BE 1Y
2007421

N S

CHINESE JOURNAL OF MATERIALS RESEARCH

I

Vol.21 No.l
February 2007

g

BEHEBAHEE AR SRERNXR

LEFK HEHE ARE
(FEMEBALHIN EAAHLRRELERE L 100080)

W OE LT AR RN R R R R, AREREA T AR RO MR, s TR
MAHAME T LEE KRS RFRRRAGAE. MM T REACBEANERIYXR, #iE T MR RR AL R
WY, REY, RN LR R R RN ATTNR, FHERRTHRETHR T 1/50. YPRA/NT 10 &,
SRR B BT VIR A AR R AR/, M UIAERT 10 B, BRI ETRE, SEAKEES Stuwe FHNEZ
EAEMEEHRR. KIEREWVIRE BAHSE, B2 TR A CEERE YN ATR O NS, F5ERYEH TS —
.
XA MK, o, BES, BFERHNS, SRR, SRt

SH¥E TGi46 XEES  1005-3093(2007)01-0072-05

Grain refinement and its correlation with strain for pure
copper subjected to high pressure torsion

SHANGGUAN Fengshou XIE Jijia HONG Youshi**
(State Key Laboratory of Nonlinear Mechanics (LNM),
Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080)
* Supported by National Natural Science Foundation of China No.10472117.
Manuscript received February 27, 2006; in revised form October 17, 2006,
** To whom correspondence should be addressed, Fax: (010)62561284, E-mail:hongys@imech.ac.cn

ABSTRACT A holding apparatus for high pressure torsion (HPT) treatment equipped with materials
testing machine was designed and manufactured. Samples of pure copper were HPT treated by different
counts of revolution i.e. experienced different extent of strain. Electron back scattered diffraction (EBSD)
was used to measure the grain size of HPT treated samples. The relationship between grain refinement
and strain was analyzed and a model of simple shear sphere was proposed to account for grain refinement.
The results revealed that grain refinement dramatically develops with increasing strain, with the average
grain size down to one fiftieth of its original average size. The grain size decreases significantly when shear
strain is less than 10, whereas when shear strain is larger than 10, the reduction of grain size is greatly
decelerated. There is a power law relation between Stuwe equivalent strain and grain size variation. Based
on the proposed model, the tendency of grain refinement as a function of increasing shear strain was
obtained. The predicted grain size reduction with increasing strain from the model is in good agreement
with experimental results.
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Table 1 Grain size (um) distribution of pure copper
samples subjected to different HPT revolu-

tions

Distance from

n=0.25 n=0.5 n=8 n=10
center/mm

0.00 10.43 10.52 / 7.40
0.50 13.35 8.31 0.47 0.55
1.00 7.81 4.16 0.41 0.47
1.50 5.71 2.72 0.52 0.37
2.00 5.69 1.79 0.33 0.48
2.50 2.70 1.65 0.27 0.33
3.00 1.50 0.90 0.26 0.33
3.50 1.36 0.86 0.27 0.28
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Fig.4 Relatinship between grain size after HPT
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Fig.5 Relatinship between grain refinement after

HPT treatment and von Mises (a) and Stuwe
(b) equivalent strain
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Fig.6 Relatinship between grain boundary density
ratio and grain refinement data and shear

strain
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