16 1 Vol. 16 No. 1

2009 2 JOURNAL OF PLASTICITY ENGINEERING Feb 2009
( , 100080)
(HPT) ,
' : 8 HPT
? 5 , HPT
; 2, HPT
© TGl 7 DA © 1007-2012 (2009) 01-0134-04

Defor mation analysis of copper samples subjected
to destined high pressure tor sion
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Abgtract : Dimensona analysis was employed to analyze the factors related to the deformation characteristic due to destined high
pressure torson (HPT). And finite element method was applied to calculate angular displacementsof copper specimens with dif-
ferent states of sde surface friction and different values of diameter-thickness ratio. Then the validity range of the expresson for
ideal HPT was discussed. Dimensional analysis shows that the shear deformation is correlated with its position, diameter-thick-
ness ratio applied pressure, eastic modulus, Poison sratio, and sidefriction condition with apparatus. FEM results reveal that
angular displacement by power function can be used to describefriction constraint on sdefaces, and zone of no ideal HPT tend to
stable when exponent is not less than 8. When diameter-thickness ratio is not lessthan 5, anideal HPT region on center of cop-
per specimens exists, and no ideal HPT region sizeisless thanits thicknesson samples margin. While diameter-thickness ratio is
not greater than 2, no ideal HPT deformation region exists.

Key words: destined high pressure torson; copper; deformation analyss; finite element method

, HPT
Vorhauer '  HPT ,
(High Pressure Torson,HPT) HPT ,
(Severe Plastic Deformation, , (
SPD) M , HPT /20y ,

el HPT HPT Kim!"

HPT P10mm x 0. 7mm ,

43 %, HPT
* (10472117)
Email : sgfs@nm imech ac cn HPT
., 1975 , , , '

: 2008-02-29; : 2008-03-18 [6.8]



1 135
HPT \ P; n; (r,
HPT 2) , (r,2) y =fi(r,z,n,
Hafoka [ HPT h,dd ,EY Oo,m, P) ,
d8mm x 0. 8mm
Y/ (2tnr/ h) =Y /Y iga = f2 2'[,22,_]1,” ,O_-Q,V,m,j
' HPT d h'd E E
, Saika HPT ®10mm x f2 ,f2
8 6mm , f2
, HPT ,
HPT HPT : f2 IRE
, HPT 0o o, 2zh £
e m ,V/V.dem—fs[d,h,d}l,\/,EJ fa
HPT : 1 Y icea
, dh P E
HPT H v fa
HPT :
1
12
1a HPT (8] ABAQUS CGAX4R
' , (d/ h=4mm/2mm, 10mm/2mm
, 20mm/ 2mm) (t=2,4,8,
HPT 1b 16) HPT
' 30GPa, 0 34 0 0O1lmm X
1/ 4 0. 0O1lmm 1
£ , PPE M
{ . ) :
N FLUEZ
EEk— ; (22 h)' , t>1,
[~
S T e
Tk |
2
¢] Y ,O=yzr,
HPT HPT 0 r
, 227/ h ,0 =21tz h 2a ,
t=8,d h=5 , , r
_»
HPT ; ,
, HPT, ,
1 HPT a) b) , t=8, dh=2 (
Fig 1 Sketch of a destined HPT a) and 2a) :
model for strain anayss b) Saika O
11 (1 ( 10mm, 8 6mm)
M HPT HPT ,
h d; E
V 00 m, 1 3



136

,

, Oicea) /O idea | fa=1+4 © - 0Oita)/Oicea
, 0ideat) /0 icen
[8] 3 @ -eideal)/eideel
Bidea ) Bices <1 % HPT
( ) t=8,d h=5 ( 43) ,
) t=8,d h=2
’ 4b) , HPT
1.0
0.8F
g 0o mgKs |
E N (I-Zone) w——7-,
N 0.4+ 1
0.2f 1% w2 R H
PR AR X 3,
1 2 3 ) 5
r/;nm 5,
L9 \[Zon
F1
0.8,
06 >
£ i
E N L5
N 0.4
-6
0.2
L7 i .
05 1.0 1.5 2.0
. r/mm
0 1 2 b
r/mm
b
M2 i HL 4 @ -6ig) Digea x100
a) t=8, d/h=5; b) t=8, d/h=2 a) t=8, d h=5; b) t=8, d h=2
Fig.2 Angular displacement contour under Fig 4 Contour of © -0iga) /Biea x 100 under
( 4q) ,
10.8
- {0.6 01 Sa
B HPT @ h
0 HPT . dh>5
10.2 ’
. HPT , d h<?2
e 0 HPT Hafok ™
Bl 3 HPT &bBE AL BT 1/4 AB KA M dh=10 , /z=5
o i 1 122 BB 24 K HPT (o1
Fig. 3 Quarter of montage on the longitudinal plane 5
;1ftsr HPT n=0. 25turn®” and constraint H P.I: ,
condition of angular displacement on side face 5b
0 -Bidea) /Bicea 0 HPT ¢
HPT ;o -Yikea) /Y icen = 0 - ‘

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

http: //www.cnki.net



1 137
1 [ 3) dh=5 HPT
rof [/ HPT dh=2 HPT
S
“© o9}
0.8 3 ) .
i 10 [1] R Z Vaiev,R K Isamgaliev,| V Alexandrov. Bulk
0.90 a' nanostructured materials from severe plastic deformar
tion[J]. Progressin Materials,2000. 45(2) :103-189
P—-"_—-_—J.
0.85F / E [2] R ZzVdiev,A V Korznikov,R R Mulyukov. Structure
and properties of ultrafine-grained materias produced
S; 0.80¢ 1 by severe plastic deformation[J]. Materials Science En-
0751 ginnering A ,1993.168(2) :141-148
[3] R ZzVdiev,YuV lvanisenko,E F Rauch,B Baudelet.
0.70 % e = T Structure and deformaton behaviour of Armco iron
bt subjected to severe plastic deformation[J]. Acta Mate
rialia,1996. 44 (12) :4705-4712
5 HPT [4] Y T Zhu,H Jiang,J Huang,T CLowe. A new route to

Fig 5 Normalization factor of 1 % offset distanced,
fromidea HPT to samples height verse d/ h under
t=8 a) and verset under &/ h=10 b) .
Those indicate effect of geometry shape a)
and side face friction b) on HPT processing

t y t28 ’
HPT
3
HPT
1) HPT
Y idea ; : d h
2)
, t=8 , HPT

[5]

[6]

(7]

[8]

[9]

[10]

[11]

bulk nanostructured metals[J]. Metallurgical and Ma
terials Transactions,2001. 32A (6) :1559-1562

O Dimitrov. Nominal and equivalent strains in severe
plastic deformation process[J]. Annales de Chimie Sci-
ence des Matériaux ,2002. 27(3) :1524

A Vorhauer ,R Fippan. On the homogeneity of deform-
ation by high pressure torson[J]. Scripta Materidia,
2004.51(9) :921-925

H S Kim. Finite eement analysis of high pressure tor-
son processng [J]. Journa of Materials Processng
Technology ,2001. 113(1) :617-621

[J]. ,2007.21(1) :72-76
M Hafoka, R Pippan. Post-shear deformation of high
pressure torsondeformed nickel under hydrostatic
pressure[J]. Scripta Materialia ,2007. 56 (8) :757-760

G Sakai ,K Nakamuraa,Z Horita, T GLangdon. Devel-
oping high-pressure torson for use with bulk samples
[J]. Materials Science and Engineering A ,2005. 406:
268-273

. [M].

,2005



