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THE TENSILE ELASTIC PROPERTIES AT LOW TEMPERATURES
OF 18:8 Cr-Fi STEEL AS AFFECTED BY HEAT TREATMENT
AND SLIGHT PLASTIC DEFORMATION

By R. ¥, Mebs and D. J, McAdam, Jr.
SUMMARY

The relationship between stress, strain, and permanent
set for 18:8 Cr-Ni steel, as measured at -110° F, is given.,
The influence of annealing and slight plastic extension
upon the derived elastic properties 1is also discussed.

The test bath consisted of equal parts of carbon
tetrachloride and chloroform, to which was added an excess
of solid carbon dioxide. A modification of the Tuckerman
optical strain gage was employed for measuriag strain.

Curves of variation of proof stress with annealing
temperature were derived from stress~se}t data and were
compared with previously reported results of tests at room
temperature. .

Curves of variation of the secant modulus with stress
were derived from corrected stress-strain curves. From
these curves were derived the modulus of elastlcity at
zero stress (Ep) and the linear stress coefficient of the
modulus (Cp). These values are plotted against the anneal-
ing temperature, ZRoom-temperature values are plotited on
the same graphs. ' '

The results of these tests ars qualitatively similar
to ?hose previously obtained at room temperature. 4An ele-
vation of proof stress and tensile modulus of elasticity
with decrecase of test temperature is noted.

It is concluded that room~-temperature tests will suf-
fice %o determine whether an 18:8-type Cr-Nt steel will
meet minimum elastic property requirements for applicetions
in the temperaturs range below normal.
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I. . INTRODUCTION

This report considers one phase of an investigation
of the tensile-elastic properties of high-strength aircraft
metals, sponsored by the National Advisory Committee for
Aeronautics. In earlier reports (references 1 and 2) the
authors described results obtained at room temperature up-
on a number of stainless steels and nonferrous metals.

The elastic properties discussed were the modulus of
elasticity and the "elastic strength." The elastic strength
wag expressed in terms of five indlices, each representing
the stress that resulted in permanent extenslons of 0,001,
¢.003, 0.01, 0.03, and 0.1 percent, respectively, after
removal of the tensile load. Such stresses may be termed
proof stresses and are obtalilned by interpolation from curves
of variation of the measured permanent set with the previw:
ously applied stress.

Curves of the variation of the elastic strain with
stress were obtained from stress-strain date by subtracting
the permanent set from the measured strain at any given
stress. From these curves were derived curves of variation
of the secant modulus with stress. TFor fully annealed
metals these stress-modulus curves were more curved than
for cold-worked metals, cold-work making the curves almost
straight llnes,

An equation was derived, representing the stress-
modulus llne, in which Young's modulus at any stress could
be expressed in terms of the modulus at zero stress and
linear and quadratic gtress coefficients of the modulus.

A fairly good picture may be obtained of the elastic prop~-
erties of a metal by evaluating various indices of elastic
strain and elastic strength., A study was made of these
properties, as influenced by plastic extension and by heat
treatment. A study was made also of the effects of plastic
and thermal creep upon the messured properties, and of the
influence of repeated short extensions and of the duration
of rest interval after these extensions.

An evaluation was made of the influence of several
basic factors associated with plastic exztension and heat
treatment., These factors are: the internal stress, the
work-hardening factor, and the reorientation factor.

In the present investigation the same methods have
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been applied to a comparison of the elastic properties of
18:8 Cr-Ni steel at -110% F with those measured at room
temperature. The influence of prior annealing treatment

is also considered..

No attempt will be made to give refarences to all
earlier experiments upon the mechanical properties of
metals at low temperatures. Outstanding among the early
investigators was Hedfield (reference 3), who measured
mechanical and other properties of irom at liguid-air tem-
peratures., Bxcellent résumés of this and later work wers
given by Greaves and Jones (references 4 and 5) and by
Russell (reference 6). References to more recent work

were given by Rosenberg (reference 7).

The metals used in this investigation, the apparatus,
and the methods employed, are discussed in section I,
discussion of the influence of decrease of the testing
temperature upon the stress-set curve is given in section
III. Section IV describes the stress-strain relationship
as affected by change in the test temperature, and section
V gives & general discussion of the elastic properties at
low temperatures.

II. MATERIALS, APPARATUS, AND METHOD OF TEST

1., Materiasls and Treatment

The materisls used in this investigation were chromium-
nickel steel bars of the 18:8 type, cold-drawn to two dif-
ferent degrees of hardness. The chemical composition of
this steel is given in teble I, One bar, DM, had been
cold-drawn by a series of reductions from annealed stock
of 7/8—inch dlameter %o 5/8-inch digmeter. The second bar,
DH, had been cold-drawn from 7/8~inch dliameter to 3/8-inch
diameter. Both reductions were obtained without interme~
diate anneals. Steels DM and DH, designated "half-hard
and Yhard," respectively, were also used in an investiga-
tion of their elastic properties at room temperature,; as
described in a previous technical report on this same
project.(reference 2). They were supplied by the Allegheny-
Ludlum Steel Corporation.

Some of the material was used in the "as received"
condition and, in order to investigate the effect of prior
heat treatment upon elastic properties at low temperatures,
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bars of each steel wers annealed (before machining) at
different temperatures, 5009, 700°, 900°, and 1830° F.
Bach bar was held at the selected temperature for a
period of 30 minutes, followed by cooling in air. Some
of the specimens, however, were given a softenling treat-
ment consisting in heating at 1830° F followed by water
guenching. The heating at 1830° F dissolved any carbides
and the rapid coollng prevented repreclpitation,

2., Apparatus

For 2 test at low temperature the specimen was linm-
mersed in a bath consisting of equal parts of carbon
tetrachloride and chloroform, t0 which had been added an
excesg of solid carbon dioxide. A speclal extensometer
wag used to transfer a change of the gage length to a
point exterior to the bath, where measurement could be &
made,

The extensometer was the same as that used at the
Vational Bureau of Standards & number of years ago for
the measurement of stress-strain characteristics of steels
at high temperatures (reference 8). 3By glight modifica~
tion it was adapted for low-temperature use, as illustrated
in flgure 1. Clamps & and A' were attached to the speci-
men S at the exvromes of the gage length and were fastened
to extension arms F and P!, G and G', which extended some=
what above the lever of the cooling bath. (The extensometer
wvas mounted ln a pcsition inverted to that employed in
high-tomperature tests.) An insulated chamber D, attached
to the specimen at the Junction of the lower adapter B,
rermitted the cooling solution to be added so as to sur-
round the speclimen and extensometer over a range extending
above and below the gage length. The stellite lozenges J
and J' were situated between the upper ends of the inner
and outer extenslon arms, To the upper ends of the outer
extenslion arms on each side of the specimen were attached
adjustable roof prisms K and K', these parts being similar
to those employed in a standard Tuckerman optical strain
gage (reference ¢). Helical springs E, fastened to the
opposite outer extension arms, held the lozenges in posi-
tion. A special adapter C connected the upper adapter B!
of the testing machine with the specimen. Celluloid strips
were placed botween extension arms F and & and P! and G',
and between G, G', and sdapter C, in order to minimige
thermal flow beitween these parts.



HACA Technical FNote No. 818 5

Careful placing of clamps A and A' at the gage marks,
and rigid connection of all elements of the extensometer,
permitted the-relative motion of the gage marks to cause
accurate rotation of the lozenges J and J'., A Tuckerman
autocollimator (not shown) (reference 9) was employed %o
measure this rotation; the roof prisms K and XK' completed
the optical systems. The readings taken upon opposite
sides of the specimen were averaged.

When the specimen and the extensometer were placed
in the cooling bath, moisture condensed upon the optical
surfaces which were cooled by the conduction of heat along
the extension arms to the bath. This condensation pre-
vented streln measurements.

Several methods were tried in an effort to maintain
the optical surfaces above the condensatlion temperature.
Individual colls were wound about arms ¥, F!, G, and G?!,
and adapter C, immediately below the level of the lozenges.
Various combinations of currents were then passed through
these coils during immersion in the freezing mixture of a
sample specimen with extensometer attached., With the op-
tical surfaces thus heated to slightly above the condensa-
tion point, the variation of the strain with change 1n the
bath level, owing to sublimation of the solid carbon di-
oxide, was obtained for each combination of coil currents.
Because of differential changes in length of the extension
arms with small changes in bath level, however, no arrange-
ment was found which would produce only a2 negligible
change in gstrain, Also, as no practicable method was
found for maintaining a constant level of the bath, inter-
mittent additions of dry ice to the liguld were necessary.

Another method lnvolved an analysis of the heat flow
in the various elements of the apparatus. It was found
that the temperature gradients in the outer arms F and F!
were more nearly linear than those in the inner arms G
and G', because of the proximity of the large adapter C
to these inner arms, For any combination of coil curreants,
therefore, & balance in the rate of thermal expansion of
the inner and outer arme was possible over only a very
limited range of the bath level change. In fact, the dif-
ferentlial expansion of the extension arms was actually in-
creased by the use of heating coils.

A compromise step adopted was to place very small
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colls H and H'! ag ‘nedr .as possible to the optical surfaces,
so that these coils alone supplied the :heat necessary to
keep the optlcal surfaces clesr. Those icoils, which were
very small and tightly wound, were suspended dlrectly be=-
neath esach lozenge and made no ‘éirect contact.with either
extension ‘erm. In addition, solid carbon dioxide was added
to the solution at . frequent and regular intervals, in order
to minimize the change of bath level. The mixture was
stirred frequently, and the various operations were main-~
talned on a strict time schedule throughout the test.

Since the quantity of heat necessary to prevent
moisture deposition varied directly with the absolute
humidity of the air, tests were limited to days which were
both dry and cool,

Before each test the following procedure was stand=-
ardized. After assemdly of the specimen, extensometer,
and container in the testing machine, the low-temperature
mizture was poured into the container to 2 level about
1/2 inch below its upper edges During the subsequent
period of 1%, to 2 hours, while the temperature distribu-
tion among the various parts was approaching equilibrium,
the current through the two heating coils was adjusted
to its optimum velue., Following this interval the stress—
strain and stress-set measurements were made. The level
of the bath was maintained by additions of dry ice at
regular intervals during the preliminary period and dur-
ing the test. Additions wers made immediately after read-
ings of the extensometer.. .

3. Method of Investigation

The experiments consisted in determining the total
stralns at varlous stresses. and the corresponding permanent
extensions after release of load for a series of increasing
values of stress until the total permanent extension
reached about. 0.1l percent. These results were used ln
plottipg correlated stress~strain and stress~-set curves.,
Proof stresses, corresponding +to permanent extension of
0.003, 0.0L, 0.03,. and. 041 percent, were dstermined from
intercepts on the'stiress~set curves., From stress-deviation
curves, which were plotted as deviations of the stress~
straln curves from a stress-strain line representing an
assumed modulus, were. obtalned the secant modull of elas~-
ticity for a series of stresses over the extent of the
curves,
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Following the measuremant of the first stress-strain
and stress-set curves, & rest interval of about 30 min-
utes was permitted before a sécond series of stress, strain,
and permansent~extension measurements npon the same speci-
mens was started. Only one pailr of stress-strain and
stress-set curves wes obtained with each specimen.

As in earlier experiments, ths stress at each load
was malintained constant for two minutes before a sirain
or set measurement was made. The minimum load at which
permanent set was measured was 200 pounds, this load beilag
dJust sufficient to maintain proper slinement of the speci-
men and the adapters. -

4. The MAccuracy of Determination of Stress and Strailn

In the previous experiments (references 1 and 2) ., the
principal errors of measurement were due to (a) the limit
of sensitivity of the strain gage, (b) the accuracy of
setting the load, and {(c¢) the change in length of the
specimen due %to thermal creep. In the investigation at
low temperature, the errors due %o these causes were found
negligible in comparison with errors due to other causes,
these being changes in length of the specimen with the
bath temperature and variations in level of the cooling
bath.e In an earlier investigation at the National Bureau
of Standards, under similar low-temperature test condi-
tions, the variation of temperature over the gage length
of the specimen was found to be insignificant. The prin-
clpal cause for error in sitrain measurement, therefore,
was the varietloan in the bath level durlng test.

A simple experlment was therefore made to determine
the maximum varistion of strein during a test due to
causes other than change in the applied load. A sample
specimen, wlith extensometer nttached, was mounted with
the container in position, and the freezing solution added.
Without loading in the testing machine, the regular pro-
cedure was otherwise followed, including adjusting the
heating current %o its optimum value during the egualiza-
tion period.~'5ubsequently, extensometer readlngs were
taken upon the specimen, at intervals approximating those
at which straln and set would be measured in a regular
test. Under these conditions, it was found that the total
strain did not vary more than 0,004 perceant over a period
approximating that in which a pair of stress-strain and
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stress~set curves could be measured, Thig variation,
however, is about 10 times as great as that obtained un-
der room temperature conditions.

The proof stress producing 0.00l-percentset there~
fore was not derived in this investigation, as 1%t 1s
meaningless, and even the 0.003-percent proof stress is
subject %o considerable error. This error has been
minimized, however, by the fairing of the curves through
the mean position of a number of points.

III. THE STRESS~SET CURVE AND THE DERIVED PROOF STRESSES
AS MEASURED AT LOV TEMPERATURES
1. The Influence of Annealing Temperature

upon the Stress-Set Curve

Figure 2 shows palrs of gtress-set curves, as meas-
ured at low temperatures (-110° F) upon 18:8 chromium-
nickel steel specimens, in the "as received" conditlion
and after annealing at various temperatures.* The second
curve of each peir was obtained from the same specimen 30
minutes after completing the determination of the first
curve. The curves for the half-hard material DM are
given in the lower left portion of the figure, and those
for hard material DH are placed ian ths lower right.

These curves are similar in form to those obtained
et room temperature, as shown in the second technical
report on this project (reference 2). The steepness of
these curves, as determined by the average slope, up to
. the stress producing O.l-percent set, wlll now be con-

sidered. The initiel curve of each pair (which is gener-
ally much less steep than the second curve) increases
in stespness with incrsase in the snnealing temperature,
up to 9000 F, After annesling at 1830° F, both curves
are much less steep than after -annealing at any lower
temperature. The variation of steepness with annealing

*The proof stresses were actually derived from corre-
sponding curves, plotted from the origlnal data on a more
open scale, over the entire range of meoasured permanent
deformation (about 0.1 percent).
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temperature s less for the second curve than for the
first curve.,

2. The Effect of the Annealing Temperature
on the Proof Stresses

The variatlon of the proof stresses with the anneal-
ing temperature is given by the curves 1iIn the four dia-
grams of figure 3. Ordinates represent proof stresses,
and absclssas represent annealing temperatures, Proof
stresses are plotted for proof sets of 0.003, 0.01, 0,03,
and 0.1 percent. The 0.1~ and 0,03~percent proof stregses
may be considered as indices of yield strength; the 0.01-
and 0,003~percent proof stresses as indices of slastice
strength. The diagrams designated "firet loading® and
'second loading® are derived from the first and second
curves, respsctively, of the pairs of curves in the lower
row of figure 2. An abscissa of 1000 P is used to repre-
sent results obtalned with specimens in the "as received”
condition, this belng approximately the highest tempera-~
ture reached by the bar stock material during storage in
the laboratory. . :

All the curves. in the diagrams, representing first.
loading, show & maximum corresponding to an annsaling
temperature between .600° and 10002 F and then descend rap-
idly.* With the exception of the curve for 0.,003-percent
proof stress for half-hard materidl DM, all the second=~
loading curves show corresponding characteristics., Because
of the great scatter of values for the 0.003=-percent curve,
the indicated curve can be considered only approximate.

The maximums are at somewhat loéwer temperatures in the curves
representing the lowser valuesof permanent set than in those
representing the higher values. . - -
Annealing for relief of internal stress increases the
proof stress, when measured at ~110° F, for both first
and second loading, In addition, the second~loading curves
are higher than the first-~loading curves. This indicates
that slight plastic extension will cause an improvement of
proof stress. in addition t0 that obtained by stress~-rellef.

*The forms of these curves between 900° and 1830° F are
based upon the general forms of numerous curves of varia-
tion of proof stress with annealing temperature, for 18:8
Cr-Ni steel, obtained in other investigations.
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annealing., Some evidence .0f such improvement for the 0,0l-
and 0.03-percent proof stresses, for room temperature meas-—
urements, is given 1In the second technical resport on this
subject (reference 2).

3. Comparison of Resulte Obtained at Room Temperature
and Low Temperature

Plgure 3 shows the variation of the several proof
stresses with annealing temperature, as measured at =-110° F,
Figure 4 gives the corresponding curves obtained from
room-temperature tests described in an sarlier report (ref-
‘erence 2)., The values obtained upon materials annealed
at 1830° F, which are averages of several determinations,
include additional values procured since completion of
that report. Comparison of figures 3 and 4 shows that the
0.03~ and O.l=percent proof stresses measured at -110° F
are generally higher than the values at room temperaturs,
The second-loading curves representing 0.0l-percent proof
stresses are generally higher at -110° F than at room
temperature. ¥For first loasding, curves representing the
0.001l-percent and 0.,003=-percent proof sitresses for hard
metal DH differ little in height in the two diagrams. The
0.003~percent proof stress, second~loading curve, as meas~
ured at low temperature, is predominantly higher over a
large portion of the annealing range. The 0.003~percent
and 0.0l-percent first-loading curves for half-hard metal
DM- at room and low temperatures occupy approximately the
same posltions over the temperature range up to 900° F,

The 0.0l-percent second-~:logding low-temperature curve for
this metal is perdominantly higher over a major portion

of the range; whereas the room- and low-temperature 0,003~
Percent second-=loading curves are each higher over separats
portions of the range., Because of the inherent errors
ariging in the low~temperature measuremeunis, the positions
of the lower curves cannot be determined accurately. It
will be noted that the proof stresses as measured on speoci-
mensoannealed at 1830° F are all higher when measured at
-1100 F, : - .

The decrease in. testing temperature gives higher val-
ues for proof stresses which may be considered as indices
of yield strength, but does not produce variation, greater
than the limit of accuracy of measurement, of proof stresses
which may be considered as indices of elastic strength.
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IV, *STRESS-STRAIN RELATIONSHIP OF 18:8 Cr-Ni STEEL,
AS MEASTURED AT LOW TEMPERATURES

1. Comparison of Stress-Deviation and Stress-Set Curves

Stress-deviation curves for 18:8 Cr-~Ni steel speci-
mens annealed at varlous tempsratures and tested at ~110° F
are illustrated in the upper part of figure 2. Ordinates
represent stresses, and abscissas represent deviatioéns of
strain corresponding to an assumed modulus Ep. The
broken stress-~deviation curves represent deviations of the
total measured strain from an assumed straight stress=
strain line, whose slope corresponds to the assumed value
of the modulus., By a suitable choice of the assumed modu-
lus valus, the stress-deviation curve gives a very sensi-
tive representation of the varlation of strain with stress,
The solid-line curves have been obtalned from the broken-
line curves by deducting values of permanent set obtalned
from the stress-set curve directly below. These solid-
line curves may be referred to as the elastic stress-~devi=-
ation curves. The first stress-deviation curve of & pair
is generally steeper than the second curve as determined
by the average slope. In this respect, such a pair of
curves generally differs from the corresponding pair of
stress—-set curves., - '

2. The Variation of the Modulus of Elasticity with Stress

The slastic stress-deviation curves of figure 2, with
few exceptions, show prominent curvature from the origim.
The slope of sach curve generally decreases continuously
with lncrease of stress and thus indicates & corresponding
decrease of the secant modulus of elasticity. The secant
modulus, given by the ratio of stress to elestic strain,
has been used as in the previous reports, to study the
variation of the modulus with sitress and with annealing
temperature.

Pigure 5 shows the variation of the secant modulus of
elagticity with stress at =110° F, With the exception of
the second-loading curve for the specimen annealed at 500°
F, all the stress-modulus lines for the half-hard metal DM
are curved. The stress-modulus curves for the hard metal
DH are stralght or nearly straight.
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As indicated in reference 2, the secant modulus of
elasticity B of a metal st any stres 5 may be repre-
sented by the equation

E = Bo(l - Cg5 ~ 015%) (1)

where By 1is the modulus at zero stress, and GO and GC!

are the linear and the guadratic stress coefficients of
the modulus, respectively.

When the stress—modulus line is etraight, OC!' is
zero, and the corresponding stress-~deviation line is a
gquadratic parabola., When C is zero and OC' is not,
the stress~modulus line 1s a qusdratic parabola and the
corresponding stress-deviation line a cubic parabols.
Positive values of OCOg are obtained from stiress-devia-
tion curves of all specimens except those of the fully
annealed, hard steel. C! evidently is zero (fig. 5) for
curves of the hard metal DH, but not for the half~hard
metal DM. The stress-deviation curves for the half-hard
materials evidently may be viewed as superpositions of
guadratic and cublic parabolas.,

3. The Bffect of the Annealing Temperature on the

Modulus of Elasticity and Its Stress Coefficient

The values of Ey and GCp for the palrs of stress-

modulus lines have been used in deriving the solid-line
curves in figures 6 and 7. These curves show the varia~
tion of Ep and Cp with annealing temperature. (An
abscisga of 100° F has been used in plotting the results
for metals as received.) The derived points are connected
by straight lines. :

The solid E,; curve in each diagram for both first
and second loadlng rises at a gradually increasing rate
with annealing temperature; the value of Eg for the
fully annealed material is much higher than that obtained
for the metal as received. No significant trend can be
assigned to the Cp curves, as in previous reports (refer-
ences 1 and 2)., In view of the probable errors inherent
in the method of experiment, errors of measurement do not
vpermit a reliable determination of the course of such
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curves, The unusually high value of E obtained for
the fully annealed hard material (the average of several
determinations) 1s not explainable. This value exceesds
that obtained at room temperature in previous experiments
(reference 1) with some 18:8 Or-Ni steel specimens which
had been receilved in the fully annealed condiltion.

4, Comparison of Results Obtained at Room
and lLow Temperatures

The broken line graphs in figures 6 and 7 represent
results of tests made at room temperature. The values
plotted at an annealing temperature of 1830° F are the
average of several determinations, including some addi-
tional results procured since the completion of the sec-
ond technical report (reference 2).

The room=-temperature curves of variation of BEg with
ennealing temperaturs (figs. 6 and 7) lie beneath, and are
roughly parallel- to, the corresponding low-temperature
curves., These relative positions are found for both first
and second. loadings. The differences between the low~
temperature and high-temperature results for the hard ma-
terial, however, 1s greater after annealing at 18300 F
than after annealing a%t the other temperatures. Such a
relationship was not obtained with the half-hard specimens.

For half-hard metal DM, the values of OCp -.are gener-
ally higher at low temperature than at room temperature.
A.single exception is noted at the 200° F point, in the
second-loading diagram. For hard metal DE, no consistent
difference in the values of CO is obtained at the two
temperatures. : .

When the value of the linear stress coefficient of
the modulueg, Cgp at ~110°% F exceeds the value at room
temperature, 1t may be important to determine, by uss of
equation (1), the value of the stress S above which the
secant modulus et -110° F is less than the value at room
temperature. Calculations show that this stress will in
each case exceed the yield strength of the metal, It can
therefore be stated that the secant modulus of this mate-
rial at any stress within the working range will never be
less at -110° F than at room temperature.

Because of the fact that the modulus of elasticity
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increases with decrease of test temperature, & structure
suitably designed on the basis of the modulus of elasticity
at room temperaturs, evidently would be stiffer at lower
temperatures,

V. CONCLUSIONS

The conclusions drawn in earlier reports (references
1 and 2) with respect to the influence of heat treatment
and slight plastic deformation upon the tenslle-elastic
properties of 18:8 Cr-Ni steel, tested at room temperature,
willoalso generally hold true for this steel tested at
-110° F,

In addition, the following conclusions may dbe drawn
from a survey of results of room~ and low~temperaturs
tests.

1. The proof stresses that may be considered as in-
dices of yileld gtrength, as measured at -110° ¥, are gen-
erally hlgher than the values obtained at room temperature,
irrespective of previous annealing temperature.

2. The proof stresses that may be considered as in-
dices of glagtic strength are less easily determlinable at
low temperatures because of decreased accuracy of measure-
ment, For steele annealed at 1830° ¥, however, the results
do show that these lower proof stresses are predominantly
greater when measured at -~1109 F, PFor steels annealed at
other temperatures, no gensral conclusions cean be drawn,

8., The modulus of elasticity at zero stress (By) for
these steels is greater at -110¢ F than at room temperaturs,
irrespective of previous annealing treatment.

4. The evidence 13 not conclusive, but even on the
most unfavorable lInterpretation of the evidence, the se-
cant modulus of eslasticity measured at ~110° F would not
be less than the value at room temperature, at any stress
below the yleld strength of the metal.

5, In general, the tensile~elastic properties of 18:8
Cr-N1 steel are higher when measured &t ~110° F than at
room temperature. Aircraft parts may be subjected to both
low and normal temperatures during operation, but the meas-
urement of the elastic properties of this metal at room
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temperature shounld determine whether limiting values at
low temperatures are met. The value measured at room
tomperature could be used also as a basis for design,

Various investigators have shown that such conclur
sions cannot be drawn with respect to such properties as
impact strength and fatigue. See references 4, 5, 6, 7,
and 10.)

National Bureau of Standards,
W¥ashington, D. C., June 30, 1941,

TABLE I.- COMPOSITION OF STEEL

Chemicel composition (percent)

leterisl . . .
] Cr Ki Mn Si P Fe

18:8 Cr-Ki stesl ¢.10 18,82 ¢2.38 .47 0,35 0.015° diff.




16

10.

NACA Technical Note No. 818
REFERENCES

McAdam, D. J., Jr., and Mebs, R, W.: Tensile Elastic
Properties of 18:8 Chromium-Nickel Steel as Affected
by Plaestic Deformation. T.R. No. 670, NACA, 1939,

MecAdam, D. J., Jr., and Mebs, R. W.?! Tensile Elastic
Properties of Typical Stainless Steels and Nonferrous
Metals as Affected by Plastic Deformatlion and by Heat
Treatment. T.R. No. 696, NACA, 1940.

Hadfield, R. A.¢ Experiments Relating to the Effect on
¥ochanical and Other Properties of Iron and Its
Alloys Produced by ILiguid Air Temperaturses. dJour.
Iron & Steel Inst., vol. 57, 1805, p. 147,

Greaves, R., and Jones, J.:! The Effect of Temperature
on the Behaviour of Metals and Alloys in the Notched-
Bar Impact Test. Jour. Inst. Metals, vol. 34, pt. 2,
1925, pp. 85-101.

Greaves, R. H., and Jones, J. A.: The Effect of Temper-
ature on the Behaviour of Iron and Steel 1n the
Notched=-Bar Impact Test. Jour. Iron & Steel Inst.,
vol, 62, pt. 2, 1925, pp. 1l23-62.

Russoll, A, W.: Effect of Low Temperatures on Metals
and Alloys. 4A.S5.T.M., Symposium on Effect of Temper-
ature on Metals, 1931, pp. 658-80.

Rosenberg, Samuel J.: Effect of Low Temperatures on the
Properties of Aireraft Metals. BRes, Paper 1347,
¥at. Bur. of Standards Jour. BRes., wvol. 25, 1940,
Pp. 673=-701.

Prench, H. J.: Methods of Test in Relation to Flow in
Steels at Various Temperatures. A.S.T.M. FProc.,
vol. 26, Pt‘ II. 1926. PP. 7-24.

Tuckerman, L. B.,: Optical Strain Gages and Extensom-~
sters, A.S5.T.M. Proc., vol. 23, pt. II, 1923, pp.
602"'10.

Russoll, E. W., and Welcker, W. A., Jdr.: Endurance
and Other Properties at Low Temperatures of Some
alloys for Aircraft Use., T.N. No. 381, NACA, 1931l.



HACA Technical Note Xo. 818

i
r=-n
n on

no
o1

m/

’ o
LY

"’#
X

5
6’

w  /

Figure 1.- Assembly of

Fig. 1

) Test lpecimon
L,L'_ Specimen clamps

B,B! Amsler testing mechine
adapters

¢ Special adapter —

D insulatod cooling chmbor
X Helical spring

J,¥' Outer extension arms

G,G! Inner extension arms

H,H' Heating coils

JJ! Stellite primmatic
lozenges

X, X* Roof priams

low temperature, tension testing apparatus.



STRESS. LB PER SQ INCH (THOUSANDS)

8T8 "ON @30H TWOTUUOSL YOVE

L L I
L Dt A+ STRESS -DEVIATION Jd 1 T
120 B ,-//.f L //‘/ (2 ’,.E | Ex--2B X10% | , .f V mrs . [ H
. PR T TP A T
e A
o A A = A A P Y NN
7| 1V T T4 AN
] ,w l‘\. qE f_ T—— o
_ | B
0 —*r—%—-%—%— : ; ‘ -
240 || %002 STRESS-SET P 20 L
PRIOR REST INTERVAL 1, x,‘/‘:;f//"
X == INITIAL CURVE ol ¥ el B '8 %
200 O -~ 30 TO 39 MINUTES AANNA T Y
€0 R e . d
| o |1 < a4
o 7] . J
120 —u ]
| & 1/ { iz/. ’ /
2, L- B
80 | —
CFTE RERN NN
bl‘ B Y @] (B -]
40 ] TS _ l_, 3 S [
. .
Riiia . . REERERN;
+ 002 I

EXTENSION, PERGENT

Mgore 2.- Iﬁﬂuence of annealing temperature on stress-dsviation and stresg-set
curves, measured at -110° ¥,

g ‘¥




NACA Technical Note No. 818 Fig. 3

T 1 1 1 1 l [ T T T T
FIRST LOADING—— D H{— SECOND LOADING
280
. E—o.\“ljm~=a=-K
ol A-EL S sas 0.03%
AR pEoa
200 J = f_ Nci “ ;
_Opb. N 090. }
g 160 [ 7? . \
Z | e [\
& 120 0.0 \\\
S v A\
E 808 AN \\ Ny
- S SN NS
g 40 :Eg
(a4
x : DM el
& 160 Lo Bo}éyib - 03%
3 —e\'-/y A A o
. 140 =55 B m_si( 0.01%
[p]
0 ool \
[)) '/ P \339
EI/ / \5\ ] \14:
L 100 v g
3 e
T 80 y /VE\ \‘ . | ? \\\
EE N
60 [-o>A— NG PO
| o1 N : \\
40 \‘\E
20
0 4 8 12 18 O 4 8 12 1B 20

ANNEALING TEMPERATURE. DEG. F (HUNDREDS)

Tigure 3.- Influence of annealing temperature on proof stresses,
measursd at -110° ¥. The rest interval between first
and second loading ranges from 30 to 39 minutes.



NACA Technical Note No. 818 Tig., 4

T T Il T 1 ] 11
IRST L(l)ADlNG H{—-SECOND LOAlDH\fG
240 SCars —
el B
o [ e i
* /’“\\ —0.0! D
0.0%% A2 > \A
160 e %
— QOO
g 120 l ONr
= o, V5) [
C<JE'> QOl/e.g/ OOO\% “\\
3 80 b \ : ‘a—-c\m\\\\
z o003zl | \\ N
Lt 46 > 0 P | AN
z -0.001%) ~—
g ot
. —:)' -= AP:NEA:.ED :2 :;: DM =
& 180 b o } : 0.03%
3 % )\ ot R\ l
. 140 [Nk e o 0.01%
[9p] y AT
wl [ V. \ \\
120 i T 3 \
» 2ap —Rﬂ GC).OO3%0 \
100 -l :
& 100 To/ [le ] T
. T o
T 80 Q \ i ? é“
AL g(\ ooorkel T [k
) > 1L\ FENAN
60 I—& | )
S, / \ \&Q : \ &\
f
4 4 : N k L " §
) "oC)Q\",é IS ° =
_Q.J 5 N 5
20 O u
o} 4 8 12 18 O 4 8 2 18 20

ANNEALING TEMPERATURE, DEG. F (HUNDREDS)

Figure 4.- Influence of annealing temperature on proof atrasses,
measured at room temperature. The rest interval between
first and second loading ranges from 31 to 37 minutes.



125
’ t g 11y e
(LIRS NN
w 100
& J i
& 7 B 3
: ANRER D~
~ 50 Jlf' Q %O E-—J O !
-~ e MR L o ¥ 0:' o
: JEEE TS U TS &1
z 25 ENE %_g_ TR = jﬁ—ﬁ’ 3
3 o 1Y ' i il
« 2428 {27 | |erier | |eR 27| |28 ler | |34 | 34
i AL ¢ REST In
100 A PRIOR REST INTERVAL
o \ 3 L X =~ INITIAL CURVE
y \ %I} " Y[ 4R - 30 10 39 MINuTES
g G LTS JK y
o X[ A W | D
- m Yo ) o
o S50 [2) o) fe %
il 1+ Ok
e 2 A - W £l
25 ¥xg L : 5 L"‘ Tl i 'ﬂ&u
~ ™ ; Y 1) g‘ua h%gl ’Y‘; HE
Y ; = AN
0 \ 1 \ 1 Ll
—2~—4 27 26 28 28 28 28 28 28 31 3l

MODULUS OF ELASTICITY, LB PER SQ INCH. (MILLIONS)

Tigure 5.- Influence of annealing temperature on stress-modulus curves, measured at -110° 7.

o

818 °*OH ®30K T®OTUWOSL YOYK

g Iy




FACA Technical Nois Wo. 818 Yig. 8

I
}
O ——~ ANNEALED 30 MINUTES, TESTED AT -10°F ]
’t}; O == = ™ a n = , LI = ROOM TEMPERATURE-
e—— » = 44 HOURS, * = * " . —
e ] I
§ FIRST LOADING SECOND LOADING
- 3
534 8
= S
Sa2
oj TR ]
o // / X
830 el ANy
m EO /, B A Eo ,/ /// le
_J Pal < L
28 el - e =N I i I N
. 7 ~ T =
2 e L Z ey z
S to1® el 1 5
;26 © P g:i Tand L_I_
2 o
o24 %8
[&]
e @
[} IZ%
E 5
é 1 [P0 Q &
= EN A .
S G 1 Yy —4 Ag
\\;'-\ _ l/// [oR /N1 4
S T i e I I i

0 4 8 2 16 0 4 8 12 I 20
ANNEALING TEMPERATURE, DEG. F (HUNDREDS)

Figure 6.- Comparison of measurements at ~110° ¥ and at room

temperature, of the modulus of elasticity and 1lts
linear stress-coefficient, for steel DM, half-hard. The rest
interval bstween first and second loading ranges from 30 to
39 minutes.



HACA Technical Note No. 818 Fig. 7

DH
—_ }
g O —— ANNEALED 30 MINUTES, TESTED AT -10°F,
o) O—— « = « %, x = s« ROOM TEMPERATURE]
3 ®-— « w44 HOURS, * = « = . ]
= ——— e ol A
;:’ FIRST LOADING SECOND LOADING o
z =
S 5
< // / e
/
r 32 / w
W )4 / T
430 A %‘ .
3
//' lf Vy 8
> Eo A 1 4
- 28 o1 n =7 E A “ =
S Lot Lo-p oA 1.1 L
5 o’ = x o A =}
< 26 /( ® /'Q--O-_ B e
.} A il et D
o fo S ey
w 24 °
S S
- 9
@ 2 W
> o
- —
2 n
5 8
= = = 9]
N Co o8 C0 —P— 4
£ oA N, 5 = =~
ol leo Bp—t={=1-b | T

0O 4 8 2 6 0O 4 8 12 18 20
ANNEALING TEMPERATURE, DEG. F (HUNDREDS)

Figure 7.- Comparison of measurements at -110° ¥ and at room
temperature, of the modulus of elasticity and its

linear stress-coefficient for steel DH, hard. The rest interval

between first and second loading ranges fram 30 to 37 minutes.



