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THE INFLUENWCE OF PLASTIC DEFORHATION AND OF HEAT TREATMEHT
Y Smmm
oW POISSON‘S RATIO FOR 18:8 GHROMIUM—NIOKEL STEEL

By R, W. Hebs and D. J. McAdam, Jr.

" SUMMARY . _ .

An effective value of Poisson's ratio for 18:8 Cr-Ni
steel was computed from values of tensile and torsional
moduli ©bf elasticity obtained in earlier 1nvest1gations
by use. of an appropriate: formula. A etudy was made of
the variation of Poisson's ratio with prior plastic ex-
tension of the annealed alloy and with annealing tempera-

e ture for the cold-drawn alloey.

With prior extension:of the fully annealed alloy up\.

to about 12 percent elongetion, the effective value of
Poisson's ratio at zero stress (p,) rises; whereas at
Ld other stress values (#ps " and Hgo) 1t remains approxi-
mately constant. " The f{se of g “Is attributei to the
anisotropic nature of~the 1nterna1 (residual) etrees pro-

duced during prior- plastlc extension coupled with the

fact that the nlanes of maximum shear stress in torsional
loading are dlfferently oriented than in tenglle 1oad1ng.
For the cold drawn alley, however, Wy 1s lower than for

the fully annealed alloy.

After anneallng the cold drawn alloys at various
temperatures in the stress-relief annealing rangs, Mg
and Mg, &are approximately equal and nearly constant.
Apparently, the.removal of lattice expan31on effects Dy
annealing at higher temperatures, at which recrystalllza-
tion occurs, causes an increase of pB,, probably becauss

of the change from a preferred orientat1on of the cubic

T [100] direction of grains, parallel to the specimen axls,_

to a random dlstribution.
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INTRODUCTION

An investigation of the elastic properties of high
strength aircraft metals has been conducted at the
National Bureau of Standards during the past 8 years
under the sponsorchip of the ¥ational Advisory Committee
for Leronautics. Reports have been presented upon the
tensile elastic (references 1, 2, and 3) and the tor-
slonal elastic (reference 4) propertlea of metals. The
slastic properties studied were: (a) the proof stresses
which produce various proof sets and (b) the elastic
modulus and its variation with applied stress. The rela-
tionship of these indices t0 cold work and to annealing
treatment also was investigated. The method of obtaining
correlated stress-straln and stresg-set curves and of
deriving the elastic properties from these curves is
given in the afore-mentioned publications (references 1,
2, 3, and 4),.

LA 4

The present paper correlates the tensile and shear
elastic secant moduli of 18:8 Cr-Ni steel, by deriving
from them an effective valué of Poisson's ratio. This _
effective value becomes identical with the classical v
value (ratio of unit lateral contraction to unit axial
extension under axial loading in the elastic range) only
for isotropic material obeying Hookes law, The effective
value of Poisson's ratio as defined in this papsr canunot -
be used for computing stresses under conditions of multi-
axial strain beyond the range of validity of Hooke's law,
or for aenisobtropic material. It may be used, however,
es an index of anisgotropy -~ that is, an index for a change
in prcperties with direction, The significance of vari-
ations in the effective value of Poisson'g ratio with the
degree of cold work or with thermal treatment ig discussed

in the present paper.

o

MATERIAL, TESTS, AND METHOD OF COMPUTATION

Bar stock 18:8 Cr-Ni steel was used in preparing
specimens for the tensile tests (references 1, 2, and 3): o
whereas tubular stock material was selected for the tor-
sion tests (reference 4). In order to obtain reliable
valueg of Poisson'!s ratio from tensile and torsional V.
modulus data, the materials tested in tension and torsion
ghould bs of nearly the same chemiocal composition,

.
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structurey, - and hardnests. “4A "half-hard" rod miterial. and
the "hard': grade tubular material were selected for this
evaluatlon, in an earlier report (reference 4) 1t was
shown that ‘of the” cold-worked rod and tubular matsrials,
these two-were in-the most: nearly equivalent cold-worked
condition. Rockwell hardhess readings for both metalsgave'
valuesranging from C39° to C42.° Horeover, microscopic
examination of the cross sections of the tubular and rod
material in the "as-received" condition indicated similar
micrestructure. Table 1 shows that the compositions of
these- two materlals do nob dlffer greatly

In the present report, the influence of two: variables
upon the éffective value of Poisson's ratio is being in-
vestigated: namely, (a) the influence of cold work and (b)
the influence of annesling temperature. In order to de—
termine the influence of cold work, datas were obtained °
from previous tests upon tensile (reference 2) and

. torsional (reference 4) specimens which had been fully

annealed, and then extended various amounts. Tensile
tests. had been made upon a single specimen after anneal-
ing at 1830° ¥ for 1/2 hour, and at various’ stages of its
sub§equent plastic extension, up to the point of local
contraction. Torsional tests had been mads upo6nR a séries
of tubular specimene which were annealed at 1900° F for

- ranging from zero to 20 percent Previous work has shown

that this dlfference in anneallng temperatures, 1830¢ .

and 1900° F, id not significant. The influence of ahnéal-
ing temperature was stpdied by selecting ddta from tests
upon cold-drawn rod and tubular Specimens {references 2
and 4) which had been annealed at various temperatures
ranging from room temperature up to 1900° F; the "as-re-
ceivedl specimens are considered as annealed at 100" F,

The - 6ffective value of Poisson's ratio, 'w, was cal-
culated from

‘ b=2ol1 ' (1)

where B and G are taken as the secant tension and
shear modulil, ‘respectively - (references'5'aﬁd 6). The
secant modulus used in this paper is obtained by dividing
the totdl stress by the elastic portion of the tdotal
strain - that is, total &train corrected for permanent
set,; For purposes of design the use o0f Poissdn's ratio
calculated in this way is limited only to those metals
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which are isotropic with respect to elastic preoperties
end have stress-strain characteristics that conform
closely te.Hook's law. However, for purposes of showing -~
the relatlve influence of such variables as plaestic de- :
formation and heat treatment upon the torsional and ten-

silse elastic properties of a single materigl - that is, i
to detect any anisotroplic change in the metal - the use_
of Such an effective value may have certaln advantages )
over the use of values obtained by direct measurement.

As will become evident later in this report, the dirsc-
tional variation of the influence of internal sbtress
could never have been detected by direct measurements of
Poisson's ratio on cylindrical specimens.

Owing to theé sensitivity with which stress-strailn
and stress-set measurecments were made (references 1 to 4y,
it was frequently possible to observe a decrease in the
secant modulus with incrdase in stress. Thus, the ten-
sion and shear moduli, and therefore M, require specifi-
cation of the stress at which they are calculated. Nadal
has suggested (reference 7) that the stress-strain curve
for = metal .in pure -shear can be approximately derived
from its stresgs-strain curve in tenslon by multiplying
tenslle stresses by l/Jg and tenslle strains by 1.5. In
this report, therefore, values for the tensile modulus (%)
are obtained at%t z&ro stress, and where practicable, at :
25,000 and 50,000 pounds per square inch; the corresponding .
shear modulus (G) values. were obtained at zero stress, and
at 14,450-and 28,900 pounds per . gquare imgh. The modulus
values at zero stress are necessarily extrapolated values,
but may be determined quite accurately from derived curves
show%ng the variation of modulus with stress (references 1
to 4). : - -

THE. VARIATION OF EFFECTIVE POISSON'S RATIO WITH EXTENSION

OF FULLY ANNEALED 18:8 Cr-Ni STEEL

First will be considered effective values of Polsson's
ratio calculated for 18:8 Cr-Ni steel rods and tubes which
had been fully annealed and then extended. Values of ' w
were calculated over an extension range of 20 percent, the e
maximum used for the tubular specimens (reference 4). Spec-
imens tested in tension had been extended over a somewhat
greater range (references 1 and 2).
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The variations.of. .the tension .secant modulus ‘E and

;the shear secant modulus :G,g mith extension of the fully

annealed metal arerahown in figure 1. These curvés Were

_drawn.through the mesn . poeitions of the data derived from

experiment. They may be considered as basic curves devoid
of oscillations due to variations in rest interval and ex-
tension spacing,; -associated with individual .tests, Curves

"showing :the variation:af. . p . with the amount of prior ex-

tenslon also are;shown An figure 1; they are .derived from
the basic modulus ecurves .by the use of equation (l) The
stresses (in thousand pounds per square inch), at which
E, G, or p ig measured, are denoted by subscript num-
bers; the subscript number for W “¢corregponds to the
asgsoclated tensile stress.

Because of the much gréatet variation with stress of
the tensile modull than the torsional moduli, the value of
¥ decreases with increase in stress. The value of Mg
is found to. increase with extension of the annealed metal,
rising . from -an initial value of about O. 3° to & vonstant
value of about 0.40- after an extension of abou* 12 percent.
The Values of uasl-and Mg o remain nearly constant at
gbout O. 32 and 0.24, respectively, over the ‘observed range
of prior extension. The values of Ky, MHys, and Rg,

for this metal as annesaled, and after 10 and 20 percent

-prior-extensiom; are given in:table 2.+ . . . R

- < e - RN . - .

THE VARIATION OF POISSON’S RATIO WITH ANNEALING TEhPERATﬁRE

.EOR. com_nm.wu 1618 Gr-Ni STEEL Sl

: i B - . : - = -
i o R —-- -
R . . - REVER

Values of M were calculated for cold—drawn 18:8

.Cr-Ni steel rods and . fubes in the. “ae—received" condition,

and after annealing at temperg res rang1ng from 300° F

"to about 1800° ¥ (rod4 and tubular speoimenu were’ an'ealed

at maximum temperature values of 1830 F and 1900 ¥ oo
respectively) . . - -

‘The variation of the tension -modulus B and the shear
modulds G with theé temperature of annealing of ‘the cold-
drawn alldy is -shown in figure 2. The curves dre 4drawn-

'through the mean positions of experimentally derived data.

Curves are drawn for the 'tension medulus at zero stress
and a2t 50,000 pounds per sqguare inch and for the torsion
modulus at gzero stress and at 28,900 pounds per squarse inch.
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Because of the nearness of these: pairs o£ curves, values
at intermediate stresses were not ‘pletted. There also are
plotted in figure 2 values of M. calculated from corre- - r
spond%nﬁ tension and shear modulus values by use of equa-~
tion (1 ' ) '

Over a .range of annealiﬁg'temperafﬁré from room tem-~
perature to lOOO° F, there is no signiflcant variation of
Ho oOr Hgo; ‘these two curves are’ nearly coincident,

With further ‘increase. in anneallng temperature, Po
riges from a.value - -of 0.22 and attains.a value of about
0.31 for the fully annealed _metal.

 DISCUSSION - i

The elastic properties of a polycrystelline metal ,
having small grains, the orientations of which are ran-~ .
domly distributed, are generally considered ‘isotropic. ,
Appreciable variation of © from the value obtained upon

a metal in its isotropic, fully annealed condition, may

indicate an ardisotropic condition with regpect .to elastic .
properties in the metals tested.

Figure 1 shows that - by increases from the original

value of 0.32 to 0.40 with prior esxtension of the annealed
metal of between 12 and. 20 percent, The rod and tudular
materials were of similar comp081tion (table 1). Extrapo-
lation of the modulus-~temperature curves Iin figure 2

indicates that the difference in annealing treatments of.

the fully annealed rod and tubular materials is Iinslgnifi-
cant. The.rise of MW, therefore suggests that small

plastic extensions produced some elastic anisotropy 1n fthe
alloy. Since Mys &and ‘W, show values more nearly with~

in the usual range, it would be implied that such anisot-

ropy becomes less evident upon applicatlon of a moderats
stregses. A% greater values of extension than found in fig-

ure 1, it might be expected that By would decrease from

the maximum value of 0.4 and approach the value (0.22) ob-
tained for the cold-drawn metal plotted at 100° F in fig- .
ure 2. This also would be indicated by the rapid lowering .-
of EQ for the half-hard alloy at large extensions (ref-

erence 2) subject to the condition that no prominent )
reversals would be found in the curve of &y upon increas-

ing the extension range shown in figﬁre 1 beyond 20 percent.
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It was. shown in 'an earlier report {reference 2) that
during the initjial portion of the extension range the
influence o0f residual - internal stress predominated in
causing a rise of  Egy. No such important initial rise of
Go with extension is found (fig. 1). It should be noted
that, in tension, maximum shear oécurs along planes diag—
onal t0 the length of the tube; whereas, in torsion, -
shear -oécurs along planes parallel and transverse to the
length of the tube, . Thus, the planes along which maximum
shear stress occurs are the same during the prior exten-
sion and during tansion testing, dbut different during tha
prior extension and during torsion testing. The differ--
ence in influence 6f the internal stress factor upon 'sub-
sequent tension or torsion tests might therefore be ex-
plained as due %o the directional effect of any resldual
sbress upon further deformation. With appreciable in=-
crease in stress during such testing, the residual inter-
nal stress would become negligible in comparison to the
applied stress, or may be relieved, and the evidence of
elastic anisotropy would disappear, as indicated by the
lower values found for W,5 and Hg,. -

Figure £ indicates that within the range of preheat-
ing or anneeling temperatures of from 100° F up to adbout
1000° F, Poisson's ratio (B or Hgy) is maintained with-
in the narrow range of 0.21 to G,22; at higher temperatures
By increases and reaches a value of about 0.31 at. 1800° F,

The relief of 1nternal stresses which ocecurs within the

"lower temperature range obviously does no¥b affect the val-

ue of Ppisson 8 ratio. The rise of My " at higher temper-

atures, however, indicates that other factors are effec-
tive. :

In earlier reports (references 2 and 4), the influ-
ence of the lattice expansion factor and the reorientation
factor upon elastic properties wasg noted. Lattice expan-
slon, which occurs during cold working, tends to lower )
both tensile and shear moduli.  However, the quantitative
influence of this factor upon these two indices 1s not
determinable. It can be shown, however, that the rise in
Mo during soft annsaling may be due to the influence of
the removal of the preferred orientation produced by pre-
vious cold work. It wase shown in an earlier report (ref-
erence 2) that the rapid decrease of B, at large exten-
gsions would be assisted by preferential orieantation of
the [100] crystal directions parallel to the axls of the
specimen, such as occurs in some face-centered cubic ’



8 NACA Technical Note No. 928

metals when deformed as in wire drawing (reference 8).

It is evident by examining the space models for tensile

and shear moduli (figs. 49 and 52, reference 2), which y
are similar to those for most face-centered cubic metals,
that an approach to a predominantly cudbic [100] orienta-

tion would tend to lower the tensile modulus and increase
the shear modulus, thus causing a decrease of the effec-

tive value of Poisson'g ratio K, Juring cold work.

However, preliminary results of torsion tests upon nickel
and monel tubing indicate that severe cold working causes
an increase of Wy for these metals. Thisg rise can be
attributed to the predominance of the octahedral [111]
orientation in the axial direction following severe cold-
drawing of these metals (reference 2).
"Removal of the lattice-expansion eTfects may dbe ex-
pected by annealing at temperatures below the recrystalli-
zation range, as was found by Smith and Wood {reference 9)
for 1ron; within this range there is negligible varlation
of..p. The removal of preferred orientation effects, .
however, would occur chiefly during recrystallization and
would thus explain the rise of @ during softening of the )
18:8 Cr-Ni steel, as shown in figure 2. .

Consideration has been given to the possibility that
the variations in Poisson's ratio in figures 1 and 2 may
be due in part to the increase of the ferromagnetic sus-—
ceptlibility of 18:8 Cr~Ni steel during cold work. Although
this increase can be gquite—easily detected with & permanent
magnet, it is generally bhelleved that the relative quantity
of material changing over from austenitic to ferritic struc-
ture during severe cold work is quite small, and sghould
therefore not affect the .moduli of elasticity to any meas-
urable extent.

Fational Bureau of Standards, _
Washington, D. C., December 4, 1943.

—ra
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TABLE 1.- CHEMICAL COMPOSITION OF 18:8 Cr—Ni STEEL

) o Chemical Composition
Material Desig- | " - .  (percent)

nation c Cr ¥i To

Bar stock R ' < : .
(Cold-drawn "half-hard"). ~DM 0.10 | 18.82 | 9.38 | Diff.

Tubular stock EEN _
(Cold-drawn "hard") . . TC. | .ov 18.5 10.4 Diff,

TABLE 2.- POISSON'S RATIO FOR 18:8 Or-Ni STEEL

Co : Poisson's ratio
Material and condition -

i My s s o

As cold-drawn . . . . e e e e . lo.g2 | -=== | 0.22
Cold-drawn, annealed 900° F. ", . . .| ,2L |-=--=| .21
Coldfdrawn. fully anneéled .. ;,;".32 —_——— | ===

Cold~drawn, fully arnhealed,
extended 10 percent . e v . . . +] .40 1]0.32 .24

Gold—drawﬁ, fully ‘annealed,
extended 20 percent e e e e e .40 .32 .2b

L]

bt ¥



s
3 |
Eq
uo - lo.,c " .- et aduale bany L T r ..
w 29 e -
Z 3 28 “ocpe
5@
d w g7y
= 05
z SV ER S8
g o5
] ug
o 31 a4
] —
- 1
- L1
C Kop
& —
= 03
o
o
- |
] 1
" - V50 ]
(=]
2 r 02
)
a
[=]
= (U]
[ T+
< = ol
F mi.aul 43 £ |-
Cong
10 [ ] 0

0 2 4 6 B 10 12 K4 18 B 20

PRIOR EXTENSION, PERCENT

POISSON'S RATIO, W

Figure 1l,— Intluence or prior extenslon on the ien-
alle and shear moduli of elasticity smd

Polgsons’e ratic, ammesled 1828 Or-Ni stesl.

™y —

MODULUS OF ELASTICITY, LB PER SQ INGH [MILLIONS)

31
30
29 -1
w i
Z 28 N L
m ¢n}
w 27 T . [
- I " T S 0.5
26 i FE M =4 "] Tso
25
_ 0.4
2
o
T
— 03g
.
T n
d 3
- o
—-— b, —
o [ ]
g iy =l g2a
@ Awﬂl- A -+ .
o |} 1 I L § ol
i f g d -t Gens
% o
10 o

0 2 4 (5 8 10 12 14 16 18 20
ANNEALING TEMPERATURE. °F (HUNDREDS)
Figure 3.— Influence ¢f annealing temperaturs on the

ienagile and shear modnll of elastiolty
and Poigson’s ratio, cold drawn 18180r-Ri stesl.

gty ednd




