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Coupled thermo mechanical finite element analysis of

metal with porosities during equal channel angular pressing process
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Abstract: The purpose of equal channel angular pressing (ECAP) is to obtain ultrafine grained (UFG) materials.
The densification and deformation behavior of porous materials during the ECAP process were investigated by
thermo-mechanical coupling finite element method. The distributions of temperature, strain, relative density and
stress of specimen were obtained. The results show that the ECAP process is a useful tool to eliminate the porosities
and more effective in high temperature and friction conditions. The finite element analysis shows that the hydrostatic
stress state has important effect on the result. It is beneficial to improve the ductility and density of material with
porosities in high hydrostatic stress state. And the back pressure applied to the ECAP can greatly increase the strain
level, while can not reduce the uniformity of the strain distribution.

Key words: porous materials; equal channel angular pressing; thermo-mechanical coupling; finite element analy-

sis; hydrostatic stress

E A2 B K L2 (Equal channel angular
pressing, ECAP) £ Jg—Ff Bl (1) 48 41 s ( 49K i
VA i) B4 BHG 2 T2, DI RHRE 2 U8 N BF
FEH ) ZHDGE . TR, X ECAP ik
T KERSLR MBI, JEIEE TS AEH 1
AR ARk, FIH ECAP VRIS PERE K

KBRS 3 . Chang 2519 ¥ 28 300 1l 1K A
A16061 B IRUATH e, RIS T 40 5 45 4 A kL
FEWF T T X B R R 5 . Xia 250 U
FERR TEAR N R K R 7, BRI e
F5E T R UK SEER R R A 56 4 B0 AR . A
H ECAP 41 4% iy ME B8 k0 KA RL G Bk B AT ) il (1)

O EEWMB: WS %R S LW &% B H (040310B2) ; 22804 075 7 45 B 4% B0 H (04044058)

Ig#5 HER: 200602~ 28; 1&iT HEA: 2006 -07 18

BIEE: FWE,; Wi 0551-2904758; E-mail: zhoumingzhi215@ etang. com



916 & 9

JAYIR, A AR Z A RAE R AR S H IROCEUE T . 1511 -

N FH A S, AHZ07 T EET A TR S B, X
BT RMRHB AR TE B ) A 1R 5Y, %4t
Bre R G R, A5 A KA TE . BRI,
WAL BT X LA R i R A BR R L2 S 8 MR
B85 K38 A5 B AR A0 A R SR Rk 7F AR e 1 G B )
.

T8 3L S 7 VA S P S BN AR TE R 1 5%
TAERR, A A BRITRA o] B R A HE T g+
BHEBUE SR B & MADCE B . bk, XA
ZAF T ECAP IR AT T — & s i,
{H XX BRI 57 30 A S o 220 i JEE 255 I, F B0 A A i 5
MAEATH . X THAREZAME, BHErxHAE
ECAP it R AR JE MIBUEAT AR ANG 2, 1€
b T AN PR SR BT AR R B AR T R R U
1T, AR | T T SRR A
AR FE Je H oA, 3E TR A T L SR I B0 B A i R
MR R EER . bk, ACEHR KA ®
FNIR BB R S IR T Tk, xTaisa K2 4L
PR A2 A B SRR AT BUE R, ATHRAE T
MR TG RE R IR B« AR o Y ) M A 35 FE )
1A, T RRRY R ZFLAKAE ECAP R FE AR T K B
AT A, HHH T RmE R B T ER R,
N Ay SE B = SR B 4 B FRIRS AR R4 T BB K
e =

1 AABESHEIL

1.1 R JE BRAE N & 7 £ 45 R 55 28 14 B PR

TeHIN A9 AL

X T AR PR R R BN R> 0.7), AT
YE# K Doraivelu 55" £ (B, L ARE )
KRR

F=AJ 2+ BJ}= %= &% (1)
XA T AT S N T oK N i
$— AR A= 2+ R’ B= 1- A/3; &=
2R*— 15 e FH Yo 43 ARy AR RIFEARKA L AR )

WG AR T, SR A PR IR A R R 2 R
Je, I HE Dl 28 g BE AT 37 AT s 4 1 IR SRR A
WICHIR

LBT 2DBydv + J:FNkadS - J:NquS (2)

C y ;

iﬁjadﬂa&ﬁ%%%ﬁ%D%%ﬁﬁﬂ%ﬁ
HE AR . LR T R R R AR &M Ty

P, KR OCH BE RS, TR Netown _
Raphson &AL KA

1.2 REFHERTIIR
Ty ARM B S bR B OB R T, B B
BTG, AR TEARANNT ) 2 SR i, VAR TE R
R BE B D 25 B AR AR, 3 — N N AR
FIATEE B i, HO7 R T
A 2r, ar, 21, 0o
@l ox® " Oy 0z’ Pe 0T
A NRIEM B POy ABE 2 HI i % R A

HAETA B SIERG 0= Bow e, HAETAKA B
PR T R P A2 0 S PR RR B FE e, B P B, B
TR BB

AR IR B Galerkin ¥, 5% H Fr0 24y
AL T B B, 45330 T LA ) S g 7 A5 4
DLl 5 1 0 B 0 Iy

0 (3

Ij;n-%1K+IU To s =
Ii?C—'%(KA-FUITR+ S (4

A PO RS R K OBk SRR T 4
AR R F O s SRR R C OV
y3E i

X455 ZAF OB AR A RE M OB LR, BROT
SRAF L3822 TE RSP A R U LR A A
AR R .

2 FESHRE

2.1 BIRTHER

FIHARICFEF DEFORM™ , X144 A1 %f 2%
FE0 0.8 HI4l AR ( ALL100) ¥y R A RHEA [ &4 F
1) ECAP b F2( K 1) AT R A A R IR . ik
PERSF R 9mm X 9 mm x 40 mm, K VYUY 2
Wi B 555 Honib AT B, L1530 1024 MRt . A
PAF IR AR T B S I FE AL R, B Y 4b
ZAAH N E= 90° I b= 0° . BRI 1 vk A,
5 BIWI AR TR AR R, 2 B 6 R FH 5 B D) B
BRI, IRNBEIREE A 20 C; A ThEE i 2% BEXO. 9;
MSLHE 1 mm/ s . AP EIAMCRFEE THRE .
REAE R AR, B %= Yo(& & T), #
B M RES BT RSP HIA R E 3RS . AR
AT 1 T



< 1512 - A R AR

2006 49 H

B1 AHIuo sy
Fig.1 FEM modeling

(1, 2 and 3 represent tracking point)
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Table 1 Simulation conditions

. . Initial L Back
Simulation Friction
condition temperafuse: of coefficient pressure
' work piece/ C R M Pa
A 100 0 0
B 200 0 0
C 100 0.1 0
D 100 0 50
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Fig. 2 Effective stress distribution of

work piece A
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Fig. 3 Effective strain distribution of

work piece A
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Fig. 4 Relative density distribution of

work piece A
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Fig. 5 Relationship between total relative

density of specimen and punch stroke
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Fig. 6 Distribution of temperature of

work piece A
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Fig. 7 Relationship between temperature and

time of tracking points of work piece A
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Fig. 11 ECAP process of back pressure
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Fig. 12 Distribution of damage after extrusion
(a) —Condition A; (b) —Condition D
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Fig. 13 Relationship between effective strain

and stroke of tracking points
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