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Numerical simulation and experiment of deformation behavior of
pure aluminum powder in tubes by
equal channel angular pressing and torsion
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Abstract: The deformation behavior of pure aluminum powder in tubes during ECAPT was obtained by the coupled
thermo-mechanical analysis based on the compressible rigid viscoplastic finite element method (FEM). Moreover, the
microstructure and mechanical properties evolutions were investigated through experimental analysis. The results show
that ECAPT process has a great efficiency on powder consolidation and grain refinement. The intense shear strains are
imposed on the billet when passed the intersection part and twist channel, which causes the sharp increase of extrusion
load. ECAPT process can lead to higher homogeneity of the effective strain distribution as well as higher values of the
imposed strain for each pass. The FEM results and experimental results agree well. After 1 pass of ECAPT, full dense
bulk aluminum achieves from powders with refined microstructures and improved mechanical properties.

Key words: pure aluminum powder; severe plastic deformation(SPD); equal channel angular pressing and torsion

(ECAPT); numerical simulation

E2WB: FEXARFFIEE RN (51401177); L4 R EARRFAIF I _FI0 H (13KID430005); 11 9544 A 8 T R% 20 4840 I 5 42 ) T s
FEIFBER B (JSKLEDC201309): VL7348 HTIE P =S ID6 A G191 75 4 10 H (BY2013022)

WimBHA: 2014-05-14; 1EITHHA: 2014-09-15

BIEEE: EBWR, Y, Mt il 0516-83105376; E-mail: wxx19851109@sina.com



H25 %2 M

EWGE, 55 ECAPT T & F Al R B AT N I B 5 e 385

H o, K H K%M AT £ KR (Severe plastic
deformation, SPD)X Ky ARiaePRMATZR I TREA T
ZIERNKF . SPD LB, y LIK AR R
JEOBE PR ] 45 ) w5 i BUR . LA A B
PEREAL R SN AT RHR T — R i rT AT Y
Brigde, HAT) RN AT R

12 fAFFH(Equal channel angular pressing and
torsion, ECAPT) e 114 A #i f 1) — Mop 2 5 5
SPD AP, BgEs T 454 M B I (Equal channel
angular pressing, ECAP)* " VHIF 4l (Twist extrusion,
TE)!" PRl 4s SPD HiARIIM A, @AM TE T
SR T TE SR AR E ECAP A2 Rk 2 h g K
JE T RIBEVEN AR &, AF AR AR TEAPRRA S« — kB %,
PRIXEIY)” EEATEH I, JEMSRAFE AR B
WORRAZIE R REE . SR, thT ECAPT L 25T
AR, BB AR IR H s, A7 R4k
B ARAE ECAPT AR JE R R (B AT W AR TEHLEE,
24 SR AT AR TE

M, ASCAEE LA B R AR A J5ok), SR H]
BAHBAUER, RGWIIT T ECAPT A B b 4lidn
FARMAR TEECHAT A, R T RN,
AR MUAH R 3 B 25 by i AR AR, IEo0) JLAE ZURI 1 g
BASRUR AT T L5 A XL FOR A TR T
AR K44 K ECAPT AL JEHLEE Ak ECAPT BLH 454,
BE T 2% v e A ER AR AT it B SR A1t 00 B PR 5

F¥o

1 BRT&E

1.1 BRTH RS

F A FRICAER DEFROMTM-3D, % AR A Ik
AEPENIREEEMEAT B OCIE, XM R~ 42 ECAPT 4%
TERLFEREAT RO RS AR . Ay 3 oM A S F X A
JERETT ARIER AR RAZ L3 514k S ik AR
FUB PR, KHIZHE ECAPT 12, BLRNIRRHEE
h 200 °C, FEIIEE A 20 °C o R AW I4EES (AL
1100)/E W B R, RMIAR A2 B2k 0.75, AME
RbA d 7 mmX50 mm; AEERE S 455 (Al
1100), #MERSFH 10 mm X 10 mm X 60 mm. ECAPT
FEELFI N ANA 5 900 37°, M hed f ok
90°, WEHEEEKE N 15 mm, HTIEH A 15 mm. K
FHPUS i DUTH A5 2 s oo AR TR ORI T B8, R
RV} [ ) PR 4 R FH 5 B DABE Y, AR DR B0k

0.05. 71- ECAPT A2 JE il R, AFH G ph S FUIEAR B,
B NI, BR A ABLRAN H13, BRI,
1 mm/se SRH PE F 3G REAR DAl ML R i T
ECAPT Jall Z4A% T 1 -3 2501 J 8 W g W A2 o e 24 4
(A7 BT/ B R ] 1 .

— Billet
Tube
Twist channel
\_ PN

ECAPT die

1 ECAPT A BRI/ HrA Y
Fig. 1 Finite element model of ECAPT process

1.2 ECAPT TR IEDH

P 2 Al 3 Fios N BRI IR ECAPT AR B ferf, 4k
B R~ AL TG D0 LA B 5% s 28 A — i 1] il 28

R 5 22 T4 ) 1) 308 20 R I RN 5 s 28 fir 1) A2 4K
#, WK ECAPT AL JERd B3 A ant 5 M.

[) IV B, HTH R SERE R
(AR NEIBR, AT E R S e R L s, &2k
UV AR, W i N B A S . BT
IR EALRRR 2, HAL TR R40IRAS, Bk, —JF
SRS TE AL TR AR S AR 55 R 2 A i i 44
Ko BJE, fEREMLIERT, AR 8 ik,
PO AIK IS, &E ECAP A&, Bl sy v)+s
BHAE 2, B 2 BTt

) 7eid P iE & Mg MR P S, RIRR
RELI A NS e M8 . T AR 20K DL
B I — R BYUME R, APRME AR P & A T IR
YBIEARTE, B W s K. Skl ki se 4k
NIBHEWRIE G, HrRBaris S| —AJmil s e, 40
11.7 kN,

M) KA TE AR Wl B N IS g, #4 kb
. e, PR R ARG SIUIARE, R AT RS
B, BUERMEREEE .

IV) AFJEIRRE L 52 i ECAPT 45, JE H 12 iE

&



386 A G A R

201542 H

8, HENRJGRITEARIEE . e, TR O
W oo s, AP, R iE i o
Wb, SJERBNRZE TR S . FE, Coea®iE
() A BEX 5 SR 5 A TR IR ) T — N8l
TR RAER, FEEm IR ERS, 1A
FIFRAE(13.7 kN).

V) SR, AR C 58 ATl B L f A
ZM B R TSR TE A . B R& Bk
(AN 22, IR eI P R A BT D) AR TE (A kR
b, BB SEIUE B T BE A

2 ECAPT &K
Fig. 2 Schematic diagram of ECAPT process
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Fig. 3 Load—time curves of billet during ECAPT process
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Fig. 4 Effective strain contours of central longitudinal plane of billet processed by ECAPT: (a) During ECAP process; (b) During

ECAPT process; (c) After ECAPT process
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plane (TP) of billet: (a) Selected tracking points; (b) Effective

strain distribution
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distribution at centra of TP
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Fig. 8 SEM image of pure aluminum powder particles

SEOHT, AT ECR AR R EARTERE Ty, R
A R R e N Al fn & s, JHMEIL R
— 58 IHIAE B S (L1 oh T5%). 76 BAT ¥ T ECAPT
BLE b, T4V R4 ECAPT AR TESEL,
AR R 200 °C, FERHEZh 1 mmys. SEEG IR
oy AN T R AR TERL 5 AR P B[] () JEE
B, K MoS, #EATEH «

LA R, VIR LM aE. FH
4XB-TV {5 E 6 A A E WA TR IRk F
(B Z, TN 3%HF(ARR 73 50 /K (3mL



H25 %2 M

EWGE, 55 ECAPT T & F Al R B AT N I B 5 e 389

HF+97 mL H,0): K] MH-3 7 5 1 4 [ A 85 130
AR T ORI ) AR, AT A 25 N,
BUNF A 10 s SR FHHEZKIE S AR TEIORL A T A 6T
WEMRR, AR AFIL A 2 em®s

2.2 EYLALIER

200 “C W Al B Ry K — (0 2 AR Hb 58 BT 538 X
ECAPT %, Kl 9 Jiiznh ECAPT AZJE T J5 i Af 72 Wi
SEWIEHL

B9 ECAPT ZZJE AT A 25
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