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The Deformation Behavior of Non-isoaxial Bicrystal
of Aluminum during Compression

Yoshio KaTo, Mototaro Sato and Shinji Hara

To throw light on deformation mechanisms for polycrystals a theoretical and
experimental investigation was made of the title deformation., The theoretical treat-
ment is based on the requirement that continuity of material should be maintained
at grain boundaries in course of bicrystal deformation; it follows that there should
be some additional slip systems in the vicinity of the boundary which operate to
satisfy the macroscopic continuity of material, The theoretical treatment leads to
the formulations: &/xx® = &'x4B, €224 = 2,8, and y'xz4 =¢'4,P for the continuity of
strain across the X'Z' grain boundary; c;=rt;M;j=r1; [(ei-e;)(gi°gj)+ (e;-gj)ej-gi)]
where ¢; is the shear stress on slip system ¢ in component crystal A which has e;
and g; as its slip plane normal and slip direction, respectively, and M;; is the
orientation factor resolving r; onto system ¢, The experiment employed a non-
isoaxial Al bicrystal with compression-axis directions [3517 and [877] for the compo-
nent crystals, which were subjected to compressions up to 0.43% of compression
ratio, An analysis of data based on the theory has led to a conclusion that even
those slip systems may be capable of getting active which we cannot expect to be

so from their properties as isolated single crystals, or vice versa,
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Fig. 3, Orientation of specimen.
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Fig. 4, Stereographic projection for the
[3517, [877] bicrystal., P: primary
slip plane; S: secondary slip plane;
SA: slip planes activiated by the
(117) primary slip in [351].
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Table 1. Slip systems and Schmid factors for component crystal.
Component A

Slip System | A2 A3 A6 Bi Bl B5 cz Ci1 Cs | Dz D3 D5

Schmid factor] 0,140 0,140 0.2800,420 0.210 0,2100,070 0,023 0,093|0.490 0,327 0,163

Component B

Slip System | A4 A3 A6 Bf Bl B5 c2 Ci Cs D2 D3 D5

Schmid factor] 0 0.227 0.227| 0 0.055 0.055|0.282 0,020 0.3020.282 0.302 0,020

Table 2, Applied resolved shear stresses on various operative slip

systems of the [3517, [877] bicrystal. (kg/mm?)
Component A Component B
D3 Bi A6 D3 Ab BT

1st loading or =0, 408 0.193 0,166 0.110 0.128 0,096 0.023
2nd loading op =0.591 0,280 0.240 0. 160 0,185 0.139 0.034
3rd loading op =0.944 0. 447 0.383 0. 255 0.296 0.222 0.054
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Table 3. Orientation factors, M;;, for the [3517, [877] bicrystal resolving
shear stress induced by the D2 or B4 slip system in the [3517] component
onto various possible slip systems of the [877] component.

Slip System M;; M;;
[8777] component D2 slip system Bi slip system
Al 0.3412 0, 4258
A3 0.2537 0, 1495
A6 0, 5949 0.2764
Bi 0.1646 0.5183
B1 0. 1860 0. 4942
B5 0.0214 0.0240
c2 0, 2750 0,1735
Ci 0.1176 0. 5428
o 0. 1561 0.3694
D3 0, 7808 0.7705
D3 0. 3207 0, 8877
D5 0. 4602 0.1172

Table 4, Compatibility of slip in [3517, [877] bicrystal. (s is shear on the
slip system.)

Plastic strain Component A Component B Component B
components Primary  Secondary | Observed Observed | Not obse-  Not obse-
D3 B4 D3 A6 rved C6 rved D2
&y 0.045s 0. 356s 0.408s 0 0.408s 0
&y -0, 490s —0.420s | —0,302s —0.227s | —0.302s —0.282s
7 22 0.072s 0. 250s 0.250s 0.068s | —0.250s 0.318s
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