Fig. 248.
15 248 L
Nickel Steel Boiler Shell in 0Qil Burning
Locomotive.
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By the use of this material boiler weight
has been cut 30 per cent with increased
strength at high pressures, and increased
resistance to aging and embrittlement.
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These frames are of *“Univan” nickel-

vanadium steel., Over 45,000 kg. of nickel

alloy steel was used in the construction of
this engine.

Fig. 249.
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Main Rod for High-
Powered Passenger Loco-
motive Used on the Aus-
trian Federal Railways.
Made of 3 per cent nickel
steel, with crank pin of
nickel-chromium steel.
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Fig. 250. 75 250 [3]
Frame Castings for the Timken Locomotive.
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Mounting of Roller Bearings on Railway Car. Polichifir2v-—- > ~ il

192

CHAPTER XIX.

Nickel Alloy Steels in
Road Building

502. Since the time of the Roman
Empire, the construction and mainte-
nance of highways has been recognized
as an essential accompaniment of the
spread of civilization. The development
of road building in Japan during the ten
years between 1923 and 1933 has been
phenomenal. The increased use of au-
tomobiles has accomplished much in
eliminating distances, breaking down
sectional differences and making a more
uniform and homogeneous population.
These things were achieved only because
of the wide, smooth roads, solidly built
for modern motor transit.

503. The machinery used in road
building must be efficient, durable and
able to stand severe punishment. The
vital parts of tractors, graders, rollers
and allied equipment are subjected to ex-
treme wear, shock and stresses. These
hazards necessitate the use of high grade
materials. It is significant that nickel
alloy steels are commonly employed for
the gears, shafts and axles of these ma-
chines, and are finding increasing use in
scraper blades, tractor shoes and other
heavy duty cast and forged parts.

Fig. 252.
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Tractors Having 3.5 Per Cent and 5 Per Cent Nickel Steel Tranzmiz
Gears and Shafts, and Differential Gears.
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Fig. 253. & 253 [§
The Caterpillar Diesel Tractor.
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Nickel steel is used for gears, shafts, track shoe parts and important bolts and
nuts in “Caterpillar” tractors. This tractor contains over 410 kg. of nickel steel in

its construction.
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Fig. 254. & 254

Concrete Mixer with Gears of 8 Per Cent Nickel Steel.
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Fig. 266. 45 256 [§]

Cletrac Tractors Employ Nickel Alloy Steel in Gears, Main Drive and Spline

Shafts, Draw-Bar and Track Rollers.
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Fig. 256. i 256 [g

The Head-Shaft and Other Important Parts of This Ditcher Are
Made of a Nickel Steel.
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Fig. 257. 4 257 [3 Fig. 250. 5 259 [
Three Caterpdler “Auto Patrols” Workmg’ on Oil-Mix Road Jub.

Tough Nickel Alloy Steel is Specified for the One-Piece Axle of This Scoop. BB TH DI EOAIFE I =R “F=penpu—n"§,

RIMO—-WON R BEAT=Y 25 MUEIATIES,

’ '
Fa
- Y
s e -
Ll -

. o . r‘ﬁ":}_'.}.l.u L.‘ R
The axles and blade beams of these rugged machines are made of nickel-
chromium steel, and enable the patrols to complete 1,100 m. per day.
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A “Carter piller” Leaning Wheel Grader. Important Gears and Shafts, and Engine Parts Such As the Crankshafts in MecCormick-
“HEETZ =" RMPACR LR Deering Tractors Are Made of Nickel and Nirkel-(‘-hrumium Steels.
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Nickel alloy steels are used in the axle spindles on the grader,
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APPENDIX

DEFINITION OF TERMS

Quenching

Rapid cooling by immersion; usually
in liquids such as water or oil, but molten
solids such as salts or lead are sometimes
employed, and air-cooling also comes
under this heading.

Tempering (also called Drawing)
Reheating, after hardening by quench-
ing from above the critical range, to
some temperature below the critical, fol-
lowed by either rapid or slow cooling.

Annealing

A heating and slow cooling operation,
varying in method according to the pur-
pose intended, which may be either (a)
to produce softness, (b) to increase duc-
tility or toughness, (c¢) to refine the
crystal structure, (d) to remove stresses
incurred in previous operations, (e) to
remove gases,

“Full annealing” implies heating to
slightly above the critical range, holding
that temperature for a proper period and
cooling slowly through the critical range.

“Normalizing” involves heating above
the critical temperature range and cool-
ing in still air at room temperature.
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DEFINITION OF TERMS

Carburizing

Adding carbon to the surface area of
steel objects by heating them to a tem-
perature below the melting point for a
prolonged period in contact with car-
bonaceous materials. Ordinarily per-
formed on low carbon steels where a hard
surface or “case” is desired in conjunc-
tion with a ductile “core” or interior
portion.

Case-Hardening
A comprehensive term including the

carburizing operation and subsequent
hardening by quenching and tempering.

Cyaniding
Superficial surface hardening by heat-
ing at a suitable temperature in contact

with a cyanide salt, followed by quench-
ing.

Nitriding

Introducing nitrogen inté the outer
surface of steel by heating it to a tem-
perature of from 470 to 615°C inside a
chamber through which a controlled
stream of ammonia gas is passed.
Quenching is not necessary. The nitrid-
ed surface is resistant to rust and corro-
sion and its hardness is not lost when
heated subsequently up to 540°C.
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Japanese Specifications for Nickel Steel
Physical Constants of Nickel. BAD =74 MR

=Yy ropPpRNEN This specification was determined at the Twelfth General Meeting of the Research
Committee of Unifying Industrial Materials Specification, of the Department of Industry
Density 9 B ...ovvvees S EARE RO Pkt 9 o b 8 | 8.85 and Commerce Japan, on Dec. 13, 1933,
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Japanese Specifications for Nickel-Chromium Steels
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This specification was determined at the Twelfth General Meeting of the Research
Committee of Unifying Industrial Materials Specification, of the Department of Industry
and Commerce Japan, on Dec. 13, 1933.
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Society of Automotive Engineers
Standard Specifications for
Steels.

The first figure indicates the class
to which the steel belongs: thus “1" indi-
cates a carbon steel; “2-" a nickel steel
and “3-" a nickel-chromium steel. In the
case of the alloy steels the second figure
generally indicates the approximate per-
centage of the predominant alloying ele-
ment.

Usually the last two or three figures

indicate the average carbon content in
“points,” or hundredths of 1 per cent.
Thus “2340" indicates a nickel steel of
approximately 3 per cent nickel (3.25 to
3.75), and 0.40 per cent carbon (0.35 to
0.45); and 71360 indicates a tungsten
steel of about 13 per cent tungsten (12
to 15) and 0.60 per cent carbon (0.50 to
0.70).
ous qualities of stecls specified are:

The basic numerals for the vari-

Corhon BUoels ... ..cco0v0peeas 1
NICEW IS v ascspsasusaays 2
Nickel-Chromium Steels ...... 3
Molybdenum Steels ........... 4
Chromium Steels ............. b
Chromium-Vanadium Steels ... G
Tungsten Steels ..........c.e. 7
Silico-Manganese Steels ....... 9
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S.A.E. Numbers for Nickel Steels*
=5 A SAE. R
S.A.E. Steel No, | Carbon Range | Manganese Range | Phosphorus Max, | Sulphur Max, | Nickel Range
U BOE | W e | WO | WRMRA | =77ra
2015 o 0,0-020 | 0-30-0.60 | 0.04 0.0¢ 0 0.49-0.60
2115 0.10-0.20 0.30-0.60 0.04 0.050 1.25-1.75
2315 l 0.10-0.20 0-30-0.60 0.04 0.050 3.95-3.75
2320 L 015-0.55 0.30-0.60 | 0.04 0.050 3.25-3.75
2330 'l 0.25-0.35 0.50-0.80 ‘ 0.04 0.050 3,95-3.75
2335 | 0.30-040 | 0.50-0.80 ‘ 0.04 0.050 3.25-3.75
2340 | 0.35-045 |  0.50-0.80 | 0.04 0.050 3.25-3.75
2345 0.40-0.50 0.50-0.80 | 0.04 0.050 3.95-2.7
2350 0.45-0.55 0.50~0.80 \ 0.04 0.050 3.25-3.75
2519 i mas.017 | 0.30-0.60 0.04 0.050 4.75-5.25
S.A.E. Numbers for Nickel-Chromium Steels*
=Y h.Hn-L#D SAE. 8
S, A, E, Carlon Manganese I'hosphorus Sulphur Nickel Chromiom
Steel Mo, Range Range Max, | Muax, Range Range
M A x kK v vy L EN WD | =vra 70—
3115 0.10-0.20 | 0.30-0.60 0.04 0.050 1.00-1.50 " 0.45-0.75
3120 0.15-0.25 | 0.30-0.60 | 0.04 0.050 1.00-150 = 0.45-0.75
3125 0.20-9.30 | 0.50-0.80 | 0.04 0.050 1.00-1,50 0.45-0.75
3130 0.25-0.35 | 0.50-0.80 0.04 0.050 1.00-1.50 0.45-0.75
3135 0.30-0.40 | 0.50-0.80 0.04 0.050 1.00-1.50 0.45-0.75
3140 0.35-045 | 0.50-0.80 0.04 0.050 1.00-1,50 0.45-0.75
3145 0.40-0.50 | 0.50-0.80 0.04 0.050 1.00-1.50 0.45-0.75
3150 0.45-055 | 0.50-0.80 0.04 0.050 1.00-1.50 0.45-0.75
3215 0.10-0.20 | 0.30-0.60 | 0.04 0.045 1.50-2.00 0.90-1.25
3290 0.15-0.25 | 0.30-0.60 | 0.04 0.045 1.50-2.00 0.90-1.25
3230 0.95-0.35 | 0.30-0.60 0.04 0.045 1.50-2.00 0.90-1.25
3240 0.35-0.45 | 0.30-0.60 0.04 0.045 150-200 | 0.90-1.25
3045 0-40-0-50 | 0.30-0.60 0.04 0.045 150-2.00 | 0.90-1.25
3250 0.45-0.55 | 0.30-0.60 0.04 0.045 1.50-2.00 0.90-1,25
33192 max. 0.17 | 0.30-0.60 | 0.04 0.045 3.25-3.75 1.25-1.75
3325 0.20-0.30 | 0.30-0.60 0.04 0.945 3.25-3.75 1.25-1.75
3335 0.30-0.40 = 0.30-0.60 | 0.04 0.045 3.25-3,75 1.25-1.75
3340 0.35-0.45 | 0.30-0.60 0.04 0.045 3.95-3.75 1.25-1.75
3415 0.10-0.20 | 0.30-0.60 0.04 0.045 2.75-3.25 0.60-0.95
3435 0.30-0.40 | 0.30-0.60 0.04 0.045 2.75-3.25 0.60-0.95
3450 0.45-0.55 | 0.30-0.60 0.04 0.045 2.75-3.25 0.60-0.95

* The silicon range for all S AE, basic open hearth alloy stee's shall Le 0.15-0.30 per cent,

For electric and acid open hearth steels, the silicon content shall be a mizimum of 0.'5 per cent,

* SAE, WM S 2MOEEMMIE 0.1525~0302, 2D 2 2,
WU MM o S 01528 PLETR DT &,
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NICKEL

Electrolytic, Pellets, Shot, Ingots,
Anodes, Ozxides, Salts

Nickel is an elemental metal which is
used both in its pure state and in combina-
tion with other metals. It alloys with iron,
copper, chromium and other metals and
forms with them a group of important alloys
and steels, which are serving to meet the
diversified ments of engineering and
of industry. Nickel steels, nickel -cast
irons, nickel silver, chromium-nickel and
copper-nickel alloys are among the “key”
materials of industry.

INDUSTRIAL USES (Nickel in Steel)

NickeL STEELS (0.5% to 7% Nickel):
The dependability, high strength and
dynamic toughness of the nickel steels
(nickel, nickel-chromium, nickel-molybde-
num, ete.) require their use for automo-
bile and aircraft construction, locomotive
and railroad car parts, heavy duty
machinery of all kinds, ordnance and die
blocks.

NICKEL STEEL CASTINGS (1% to 4%
Nickel): For locomotive frames, rail-
way track work, rock crushers, high pres-
sure valves, steel mill rolls, tube mill
balls, tractor and road machinery parts
and general machinery applications.

CORROSION RESISTANT STEELS (7% to
3569% Nickel): Tarnish and stain resis-
tant steels which are white in color, of
permanent utility and of enduring
beauty, for building trim, household
cooking utensils, marine fittings, auto-
mobile hardware and fittings, power
equipment, submarine periscope tubes,
turbine blading, chemical appartus and
miscellaneous parts of outdoor equip-
ment.

HEAT-RESISTANT STEELS (7% to 359
Nickel) : Essential in meeting the
varied high temperature requirements of
oil refinery construction, ceramic and
glass industry construction, furnace and
mill parts in the metal industries, power
plant construction, equipment for high
temperature chemical processes, valves
for combustion engines,
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Mictrostructure of Nickel-Chromium Steel, (S.A.E. |
3135, Heat-Treated (Composition: C 0.30, Mn 050, !

P 0.0,0, S 0.50, Ni 1.00, Cr 0459 ) b 5
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