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Substantial hardening can be produced in meta-
stable austenitic steels such as Types 301 and 302
by deformation below the Mg temperature (highest
temperature for deformation-induced martensitic
transformation) to produce alpha-prime martensite.
Type 301 is less stable than Type 302 and produces
more martensite and greater hardening, as shown in
Figures 1.062 and 1.063. Essentially no martensite
is produced in either steel on deformation at

330 F, but martensite is produced in both steels

by deformation at or below room temperature.
Cooling to liquid-nitrogen temperature (-320 F)
without deformation produces about 12 percent
alpha-prime martensite in Type 301 and 4 percent
in Type 302. For a given degree of deformation
applied at various temperatures, the hardness is
linearly related to the content of strain-induced
alpha-prime martensite, as shown in Figure 1.064.
Short-time (2 minute) annealing at elevated tem-
peratures causes reductions in both amount of
martensite and hardness, as shown in Figures

1.065 and 1.066. It is concluded from these data
that the Ac] temperature for both steels is in the
range 1020 to 1110 F. The A3 temperature for
Type 301 is 1380 to 1470 F and for Type 302

is 1290 10 1380 F (55).

Hardness and martensite contents of Type 301
after rolling to various reductions at 330 F to

-320 F, Figure 1.062.

Hardness and martensite contents of Type 302
after rolling to various reductions at 330 F to

-320 F, Figure 1.063.

Effect of strain-induced martensite content on
hardness, Figure 1.064,

Hardness and martensite contents of Type 301
after cold rolling followed by heat treatment at
1020 to 1560 F, Figure 1.065.

Hardness and martensite contents of Type 302
after rolling followed by heat wreatment at 1020 to
1560 F, Figure 1.086.

Effect of extrusion temperature on hardness,
Figure 1.067.

AISI typical values for hardness, Table 1.068.
Effect of low test temperature on hardness of extra-
hard cold-rolled sheet, Figure 1.069.

Effect of aging temperature on hardness of 67 per-
cent ¢old-roled sheet, Figure 1.0610.

Effect of hydrogen environment at elevated tem-
perature on surface hardness of half-hard sheet,
Figure 1.0611.

Forms and Conditions Available

Alloy is available in the full commercial range of
sizes and conditions for various forms as foilows:
Type 301 sheet with strip, annealed, 1/4 H, 1/2 H,
3/4 H, full H, extra H, and stress-relieved tempers.
Type 302 bar, annealed and two standard tempers.
Type 302 wire, annealed and three standard
tempers.

Melting and Casting Practice

Electric furnace air melt. Induction and
consumable-electrode vacuum melts and remelts
are also available. Vacuum-arc and electroslag
consumable-electrode remelting are used where
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high cleanliness and low gas content arc
required (57).

Special Considerations

Types 301 and 302 become subject to severe inter-
granular corrosion after heating in the temperature
range 800 to 1500 F. This sensitization, which
also occurs after welding, is attributed to precipita-
tion of chromijum carbide at the grain boundaries
which causes depletion of chromium from the
matrix in the intergranular regions. Corrosion re-
sistance can be restored by annealing to re-solution
the chromium carbides. See 2.032.

Improved strength properties can be obtained by
cold working at cryogenic temperatures rather than
atroom temperature. (See Section 3.0217.)
Increased tensile ductility and drawing properties
can be achieved in Type 301 by deforming at 130
to 140 F, just below the My temperature. The im-
proved ductility is related to the strain-induced
martensitic transformation, which increases work
hardening and resistance to necking. (See Section
3.03154))

Although these steels are generally considered to
have good resistance to hydrogen embrittlement,
the notch strength of Type 301 is decreased con-
siderably in hydrogen as compared to air. Further,
high contents of dissolved hydrogen in Type 301,
such as obtainable by electrolytic charging, can
cause crack growth under constant load. (See Sec-
tion 2.034.)

The 300-grade stainless steels, including Types 301
and 302, are subject to salt-water corrosion in
crevices or under deposits. Corrosion is reduced
or eliminated in turbulent seawater or when
cathodic protection is present. {See Section
2.0312.)

PHYSICAL AND CHEMICAL PROPERTIES

Thermal Properties

Melting ranges are 2250 to 2590 F for Type 301
and 2550 10 2590 F for Type 302 (51).

Phase changes.
Time-temperature-transformation diagrams,
Transformation temperatures, Table 2.0122.
Thermal conductivity, Figure 2.013.

Thermeal expansion: (a) Type 301, (b) Type 302,
Figure 2.014.

Specific heat, Figure 2.015.

Thermal diffusivity, Figure 2.016.

Other Physical Properties

Density, Figure 2.021.

Electrical properties.

Electrical resistivity, Figure 2.0221.

Magnetic properties.

These alloys are nonmagnetic in the annealed
(fully austenitic} condition, However, the zliloys
become magnetic on cold working due to the
deformation-induced transformation from non-
magnetic austenite 1o magnetic alpha-prime
martensite. The extent of magnetization on cold
working decreases with increasing nickel content in
Series 300 stainless steels, as shown in Figure
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2.03
2.031
2.0311

2.0313

2.0314

2.032
2.0321

2.0232. This is a result of nicke! stabilization of
the ausienite phase.

Effect of composition and teduction on magnetic
permeability and tensile strength of 300 scries
sheet, Fieure 2.0232.

Emittance, Figure 2.024.

Damping capacity.

Chemical Environments

General corrosion.

General corrosion resistance of Type 301, like that
of all austenitic stainless steels, is very high, but

it is at the lower end of the corrosion scale for
18-8 steels; Type 302 is slightly superior to

Type 301.

The 300 series stainless steels can undergo deep
localized crevice corrosion in mechanical crevices
or under deposits in quiescent seawater. The dif-
ferences in performance of the various grades of
300 stainless steels under these conditions are not
of practical significance. Cathodic protection can
be effectively accomplished with iron, zinc, alumi-
num, of magnesium ancdes or by an impressed
electrical current system. Multi-component
assemblies containing different alloys frequently
offer buiit-in cathodic protection. Turbulent sea-
water with sufficient agitation to keep austenitic
stainless steels free of deposits, either biological or
inorganic, permits stainless steel to remain passive
and corrosion-free. Chloride stress-corrosion crack-
ing is not a problem in ambi¢nt-temperature
seawater (64).

Corrosion in tropical environments for times up to
16 years, Table 2.0313.

Based on galvanic current data and corrosion rates,
Type 301 is considered compatible with graphite-
epoxy composite materials in aerated neutral

3.5 percent NaCl solution at room temperature (66).

Intergranular corrosion.

A potentially serious problem against which pre-
cautions should be taken is intergranular corrosion
of “*sensitized” alloy. Sensitization cccurs when
these steels are heated in the temperature range
800 to 1500 F. The sensitization time depends
primarily on temperature but is also influenced by
the chemical and metallurgical characteristics of
the alloy, such as carbon content and grain size.
Sensitization is most generally attributed to
depletion of chromium from regions adjacent to
the grain boundarjes because of precipitation of
chromium-rich (Fe,Cr)23Cg carbides. During
welding, the heat-affected zone reaches the critical
temperature range for a short time, promoting
nucleation of chromium-rich carbides at the grain
boundaries. If a welded component operates be-
low the temperature range for normal sensitization
(for example, 600 to 800 F), the previously
nucleated carbides grow, but the low emperature
prevents further nucleation and restricts chromium
diffusion from the grain interiors. However,

after extended time periods, such as 10 years,
low-temperature sensitization occurs and increases
the probability of intergranular stress-corrosion
cracking. If material has been sensitized either by
welding or by exposure, it should be fully annealed
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to re-solution the precipitated chromium-rich
carbides. This anneal will restorc the origjnal
corrosion resistance. Self-healing and restoration
of corrosion resistance can also cccur on heating
for very long times in the sensitization temperature
range. Self-healing occurs by diffusion of chro-
mium from the grain interiors into the depleted
zones. The time-temperature conditions for
sensitization of Type 302 are shown in Figure
2.0322 (67).

Effects of heat treatment on susceptibility to
intereranular stress-corrosion cracking in poly-
thionic acid and in acid copper sulfate, Figure
2.0322,

Effect of prior exposure temperature and time on
average corrosion rate in boiling nitric acid of
cold-rolled sheet, Figure 2.0323.

Stress-corrosion cracking.

Stress cracking may be pronounced in these steels
in the formed condition, if high residual stresses
are present. The tendency to stress cracking de-
pends primarily on the value of tensile strength
developed. Severely formed parts, particularly in
the harder tempers of Type 301, should be im-
mediately annealed or stress relieved to prevent
cracking.

The susceptibility of cold-worked material to
stress corrosion cracking may be related in part to
the presence of deformation-induced martensite.
The hep epsilon martensite phase corrodes more
rapidly than the matrix austenite phase (69,70).
Stress-corrosion cracking may occur in certain
media, primarily in hot chlorides, if residual stresses
are present. Under normal atmospheric conditions
no stress corrosion is observed, even in extra hard
sheet. Stress-corrosion cracking can result, for
example, from surface contamination with zinc
chloride from sclder flux (71,72).

Effects of cold reduction on yield stress in air and
on threshold corrosion stress in boiling 0.5N NaCl
+ 0.1N NaNO3 aqueous solution, Figure 2.0333.
Hydrogen embrittlement.

Although austenitic stainless steels are generally
considered to have good resistance to hydrogen
embrittiement, the notch tensile strength of Type
301 is reduced considerably when tested in hydro-
gen rather than in air. The detrimental effect is
lessened when oxygen is present as an impurity in
the hydrogen atmosphere, as shown in Figure
2.0342. Oxygen reacts with surface adsorption
sites and, if in sufficient quantity, will compleztely
inhibit the adsorption of hydrogen and thus pre-
vent embrittlement (74).

Effects of oxygen impurity in hydrogen on notch
strength of Type 301, Figure 2.0342.
Sustained-load crack growth is observed in material
charged to 13 wi ppm hydrogen or more, as shown
in Figure 2.0344. The crack-growth rate at a given
stress intensity factor increases strongly with in-
creasing hydrogen centent. The fracture surface
of mazterial which has failed by slow crack growth
exhibits brittle transgranular cleavage. Material
containing less than 3 wt ppm hydrogen exhibits
ductile fracture upon reaching a criticat load and
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does not exhibit slow crack growth. Although the

‘levels of dissolved hydrogen which cause sustained-

load crack growth are higher than would normally
be encountered in service, it is evident that some
reduction of ductility in Type 301 can be affected
by hydrogen (73).

Sustained-load crack-growth rate of hydrogen-
charged Type 301, Figure 2.0344.

Oxidation.

Air oxidation of Type 302 is slight at 1202 and
1292 F, as shown in Figure 2.0352. There is no

subsurface oxide penetration at these temperatures,

At 1382 F oxide penetration oceurs but the sur-
face oxide is still quite protective. Qxidation
begins to increase sharply with temperature above
1472 F and the time dependence on an arithmetic
basis approaches linearity at 1562 F, indicating a
nonprotective scale. Type 302 is considered suit-
able for continuous service at temperatures up to
1600 F and for intermittent service up to

1700 F (75).

Time dependence of oxidation of Type 302 in air
at elevated temperatures, Figure 2.0352.

Nuclear Environments
Effect of irradiation exposure on tensile properties
and hardness of alloy, Table 2.041,

MECHANICAL PROPERTIES

Specified Mechanical Properties
AMS-specified mechanical properties, Table 3.011.

Mecharical Properties at Room Temperature
Tension — stress-strain diagrams — tension
properties.

Stress-strain curves for sheet and strip cold rolled
to different temper, Figure 3.0211.

Stress-strain curves for sheet and strip cold rolled

‘to full-hard and extra-hard tempers, Figure 3.0212.

Percentage cold reduction and corresponding
tensile strength for various tempers of Type 301
and Type 302, Tabie 3.0213.

Effect of rolling reduction and cormposition on
tensile properties of 300 series steels, Figure
3.0214.

Effect of cold reduction on tensile properties of
Type 301, Figure 3.0215.

Effects of cold work on tensile properties of
Type 302, Figure 3.0216.

Cold working at cryogenic temperatures increases
the tensile strength to 2 greater degree than
equivalent working at room temperature. The
ductility of material cryogenically rolled to a
given strength is higher than that of material
rofled at room temperature to the same strength,
as shown in Figures 3.0218 and 3.0219. The
effects of cold rolling on tensile properties are
primarily through the amount of martensite pro-
duced. The amount of cold work introduced into
the matrix has an additional strengthening effect,
as shown in Figures 3.02110 and 3.02111. Heat
treating cold-worked material at 550 F further in-
creases the yield strength, as shown in Figures
3.02112 and 3.02113.

3.0218

3.0219

3.02110
302111

3.02112

3.02113

3.02114

3.02115

3.02116

3.02117
3.02118
3.02119
3.022
3.0221

3.023
3.0231

3.0232
3.0233

3.024
3.025
3.026
3.027
3.0271
3.02711

3.02712

3.02713

3.0272
3.028

3.03
3.031
3.0312
3.03111

PRINTED: MARCH 1988

Effect of cold reduction at room and cryogenic
temperatures on tensile properties of Type 301,
Figure 3.0218.

Effect of cold reduction at room and cryogenic
temperatures an tensile properties of Type 302,
Figure 3.0219.

Relationship between tensile properties and
martensite content for Type 301, Figure 3.02110.
Relationship between tensile properties and
martensite content for Type 302, Figure 3.02111.
Effect of cold reduction at room and cryogenic
temperatures plus heat treatment on tensile prop-
erties of Type 301, Figure 3.02112.

Effect of cold reduction at roomn and cryogenic
temperatures plus heat treatment on tensile prop-
erties of Type 302, Figure 3.02113.

Effect of stress-relief temperature on tensile prop-
erties of 60 percent reduced sheet, Figure 3.02114,
Effect of cyclic exposure stress on room-
temperature tensile properties of 60 percent
reduced sheet exposed at 600 and 900 F, Figure
3.02115.

Effect of exposure at low temperature on room-
temperature tensile properties of extra-hard cold-
rolled sheet, Figure 3.02116.

Effects of extrusion ternperature on longitudinal
tensile properties of Type 301, Figure 3.02117.
Effects of extrusion temperature on longitudinal
tensile properties of Type 302, Figure 3.02118.
Effect of stretching on tensile yield strength of
Type 302, Figure 3.02119.

Compression — stress-strain curves — compression
properties.

Effect of stretching on compressive yield strength
of Type 302, Figure 3.0221.

Impact.

Impact properties at room temperature, Table
3.0231.

Relation between impact energy and tensile strength
for cold-rolled Type 302, Figure 3.0232,

Effects of exposure time in air at elevated ternper-
atures on impact energy, Figure 3.0233.

Bending.

Torsion and shear.

Bearing.

Stress concentration.

Notch properties.

Effect of cold rolling and test direction on notch
strength of sheet, Figure 3.02711.

Effect of exposure at low temperature on room-
temperature notch strength of extra-hard cold-
rolled sheet, Figure 3.02712.

Effect of test direction in relation to rolling direc-
tion on tensile properties and notch strength of
60 percent cold-reduced sheet, Figure 3.02713.
Fracture toughness.

Combined properties,

Mechanical Properties at Various Temperatures
Tension - stress-strain curves — tension properties.
Stress-strain curves,

The stress-strain curves for Types 301 and 302 are
influenced by the deformation-induced transforma-
tion of austenite to martensite. The work-hardening
rate (slope of the stress-strain curve) for Type 302
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at-112 F is compared to that of the structurally
stable Type 310 alloy in Figure 3.03112. Type 302
is metastable at this temperature and exhibits an
increasc in work-hardening ratc between about

4 and 20 percent strain due to the martensitic
transformation. The Type 310 alloy shows a con-
tinuous decrease in work-hardening rate with in-
creasing strain. Stress-strain curves for annealed
Types 301 and 302 at temperatures near and below
Mg are shown in Figures 3.03113 and 3.03114,
respectively. Both stable (continuously decreasing
work-hardening rate) and metastable {decreasing
and increasing work-hardening rate) curves are seen,
depending on test temperature. Type 301 shows
increasing work hardening due to martensite forma-
tion at 68 F and lower, while Type 302 exhibits
martensitic hardening up to at least 77 F (77,78).
Tensile work-hardening rates for Types 302 and
310 at-112 F, Figure 3.03112.

Stress-strain curves for anneated Type 301, Fig-
ure 3.03113.

True stress-strain curves for annealed Type 302

at room and cryogenic temperatures, Figure
3.03114.

Stress-strain curves for Type 301 full-hard and
full-hard stress-relieved sheet at room and elevated
temperatures, Figure 3.03115.

Stress-strain curves in tension for various tem-
peratures and exposure times for 60 percent
cold-reduced sheet, Figure 3.03116.

Siress-strain curves in tension at low tempera-
tures of extra-hard cold-rolled sheet, Figure
3.03117.

Stress-strain curves for Type 301 extra-hard and
extra-hard stress-relieved sheet at room and ele-
vated temperatures, Figure 3.03118.

Roiling effects on tension properties.

Effect of cold rolling on tensile properties of
Type 301 sheet at room temperature and -320 F,
Fizure 3.03121.

Effect of percent reduction on tensile properties
of sheet tested at room temperature and 423 F,
Figure 3.03122.

Effect of low temperature and percent cold reduc-
tion on 1ensile properties of sheet, Figure 3.03123.
Effect of low rolling temperature on tensile prop-
erties at room temperature and -320 F of reduced
sheet, Figure 3.03124.

Effect of low rolling temperature on tensile prop-
erties at room temperaiure and -423 F of 10 per-
cent reduced sheet, Figure 3.03125.

Effect of rolling temperature on tensile properties
at room iemperature and 423 F of 65 percent
reduced sheet, Figure 3.03126.

Effect of test direction on tensile strength of cold-
rolled sheet at room and cryogenic temperatures,
Figure 3.03127.

Prior exposure and strain-rate effects on tension
properties.

Tensile ductility of Types 301 and 302 is affected
by strain rate, temperature, and phase stability,

as well as microstructure. For constant micro-
structure, Type 302 exhibits 2 minimum in elonga-
tion at roOm temperature at a strain rate of about
200 min-l. A similar but less pronounced minimum
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is noted for uniform reduction in arca, as shown in
Figurc 3.03132. The ductility at all strain rates Fe

from 0.02 to 19,000 min-! is good, ranging from 18 Cr
40 1o 80 percent clongation. Similar behavior is 8 Ni
exhibited at liquid-nitrogen temperature, with the

ductility values being slightly less than those at

room temperature, as shown in Figure 3.03133. Type 301

Type 301 is less stable than Type 302 with respect Type 302
to martensite formation during deformation and
has slightly less ductility at room temperature, as
shown in Figure 3.03134 (80).

Effects of strain rate on tensile ductility of Type
302 at room temperature, Figure 3.03132.

Effects of strain rate on tensile ductility of Type
302 at-321 F, Figure 3.03133.

Effects of strain rate on tensile ductility of Type
301 at room temperature, Figure 3.03134.

Effect of test temperature, strain rate, and holding
time on tensile properties of Type 301 1/2-hard
sheet, Figure 3.03135.

Effect of test temperature, strain rate, and holding
time on tensile properties of Type 301 3/4-hard
sheert, Figure 3.03136.

Effect of test temperature, strain rate, and holding
time on tensile properties of 435 percent reduced
sheet, Figure 3.03137.

Effect of test temperature, strain rate, and holding
time on tensile properties of 60 percent reduced
sheet, Figure 3.03138.

Effect of test temperature and exposure iime on
tensile properties of 60 percent cold-reduced sheet,
Figure 3.03139.

Effect of test temperature and prior eXxposure on
tensile properties of 34 percent cold-reduced sheet,
Figure 3.031310.

Effect of test temperature and prior exposure on
tensile properties of 51 percent cold-reduced sheet,
Figure 3.031311.

Effect of test temperature and prior exposure on
tensile properties of 60 percent ¢old-reduced sheet,
Figure 3.031312.

Stress-relief effects on tension properties.

Effect of tesi temperature, test direction, and
stress relief on tensile properties of Type 301 full-
hard sheet, Figure 3.03141.

Effect of test temperature, test direction, and
stress relief on tensile properties of Type 301
extra-hard sheet, Figure 3.03142.

Effect of stress relief and test temperature on
tensile properties of cold-rolled sheet, Figure
3.03143.

Elevated-test-temperature effects on tension
properties.

Effect of test temnperature on tensile strength of
annealed Type 302 sheet, Figure 3.03151.

Effect of test temperature on tensile properties of
Type 301 1/2-hard sheet, Figure 3.03152.

Effect of test temperature on tensile properties of
60 percent reduced sheer, Figure 3.03153.

Type 301 shows a tensile elongation peak at about
130 F, as shown in Figure 3.03155. The maximum
elongation is slightly greater for small-grain-size
material and slower deformation rate, but the tem-
perature effect remains unchanged. As shown in
Figure 3.03156, the temperature for maximum
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clongation appears to be slightly higher in biaxial
straining as compared to uniaxial straining. The
elongation peak is related to the strain-induced
transformation of austenite to cubic alpha-
martensite, which occurs through an intermediate
hexagonal epsilon-martensite phase. The volume
fraction of epsilon compared to alpha is negligible
above about 15 percent strain. The strain-induced
martensitic transformation increases the rate of
work hardening so that the material is better able
to resist necking during straining. The occurrence
of a sharp elongation peak at a temperature just
below Mg apparently indicates that the distribu-
tion of strain-induced martensite is most uniform
at this temperature. The temperature dependence
of martensite content for Type 301 is shown in
Figure 3.03157. The strain dependence of
martensite content for Types 301 and 302 is
sigmoidal, as shown in Figures 3.03158 and
3.03159. The amount of martensite formed, for
example, at 32 F is much greater for Type 301
than for Type 302, reflecting the lower phase
stability of Type 301.

Effects of grain size, strain rate, and temperature
on tensile elongation of Type 301, Figure 3.03155
Effects of temperature on failure strain for several
types of deformation, Figure 3.03156.

Effects of grain size, strain rate, and temperature
on'martensite content of fractured tensile speci
mens of Type 301, Figure 3.03157.

Effects of grain size, test temperature, and tensile
strain on martensite content of Type 301, Figure
3.03158.

Effects of test temperature and true tensile strain
on martensite content of Type 302, Figure
3.03159.

Effects of temperature on tensile properties of
cast Type 302, Figure 3.031510.

Effects of cryogenic temperatures on tensile
properties.

Effect of cryogenic temperatures on nominal
tensile properties of annealed Type 301 sheet,
strip, plate, and bar, Figure 3.03161.

Effect of cryogenic temperatures on nominat
tensile properties of annealed Type 302 sheet,
strip, plate, and bar, Figure 3.03162.

Effect of cryogenic temperatures on the tensile
properties of annealed bar, Figure 3.03163,
Effect of cryogenic temperatures on tensile prop-

erties of 40 percent reduced sheet, Figure 3.03164.

Effect of cryogenic temperatures on tensile prop-

erties of 50 percent reduced sheet, Figure 3.03165.

Effect of cryogenic temperatures on tensile prop-
erties of 40 and 60 percent reduced sheet, Figure
3.03166.

Effect of cryogenic temperatures on tensile prop-
erties of 60 percent cold-reduced sheet, Figure
3.03167.

Effects of cryogenic temperatures and thickness
on tensile properties of 60 percent reduced sheet,
Figure 3.03168.

Effect of cryogenic temperatures on tensile prop-
erties of extra-hard cold-rolled sheet, Figure
3.03169.
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Effects of cryogenic temperatures and melt method
on tensile properties of 70 percent reduced sheet,
Figure 3.031610.

Compression — stress-strain diagrams — compres-
sion properties.

Stress-strain diagrams.

Stress-strain curves in compression for Type 301
annealed sheet at elevated temperatures, Figure
3.03211.

Stress-strain curves in compression for Type 301
full-hard and full-hard stress-relieved sheet at room
and elevated temperatures, Figure 3.03212.
Stress-strain curves in compression for Type 301
extra-hard and extra-hard stress-relieved sheet at
room and elevated temperatures, Figure 3.03213.
Effect of test temperature on compressive yield
strength of Type 301 annealed sheet, Figure
3.0322.

Effect of test temperature and test direction on
compressive yield strength of Type 301 1/2-hard
sheet, Figure 3.0323.

Effect of test temperature on compressive yield
strength of 45 and 60 percent reduced sheet,
Figure 3.0324.

Effect of test temperature and exposure time on
compressive yield strength of 60 percent cold-
reduced sheet, Figure 3.0325.

Effect of test temperature, test direction, and
stress relief on compressive yield strength of Type
301 full-hard and extra-hard sheet, Figure 3.0326.
Effect of test temperature on compressive strength
of annealed Type 302 sheet, Figure 3.0327.
Impact.

Impact energy of Type 301 plate at room and
cryogenic temperatures, Figure 3,033 1.

Impact energy of Type 301 bar at room and cryo-
genic temperatures, Figure 3.0332.

The impact energy of heat-treated cast Type 302
(CF-20) decreases with decreasing test temperature,
as shown in Figure 3.0334. Carbide precipitation,
caused by heat treating in the sensitizing tempera-
ture range, lowers the impact energy at cryogenic
temperatures (83).

Effect of sensitizing heat treatments on the impact
energy of cast Type 302 at cryogenic temperatures,
Figure 3.0334.

Bending.

Torsion and shear.

Effect of test temperature on shear strength of
Types 301 and 302, Figure 3.0351.

Effect of test temperature and exposure time on
shear strength of 60 percent cold-reduced sheet,
Figure 3.0352.

Bearing.

Effect of test temperature on bearing properties of
Types 301 and 302 sheet, Figure 3.0361,

Effect of test temperature 2nd exposure time on
bearing properties of 60 percent cold-reduced sheet,
Figure 3.0362.

Stress concentration.

Notch properties.

Rolling effects on notch properties.

Eifect of rolling temperature on notch strength at
room temperature and -423 F of 10 percent re-
duced sheet, Figure 3.037111.
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3.037112

3.037113

3.037114

3.037115

3.037116

3.03712

3.037121

3.037122

3.037123

3.037124

3.03713

3.037131

3.03714
3.037141

3.037142
3.03715

3.037151
3.037152

3.037153

3.037154
3.037155

3.037156

3.037157

3,037158

3.0372
3.03721

3.03722

Effect of low rolling temperature on notch
strength at room temperature and -423 F of

10 percent reduced sheet, Figure 3.037112.

Effect of low temperature and percent cold reduc-
tion on notch strength of sheet, Figure 3.037113,
Effect of low temperature and percent cold reduc-
tion on notch strength of various percent reduced
sheet, Figure 3.037114.

Effect of percent cold reduction on notch strength
of sheet tested at room temperature and -320 F,
Figure 3.037115.

Effect of percent cold reduction on notch strength
of sheet tested at room temperature and -423 F,
Figure 3.037116.

Prior exposure and rate of loading effects on notch
strength.

Effect of test temperature and prior exposure on
notch properties of 60 percent cold-reduced sheet,
Figure 3.037121.

Effect of test temperature and exposure time on
notch strength of 60 percent cold-reduced sheet,
Figure 3.037122.

Effect of test temperature and prior exposure on
notch properties of 34 percent cold-reduced sheet,
Figure 3.037123.

Effect of stress concentration factor, temperature,
and loading rate on notch strength of extra-hard
cold-rolled sheet, Figure 3.037124.

Stress-relief effects on notch strength.

Effect of stress relief and low test temperature on

notch strength of Type 301 sheet, Figure 3.037131,

Crack effects on notch strength.

Effect of test temperature on net fracture stress of
full-hard sheet, Figure 3.037141.

Effect of percent cold reduction on edge-cracked
properties of sheet at room temperature and

-110 F, Figure 3.037142.

Low-test-temperature effects on notch strength.
Effect of low test temperature on notch strength

of 60 percent cold-reduced sheet, Figure 3.037151.

Effect of low temperature on notch strength of
extra-hard cold-rolled sheet, Figure 3.037152.
Effect of low test temperature on notch strength
of 40 and 60 percent reduced Type 302 sheet,
Figure 3.037153.

Effect of low test temperature on notch strength
of 50 percent reduced sheet, Figure 3.037154.
Effect of low test temperature on notch strength
of 40 percent reduced sheet, Figure 3,037155.
Effect of low test temperature and thickness on
notch strength of 60 percent reduced sheet,
Figure 3.037156.

Effect of low test temperature on notch strength
of 70 percent reduced vacuum-melt sheet, Fig-
ure 3.037157.

Effect of low test temperature on notch strength
of 70 percent reduced air-melt sheet, Figure
3.037158.

Fracture toughness.

Effect of low test temperature on fracture tough-
ness of 60 percent cold-reduced sheet, Figure
3.03721.

Effect of initial notch length on fracture toughness
of 60 percent cold-reduced sheet at room tempera-
ture, -320, and -423 F, Figure 3.03722.

3.03723

3.03724
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The crack strength of Type 302 sheet is signif-

icantly affected by erientation with respect to the Fe
rolling direction, as shown in Figure 3.03724. At 18 Cr
an angle of 9G degrees to the rolling direction, or 8 Ni
transverse, the crack strength is about 10 percent

less at room temperature and 34 percent less at

-320 and -423 F than at 0 degrees to the rolling Type 301

direction. However, the crack strength at an angle Type 302
of 11 degrees to the rolling direction is not de-

graded. The 11-degree angle equals the helix angle

at which some liquid-propellant rocket tanks have

been spiral welded {79).

Effects of center crack and test direction on

tensile strength of cold-rolled sheet at room and

cryogenic temperatures, Figure 3.03724.

Creep and Creep Rupture Properties

Creep curves for Type 302 annealed sheet at 1200
to 1600 F, Figure 3.041.

Short-time total strain curves for annealed Type
302 at 1200 to 1800 F, Figure 3.042.

Creep and creep-rupture curves for Type 301
1/2-hard sheet at 1200 to 1500 F, Figure 3.043.
Creep-rupture curves for Type 301 full-hard and
stress-relieved sheet at 800 to 1200 F, Figure
3.044.

Creep-rupture curves for Type 301 extra-hard and
stress-relieved sheet at 800 to 1200 F, Figure
3.045.

Creep curves for Type 301 60 percent reduced
sheet under cyclic load at 600 and 900 F, Figure
3.046.

Creep and creep rupture curves for Type 301

60 percent reduced sheet at 600 and 900 F, Fig-
ure 3.047.

Creep and creep-rupture curves for 80 percent
cold-reduced sheet at 1000, 1200, and 1400 F,
Figure 3.048.

Creep-rupture properties of cast Type 302, Figure
3.049.

Stress relaxation at room and slightly elevated tem-
peratures, Figure 3.0410.

Fatigue Properties

Cyclic stress-strain curves for annealed Type 301 at
temperatures between Mg and M4, Figure 3.051.
Strain-controlled fatigue behavior of annealed rod
at room temperature, Figure 3.052.

Bending fatigue behavier of cold-worked and of
annealed sheet at room temperature, Figure 3.053.
8-N curves in flexure for extra-fuil-hard sheet at
low temperatures, Figure 3,054,

Axial tension fatigue behavior of smooth and
notched sheet at room and cryogenic tempera-
tures, Figure 3.055.

Aging for up to 26,300 hours at 550 F has little
effect on the room-temperature fatigue behavior
of smooth or notched Type 301, as seen by com-
pazison of Figures 3.057 and 3.058 (89,90).
Effects of notches on fatigue behavior of sheet,
Figure 3.057.

Fatigue behavior of smooth and notched sheet at
room temperature after aging for 26,300 hours at
550 F, Figure 3.058.

Low cycle 5-N curves for complex welded joints of
60 percent cold-rolied sheet, Figure 3.059.
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$-N curves for uniaxial and biaxial sheet for R =
0.50, Figure 3.0510.

§-N curves for uniaxial and biaxjal sheet for R =
0.10, Figure 3.0511.

Effects of fusion and spot welding on fatigue
behavior of sheet, Figure 3.0512.

Fatigue behavior of welded sheet at room tempera-
ture after aging for 26,300 hours at 550 F, Figure
3.0513.

Type 301 alloy is unstable under stress, with the
austenjte phase transforming martensitically to
alpha-prime to a much greater extent than the
more stable Type 302 alloy, This stress-induced
martensitic phase transformation can lead to re-
markable work hardening. The effect of
martensite formation on the fatigue crack-
growth rate (FCGR) is shown in Figure 3.0515,
For annealed material cycled to a maximum stress
of 10.9 ksi, the FCGR of Type 301 is only abouti
one-half that of Type 302. However, at a higher
maximum stress of 21.5 ksi or in the 19 percent
coid-worked condition (shown in Figure 3.0516),
the two alloys have similar FCGR's. The differ-
ence in FCGR's for the annealed materials at low
stress is related to alloy stability. The less stable
Type 301 alloy forms more martensite during
loading, resulting in greater work hardening and

a lower FCGR. Cold rolling of annealed strip
from 0.060 in. thick to reductions of 20, 27, and
40 percent resulted in formation of 10, 20, and
30 vol percent alpha-prime martensite in Type 301
and 0.5 to 2.5 vol percent in Type 302, as deter-
mined by magnetic measurements {59).

Fatigue crack-growth behavior at room tempera-
ture for Types 301 and 302 annealed sheet tested
at two different stress levels, Figure 3.0515.
Fatigue crack-growth behavior at room tempera-
ture for Types 301 and 302 cold-rolled sheet
tested at two different stress levels, Figure 3.0516.
Fatigue crack-growth rates in hydrogen are more
rapid than those in argon or in air. The enhance-
ment is greater in Type 30} than in Type 302 be-
cause of hydrogen embrittlement of the alpha-
prime martensite phase, which forms to a greater
extent in Type 301. Ata maximum stress of
18.3 ksi, the FCGR for Type 301 is higher by a
factor of about six in hydrogen as compared to
air, while the factor for the more stable Type 302
alloy is about three. At a slightly higher maximum
stress of 19.8 ksi, rates for the two alloys are
almost identical in argon but Type 301 is inferjor
to Type 302 in hydrogen, as shown in Figures
3.0518 and 3.0519. The FCGR’s are decreased
by cold work in both argon and hydtogen, but
cold-worked alloys are more degraded by hydro-
gen than annealed alloys (80). The FCGR in
hydrogen is thought to be controlled by the rate
of supply of hydrogen to the highly stressed
region ahead of the crack. Hydrogen perme-
ability has been shown to be greater in Type 301
than Type 302 in the temperature range 400 to
600 F. Also, the permeability of hydrogen is
increased under stress for Type 302. These factors
are consistent with the above observation on en-
hancement of FCGR’s by hydrogen (91,92).
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Fatigue crack-growth behavior at room tempera-
ture for Types 301 and 302 annealed sheet tested
in dry hydrogen, dry argon, and air, Figure 3.0518.
Fatigue crack-growth behavior at room tempera-
ture for annealed and cold-worked sheet tested in
argon and in hydrogen, Figure 3.0519.

Elastic Properties

Poisson's ratio.

Modulus of elasticity.

Modulus of elasticity for Type 301 1/2-hard sheet
at room and elevated temperatures, Figure 3.0621.
Modulus of elasticity in tension for Type 301 full-
hard and extra-hard sheet, Figure 3.0622.

Effect of low test temperature on modulus of
elasticity for 60 percent reduced sheet, Figure
3.0623,

Effect of test temperature, strain rate, and holding
time on modulus of elasticity in tension of 45 and
60 percent reduced sheet, Figure 3.0624.

Effect of temper on modulus of elasticity in ten-
sion and compression for Type 301 sheet, Figure
3.0625.

Modulus of elasticity in compression for Type 301
full-hard and extra-hard sheet, Figure 3.0626.
Effect of test temperature on modulus of elasticity
in compression of 45 and 60 percent reduced
sheet, Figure 3.0627.

Modulus of rigidity.

Modulus of rigidity, Figure 3.0631.

Effects of cold reduction and temperature on
modulus of rigidity, Figure 3.0632.

Tangent modulus.

Tangent modulus curves in compression for Type
301 sheet in various conditions, Figure 3.0641.
Tangent modulus curves for 60 percent cold-
reduced sheet for various exposure times and
temperatures, Figure 3.0642.

FABRICATION

Forming

General. Although Types 301 and 302 in annealed
condition possess a tensile strength relatively high
compared to that of other ductile metals, they are
readily formable because of their low yield strength.
In fact, the high elongation of Type 3031 permits
particularly severe forming in certain operations,
such as bending, stretch forming, and deep draw-
ing. On the other hand, their high rate of strain
hardening leads to a large springback which in-
creases with increasing temper conditions, to a
pronounced tendency to buckle and wrinkle under
compressive strains, and to considerable difficulties
in removing distortions. These characteristics call
for forming techniques which differ slightly from
those used for other metals. The forming of sheet
becomes necessarily more difficult with increasing
temper; 1/4-hard sheet can still be fabricated readily
by many forming techniques, while the forming of
3/4-hard and full-hard sheet is restricted primarily
to straight bending.

Stress cracking of deep drawn and spun sheet parts
occurs if the resuiting local hardening and residual
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stresses are high. Such parts require immediate
stress reliet by full annealing.

Bending and stretching.

Practical bend factors for sheet, Table 4.0821.
For effect of stretching on vield strength, see
Figures 3.02119 and 3.0221.

Forging. Starting temperature 2300 F maximum,
finishing temperature 1500 F, minimum.

Deep drawing is enhanced under thermal condi-
tions depressing the amount of strain-induced
martensite formed (see Figure 3.03156).
Extrusion. For effect of extrusion temperature
on tensile properties, see Figures 3.02117 and
3.02118.

Mazchining and Grinding

Because of their high rate of strain hardening,
18-8 stainless steels require maximum feed at
relatively low sulface speeds during machining
operations. Their high strength necessitates the
use of rigid supports of both the tools and the
work and very sharp tools. Their turning speeds
are approximately 50 percent of those for mild
carbon steels. A highly concentrated sulfur-base
oil in ample quantity should be used as a coolant.

Joining
These steels can be readily welded by all tech-

.mniques, but the weld and heat-affected zone be-

comes susceptible to intergranular corrosion,
unless annealed after welding. For fusion weld-
ing, Type 308 elecirodes or filler rod are generally
used.

Hard tempers of Type 301 sheet are generally
unsuitable for fusion welding and brazing. How-
ever, spot welding is possible in hard tempers.
Cracking in spot welds can be greatly reduced by
the introduction of nickel foil betwceen the faying
surfaces. The effect of nickel is to reduce
martensite formation in the spot-weld region.

Surface Treatment

Cleaning. These steels exhibit maximum cormo-
sion resistance only when thoroughly clean, as

the corrosion resistance depends on maintaining

a thin dense film of chromium oxide. Both pre-
ventive measures and removal of all foreign matter
from the surfaces by conventional cleaning methods
priot to any heating are particularly important.
Descaling is generally done in a solution of nitric
and hydrofluoric acids. Molten caustic soda baths
are also widely used for descaling. For removing
heavy scale, sand or vapor blasting should precede
pickling.
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Type 301
Type 302
Alloy AMS
Type Specification Form
301 5517G Sheet, strip, 125 ksi
5518F Sheet, strip, 150 ksi
5519H Sheet, strip, 185 ksi
302 §358B Investment castings
5500B Sheet, laminated
5515H Sheet, strip, plate, ST
55167 Sheet, strip, plate, ST
5600B Sheet, laminated
5636C Bar, 100 ksi
5637D Bar, 125 ksi
5688G Wire, spring temper
5693 Wire, cryogenically drawn
TABLE 1.03. SPECIFICATIONS (1--9, §2—-54)
Alloy Type 301 Type 302
55008, 55163,
5600B, 5636C,
AMS 5637D, 5688G,
Specification 5517G 5518F, 5519H 5358B 5693 5515H
Percent Percent Percent Percent Percent
Element Min Max Min Max Min Max Min Max Min Max
Chromium 17.00 - 16.00 18.00 17.00 19.00 17.00 19.00 17.60 19.00
Nickel 7.00 - 6.00 8.00 8.00 10.00 8.00 10.00 7.60 10.00
Manganese - 2.00 - 2.00 - 1.50 - 2.00 - 2.00
Silicon - 1.00 - 1.00 - 2.00 - 1.00 - 1.00
Carbon - 0.15 - 0.15 - 0.25 - 0.15 0.08 0.15
Molybdenum - 0.75 - 0.75 - 0.75 - 0.75(a) - 0.75
Copper - 0.75 - 0.75 - 0.75 - 0.75@} | - 0.75
Phasphorus - 0.040 - 0.040 - 0.04 - 0.040 - 0.040
Sulfur - 0,030 - 0.030 - 0.03 - 0.030 - 0.030
(a) AMS 5500B specifies 0.50 max molybdenum and 0.50 max copper.
TABLE 1.04. COMPOSITION (1-9, 52—54)
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Vickers Hardness

Martensite Content, percent

800
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IS
Q
(]

o
Q
o
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Le}0]
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FERROUS ALLOYS

FeA

3 S

Type 301, Sheet, Annealed 1/2 hr, 1950 F, Type 302, Sheet, Annealed 1/2 hr, 1920 F
WQ Prior to Rotling, Final Sheet WQ Prior to Rolling, Final Sheet Fe
Thickness 0.028 in., Alpha-Prime Thickness 0.028 in., Alpha-Prime 18 Cr
Martensite Contant Determined Magnetically Martensite Content Determined Magnetically .
320 F 600 8 Ni
95 F
0OF
S 20 F— 500 320 FT Type 301
3 95| Type 302
| £ oF
__.—P 30F g
l 3
T i 300 L =" 330 F__|
Rolling >
Temperature Rofling
l . 200 Temperature
Ay E A FL
320 F 1 I i 4
20F T g i00 ]
95 F = -320F
A—__ 0F . g 80
‘g 95 F
V/ == S I . o
| 2 .
] N Y == O e
330 F g 20 330 F
J JL —. = 0 AL
C 10 20 30 40 860 B0 0 10 20 30 40 50 60
Reduction, percent Reduction, percent
FIGURE 1.062. HARDNESS AND MARTENSITE CONTENTS FIGURE 1.063. HARDNESS AND MARTENSITE CONTENTS
OF TYPE 301 AFTER ROLLING TO OF TYPE 302 AFTER ROLLING TO
VARIOUS REDUCTIONS AT 330 F TO VARIOUS REDUCTIONS AT 330 F TO
-320 F (85} -320 F (55)
Types 301 and 302, Sheet
Annealed 1/2 hr, 1920 F, WQ Prior to Rolling
Martensite Content Varied by Varying
Rolling Temperature From 330 F to -320 F
301 302
0 & Rolled 10%
@] [ ] Raolled 30%
fa A Rolled 50%
800
500 /%
=
] /
a4 Pl o
T 00 7
H
F-4
e
>
300
200
0 20 40 60 BO 100
Martensite Content, percent
FIGURE 1.064, EFFECT OF STRAIN-INDUCED
MARTENSITE CONTENT ON
HARDNESS (55)
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F Type 301, Sheot, Annealed 1/2 hr, 1920 F, WQ Prior to Rolling
e 600 Alpha-Prime Martensite Content Determined Magnetically
18 Cr Heat Treated in Sale Bath for 2 min After Rolling
8 Ni
500
Type 301
Type 302 "
@2
B 400
o
b o
w
3
5 300 VE
200
@ Rolled 10% at 70 F \/.
B Rolled 30% at7Q F .
F A @ Refrigerated at -320 F
. | & Rotied30%at70 7 B Rolled 10% at -320 F o
€ 100 *\A Rolled 30% at -320 F
Q
a 80 |
E
2 60
[
g A
P 40
£ 20 LN
&
= 3
70 1000 1200 1400 70 1000 1200 1400 1800
Heat-Treatment Temperatute, F
FIGURE 1.065, HARDNESS AND MARTENSITE CONTENTS OF TYPE 301 AFTER
COLD ROLLING FOLLOWED BY HEAT TREATMENT AT
1020 TO 1560 F (55)
Type 302, Sheot, Annealed 1/2 hr, 1920 F, WQ Prior to Rolling,
Alpha-Prime Martensite Content Determined Magnetically
800 Heat Treated in Salt Bath for 2 min After Rolling
| ! | | | I I !
] @ Rolled 10% at 390 F & Rolled 10% at 70 F @ Refrigerated at -320 F
2 500 H- 8 Rolled 30% st 390 F @ Rolled 30% a1t 70 F_ B Rolied 10% at -320 F
'g & Rolled 50% at 390 F & Rolled 50% at 70 F & Rolled 30% at -320 F
T
2 400
E 1
L2
>
300 |
% 200 i l
5 b -] X
2 100
§ 80
g 60 e s
2 40
g 20
5 o
= 70 1000 1200 1400 70 1000 1200 1400 70 1000 1200 K400 (600
Heat-Treatment Temperature, F
FIGURE 1.066. HARDNESS AND MARTENSITE CONTENTS OF TYPE 302 AFTER
CODE 1301 ROLLING FOLLOWED BY HEAT TREATMENT AT 1020 TO 1560 F {55}
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Types 301 and 302 Fe
Annealed 1 hr, 1922 F, WQ + Extruded at
Indicated Temperaturs to 75 percent Reduction 18 Cr
450 T T Y T | 8 Nl
Nype 301 (Annsaled Hardness 197)
400 Type 301
8 Type 302
=
- 350
T l ':“‘1L\"‘.
;.__f’ 300 Type 302 {Annealed Hardness 163) N
[*]
g
250
200
0 200 400 60C 800 IQCO (200 1400
Extrusion Temperature, F
FIGURE 1.067. EFFECT OF EXTRUSION TEMPERATURE
ON HARDNESS (56)
Form Sheet, Saip Plate
Condition Anneal 1/4H 1/2H 3/4H | Ful H Anneal
Hardness
Type 301 85 RB 25 RC 32RC 37RC | 41RC | 165 BHN
Type 302 | 85RB 25 RC - - - 80 RB
Form Bar Wire
Condition Anneal CD High Tension Anneal Soft Hard
Hardness
Type 301 - - - - - -
Type 302 150 BHN 212 BHN 240-277BHN | 83RB | 95RB 33 RC
TABLE 1.068. AISI TYPICAL VALUES FOR HARDNESS (10)
880 T T T
Type 301, 0.060-inch Sheet
Extra Hard Cold Rolled
800 \
720 \
I
E Type 301, 67 percent Cold Rolled
g Aged for 8 h
_g ‘640 \ 56 ged for r
]
=
560 N g o |
I
AN 3 pre
\\\\k [
=
480 'g 48
I
¢ Ne
400 44
-400 -300 -200 -100 0] 100 0 200 400 600 800 1000 (200
Temperature, F Aging Temperature, F
FIGURE 1.069. EFFECT OF LOW TEST TEMPERATURE FIGURE 1.0610. EFFECT OF AGING TEMPERATURE ON
ON HARDNESS OF EXTRA-HARD COLD- HARDNESS OF 67 PERCENT COLD-
ROLLED SHEET {32) ROLLED SHEET {43)
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88 T T L 1
Fe Typs 301, 0.012-inch Sheet Phase Temperature, F
1/2 Hard Change Type 301 Type 302
18 Cr 80 M, 35 t0-112 -251
8 Ni 5 Mg 135 to 194 -8
- Acs 1020 to 1110 1020 to 1110
o A 1380 to 1470 | 1290 to 1380
Type 301 72 S
Type 302 “5" TABLE 2.0122. TRANSFORMATION
:e:‘i TEMPERATURES (55,58,59)
64 Hydrogen Environment
4 hr at Temperature Shown
RT Hardness
56 i 1 1
400 800 1200 1600 2000 2400
Temperature, F
FIGURE 1.0611. EFFECT OF HYDROGEN ENVIRONMENT
AT ELEVATED TEMPERATURE ON
SURFACE HARDNESS OF HAILF-HARD
SHEET {29)
6 3;3 >
Type 301
T /
w12 <
ot /,‘"
£ -
:-‘:‘ -
@ — Type 301, Anneated {14,21)
— = Type 302 {21)
4 | | | |
-400 0 400 800 1200 1800
Temperature, F
FIGURE 2.013. THERMAL CONDUCTIVITY {14,21)
12 T T T
Type 301 12 Typa 302, Annealed
& v «
£ 1 t = £ {61}
£ Annealed (14) ./ Y e
oy £
o 10 % % / {60)
g / c //
B Annealed (60) -g 10
£ / g L—""
a 9 2 /
- / o x
w
5 Atra-Hard Sheet B —
E g /A (CR €5%) + 750 F E ®
2 / " 8 hr {14) 2 Mean Coefficient of Linear
- - Thermal Expansion From
RT to Temperature Indicated
7 a ] ] |
-4Q0 0O 400 800 1200 1600 2000 o 400 800 1200 1600 2000
Temperature, F Temperature, F
{a} Type 301 {b) Type 302
FIGURE 2.014, THERMAL EXPANSION (60,61)
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0.18 T T 0.24 | L
Type 301, Annealed Type 301, Annezled Fe
18 Cr
0.16 S 0.22 ;
- 7 : 8 Ni
2 ] ® Type 301
= ] . A ype
3 014 Z0.20
& ol 3 Type 302
3 v E
3 =
T o2 / S o8 /
g / g e
g : -7/
0.10 // " o6
0.08 0.l4q
-400 0 400 800 1200 1600 -400 0 400 800 1200 1600
Temperature, F Temperature, F
FIGURE 2.015. SPECIFIC HEAT (14) EIGURE 2.016. THERMAL DIFFUSIVITY (14)
52
48 Types 301, 302, Annealed (12)—p”" | ]
0.295 . ’ . /
Type 301, Annealed 44 y /
7
5
0.290 5 40 Type 301, Extra Hard ]
& /™ (R G5%)+ 750 £,
“.\ z // 8 hr {11}
2 36 ;,
™ 2
£ 0.285 4 A /
E E a2 ¥,
. 3 L4
z s /é Types 301, 302, Annealed (72743}
“w 113
& 0280 G 28 / 4
249
0.275 /LType 302, Cold Drawn (79561)
20 |
0.270 16
-400 o] 400 800 1200 1600 2000 -400 O 400 800 1200 16800 2000 2400
Temperature, F Temperature, F
FIGURE 2.021. DENSITY (62) FIGURE 2.0221. ELECTRICAL RESISTIVITY (63)
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Fe Type 301, Sheet Type 301
240 .
18 C O @ As Received
f O A Clean and Smooth
8 Ni / O W Polished
200 O A O First Heating
Type 301 / o @ & B Repeated Heating and Cooling
Type 302
ye /A 0.8
160 e
- O
= B —
- © e O
= 120 8 —
I3 L @ 301, 17.6Cr-7.8Ni g }
£ O 302, 18.4Cr-9.0Nj £ 04
5; B 304, 19.0Cr-10.7Ni w
2 80 A 308 17.9Cr-11.7Ni |
3 ¥ 310, 24.3Cr-20.7Ni o2 %;
5 T T
20 0
Permeability at -400 O 400 800 1200 1800 2000
H = 200 oersteds Temperature, F
10 I
/ FIGURE 2.024. EMITTANCE {40}
~*
0
0 20 40 60 80
Cold Reduction, percent
FIGURE 2.0232, EFFECT OF COMPOSITION AND REDUC-
TION ON MAGNETIC PERMEABILITY AND
TENSILE STRENGTH OF 300 SERIES
SHEET (22)
General Corrosion Steady
Weight Loss, Average State Pitting
Alloy g/dm2 Penetration, mils Rate, Penetration, mils(c)
Type Exposore(®) [T ¥r 8Yr 16 Yr 1Yr | 8Yr | 16 Yr mpy 1Yr 8 Yr 16 Yr
302 S 2.9 11.0 18.7 1.51 5.51 9.51 () 70 (P) 140 151 (P)
M 04 1.8 3.3 0.2 0.9 1.6 (b) 6 58 50(110)
L 0.0 0.0 0.0 0.0 0.0 0.0 0.6 <5 <5 <5 (<£5)
301 A 0.01 0.01 0.03 0.01 | ¢.01 | 0.02 0.01 | <5 <5 <5 (<5)
B 0.00 0.01 0.00 0.00 0.00 0.00 0.00 <5 <5 <5 (<5)

(a) § — seawater immersion
M — seawater at mean tide level for intermittent immersion
L — freshwater immetsion
A - tropical marine atmospheric exposure
B — tropical inland atmospheric exposure
Panels for aqueous exposures measured 9 x 9 x 0.25 inch; those for atmospheric exposures measured 4 x 8 x 0.063 inch.
(b) Deep local pitting; average penetration not appropriate.
(c) Twenty pit average as determined from the five deepest pits on each surface of duplicate panels. The deepest pit during
the 16-year exposure is shown in parentheses. Perforation is shown by a “P™.

TABLE 2.0313. CORROSION IN TROPICAL ENVIRONMENTS FOR TIMES UP TO 16 YEARS (65)
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Type 302, 0009 C Type 301, 0.063-inch Sheat F
Stressed U-Bend Specimens Cold Rolled 60 percent e
18 Cr
1800 i 6 8 Ni
Stabilization l |
According to
1600 ASTM A 262.55T /.\ Type 301
Upp, g 12 | Type 302
LL- Upper Limit 4‘-‘!}1 o r L'-ﬂ‘!ig E onp;:a.rllre
@ - t— 0, = r
£ 1400 Polythionic Acid ) “'Swfat 8% ®72hr
% \ @ 8a \
g L £E 8 \
1%}
n g
Sensitization 5
1000 . < ¢ [/
Insufficient ___o.z
Precipitation \——-—.__ ? '0'
800 0 -
107! 10° 10' 102 03 0% 200 400 600 800 1000 1200
Time, hr Exposure Temperature, F
FIGURE 2.0322. EFFECTS OF HEAT TREATMENT ON FIGURE 2.0323. EFFECT OF PRIOR EXPOSURE TEM-
SUSCEPTIBILITY TO INTERGRANULAR PERATURE AND TIME ON AVERAGE
STRESS CORROSION CRACKING IN CORROSION RATE IN BOILING NITRIC
POLYTHIONIC ACID AND IN ACID ACID OF COLD-ROLLED SHEET (18)
COPPER SULFATE (68)
Type 301, 0.02—0.03-inch Sheet Type 301, 0.089-inch Sheet, Full Hard
Mill Annealed Prior to Rolling Hydrogen Pressure = 25 psi
Threshold Stress = Maximum Tensile Fhty in Air = 232 ksi
Stress for No Cracking in 300 hr 3.50" —»]
600
@ Threshold Stress W
A Yield Stress X t.
200 O |4 O | |00
a0 !
0.50" —— 0.25"
0.002”
=T fep———e—
F T T —
160 / 220
/ 200 /
_l20 A A L/
x B
" -
¢ £ 180
[ 13
80 £
7]
£ 180 /
[~]
=
40
140 4
0 120
0 10 20 30 40 4] 40 80 120 16Q 200
Cold Reduction, parcent Oxygen Content, ppm
FIGURE 2.0333. EFFECTS OF COLD REDUCTION ON FIGURE 2.0342. EFFECTS OF OXYGEN IMPURITY IN
YIELD STRESS IN AIR AND ON HYDROGEN ON NOTCH STRENGTH
THRESHOLD CORROSION STRESS IN OF TYPE 301 (74)
BOILING 0.5N NaCl + 0.1N NaNO3
AQUEOUS SOLUTION {72} CODE 1301
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FIGURE 2.0352. TIME DEPENDENCE OF OXIDATION OF TYPE 302 IN AIR AT

Crack-Growth Rate, in./min

FERROUS ALLOYS

Type 301, 0.060-inch Sheet, Annealed 1 hr,
1920 F, WQ, Electrolytically Charged With
Hydrogen in Moiten Salt Bath at 340 F
Single-Edge-Notched Specimens,
Fatigue Precracked

10°
f 38 wt ppm Ha
o™
/13 wt ppm Hp
1072
102 I
1074

40 50 60 70 80 90 100
Stress-Intensity Factor, K, ksi /in.
FIGURE 2.0344. SUSTAINED-LOAD CRACK-GROWTH

RATE OF HYDROGEN-CHARGED
TYPE 301 (73}
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Type 302, Air Saturated With Water at RT
S = Surface Oxide, P = Penetration, T = Tota!
Descaled in Sodium Hydride
1202 F 1292 F
-
T — T - -
/ s _// s
1;', 1382 F 1472 F 1562 F ﬁ
T %
£ ﬁ P
¥ 47 s
A )
P 5 %
AN 7 /A
S V W
> &
b4
102 103 10* 10% 103 10° 102 103 0%
Time, hr

ELEVATED TEMPERATURES (75}
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Alloy Type 301 Type 302
Condition Anncaled 60% (Cold Worked) Anncaled Fe
Irradiation Temperature, F 200 — 416 - 200 - 18 Cr
Irradiation Exposure, nim'2) | 3.9x 107 | Control | 2.0x 107 | Control | 3.9x10? | Control 8 Ni
Test Temperature, F RT 423 R
Fyy, ksi 113.2 98.7 284 391 1113 95.5
Fy, ksi 87.0 38.4 284 300 84.0 13.8 Type 301
e, percent 50.0 56.0 8 13 - - Type 302
RA, percent 81.0 830 - - - -
Hardness, HRB 94 94 - - - -
TABLE 2.041. EFFECT OF IRRADIATION EXPOSURE ON TENSILE PROPERTIES AND
HARDNESS OF ALLOY (35)
Alloy Types 301 and 302
EL, RA,
AMS Product Thickness, Fiu, ksi Fey, ksi percent, | percent, | Hardness,
Spec Form Condition{d) in. Min Max [ Mm Max Min Min Max
3517G | Sheet, strip CR, 125 ksi - 125 150 75 - 23 - —
5518F | Sheet, strip CR, 150 ksi <0.015 150 - 110 - 15 - -
>0.015 150 - 110 - 18 - -
5519H | Sheet, strip CR, 185 ksi <0.015 185 | - | 140 - 8 - -
>0.015 185 - 140 - 9 - -
5358B | Investment cast SHT - - - - - - - 174 HB
5515H | Sheet, strip, plate | SHT <0.025 - 120 - - 50 - -
20.025 - 120 - - 35 - -
55167 | Sheet, strip, plate | SHT 0.002 < 0.003 75 110 36 60 30 - -
>0.003 < 0.004 75 105 36 60 35 - -
>0.004 < 0.176 75 100 36 60 40 - -
>0.176 75 100 - - 40 - -
$636C | Bar CD, 100 ksi - 100 - 60 - 32 50 —
5637D | Bar CD, 125 ksi - 125 - 100 - 17 45 -
5688G | Wire Spring temper | 0.009-0.394(a) | 142 | 355 - - - - -
5693 | Wire Cryogenically | 0.050-0.148%) | 275 | 310 - - - - -
drawn 0.050-0.148(c) | 245 | 280 - - - - -
SR 0.050-0.148(b} | 290 ; 340 - - - - -
0.050-0.148(¢) | 260 | 310 - - - - -
Note: The original AMS documents should be consulted for complete specification details.
(a) Tensile strengths specified for numerous diameters and thicknesses in range 0.009-0.394 inch.
(b) Round wire,
{c) Square or rectangular wire.
(d)} CR = cold rolled; SHT = solution heat treated; CD = cold drawn; SR = stress relieved.
TABLE 3.011. AMS SPECIFIED MECHANICAL PROPERTIES (1-9, 54)
CODE 1301
Page 21




FeA FERROUS ALLOYS PRINTED: MARCH 1988
Fe Type 301, Sheet, Strip Type 301, Sheet, Strip
18 Cr —===L, Tension ——-—~— L, Tension
. — L Com!:ressmn L, Compression
8 Ni == T, Tension — r
. T, Tension
= = T, Compression — — T, Compression
Type301 180 Fult Hard 280
Type 302 160 7/ /| 3/4 Hard /
140 y V. Ay 7]
7. "’ 1172 Hard 240 ; 7
120 a o ]
i o
] (J/ / _//I A ] 4 //
= |00 7T 1/4 Hard /. .
] 4 / o 200 7 7
£ 80 ,/ L) ////Jf /
A A
60 ARV/EV % 7 1/ /7
- 160 ]//l 7 7/
40 — &i '//, //
/ / Annealed 2 4/ / ! L~
20 2 Y/
s Nl A
0 120 / V7
o i / 4
0.002 Strain, in./in. f;
V7,
80
FIGURE 3.0211. STRESS-STRAIN CURVES FOR SHEET //
AND STRIP COLD ROLLED TO /
DIFFERENT TEMPER (20}
40
Extra Hard Fult Hard
o)
0 004 0008 O 0004 0.008B
Strain, in.fin,
FIGURE 3.0212. STRESS-STRAIN CURVES FOR SHEET
AND STRIP COLD ROLLED TO FULL-
HARD AND EXTRA-HARD TEMPERS (11)
Alloy Type 301 Type 302
Temper Percent Cold Fiu — Range, Percent Cold Fiy — Range,
Reduction — Range ksi Reduction — Range ksi
1/4 Hard 7-11 125-155 20-22 125-150
1/2 Hard 18-21 150-180 30-33 150-170
3/4 Hard 29-32 175-195 40 170-190
Full Hard 40 190-220 50 185-200
Exira Fuil Hard 65 240-275 - -
TABLE 3.0213. PERCENTAGE COLD REDUCTION AND CORRESPONDING TENSILE
STRENGTH FOR VARIQUS TEMPERS OF TYPES 301 AND 302 (49)
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20 § FIGURE 3.0215. EFFECT OF COLD REDUCTION ON
5 TENSILE PROPERTIES OF TYPE 301 {28)
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FIGURE 3.0214. EFFECT OF ROLLING REDUCTION AND T
COMPOSITION ON TENSILE PROPERTIES 100
OF 300 SERIES STEELS (11) <
0
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w e \‘\
F—— ]
0
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Cold Work, percent
FIGURE 3.0216. EFFECTS OF COLD WORK ON TENSILE
PROPERTIES OF TYPE 302 (76)
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FIGURE 3.0218. EFFECT OF COLD REDUCTION AT ROOM
AND CRYOGENIC TEMPERATURES ON
TENSILE PROPERTIES OF TYPE 301 (76}
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Type 301, 0.100-inch Sheet
Before Reduction
RT 423 F
o O Notch
Strength
400 T
Reduced at RT L
7 423F Ry
320 o~
240
180
r = 0.0025"
80 [ |
o 20 40 680 80 100

Reduction, percent

FIGURE 3.037116. EFFECT OF PERCENT COLD REDUC-
TION ON NOTCH STRENGTH OF
SHEET TESTED AT ROOM TEMPERA-
TURE AND -423 F (24)

Strength, ksi

Type 301, 0.050-inch Sheeat
60 percent Cold Reduction
Exposure
® 05
& 10
®wo [ M
¥ 1000 280
Z 240
Fry %
280 | =g ,% 200
Notch Strength
240 160
200 120
X /60"
160 0.500" 1.000" 80
r = 0.040"
120
80
0 200 400 600 800 1000

FIGURE 3.037122.

Temperature, F

EFFECT OF TEST TEMPERATURE
AND EXPOSURE TIME ON NOTCH
STRENGTH OF 60 PERCENT COLD-
REDUCED SHEET (38}

Ultimate Strength, F,,, ksi

FeA
Tvpe 301, 0.025-inch Sheet Fe
60 percent Cold Reduction
T st Ti 18 Cr
emp, ress, ime, .
LT F ksi hr B Ni
® O None - —
A A 650 0 1000
@8 O &s0 40 1000 Type 301
280 . y Type 302
AL X7 ee
]
240 .\\\‘ 0.70" 1.00"—]
- i
r .\\ r < 0.0007
£ 200 N
z N
=
s \
2 160 Notch
;‘g D/__.D\ Strength
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1.2
=
D
=
t%_g o8 EE\\ Notch Strength
s O. = Ratio —
5 o— —_—e
z O _.:.m-__hh’:g_.
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Temperature, F
FIGURE 3.037121. EFFECT OF TEST TEMPERATURE AND
PRIOR EXPOSURE QN NOTCH PROP-
ERTIES OF 60 PERCENT COLD-
REDUCED SHEET (45)
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Type 301, 0.025-inch Sheet Type 301, 0.062-inch Sheet
Fe 34 percent Cold Reduction Extra-Hard Cold Rollad
18 Cr Prior Exposure I:a&iggsnate
Ni Temp, Stress, Time, .
8 Ni L T F ksi hr A 2-050 in./min
T 301 : 2 ':igge o 1000 = 3-8
e : .
YpP 200— ® 0O es0 4 1000 — 360 X7 60’
Type 302 Y 6o° A
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_ 180 ~ o.m'u%_I 100" 3
g AN Y =
& N L1 < 0.0007 280 ‘
B 10 |OE=Os | S Y-
5 TR
& Notch Strength \‘0:‘ \ 240 196 F
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oal 1 | 240
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. V.
Temperature, F 200 /;7%/ ?//?/%/?
FIGURE 3.037123. EFFECT OF TEST TEMPERATURE 4 [ Notch Strongth 4
AND PRIOR EXPOSURE ON NOTCH 160 2
PROPERTIES OF 34 PERCENT I 3 5 7 9 THEEE]
COLO-REPUCED SHEET (45) Stress Concentration Factor, K¢
FIGURE 3.037124. EFFECT OF STRESS CONCENTRA-
TION FACTOR, TEMPERATURE, AND
- LOADING RATE ON NOTCH STRENGTH
Type 301, 0.063-inch Sheet
60 percent Cold Reduction tS):EEE)'(I:r(F;i\)-HARD COLD-ROLLED
gt fur
Al MNotch Strength
360 ALl}ane -
320 J."'
Type 201, 0.046-inch Sheet, Full Hard
280 — 50 percent Reduction
fe—s] 1-372"
Z 240
: — 4— 0.58"
'§;, atRT 200 .-It—l —
=
£ 200
w
- 160 \.‘
b x
160 p —g
H
20 — \ A @ 120
0.700 i 1.000" o—T Net Fracture Stross
Q_../LL‘ K~17
80 r<0.001 | 80
0 200 400 600 800 1000 1200 =200 Q 200 400 600
Stress Relief Temperature (2472 hrl, F Temperaturs, F
FIGURE 3.037131. EFFECT OF STRESS RELIEF AND FIGURE 3.037141. EFFECT OF TEST TEMPERATURE ON
LOW TEST TEMPERATURE ON NET FRACTURE STRESS OF FULL-
CODE 1301 NOTCH STRENGTH OF TYPE 301 HARD SHEET {30)

SHEET (18)
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Type 301, 0.025-inch Sheet Fe
5 3 18 Cr
A A -10F B Ni
240
3 Type 301
> Type 302
- : 200 § P
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o— @ Type 301, 0.025-inch Sheat
16 150 60 percent Cold Reduction
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FIGURE.3.037142. EFFECT OF PERCENT COLD REDUC- 320 Do <~~~ 240 E.
TION ON EDGE-CRACKED PROPER- g S 5
TIES OF SHEET AT ROOM Pk
TEMPERATURE AND -110 F {45) \
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K
£
4
240
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FIGURE 3.037152. EFFECT OF LOW TEMPERATURE ON
NOTCH STRENGTH OF EXTRA-HARD
COLD-ROLLED SHEET (32)

FIGURE 2.037151.

Temperature, F

EFFECT OF LOW TEST TEMPERATURE
ON NOTCH STRENGTH OF 60 PER-
CENT COLD-REDUCED SHEET (36)
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F Type 302, 0.020-inch Sheest Type 301, 0.016-inch Sheet, Full Hard
¢ 50 percent Reduction
18 Cr LT 0% Red. . 360 I r —
8 Ni —-—  40% Red. } tu N Ky=6.3 X 760
® O 60%Red. N -
Notch Strength o v
T 301 A A A0%Red. } 320 N 0.20 ) 0.40
ype 360 .\ \\ '
Type 302 \ Fi \ o r = 0.0025
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= 280
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5 280 o 240 <<
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@ - 200 ] e
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200 AN FIGURE 3.037154. EFFECT OF LOW TEST TEMPERATURE
X ON NOTCH STRENGTH OF 50 PER-
AN e CENT REDUCED SHEET (31)
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-400 .300 -200 -100 0 100
Temperature, F Type 301, Extra-Full Hard

60 percent Reduction

FIGURE 2.037153. EFFECT OF LOW TEST TEMPERATURE
ON NOTCH STRENGTH OF 40 AND Sheet
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FIGURE 3.037155. EFFECT OF LOW TEST TEMPERATURE FIGURE 3.037156. EFFECT OF LOW TEST TEMPERATURE
ON NOTCH STRENGTH OF 40 PER- AND THICKNESS OF NOTCH STRENGTH

CODE 1301 CENT REDUCED SHEET (31) OF 60 PERCENT REDUCED SHEET (31)
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FIGURE 3.037157. EFFECT OF LOW TEST TEMPERATURE

Type 302, 0.020-inch Sheet, Vacuum Melt

70 percent Cold Reduction

I
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® O Noteh
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-
» —
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-200 0

Temperature, F

200 400

ON NOTCH STRENGTH OF 70 PER-
CENT REDUCED VACUUM-MELT
SHEET (23}

FERROUS ALLOYS

FeA
Type 302, 0.018-inch Sheet, Air Melt Fe
70 percent Cold Reduction
400 T T 18 Cr
o .
760 8 Ni
4
0.200" i 0.400"
380 h - 1 -] Type 301
\ Type 302
A7AN r = 0.0025
g \ \ \ Ky=6.3
= 320 NN
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§ N \\
o ) . \.
< 280 SN
s 4 N
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240 T
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—_— Fey
200 ! .
-400 -200 O 200 400
Temperature, F
FIGURE 3.037158. EFFECT OF LOW TEST TEMPERATURE
ON NOTCH STRENGTH OF 70 PER-
CENT REDUCED AIR-MELT SHEET (23)
Type 301, 0.025-inch Sheet
60 percent Cold Reduction
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\ L T .
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o
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FIGURE 3.03721. EFFECT OF LOW TEST TEMPERATURE
ON FRACTURE TOUGHNESS OF 60 PER-
CENT COLD-REDUCED SHEET (37)
A. Notch length 1.22 = 0.03.
B. Critical crack tength 1.19 to 2.02. CODE 1301
Critical crack length telescopically
measured. Page 57
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Type 301, 0.025-inch Sheet Type 302, 0.022-inch Sheet
Fe 60 percent Cold Reduction Cold Rolled 64 percent
18 Cr 240 o]
8 Ni . A-320F e 12.0” ——]
@ W a23F “x..-""'—"k _i'_ 'y
Type 301 4 200 = Diam 1.0" —-0O /J _‘1 070 | 20
x 240 ya ! —
Type 302 4 EDM Slot,
2 Iﬁquth 0.8+
< | 2 K atigue
s 160 c :
E —-_._"\___. 200 » A ~g | Extension
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2 [] a- £ JOF
§ 120—) YT U4 x 5 = |
= Notch Length g 160
Critieal Crack Length = N |
Telescopically 2 \ -320 F
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80 5 -423 F
0 0.4 0.8 12 1.6 20 120 +—
Initial Notch Length, in, | I
Sge Smooth Tensile Properties,
FIGURE'3.03722. EFFECT OF INITIAL NOTCH LENGTH Figure 3.03127
ON FRACTURE TOUGHNESS OF 80 N S N S
60 PERCENT COLD-REDUCED SHEET 0O 10 20 30 40 50 60 70 80 90O
fg 3R£?3';“)TEMPERATURE- -320, AND Angle to Rolling Direction, deg
FIGURE 3.03724. £FFECTS OF CENTER CRACK AND
TEST DIRECTION ON TENSILE
STRENGTH OF COLD-ROLLED SHEET
AT ROOM AND CRYOGENIC
TEMPERATURES (79)
Type 302, Annealed
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4 7% 1200 F
a0 Therm Exp = __ |
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FIGURE 3.041, CREEP CURVES FOR TYPE 302 FIGURE 3.042. SHORT-TIME TOTAL STRAIN CURVES
ANNEALED SHEET AT 1200 TO FOR ANNEALED TYPE 302 AT 1200
CODE 1301 1600 F {18) TO 1800 F {12)
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Type 301, 0.050-inch Sheet, 1/2 Hard
60 ]
\ o
1200 F
Test Temp
40 ~
v\‘- \
30
20 \\\
E_ 1600 F 1400 ¥
£ 15
a
10
° \\\
. \
® Rupture
I 3 foee \\\
. | b
Q.01 0.1 1.0 [+] 100
Time, hr

FIGURE 3.043. CREEP AND CREEP-RUPTURE CURVES

FOR TYPE 301 1/2-HARD SHEET AT
1200 TC 1500 F (16}

Typ; 301, 0.0£85-inch SI"leet, Extra'Hard
+750F, 8 hr
200 —® ’I-*;..
\.800 F
. Test Temp
100 =
80 .th\
o 900 F
£ 40 AN %
© \ ° 1000 F
20 \\ o
Rupture \‘
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Time, hr

FIGURE 3.045. CREEP-RUPTURE CURVES FOR

TYPE 301 EXTRA-HARD AND STRESS-
RELIEVED SHEET AT 800 TO
1200 F {11}

FERROUS ALLOYS FeA
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+BOOF, 8 br e
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FIGURE 3.044. CREEP-RUPTURE CURVES FOR
TYPE 301 FULL-HARD AND STRESS-
RELIEVED SHEET AT 800 TO
1200 F (1)

Type 301, 0.040-inch Sheet, Extra Ful! Hard
60 percent Reduction
Creep
Cycle Load ® u;;:
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200 "\':'V\
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FIGURE 3.046. CREEP CURVES FOR TYPE 301 60 PER-
CENT REDUCED SHEET UNDER
CYCLIC LOAD AT 600 AND 800 F {27)
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FeA
300 T -7 T
F Type 301, 0.040-inch Sheet, Extra Full Hard
e 60 percent Reduction
18 Cr
8 Ni 200
~N— | \.\
Type 301 \k 600 F
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E 100 t “!.\
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» BO ~
60 \y
@ Rupture 900 F
A 0.2%
B 0.5% ; Creep
40 ¥ 1.0%
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0.0 0.l 1.0 10 100
Time, hr
FIGURE 3.047. CREEP AND CREEP-RUPTURE CURVES
FOR TYPE 301 60 PERCENT REDUCED
SHEET AT 600 AND 900 F {26}
Type 302, Cast (CF-20}, Annealed
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FIGURE 3.049. CREEP-RUPTURE PROPERTIES OF CAST
TYPE 302 {62)
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Type 301, 80 percent Cold Reduction
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100 N 1000 F
80
A
40 oA e
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FIGURE 3.048. CREEP AND CREEP-RUPTURE CURVES
FOR B0 PERCENT COLD-REDUCED
SHEET AT 1000, 1200, AND 1400 F {47]

Type 301, 0.020-inch Strip, 1/2 Hard
Fpy = 132 ksi, Initial Stress = 52.8 ksi
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FIGURE 3.0410. STRESS RELAXATION AT RO0OM
AND SLIGHTLY ELEVATED
TEMPERATURES {84)
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Type 301, Bar, Annealed 1 hr, 2050 F, WQ,
Grain Size 100 microns, Hour-Glass-Shaped
Specimens, 0.20-in. Minimum Diameter
R=-1,Mg=-112F, Myg=176to 194 F

300
22 F

% 200 / / 131 F
a L~
E 150 L
2 / / / 185 F
2 100 / - —
50 el
)
) I 2 3 4

Strain Amplitude, percent

FIGURE 3.051. CYCLIC STRESS-STRAIN CURVES FOR
ANNEALED TYPE 301 AT TEMPERA-
TURES BETWEEN M, AND M (58)

Type 301, 0.030-inch Sheet, Cantilever Bending
Fatigue, Frequency = 1800 cpm, R = -1

® Annecaled 4 min, 1950 F + Acid Pickled
A Cold Rolled 50 percent

160
09 K ™y

&0

Stress Amplitude, ksi

20

Cycles to Failure

FIGURE 3.053. BENDING FATIGUE BEHAVIOR OF
COLD-WORKED AND OF ANNEALED
SHEET AT ROOM TEMPERATURE {86)

FERROUS ALLOYS

FeA

Type 301, Annealed 30 min at 1750 F in
Vacuum + Furnace Cool, Specimen Reduced
Section 0.13-inch Diameter by 0.30 inch Long
Frequency =6 to 60 cpm, R = -1

o~ T
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A Plastic Strain
B Elastic Strain

\.\
™.
bk*

102

Strain Amplitude, in.fin.

Fe
18 Cr
8 Ni

Type 301
Type 302

o' 102 0% io* 10°

Cycles to Failure

FIGURE 3.052. STRAIN-CONTROLLED FATIGUE
BEHAVIOR OF ANNEALED ROD AT
ROOM TEMPERATURE (85)

Type 301, 0.039-inch Sheet, Extra Full Hard
Fyy = 241 ksi, R = -1
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A -110F ; 1800 cpm
W -320F
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"o

200 l ,

® A B Y Unnotched
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2]
o
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FIGURE 3.054. S-N CURVES IN FLEXURE FOR EXTRA-
FULL-HARD SHEET AT LOW

TEMPERATURES (39,42)
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100

L]
o O

| Smooth (K¢= 1)

Type 301, Sheet, Full Hard, 50 percent
Cold Rolled, Fy,, = 216 ksi, Fyy, = 203 ksi
Frequency = 1800 cpm, Xxial
Mean Stress = 40 ksi

)l
——12.625"—*

2.25"{ O .

n
Q
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a4

Notched (K, =

Alternating Strass, ksi

(]

_
C
s

108 07

Cycles to Failure

108

FIGURE 3.057. EFFECTS OF NOTCHES ON FATIGUE

BEHAVIOR OF SHEET {89)

FIGURE 3.055. AXIAL TENSION FATIGUE BEHAVIOR
OF SMOOTH AND NOTCHED SHEET
AT ROOM AND CRYQGENIC
TEMPERATURES (87)
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Alternating Stress, ksi

Type 301, 0.025-inch Sheet, Full Hard,
50 percent Colfd Rolled
Fty = 233 ksi, Fyy = 202 ksi
Frequency = 1800 cpm, Axial
Maean Stress = 40 ksi
See Figure 3.057 for Specimen Descriptions
Aged in Air for 26,300 hr (24 mo) at 550 F

BT U S— &

LR Smooth (K= 1)

(]
y .
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V<38

Notchad (Ky = 4)

|

M 10° 10° 0’

Cycles to Failure

FIGURE 3.058. FATIGUE BEHAVIOR OF SMOOTH AND

NOTCHED SHEET AT ROOM TEMPERA.-
TURE AFTER AGING FOR 26,
300 HOURS AT 550 F (88)
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FeA
Type 301, 0.025-inch Sheet Type 301, 0.05-inch Uniaxial, 0.125-inch F
&0 percent Cold Rolled, 6 cycles/min Biaxial Sheet, 45 percent Cold Rolled e
) @ Uniaxial — Fyy, = 197 ksi 18 Cr
Joint Type Test Temp +2 Biaxial — Fa = 228 Ksi .
"L 2000 3 F B 1:2 Biaxial wF2 si 8 Ni
e 0 0 RT 110
A F: 3 fa -320
® a0 g o az S Type 301
o Type 302
s 100
-
=
o
o
H
5 90
m
= K= 1.0
e R =0.50
80 (a] Il 2 3 C] 5
Joint 1{L}: Heliarc buttweld plus 10 10 10 [o} 10 10
spotwald doubler Numb §
Joint 2{L): Same as 1{L) except that umber of Cycles
the outer 2 rows of spotweld are
deleted FIGURE 3.0510. SN CURVES FOR UNJIAXIAL AND
BlaXIAL SHEET FOR R = 0.50 {46)
—
- -
3.92 { ! 6 Rows
L ]
<—>|—1.33
Joint 3(T): Resistance seamweld
280
240 -
- AS
x
£ S, "}F\ I
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Number of Cycles
FIGURE 3.059. LOW-CYCLE S-N CURVES FOR COMPLEX - —
WELDED JOINTS OF 60 PERCENT COLD- Type 301, 0.05-inch Uniaxial, 0.125-inch
ROLLED SHEET (36) Biaxizal Sheet, 45 percent Cold Rolled
® Uniaxial — Fyy = 197 ksi
A 1:1Biaxial = Fy, = 202 ksi
B 1:2 Biaxial — Fyy = 228 ksi
110
2
t 100 e
°
£
¢ S0
o Kt =1.0
% =0.10
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0° 10 102 10® 10t 10® 0% 10’
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FIGURE 3.0511. S-N CURVES FOR UNIAXIAL AND
BIAXIAL SHEET FOR R = 0.10 {46}
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3 Type 301, Shaet, Full Hard, 50 percent Type 301, 0.025-inch Sheet, Full Hard,
e Cold Rolled, Fy, = 216 ksi, Ft, = 203 ksi 50 percent Cold Rolled, Aged in Air for
18 Cr Frequency = 1800 cpm, Mean Stress = 40 ksi 26,300 hours (24 mo) atB5Q F
. Fey = 233 ksi, Fyy =202 ksi
8 Ni Fusion-Welded Specimen Frequency = 1800 cpm, 2an Stress =‘40‘ ksi
See Figure 3.0512 for Specimen Descriptions
l-— 12.00" —————
Type 301 |
Type 302 2.00'ID: o) 100 ~=—T7— Unwaelded {See Fia. 3.057)
4 _ —
0750 — R =7.50" ¥ 60
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2,25 ———f e ————— 2 10
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200 o |:u: o|— = B
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q
= 100 }— | 4 5 7
£ =l - Unwelded 10 10 10° 10
&'z,‘ 60 (See Fig. 3.057) Cycles to Failure
& 40
«© Fusion Welded FIGURE 3.0513. FATIGUE BEHAVIOR OF WELDED SHEET
E AT ROOM TEMPERATURE AFTER AGING
= 20 t FOR 26,300 HOURS AT 550 F (88)
€ Spot Welded
b ,'b
§ 10 :
6
4 a 5 6
10 10 0 10"
Cycles to Failure
FIGURE 3.0512. EFFECTS OF FUSION AND SPOT WELD-
ING ON FATIGUE BEHAVIOR OF
SHEET {89)
Types 301 and 302, 0.060-inch Sheet, Annealed
Specimens Edge Notched 0.2 to 0.4 inch Deep
by 0.012 inch Wide, Frequency = 180 cpm
for 10.9-ksi Test and 36 cpm for 21.5-ksi Test
R = 0.05, Tested in Dry Argon Types 301 and 302, 0.048-inch Sheet,
19 percent Cold Rolled, Specimens Edge
— 301 Notched 0.2 to 0.4 inch Deep by 0.012 inch
——— 302 Wide, Frequency = 180 ¢pm for 14.9-ksi Test
o and 36 cpm for 19.8-ksi Test
° /r R = 0.05, Tested in Dry Argon
& s s .4
= g = amn
= Max Stress 21.5 ksi P [ ——=302 __ | Max Swess 19.3:::';
m =
pe 2 -
T
= ,1 ]
T ” - 'f
£ 105 #7_Max Stress 10.9 ksi s 10-5 ) |
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Type 301, Stress Relief, BOO F, 2 hr
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FIGURE 3.0624. EFFECT OF TEST TEMPERATURE,

STRAIN RATE, AND HOLDING TIME ON
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SHEET (28}

Type 301, Sheet
2% } As Rolied O : } As Rolled
4L }so0F,8hr rz.‘;}wsloF,?hr‘
EC! Stat!ic %: Elc Static
— 7
o
F|..|H Ha‘rd Extra Hard
¢ 400 800 200 1000

Temperature, F

FIGURE 3.0626. MODULUS OF ELASTICITY IN COMPRES-

SION FOR TYPE 301 FULL-HARD AND
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Temper

Anneal

1/4H 1/2H

3/4H

Full H

Bend Factor, t

1/2to 1-1/4

1to2-1/4

21/2t04

3tod

4tob

TABLE 4.0121. PRACTICAL BEND FACTORS FOR SHEET



