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Anisotropy of Stress Fields, Interaction Forces and Energy

of Dislocations in bce Metals

YOSHINOBU MOTOHASHI and SyuicH OHTAKE

abstract:— The anisotropic properties of dislocations in many bcc metals are evaluated in
terms of an anisotropic elasticity theory. It becomes evident that the zero-stress contours in the
stress fields, 7xy, for {112} <<111> and {123} <111> type edge dislocations incline toward
counter-clockwise sense about the z axis for metals with A>1, where A is the Zener’s aniso-
tropy factor, whereas for metals with A<'1l, the inclinations of the zero-stress contours about the
z axis are toward clockwise sense as compared with the isotropic estimate. The f,-x curve,
where f: is the interaction force between parallel edge dislocations with parallel Burgers vector
a/2 < 111> in planes {112} and x is the distance measured along the slip direction, shows
distinct anisotropy, therefore the maximum attraction and repulsion in the interaction forces have
different values whether slip direction of one dislocation is positive or negative, and whether
slip plane of the dislocation is y>0 or y<{0 against the another dislocation.
Similar results are obtained for the interaction force of dislocations in planes {123}. Co-
efficients in the Energy Factor expression, K(8)=UXa.. cos 2n8, for {110} <100> and {110}

n=0
<110> slip systems are determined.
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Table 1 Values of elastic constants,
lattice constants and Zener's
anisotropy factors in becc metals.
Unit of C;; : 10! dyne cm?.

Crystal | Temp.| Blastic constants izﬁz%g:ts Anisotropy Rel
0 Cip | Ca2 | Cuy (i)

o -Pe | 300 | 23.31 | 13.5% (11.78 | 2.8664 2.41 (27)
Fe-2.58S1 | 300 | 21.98 | 13.46 [12.22 | 2.864 503y 2.87 (28)
Fe-3.1%51 | 300 | 21.86 | 13.6 |12.15 | 2.863(p954) 2.9% (28)

b 300 | 24.6 | 13.4 [ 2.87 | 3.3066 0.513 29)
v 300 | 22.8 | 21.9 | 4.26 |3.0231 0.782 (29)
Ta 300 | 26.7 |216.1 | 8.25 | 3.298 1.56 (29)
W 300 | 52.14 | 20.18 [16.04 | 3.1652 1.00 (30)
Mo 300 46.96 | 16.76 |10.68 | 3.1468 0.707 (30
cr 298 35.0 6.78 |10.08 | 2.884 0.714 (31)
K 83 0.459( 0.372{ 0.263 5.247 ;g¢y 6.05 (32)
K R.T. 0.371] 0.315] 0.188 - 6.71 (32)
L1 195 1.382| 1.125| 0.96 | 3.51(,qgy) 8.85 (32)
Na 299 0.739| 0.622( 0.419| 4.2306 7.16 (32)

Table 2 A tabulation of angle ¢; defined
in Fig.2 for the three slip systems
in bcc metals.

cevatar Temperature] {110} ¢111) {12y <iiry {123y 311y
R 22 R NS P Py P2 P3
Fe3dist | 300 P eus.no’ wi5.3s’ -uz.ag’ | 676t -B6.08" -u3.sr
Fe-2.5151 300 46,81 -BS.4Z  ~42.39 | 46.67 -86.12 -43.58
o -Fe a2 46,41 -B6.38  -42.72 | 46.33  -86.95 -u3.u9
100 46,51 -B6.35 42,71 | 4633 -B6.92  ~A3.kg
o0 46,45 -B6.30 k268 | 46.37  -86.88 43,47
300 46.50  -86.25  -h2.61 | 46.23 -B6.83 ~43.45
2 300 46,26 -B8.56  -43.2% | 46.10  -88.77  -43.60
300 w99 483.95  -u5.01 | #h.9% 90 -45.01
300 48,18 #B9.28  -%6.07 44,36 +89.3%  -45.94
298 G965 485,30 <u6.55 | 4i.82  +88.67  -45.91
300 T -kg.27 | Wh.aR 483,87 4614
3 300 G0 | we.as BN kB0 | 63.13 4886 -a7.7n
it 195 53.57 90 4B.99  -81.3% -k0.72 48.97  -81.81  -50.21
X 83 - %0 4%.21 8372 -39.93 4873 -8h.20 -Lk.93
K BT 52.43 50 | 50.08 -84.3z -38.75 | 49.33 -8h.ig  -uk.59
Na 299 S2.66 90 | 49.70  -B3.53  -30.30 | 49.59 -B3.61  -65.87
£ -brass 300 56.06 90 4g.79  -B2.51  -39.43
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The stress field of a single edge
dislocation, T,,, in a {123 }<{111>
system at 300K. Unit of stress : 108
dyne cm?. Unit of distance : b.

A positive edge dislocation is situated
at the origin and perpendicular to the

Pig. 1

plane of paper in the figure ( z axis
directed out of the plane).

The horizontal axis is the trace of
slip plane (¥=0), and the Burgers
vector of the dislocation is directed
to the right (#* axis).
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Fig. 2 Definition of ¢, where ¢, is the
angle between x axis and the
zero-stress line on the stress
field, Ty
The ¢ is defined positive in the
counter clockwise sense, and
measured from the x axis.
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Fig. 3 Force between parallel edge dislocations
in {112 } planes with parallel Burgers
vectors ¢,2< 111> in Fe—3.18i and
Cr crystals. Unit of force f, is 101
5227 (dyne/ em?), where & is the
distance between the two slip planes
containing the dislocations ; also x is
the distance measured along the slip
direction using y as the unit of length.
The curve A is for like dislocations,
and the curve B for unlike dislocations.
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cross slip ptane

Fig. 4 A schematic representation of the
double cross slip of a a,/2<111>
screw dislocation. The A and B in
the figure indicate edge dislocation
dipoles, which may be important
dislocation sources in dcc crystals.

Edge dislocation dipoles

A B
~——T—> —————————— <—-L~--m2)
S }

————— DA R— e S T 173
Direction of
shear stress A ) B -

N <—~r———(uz)

————— «T___ »A--L»_~_~—(nz}

b > (111D

Fig. 5 Relative slip directions of disloca-
tions composing edge dislocation
dipoles A and B illustrated in the
Fig.4.
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Table 3 A tabulation of the interaction force f; which is defined
in Fig.3 for three slip systems in dcc metals.
Crystal ffii' {110} ¢111) {112}3<111Y {123y Ca11y Isotropy
c D ¢ q [ o c 8 c t u |p:rr : t : u
Fe-3.175i| 300 |+0.36 2.457 |+0.34 3.53% +2.54 2.561 | +0.34 3.374 +2.58 2.498 | 2.396 | 1:1.042:1.017:0.975
Fe-2.5951| 300 | 0.36 2.490 | +0.34 3.562 +2.54 2.593 | +0.34 3.402 +2.58 2.533 | 2.43% | 1:1.041:1.017:0.978
K-Fe | 4.2| 0.37 2.727 |+0.35 3.643 +2.54 2.825 | 40.35 3.503 +2.54 2.779 | 2.663 | 1:1.036:1.019:0.977
100 | 0.37 2.704 | +0.35 3.621 +2.54 2.802 | +0.35 3.480 +2.55 2.756 | 2.642 | 1:1.036:1.019:0.977
“ 200 | 0.37 2.655 |+0.35 3.569 +2.53 2.751 | +0.35 3.429 +2.55 2.705 | 2.591 | 1:1.036:1.019:0.976
v 300 | 0.37 2.599 |+0.35 3.508 +2.53 2.694 | +0.35 3.369 +2.55 2.647 | 2.529 | 1:1.037:1.019:0.973
Ta 300 | 0.39 2.432 | +0.37 2.757 +2.46 2.479 | 40.37 2.708 +2.48 2.460 | 2.417 | 1:1.019:1.011:0.994
W 300 | 0.42 5.546 [+0.41 5.553 +2.42 5.545 | +0.41 5.553 +42.42 5.545 | 5.714 | 1:1:1:1.03
v 300 | 0.43 1.946 | -0.42 2.063 -2.24 1.967 | -0.42 2,045 -2.24 1.961 | 1.974 | 1:1.011:1.008:1.015
cr 298 | 0.43 3.885 | -0.42 4.MOM -2.20 3.970 | -0.42 4.317 -2.22 3,953 | 4.626 | 1:1.022:1.017:1.191
Mo 300 | 0.43 4,713 | -0.42 5.224 2.18 4.801 | -0.42 5.143 -2.19 4.779 | 4.937 | 1:1.019:1.014:1.048
b 300 | 0.46 1.843 | -0.43 2.086 -1.92 1.898 | -0.43 2.048 -1.94 1.877 | 1.891 | 1:1.030:1.018:1.026
Li 195 | 0.3L 0.1354 | +0.29 0.2538 +2.65 0.1462 | +0.30 0.2430 +2.68 0.1341 | 0.1533 | 1:1.080:0.990:1.132
X 83| - - | +0.30 0.07081 +2.60 0.04531] +0.30 0.06777 +2.65 0.04246| 0.044ET
K R.T.| 0.31 0.02975 | 40.29 0.04955 +2.58 0.03228| +0.29 0.0478 +2.60 0.02993| 0.03128 | 1:1.085:1.006:1.052
Na 299 | 0.31 0.06424 | $0.29 0.1107 +2.60 0.06954 | +0.29 0.1065 +2.63 0.06436] 0.06569 | 1:1,083:1.002:1.023
P-brass | 300 | 0.30 1.064 |+0.29 1.942 +2.62 1.160 1:1.090

c-x/y ,p - ]f)cg] =I]C3I , gand s ~'f2l for metals with A>1 a.ndl]c3l for A<l , rand t 'lfll for metals

with A>1 andlf Ml for A<1, w - A/A(1-V)
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Fig. 6 The variation of Kwith the edge-screw

composition angle &, for {110 }<{100>
and {110 }<110> slip systems at room
temperature in dcc crystals.
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{110 } <110 >R CENHMEL S 4,,,, =0, B, =

0Th 5, - TERI
4

K@)= UnZO a,, cos 2n0 (6)
TEDLINS, 22 TU=10" dyn/ em? TH 5,

Table 4 € k= 9 DIFPED R a,, & T TOBHE
DERBEELEL 0.1 3 ThbH, WOIESE, ay= (X0)
+K(n/2)1/2, 0= (KO)—-K (n/2))/2, a,
@g oo =0 Th b, & @RI IRE— B BHEE
EAEBNENZ S, 7 { 110 } <110 >RKH+5
KOtizs AL D bec &BICHL THAIC@OR TFD
€, TOREEHHTS L, W~EREANTHET %
nF

K(6) b2 R

log — (7)

4 o

EQ)=



86 FIHRE TSI & 25 %

Table 4 Computed coefficients in the Energy
9
Factor expression, K{)=U 2 @, cos
n=0 #7
2n0, for {110} <100 > and {110}
<110 > slip systems in bcc metals.
U= 1011 dyne /cm?.
Crystar [sltp systen] PO dy o
Fe-3.1851 a 106279  0.5776%  0.86433  0.07430  ©.00073  O0.003EL D
o= Fe & 10,8543 0.16826  0.65030  0.07000 000140
Ta 9.0464  -1.1058 0.2T60E C.03TTT -0.0MT9 -0,
W 2 19.1050 ~3.0948  -0.00139 =0.001k2 ~0.002B7 -0.
v 5.9384 15733 ~0.0863% -0.01712 -0.0006¢
cr 12,7637 ~2.407%  -0.23751 ~0.03656 -0.0017
Mo a 14,5700 -3.5487 -0.28480 ~0.05200 -0.0026 XA
w a 4.8020 -1.7120  -0.17366 -0.03483 -0.00103 -0, %8 0.003Tk
Fe-3.1581 b 84029 ~1.4427 0.08238  0.07344 -0.00894 ~0.003 005060 -0.00003

a-{10}<i00y, »-{u0j<noy .
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