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‘Effect of Grain Boundary on Deformation
Behavior of Aluminum Bicrystal

by

Kazuo Kitacawa, Jahachi Opa, Fumio Sexi and Suguru Sucimozrr:

Abstract

It is very important to estimate the deformation of polycrystalline materials from the
elasto-plastic behavior of a single crystal. But this estimation is the difficult problem because
the grain boundaries restrict the deformation in polycrystalline metals. In the recent
investigations on this ploblem, the coarse-grained specimens of aluminum are used and
many results are published, but up to now, the effect of grain boundary is not obvious.

Then, in this paper, the bicrystal specimens of highly pure aluminum are adopted to
analyse the effect of grain boundary on deformation behavior. The specimens have the
grain boundaries perpendicular to the tensile axis and consist of two isoaxial crystals. On
these specimens the stress-strain curves and the paterns of slip lines are obtained, and more,
the moiré technique is applied to analyse the strain distribution. The results obtained are
as follows.

1) The strain becomes more tightly restricted by the grain boundary with the increase
of misorientation between primary slip systems.

2) The minimum value of strain near grain boundary becomes smaller as the misorient-
ation between primary slip systems increases.

8) When the misorientation between primary slip systems is small, primary slip occurs
across the grain boundary, but when the misorientation is big enough, it is hardly possible

that each primary slip simultaneously occurs near grain boundary.
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Fig. 1 Shape and dimension of test piece(mm)
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Fig. 2 Schematic view of bicrystal
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Table 1 Slip system and direction of slip line

a=0(deg) a = 30 a = 60 a = 90
No. | Slip system

S.F. | 6(deg) | S.F. 0 S.F. ] S.F. 0
1 | A-ACCI10) 0.489 141 | 0.484 139 | 0.490 127 | 0.496 100
2 | «-DB(110) 0.452 77 { 0.455 62| 0.458 56 | 0.422 60
3 7-AB(101) 0.391 27| 0.411 391 0.3%4 69 | 0.383 132
4 | a~DC(101) 0.337 77 | 0.372 62 0.333 56 | 0.335 60
5 | A-DC(101) 0.256 141 | 0.292 139 | 0.264 127 | 0.246 100
6 7-DB(110) 0.239 271 0.269 391 0.245 69 | 0.246 100
7 | 8-AD(011) 0.226 141 | 0.198 139 | 0.233 127 | 0.208 132
8 8-AB(101) 0.216 114 | 0.270 151 | 0.233 164 | 0.188 168
9 8-AC(110) 0.188 114 | 0.240 151 | 0.195 164 | 0.165 132
10 | m-AD{011) 0.157 271 0.149 33} 0.157 69 | 0.164 168
11 | «-BC(011) 0.101 77 | 0.083 62| 0.114 56 | 0.119 60
12 8-BCL011) 0.029 114 | 0.032 151 | 0.036 164 | 0.029 168

a : Rotation angle
S.F. : Schmid factor
6 : Angle between slip line and tensile axis
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Fig. 4 Relation between flow stress and strain of single crystal
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length of primary slip system of edge
dislocation for single crystal
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Fig. 7 Relation between flow stress and strain of bicrystal

*EDALT SRBBRE R OMTE(LBRICBNT, AT 28T <D ERAS | B L D, ZORICEEE
EROBNHIEES 2RE LV S,

—129—



130

#T s eicl, Fig.4d LFig. TH bl & il
VFRB de &, ThbbHARILKD, O
B % Fig. 10 K Rk¥+, chk v 5RmE Y O
IEANRKEF S ABK2O2RT, ETNODROHE
BREL BB OHRAOKESEEC > T3
Db b, Lrd tOBEHARGS LZITREO
Ricd B B3 THENRS, chbDZ &K
ODE>3HEMLLEBTEITELD, Tihbb
Fig. 2 oR oMM WT, HERERA T
OIS RO O H DA B I AR L
i hidabinv,

Single crystal Ain Fig. 8

P bicrystal
Series model

Flow stress

Single crystal B in Fig. 8

Strain

Fig. 9 Relation between flow stress
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Fig. 14 Strain distribution along tensile axis of bicrystal (d=90°)
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