingenuity will adapt
the principle involved to any other class of manufacturing.
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The second report in which the manager is interested is that
of the drafting department, covering bills of material sent to
the production department. For this report no printed form
is necessary. It can be written on the typewriter. A list of
bills of material actually sent to the production department
should be followed on the same report by a list of such orders
as have been received during the week requiring bills of material,
but for which the bills of material have not been issued. Draft-
ing department organization counts for a good deal in this matter,
and the routine should be so fixed that all bills of material for
orders received by the bill of material division of the drafting
department from the general office department during any week
are issued during the current week, including orders received on
the last two days of the week, except for entirely new designs.

A comparison of the drafting department report of bills of
material sent to the production department, with the general
office department’s report of machinery orders entered, will
indicate what orders remain in the drafting department, for
which that department has not yet prepared bills of material.

The production department in its turn should send a report
of bills of material disposed of, and sub-orders sent to the shop
like the drafting room’s report. This statement requires no
printed form and can be written on the typewriter. Routine,
too, must here be fixed so that all bills of material received during
the week are disposed of that week, with a possible exception of
bills of material received on Saturday. A list of bills of material
disposed of should be followed on the same report by a list of the
bills of material left over. The first part of the report shows
orders which have been sent to the shop for actual work during
the previous week. By comparing this report with the two pre-
ceding reports it is easily understood to what extent the produc-
tion department is lagging behind the orders received.

The manufacturing or tracing or testing department’s report
of machines ready for shipment forms the next link in the
chain of reports. This report is made by one of these depart-
ments from its records or observations, and covers all orders of
any magnitude completed during the preceding week which are
ready for shipment.

On a printed form, similar to that used for the preceding
reports, a report of the shipping department may be presented.
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By comparing the shipping department’s report of machines
shipped with the manufacturing department’s report of machines
ready for shipment, the manager can discover about how much
time elapses between the shop’s report of completion of an order
and shipping it. Such a comparison will also indicate what part
of the product goes into finished stock instead of being shipped.

Another report, that of the cost department, covers the labor
conditions in the factory, and is one of the most important. The
printed form for this report is shown in Fig. 13. This report,
considered- by men who have had an insight into manufacturing,
enables them to feel the pulse of the manufacturing department.
Considered in connection with the previous reports, it forms the
basis for telling whether certain departments are working at
their best efficiency or not. ;

All the reports which have been mentioned are best submitted
weekly under ordinary conditions. In addition to these weekly
reports, there will be in any business certain monthly reports.
These monthly reports will be kept on hand for reference until
the next monthly report is ready. Such a monthly report can
be well presented on the same printed form as that shown in
Fig. 12. The machine orders are arranged in this case in order
of urgency. Comparison of this monthly statement with reports
for previous months will show to what extent shipping capacity
is taken up.

For summarizing some of the principal reports which have
been submitted by the different departments, a general monthly
statement is prepared by the private secretary in a works
manager’s office. The items given in this report indicate the
number of machines shipped during the year up to the day of
the report, and comparison of this number with the same items,
same date, previous year. Fig. 14 shows such a report.

For particular purposes, carefully prepared reports, as above
indicated, can be made nearly as effective as the results obtained
from a monthly closing of the books. The latter process is, in
many businesses, totally out of the question.

To gain any real advantage from reports, however, they must
be given attentive consideration, and thoroughly discussed by
a council consisting of the heads of all departments affected by
the reports. A great many manufacturers realize the advantage
of such council meetings, but fail in lacking the initiative of get-
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ting such meetings started and keeping them up. These
meetings are becoming more and more a feature of successful
manufacturing establishments. The meetings are best held at
such times when they do not interfere with the lunch hour, or
personal time of employees. A morning period from 10 a.M. to
not later than 12 has been found the most satisfactory.

To many managers graphical summaries of reports present
a lifelike picture of conditions in a most comprehensive manner,
and suggest remedial steps, where mere tabulated figures would
not have been such a stimulus. This is particularly -true when
the works manager is an engineer, or has had scientific training,
and is accustomed to the graphical method of presentation and
consequent analysis.

I have known of instances where the most important and
radical steps were inspired by reflection over a graphical chart.
On the other hand, there are managers who can appreciate only
the numerical and tabulated figure method of making charts
or reports, and who consider any conversion of numerical records
into graphics as needless waste of time. It is well worth while
for those who have not used graphical methods to consider that
every successful manager makes scientific use of his imagination
when his intuition or judgment tells him that certain steps are
necessary, and if certain helps to guide this intuition or judgment
can be gotten from graphical charts which do not require a great
deal of time or expense to prepare, then the charts are certainly
worth while.

Such a graphic report (Fig. 15), showing graphic comparison
of orders received, orders shipped, and orders in production,
arranged by classes of product, can be easily prepared.

Similarly, other elements in manufacturing can be visualized.
Fig. 16 shows a graphic comparison of labor and material costs
withestimated value of product. The lowest line is that repre-
senting supervision and eclerical labor. This will not vary as
much as the other lines; the next line is measured from the line
just drawn as a base line, and shows the cost of unskilled labor
(the items given are expressed in dollars, and laid off to scale);
while the third line is the cost of skilled labor. Cost of material
used in the month’s production is graphically presented by line
four, and the fifth line is the exact cost of “expense’ material for
the month for office and shop operation and maintenance. The
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F1G. 15. — For the manager who has learned the value of graphic representa-
tion of facts, nothing can compare with a chart as a means of getting at
the essence of a mass of figures. The data given in this chart is hypotheti-
cal and the quantities taken are arbitrary. The value of the graphical
method is well brought out, however, and the arrangement necessary to
secure the results here shown is applicable to a great variety of condi-
tions. The relative condition of three of the facts essential to the manager
— orders received, orders shipped, and orders in production —is made
evident at a glance four times a month throughout the year. Pay-roll
periods often make satisfactory intervals by which to plot the condition of
production on a chart, but periods suitable to the business must be taken.
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Fia. 16. — Labor and material costs compared graphically with the esti-
mated value of the product. Month by month the relative dollars and
cents importance of supervision and clerical labor, unskilled labor, skilled
labor, raw and expense material, fixed charges, estimated profit and esti-
mated department valuation is indicated. So long as the area underneath
the sixth line does not project above the seventh line there is a proba-
bility of a profit.
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sixth line represents the “fixed charges,” including depreciation,
interest, and all other shop charges. The seventh or top line is
measured from the base line, and represents the estimating de-
partment’s valuation of the month’s product delivered to the sales
department, and not including selling expense. This is based
largely on established cost values, or ‘“standard costs” of the
items produced.

So long as all the area underneath the sixth line does not
project abowve the seventh line there is a likelihood of profit and
indications are for efficient production. The reverse is the case
when the sixth line projects.

It is well worth while to put one or two experienced cost or
production department men at this estimating work. If they
are of the right caliber, they will get results not far from accurate
without going to extremes in detail, and will be able to present
very interesting matter. It is in many manufacturing establish-
ments wholly impractical to make a general business statement
more than once a year. The nature of their business is such
that an attempt to close all records and show monthly results is
entirely out of the question. Yet the strain of the uncertainty,
consequent on a year’s wait, can be relieved by estimates and by
reports.

Further departmental reports may cover such matters as the
following:

Quarterly reports of the most tmportant component parts.—These
should cover the total number of each component ordered to be
made during a quarter-year, the total number shipped during the
same period, the total number delivered to shop or finished parts
stock during the quarter, and a comparison of these data with
the same items during the previous quarter-year. This report
will serve as a valuable guide in establishing a manufacturing
program for stock of leading component parts, a matter which
needs to be considered in a comprehensive way, taking into con-
sideration capacity of shop as regards labor and equipment,
probable sales, etc., no matter how automatic the routine of
reordering for replenishment on the part of stock-record or pro-
duction department clerks may be.

Pay-roll analysis. — Each pay-roll should be analyzed so as
to show the leading classes of indirect labor, and their proportion
to direct labor by classes of work and by departments. This
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requires as a starting point the classification of each workman’s
daily time record and the assembling of these classifications into
pay-roll periods by departments.

Money value of direct and indirect production. — Where there
is a complete stores accounting system installed, it is possible to
have periodic reports of the money value of the parts turned into
stock-room, value of completely assembled product turned into
stock (all goods going in to stock previous to shipment), value
of work in process by closing of cost records to a certain date,
value of additions to plant and equipment made by the shop.

Purchases.—Classified report of money value of all purchases
during a given period compared with same for corresponding
previous periods.



CHAPTER VII

THE GENERAL OFFICE

THE general office of a manufacturing establishment usually
has charge of the mail distribution, filing of all mail to or from
parties outside the establishment, internal mail service, telephone
system, and attention to all people calling in person.

The delegation of the duty of opening the mail depends very
largely on the nature of the business. It is always desirable to
have all mail opened by one man, if the mail feature of the busi-
ness is not too heavy to permit of this arrangement. In many
establishments the mail is opened either by the secretary of the
company or by the chief correspondent, the latter being usually
the man in direct charge of the general office.

RECEIVED

BY

REFERRED TO

Fi1g. 17. — Time-stamp showing date
and hour of opening mail, by whom it
is opened and to whom it is referred.

It is sometimes desirable to use a time-stamp to designate
the hour and date of opening the mail, such stamp bearing a space
for the entering of the name of the person or department to which

ANSWERED

BY

Fie. 18. — Time-stamp showing date
and hour of answering letter and by
whom it is answered.

the letter or document is referred. Fig. 17 shows such a stamp.

An additional stamp, showing the hour and date and name of

person answering the letter, is often used, as shown in Fig. 18.
55
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If the man who does the stamping of the time of receipt and
the distributing of the incoming correspondence is the only one
provided with a time-stamp, his time-stamp should never be taken
as evidence of laxity of attention on the part of others, since the
letter or document may have been delayed in the original party’s
charge after having been stamped. The question should be very
carefully weighed as to whether the advantages gained by the use
of a time-stamp are sufficient to overcome the disadvantages inci-
dental to possible internal frictions. Certainly every one likely to
be held to account for delays in the handling of documents should
be provided with a time-stamp if the system is to be a fair one.

A messenger service at fixed hours will do much towards
promoting promptness in all departments. Where such a sys-
tem is in use, the head of each department is provided with a
three-decked basket, one deck being marked “In,” one ‘Out,”
and one ‘“File.”” The messenger leaves the incoming mail in
the basket or deck marked ‘“In,” and removes the contents of
those marked “Out” and “File.”” Such a system must be made
prompt and accurate. Under these conditions it is possible to
request heads of departments to resort to a minimum of calling
on each other, and to avoid the carrying in person of papers from
department to department.

All correspondence with people outside the office should
be filed under the direction of one chief filing clerk. This filing
place should be centrally located so as to be easily accessible to
all departments, especially to those who need to consult the files
most frequently, such as the sales or purchasing departments.
The various departments will soon adapt themselves to this
system of a central file, and will find that condensed reference
records are more convenient than a continual handling of original
letters and documents.

At first sight it might seem somewhat useless to burden the
general file with interdepartmental correspondence, but on fur-
ther reflection it will appear that it is very desirable that the
general manager see regularly or occasionally copies of all such
correspondence before it is filed, in order that he may suggest,
where necessary, the avoidance of too much correspondence and
internal disputes. ;

In the matter of filing locally at the various departments
internal correspondence, it will generally be found that provi-
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sions should be made for each head of department to file his inter-
departmental letters and instructions, an additional earbon copy
of all internal letters and instructions being made so that one
can be kept at the department and one sent in for the general
manager’s scrutiny and the general file. A

Carbon copies are best written on tough buff-colored paper,
so as to distinguish them from original letters. Correspondence
to and from any one firm or individual should be arranged chrono-
logically, the carbon copies of the replies being placed next the
letters which they answer, and the entire correspondence fastened
together with a fastener.

The numerical filing system is the most satisfactory in an
establishment having a central filing department because it facil-
itates the file clerk’s recording the withdrawal of the correspond-
ence between any firm or individual by merely entering against
the party withdrawing the correspondence the number of the
file holder and the date.

Fig. 19 shows the file clerk’s numerically arranged card

NAME FILE No.

ADDRESS

DATES OF | DATES OF | DATES OF | DATES OF | DATES OF | DATES OF |DATE AND NO.
LETTERS REPLIES LETTERS REPLIES LETTERS REPLIES |OF TRANSFER

Fi6. 19. — Numerically arranged card record showing
contents which should be in folder of a given number,
together with dates of transfer to storage. White card,
6 inches wide, 4 inches high.

record. This card record gives the name of the firm or individual,
whose correspondence is in the folder of a certain number, together
with the exact address of the party or firm and the dates of all
correspondence, as well as date and number of transfer when the
folder becomes too bulky or is so obsolete that it should be trans-
ferred to a storage file.
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The alphabetically arranged cross-index or finding card is
shown in Fig. 20. This enables one to find the number of the

‘ SN - SY

NAME i FILE No.

Fra. 20. — Alphabetically arranged cross-index or finding card for finding the
number of the folder in which correspondence is located. White card, 6
inches wide, 4 inches high.

folder in which the correspondence with any individual or firm
is filed. Fig. 21 shows the little slip which the file clerk
writes when he hands out any file folder. When the folder

" FILE FOLDER NO.
DELIVERED TO

DATE

Fic. 21. — File clerk’s record of with-
drawal of folders by various depart-
ments or individuals. When folder
is returned this slip may be handed
out as a receipt. White paper, 5
inches wide, 3 inches high.

is returned, he may either destroy the slip or hand it to the
party who made the withdrawal as a receipt for the return of
the folder. The folders are most generally kept in ““vertical”
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filing cases, and their contents are retired to transfer storage
cases according to some definite rule. For instance, it may be
decided that at the beginning of each month the correspondence
of the corresponding month of the previous year shall be retired
from the current file. As correspondence is apt to fall out of
folders that are carried about a good deal, it may be found desir-
able to use stout roomy envelopes instead of the open folders.
In order to keep down the expense of preparing a folder and index-
ing letters from transient correspondents the alphabetical system
of filing may be applied to all new names until at least three or
more letters and replies have been received.

Where a local telephone exchange is in use, the telephone
operator can be placed so as to receive all persons making calls.
One of the most serious defects where this system is in force is
the failure to provide suitable waiting or reception rooms for
callers. In many cases well-to-do establishments provide a single
bench in a very small place, making it necessary for all sorts
and conditions of callers to be crowded into cramped quarters.
A separate calling place should be provided for all applicants
for factory employment, and such applicants should be promptly
directed to that place by the telephone operator or reception
clerk. For other callers a nedt room provided with the company’s
publicity matter does much to secure their good-will.

It is apparent that the general office, and especially the filing
department, must be centrally located. Those department offices
should be located nearest the reception room, whose managers
are most likely to receive a considerable number of business
callers. Such offices would be those of the purchasing agent,
the sales manager, and the cashier. The designing of a set
of offices or of an administration building deserves careful atten-
tion, and a good plan to pursue in planning new offices is to cut
out templets representing each desk and piece of furniture and
to place these into trial positions, and then to cut out templets
representing the various offices, placing those offices together
which are likely to have the_ greatest intercommuniecation. Parti-
tions between offices should be low for the sake of good ventila-
tion, with cathedral glass or similar translucent glass in the upper
portion, and with the name of the department plainly lettered
on the door. It is preferable to erect partitions in sections so
that they may be easily removable.
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Some executives prefer to use flat-top desks so that all papers
are certain to be put into their proper files, rather than getting
into pigeon-holes. The putting of flat-top desks in a position
where the occupants must face each other, or the using of double
flat-top desks, is apt to be annoying to the persons occupying
them, as privacy and concentrated thought are interfered with
by having to look constantly at another person, and perhaps
being drawn into conversation that would best be omitted.

The sales department is not here considered a part of the
general office. Hence no mention is made here of follow-up
and other systems in connection with sales, since we are con-
fining ourselves to the functions of the general office in so far
as they affect the factory administration.



CHAPTER VIII

THE ORDER DEPARTMENT

THE shop order is the starting point of activity in the fac-
tory. It is the basic authority upon which is built the entire
structure of cost statistics. There must be a regular routine for
the proper authorization, classification, and record of all orders
issued, and for the dissection of such general orders as require
it into the sub-orders or individual operation instructions which
form an essential part of an accurate factory system. This
dissection into elemental steps is, however, beyond the immediate
control of the order department, and is a function of the pro-
duction department, whose duties are distinct from and addi-
tional to those of an order clerk or order department. The
order department’s sphere is limited to the issuing of general
orders, and turning them over to such departments as must exe-
cute the work, such as the production department, the shipping
department, etc. It is the duty of the order department to
properly classify all orders, and to determine from time to time
the progress of orders issued. This last process may in some
cases be well delegated to a distinct department known as the
order tracing department, whose duty it will be to consult with
the production department and such other departments as may
be necessary, and collect such data as are necessary to a definite
periodical report of the condition of every order in the factory.
In some cases the order clerk may act as tracer himself so far
as customers’ orders are concerned, provided this does not inter-
fere with his accounting or statistical duties, or the function may
be assigned to some particular individual. This man’s duties
are distinct from those of the production department’s stock
tracer, whose duty it is to follow up the progress of individual
parts. For instance, in an automobile factory the order depart-
ment’s tracer would follow up John Smith’s order for a car
having a special reduction gear, special springs, special battery
box, and special body, while it would be the particular function
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of the production department’s tracer to determine what parts
need overtime work to get out the transmissions on time for
Shop Order D. 5100 calling for twenty-five cars.

Naturally the owners of the business or their most direct
representatives will be the initiating authority in the issuing
of general orders, based either on customers’ orders or on the
providing of a stock on hand of the manufactured product. The
filing of all orders received, and their proper classification, is a
function by itself, to be assigned to an order eclerk or order
department. The departmental laying out of the working sys-
tem of a factory must not be construed as meaning a distinct
office, or many clerks as belonging to what is called a ‘“‘depart-
ment.” A department may consist of but one man, or one man
may carry several departments. In small establishments it is
just as important as in large ones that the distinct departmental
duties of every man be definitely laid down. The place -and
relations of the man and the department in the staff organization,
and of the records, statistics, and accounts, must be made per-
fectly clear, preferably in a graphically charted manner, as referred
to elsewhere in this work.

The order department will necessarily have more work in
an establishment receiving numerous small orders for a variety
of product than in one making a limited range of a standard
product sold in quantity.

It is sometimes found advantageous for the clerk or depart-
ment receiving and recording customers’ orders to have a strictly
consecutive record of all customers’ orders arranged in order of
seniority, irrespective of -classification, according to what the
orders call for, giving the orders a record number in addition to
any class letters or numbers which may be assigned them subse-
quently by the production department.

The most satisfactory arrangement of orders is one in which
all work of the same general class is put together into a series
by itself.

The orders belonging to each series are best written on cards
or loose leaves to be filed in some modern binding device, permit-
ting of the easy insertion or taking out of any leaf, and provided
with a lock so that only authorized persons may make such
removals or insertions. The book typewriter, also known as the
billing machine or flat-bed machine, is almost indispensable in
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the rapid duplication of cards or loose leaves involving tabu-
lation, with as many carbon copies as may be needed. It will
be necessary that a set of copies of orders be provided to the
production department. A set of copies will also be required
respectively by the superintendent and the works manager or
such corporation officer as devotes his particular attention to the
internal working of the factory.

The cards or sheets representing live or uncompleted orders
are of course kept in a group by themselves, distinct from the
files of dead or completed orders.

It is advisable to have each distinet order series printed on
paper of a distinct color. The order department will index
by customers’ names, and, if desirable, by styles and sizes of
product, the orders in each series.

As an illustration of the grouping into series, ‘A’ orders
will call for complete product items which have to be built to
order; “B” orders for repair parts which have to be built, and
“C” orders for any apparatus which can be shipped immediately
out of stock. These three classes of orders will generally be all
that are needed to classify customers’ or agents’ orders. The
issuing, filing, and tracing of these classes come properly under
the head of an order department, which should be distinet from
the factory production department. This order department issues
all of its orders or instructions to the production department.
The latter department must be the point of centralization, or clear-
ing-house of all orders to do work in the factory proper.

As an example of the form of orders issued by an order depart-
ment, the following examples are given, representing a combined
invoice and shipping order with manifolds serving various pur-
poses, as used by a company manufacturing electrical dynamos
and motors. The set of forms shown are used only for complete
machines, a separate series being used for supply or repair orders.
One distinet order is used for each distinct machine. In this
way invoices are promptly mailed for partial shipments where a
customer orders more than one machine. Fig. 22 shows the form
which serves for original order, and also for invoice by the billing
department. There are two additional forms identical with this
original, excepting that they bear in the upper right-hand corner
in heavy type the notations, respectively, ‘“Duplicate Invoice,”
and “For Shipping Department Duplicate File.”
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Fig. 23 shows the fourth copy, which is marked, “For
Engineering Department Only,” and contains same items as
original, omitting accounting department’s financial memoranda,
and adding technical memoranda. The reverse of this copy is
a drawing list, and is shown in Fig. 24.

The fifth copy is the same as the fourth, excepting that it is
marked “For Shop Only.” Its reverse is the same as the reverse
of the fourth copy.

ORIGINAL.

INVOICE NO,
80LD TO DATED

DRDER RECD. ADDRESS DELIVERY, £.0.8.

WANTED SHIPPED TO TERMS DAYS NET.

-
ROUTE AT I YOUR OROER | o OFF FOR CASH IN DAYS.

MACHINE NO. FRAME PULLEY x STYLE FEET

Payable in Funds al Par In New York, Indianapoiis or Chiicago, without Expense to us.

Fig. 22. — Example of manifold order, one copy serving as original invoice,
one copy as duplicate invoice, and one copy as shipping record. Addi-
tional manifolds with slightly different typesetting, and serving further
purposes, are shown in succeeding figures. Light blue bond paper, 9
inches wide, 6 inches high, ruled in red.

While the particular company using the order form illustrated
preferred to use a separate sheet for every machine, such a pro-
cedure is not at all necessary. Order and invoice may be simul-
taneously written on a flat-bed typewriter, there being two col-
umns, one column for items ordered, another column for items
shipped. When the first partial shipment is made, entries are
made into the column headed ‘“Items Shipped,” and one copy
of the several which are simultaneously written is used as an
invoice, and shows the exact status of the order to the customer.
The unshipped items are then transferred by being copied to a j
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FOR ENGINEERING

DEPARTMENT
| SHIPPING NO. FOREMAN'S
____J 8oL 70 SPECIAL INSTRUCTIONS.
ORDER RECD. ADDRESS CINSTRVETION
DELIVERY
“WANTED SHIPPED TO ChEDr: \
ROUTE AT THEIR ORDER |8HIPPING APPROVED BY

DATA SHEETS. ARMATURE _BHUNT ____ SERIES _____RHEOSTAT — . |
Return this Order to the Office with Following Data and Al Necessary Information (on back hereof)Complete

when Shipment is Made. Get Completiont Order for Any Missing Parts.  Note Any Special Features
on Back Hereof,

MACHINE NO.__.___ FRAME____ PULLEY X STYLE FEET SPEED.

ARMATURE No. TESTED COMPLETION ORDER NO.

SHIPPED. REMARKS.

Fi1g. 23. — Fourth copy of manifold order. A number of similar manifolds
go to various shop departments. White bond paper, 9 inches wide, 6

inches high.

Frame, 3 5 o Dr.No. - "' iSkids, . o . Dr.No.
Field Cores, - e« De.No.___ | Rock. Am., 3 . Dr.No.
Pole Shoes, 3 . Dr.No.— | B. Holders, 3 3

Base, X g, . Dr.No.__ | Studs, o 2 + Dr.No.
F. Bearing, . 5 o, De.No._ | Rock.Ring, b . DrNo.
B. Bearing,, s o« ProlNoose - . J'R.R.Bracket;y © . .  Dr.No.
Bear. Caps, ., ¥ . Dr.No.—— | Hand Whee!, . . Dr.No.
Pedestal, |, 3 . Dr.No. B.H.Supports, . . Dr.No.
Arm, Assembly, . « Dr.No._____ | Con.RingDtls., . . Dr.No.
Arm. Space Blks., . Dr.No._________ | Con.RingAssy., . . Dr.No.
Arm, Spider, . « Dr.No.________| B.H.Cables, - >

Arm. Heads, b « Dr.No.__________| B.H.Cable Terms, . No.
Shaft, . . -« Dr.No..______ | Con,Boards, 5 . Dr.No.
Commutator, . « Dr.No._______ | Line Terminals, . - No.
Field Spool, 5 « Dr.No._____ | Equalizer Terms,. . No.

Fig. 24. — Reverse of No. 4 and succeeding copies of manifold order
giving data for engineering department and various shop departments.
Light blue bond paper, 9 inches wide, 6 inches high.
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new set of blanks upon which entries are made as soon as the
second partial shipment has been made. It is customary to have
an invoice mailed at the time a shipment is made, even if such
shipment is but partial.

The order system of an establishment which makes up goods
in quantity for stock, of which it carries a considerable variety,
will be quite different from the order system that would be best
for an engineering works.

A form in such a case would have spaces for the name of the
customer, his address, the railroad or express company by which
to ship. This sheet is filled out by the salesman when he takes
the order, with the foregoing items, and also the proper items
opposite'salesman’s name, date sold, terms, quantity, list num-
ber, article, and price. On its receeipt at the company’s office
the order is given a number, and is properly indexed or registered.
Proper acknowledgment of the order is then made; it next
goes to the credit department; thence to the warehouse
department, where each item is signed by the individual put-
ting up that item; it is then inspected, and receives the inspec-
tor’s check; the goods are next packed and the order is checked
by the shipper; it next goes to the billing department, and
the billing clerk puts his check after the words, “Billed by”’;
it is next examined and rechecked for corrections of prices,
extensions, ete., and signed opposite the words, ‘“ Examined by,”
and is now ready to go to the bookkeeper, who fills in the ledger
folio.

Mail orders, and orders brought in directly by customers,
are transcribed on to the regular order form as described.

In this type of business salesmen’s records may be made up
from order copies.

In cases where it is desirable to keep a careful time-check on
each event in the handling of orders, a time-stamp may be used
to advantage, space being left on the order blank for all such
time-stamps which should appear on any one copy.

Where the billing machine is used for writing out the order,
a large number of other forms may be made at the same writing,
the bunch or pad of forms being stitched at the left-hand margin,
and each form printed on a different color of paper. At one
writing, for instance, we may have order, original, and duplicate
invoice, statement, memorandum of draft, posting record, ship-
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ping clerk’s record, cost department’s record, various shop depart-
ment copies, and acknowledgment to customer.

Below is given a sample of instruction regarding classifications
of shop orders, which it is desirable to issue at the time of inaugu-
rating a classified order system:

CLASSIFICATION OF SHOP ORDERS

All orders emanating from the office will pass through the
production department office before being distributed in the
shop. The production department is responsible for the proper
distribution, tracing and following up of all orders as to location
and condition. Before distributing orders, production department
has shop superinterident note orders, securing his initials or those
of his assistant, cut with conductor’s punch, punched through all
copies.

As regards the classification of orders inside the shop, these
are as follows:

General series, without letter prefix, covering new parts for
standard machines. Manila-colored tag.

“A” geries, covering repair or other parts called for by ship-
ping orders and requiring work in the shop, bearing different
serial numbers from the general series and yellow tracing tag.

“B” series (tool-room series), covering new tools, jig, dies,
and other tools made in the shop. Record book kept by foreman
of tool department, bearing superintendent’s “0. K.” after each
order in book. Tool-room foreman sends book daily to produc-
tion department, to have proper tags and orders written. Tool-
room foreman keeps stub of tag on file till work is conipleted,
entering on stub list of material used, and sending same, when
work is completed, to production department. Salmon tag.

“C” series, — patterns. Orders and tags issued by pro-
duction department on receipt of request for order from depart-
ment foreman. Green tag.

“D” series— plant additions, including fixtures. Blue tags
issued on authorization of works manager.

Standing non-productive orders. See separate sheet for
detailed list of these orders. Special tags headed Standing ““ Non-
Productive Order.”

In many classes of business the furnishing of repair parts is
an important feature of the business, so that the order depart-
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ment may need to be divided into two sub-departments or two
distinet departments, such as the contract department and the
supply or repair department. The latter department will then
handle all correspondence in regard to supply orders, stamping
the original customer’s order with a time-stamp indicating date
received, when and by whom approved for credit, supply order
number, when order written, by whom checked, and when and
by whom acknowledged.

The head of the supply department must be well enough versed
in the details of the business to edit the original orders, 7.e., he
must see that the items ordered by the customer are inserted in
correct form for clear understanding of all in the factory who
are to handle the order. A single item asked for by the customer
may require the collection or manufacture of a number of com-
ponent parts or items; in such cases a detailed list of component
items will be made out on the supply department order by the
head of that department.

The supply order will have to be written in manifold similar
to a regular or contract order. As an instance of how many
copies will be required the following typical case will serve to
illustrate:

(1) One original copy. This goes to billing clerk as soon as
order is written.

(2) Onme yellow copy to be held in supply department until
goods are ready for shipment of either part or all. It is then
sent to shipping department, which sends it to billing clerk when
shipment of either part or all is made. In case of partial ship-
ment, billing department sends the yellow copy back to supply
department, where it goes through the same routine as before
until shipment is completed.

(3) One blue copy. This goes to stores record department.
Stores record department marks with small rubber stamp, “In
stock,”” all items regularly carried in stock, and ““To be taken from
Stock Order No....... ”” all items which are regular stock, but of
which there is not a supply in the stock-room.

For all items not regularly carried, the stores record depart-
ment writes a request on production department to issue ‘“Special
Manufacturing Order,” covering such parts as have to be
specially made.

The stores record department will also issue requisitions on
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the purchasing department for any items which have to be pur-
chased on the supply order. The castings record clerk of the
stock department will put in the requisition for any castings re-
quired, and the head of the stores record department will put in
the requisition for other purchased items.

Fig. 25 shows the general form for the ‘“Special Manufac-

SPECIAL MFG. ORDER

ISSUED BY STORES RECORD DEP'T. A/C SHIPPING ORDER No.

FOLLOWING ITEMS NOT REGULARLY IN STOCK ARE TO BE MANUFACTURED FOR ABOVE
SHIPPING ORDER IN ACCORDANCE WITH DETAILED SPECIFICATIONS
AND MATERIAL LIST AS BELOW:

DATE ORDER No.

Fi6. 25. — Form of “special manufacturing order”” which selects from a shi;.)-
ping or supply order only those items which have to be made in the shop
especially for this shipping order. It omits all items with which the shop
is not concerned and bears the same number as the complete shipping
order.  Salmon colored bond paper, 8} inches wide, 7 inches high.

turing Order,” which is a sub-order bearing same number as the
supply order on whose account it is issued. One copy of each
“Special Manufacturing Order” is sent to stock-room.

A form is also used for notifying the production department
to hurry through stock orders covering any parts regularly stock
parts, for which there is a stock order in the shop, but no pieces
in the stock-room.

All the above details are attended to by the stores record
department. !

(4) One fawn copy for stock-room. Head storekeeper of
finished parts will get out all parts which are ready to ship, check-
ing same off his copy of the supply order, keeping the unfilled
copies on one file board, the partially filled ones on another,
and filing away the completely filled ones.

Head attendant in finished parts storeroom puts the items
for any one shipment into a bin by themselves. When he has
all items in the bin which he ean get, he designates this by put-
ting a tag marked ‘“Complete,” or ‘“ Partial,” into the bin, together
with a tag bearing the order number. Some one regularly dele-
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gated from the supply department calls several times a day to
see these bins, taking with him the supply department’s file board
of all yellow copies of supply orders, and leaving with shipping
department the copies of orders for which goods are ready for
either entire or partial shipment. However, head storeroom atten-
dant will not depend on these personal calls from supply depart-
ment as the only means of advising that goods are ready for
shipment, but will send a daily report to supply dep<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>