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residual stresses v1a/cliffract10n (usmg/x-rays
that are actually détermined, by employing the
interplanar spacing ( ) of the {nkt} planes as an internal strain gauge.
The change in this spacmg is measured from the shift of diffraction peaks

/

\; In the measurement iof

(and Bragg's law) at several ori ions of the sample to the incident
beam, and the resultant strai.r!/a.re converted to gtresses with the "dif-
fraction elastic constants",

{hke ) (hke)/2 . While these take on
the values (- V/E) and (1 +v )/l]f respectweiy for an isotropic solid, in
anisotropic materials their values depend on many factors: preferred orien-
tation, shape and orientation of second phases, interaction between grains.

In facté there are reports of variation these constantgyith plastic defor-
mation? and theory predicts variations with morphologyS~— While it is ——C0, v,
possible to calculate approximate values for these constants from theory

and the single crystal <lastic constants?, S; and S,/2 are really not

elastic constants in the strictest sense because of2 these other factors,

and it is best to measure them. esof us (I.C. Noyan) has recently

examined this problem in some detai and we summarize his results here,

« ¥ ¥

In a measurement of diffraction elastic constants (on a piece of mate-
rial as identical as possible to the piece whose stress is sought) a series
of loads are applied in the elastic range. At each load, the inter-planar
spacing is measured vs. sin®¢ where¢ is the tilt of the specimen normal
from the bisector of the incident and diffracted beams. The slope (B) is
obtained at each applied stress, and plotted vs. this stress. The slope of
this second plot is related to one of the desired constants:

A 4

B .' o' -' o« P

: . . (1)
g = Oy, S‘[S‘Jk!' Ki (‘)] + C(C;J)

Here of, is the applied stress, S; are elastic constants and the K;
- are the stress interaction mtanlgklbotween grains, which depends on thexr
orientatiax, and hance ¢. The term C is a complex function of any residual
strain (cf J) present in the specimen. It is now well established that
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there can be os;illations in d vs. sin?¢, either due to fluctuations 18-8
residual stress’ or due to preferred orientation and elastic anistropy
Even if such fluctuations aye present,gobtained by a least-squares fit is
linear vs. the applied load”’. In fact, Eq. 1 can be exploited to establish
the cause of these oscillations. I1f plastic deformation changes only the
residual stress distribution and not the texture or second phase morphol-
ogy, 2& is unchanged by the process. However, if texture or morphology are
’

alter 51 changes. In this paper we discuss two examples of these ef-
fects.
EXPERIMENTAL P

Flat tensile specimens were prepared from 1100 Ag plate after annea-
ling at 648%K for 2 hrs., followed by reduction in thickness by rolling on
a two-high mill, O.lmm per pass, to 65,82 and 90 pct reduction. Diffrac-
tion elastic constants were determined with V filtered CrKq radiation in
the apparatus described in Ref. 9, by applying loads up to 12,000 psi, in
2000 psi increments. The 311 reflection was employed.

RESULTS AND DISCUSSION

Some typical plots of d vs. sin’¢ at various loads are shown in Fig.
1; oscillations are apparent. The slopes vs. applied load are given in
Fig. 2, and linearly is reasonable. The evaluated elastic constants are
summarized in Table I, where they are compared to calculated values. The
agreement is quite good and there is no significant variation with defor-
mation and its resultant texture. As A2 is nearly isotropic, Eq. 1,
predicts that the elastic constants should be that calculated from theory
ignoring the K; because these are zero, and this is what is observed in
Table I. The oscillation; in 20 vs. sin?¢ are due to local fluctu-
ations in residual stress.

On the other hand for Fe it is known that oscillations occur (in d
vs. sin*¢), that the B vs. applied load is linear, but that the dif-
fraction elastic constant varies with deformation and do not agree with
theory which neglects K;.“ Again, this is expected; the variation in pre-
ferred orientation with deformation causes changes in the K; in this case.

It has been suggested that when oscillations occur in 26 or “"d" vs.
sin*¢ , that hoo or hhh gef&ections will not show this, if anisotropic
elasticity is the cause. 10 mis is only the case in the Reuss limit and
without grain interaction which is generally not the case in deformed
materials. In fact, there are reported cases where the oscillations do not
vanish for hoo or hhh peaks.’ Also AR is nearly isotropic and yet, as we
report here, there are oscillations. The source of these oscillations is
local fluctuations in residual stress. In such a case (because the depth
of pe{xetration varies with ¢ ) an average value of stress is of little
use,ll and atti?ts to eliminate the oscillations by increasing the depth
of penetration*4 (changing the wavelength) simply averages over the (impor-
tant) fluctuations. The tests described here provide a means to decide on
the source of the oscillations.

This research was supported by ONR under Grant No. NOOO14-80-Cl16. We
thank Paul Rudnik for assistance with the diffraction measurements.
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TABLE I.

DIFFRACTION ELASTIC CONSTANTS FOR 1100 Az .

REDUCTION IN s2/2 x 1078 ERROR DUE TO ING
THICKNESS STATISTICS x107° 2
. 65 pct 12.76 2.8
: 81.7 pct 12.60 1.3
90 pct 13.08 1.4
Calculated ValueP 13.24

a. See Ref. 8 for equations to calculate errors due to counting statis-
tics.

b. Average of Reuss and Voight limits.
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Fig. 1 Interplanar spacing, "d" vs. sint¢ for 1100 Az
reduced in thickness 65pct by cold rolling.
Each figure is for the indicated applied load.
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Fig. 2 The constant B in Eq. 1 vs.'applied stress.
1100 At reduced in thickness 81.7 pct by
cold rolling.
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