#5029 B 6 M
Volume 29 Number 6

rERERERFR

The Chinese Journal of Nonferrous Metals

2019 4F 6 H
June 2019

DOI: 10.19476/).ysxb.1004.0609.2019.06.04

P-ECAP % ZK60 440 R

TZ28it

& £ RAF, EEZ &

R, % &2, K AR

(1. BT 2B pPERE S TR, 1&FH 471023;
2. TTRRHE R MEbE s TR, & 471023)

B E: N TSN LZSH0TTEL P RICIEEI T ZK60 B&r 5 O BER Y s O 2 M7 4 B4 A
FFIEN SR IR TAEIMAR . OHE 0 =P 0R, E il SRR AR AR SR RAT ZK60 BEE BN MR R, KT

SR BRI T T 20058 Rk, @V AR T2 2800A Roi A

Bn, MRS WEY . EE

Wi LESHATI. FRERY]: SRHEELEE 400~420 CI, SR RN AR AR Z 7 70 A A %] 480 CHY,
SRR A 5], AH PR, R 520 'Co EFTRHEEN 5~7.5 mm/s I, RTRN, RS SR Bk
HEZRT 10 mmys, TR, RIS SHREDN, FEMALIS . Fit, SRRy 440~460 C,

B EEE /N T 7.5 mm/s.
XA BEAE: LZSHG FE: AMRIoE
YEHS: 1004-0609(2019)-06-1161-09

hESES: TG376.2

XHEkFRERE: A

FERGEREET T, LRI — 4
s, JCHGEIE S AT F A AR A OB RE T 4
2N, FE MR BB T, TESHkE
T T2 R RN IR RE T, BEUERT L T 225
BAFIC B, AR R T R e I B O B PR
RN H AR EERE R, BT ZESH
N & S AR TR R TR T A s FE iR AR T I A
R AR TR RE AN B 8 B R A S AR P RE
HETRZ 0 & AL OB X ah 4 51 . AR X 1 ah
B SIPEREM SN & N N AT s AN 5] L
BRI DR R AN T 3 P BN A B
TEZHNER, WAL R LS4 5
g EEAE R, GUO P LI SR T TE
SR W AR B2 S5 2 MR IS O S AR, 3195 T L2
SR IIR TR AT 5% e 8 5 ) A 2 5 55 T AT

SR FH B LU SE B WF FUAH 45 5 BT VAT T &
ST e — R B R gt ph g gt
L3R T 2 AT R 75, Herh A IR TR RS 1 L8
o R U A R G A A I AL I B

FEX @& RINAT A BHRIRE SO R . B
[ B A S TR I AR AZ3T BEE e
TSR AR I AT, BRE T S RO AR ) A AN 2] 52 5
BRI A LR ) A REA I S R 3R k1)
IINT T AR TR UL RE RN A T 38 P ) < S5 AR AR S R
T Y AR AT A R A, € T T EZ
) m A X 18] o T ZEZH00k B BE AR ot i
FEA T W0, BTARHZIT B il 7@ iopt
IR SO 1) T ES T AT I AR, fEBRG &
S5 I A8 7 £ 73 I I (Prothole-equal channel angular
pressing, P-ECAP)H 1] T. 2 Z B0 5 IE BE 71 T 72
H AT AT 7E 1 R WARE, i A MER T T
7] o

AT, BRI T RS SR
IV 2 3 4 MG FEE IR (141187 ) — VAR 5% 2R I 2k AR e A A
WHHE, @ALET P-ECAP LR BT 25O BEAR A 2 W
JRIEABRITER . )i, FIFIA FROCH 25 & SR it
RLESHNERIREY) . BIEY. SR8 AR 5
MR, BETHE T2 SH AT R,

ELWH: WA SR EEE T2 BRI H (2015GGIS-109); A 1+ 5 T 564 ¥ B0 H (2016M602238); i B4 H SRRl 336 4 ¥ Bl
T H (182300410208); Vi B 44 roi 2 24% H i BHIF £ 42(17A430025)

Ui B EA: 2018-06-22; f&ITHHA: 2018-11-28

BEEE: KEF, ¥, L, #Bih: 18336789996; E-mail: 2418836435@qq.com



1162 hEA O RYR

201946 A

1.1 ER
SEIG F FEAM RN ZK60 8564, HED W#E 1.

|1 ZK60 BEH ALY
Table 1 Chemical composition of AZ31 magnesium alloy

(mass fraction, %)

Zn Zr Al Mn Fe Cu Ni Mg

556 063 003 011 0.03 0.03 0.004 Bal

1.2 MRF*

T TN IR R ZK 60 854 425 D BERR IR
MASTENE O, AT AR D B

1) #EgEsess. @ ZPIFmT d 10 mmX15
mm [JJFEIEERRHRFE, FIH Gleeble—1500 RIEHLIEA
[F AR R A i 2 AN AR e 1) T 2 2 A AT %
isent . Z T EAMER ZK60 B4 &2 DR T
PEREIX I TR, KT ESHT: MAERN
10. 1. 0.1 f10.01s™, #&EEA 250, 300 350, 400,
450 1 500 C, MASYEHEN 0.69~1.39(FH H N &N
50%~ 75%). TEFJESE R A CO, SAMERY AP 1k
Sk, TEURE 1 i R A 28 K ARl /N R

2) HEFELZESEHNE 2), FIHES L5
13BN g AR KR AR RS RY () AR Ky, i B T
DEFORM-3D i Frg S A BRTE Y, FFidid seie
ISR BRCEAL TR, BJEIE RIS &0
BENEST IR UGS AR P M B B . BT
AL BERR 5% Hs S 06 A B 1y, ARSI S K L AR 45
Fai¥ 10:1 [ E I EAT 46 /N 5 AT 5 FR S8 o KA 5
5 45 LSS BT AS 20 0B R 150 AR HEAT B

R2 ZK60 BEA & ORI E LZ2%
Table 2 Hot extrusion parameters of ZK60 magnesium alloy
hollow plate
Extrusion
Parameter FEM . experiment
in scale-down
of 1:10
Extrusion ratio 16.4 16.4
Die temperature/'C 400, 420, 440, 460, 480 460

Billet temperature/’C 380, 400, 420, 440, 460 440

5,7.5,10 and 12.5 7.5
Graphite
based

Pressing speed/(mm-s ')

Lubricant friction factor of 0.3

s T OB 2 /)N 5 PR 73 R R S AR T AN 4 e AR AR A
HAAATE.

2 ZK60 FAEETLEMBTERRT
RE

2.1 FERZILALER

5T Solidworks #f, Wit THIER . TAFIHT
ERER . BN RmE 1R BN
BN THEOR PR 2 —Fo AR, B TTEH &
73, SHI 25" HGE T — Ak P-ECAP HFEIHAR,
FEH T R NIRRT 88 4 SO BERR IR L AR 4544
FEAEGLS B HIEIE FP N T Sl iE 5 450, AN
BELNIL AR R B RSB FE R, 3B T LA i PR
B e btk i B 15 0

RS AW G52 AL, (HRTESEEES
OVBERR [ G5 M RFIE, 7R AR TR 3 T A . kT
P-ECAP Z5H N4 CAE SCRR[17- 191 1R, ACA
TRIR . AW FCHIN G EA 798.7 mm, JEEEN
15 mm, ¥JARHINGE 7 4k, Hnos i FlAE E 1508 4 mm,
AT R A B A

TRAE P-ECAP BB ARG MRS 2, 4 THIER
Gi TS5 . 5 RSB B M Ak i 3 B X LA
BT KB N &R, Bt T ERRRARDY, i 2
Fians ForpBs e L N R R R R T AR 55 T
W2, LA R B R E R 2 R,

Extruded Welding Horizontal Slanting  Subsize
hollow plate chamber channel channel billet

Strengthening rib

Extrusion direction
E1 A& EE

Fig.1 Basic design of metal flow

B2 SRR R4
Fig. 2  Structure and size of flat billet (Unit: mm)
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I AE LSRG AT T ZK60 BE A A RERT, W
FEN79.9 mm, JEFEN 1.5 mm, SAGINGRA 7 4, i
S JEFIEE R 359 0.4 mm, W1 4 FioR. BT 4t

Mesh refinement area 2\

Bill i
et (Containge Mesh refinement area 1—.

Aﬂ‘ Die
i bearing
|
i
|
]
Channel h—
Diversion trench of | Welding
chamber

strengthening rib
B3 HHERGUA RO A S5 5
Fig. 3 Geometric and FE models P-ECAP extrusion (1/4

model)

B4 SEIHHI ZK60 845 47 D EEMR
Fig. 4 Hollow sheet-metal of ZK60 magnesium alloy plate in
P-ECAP extrusion
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Fig. 5 Comparison of extrusion load during P-ECAP extrusion

from FE simulation and experiment
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Fig. 6 Contours of effective strain of workpieces at different initial temperatures: (a) 400 C; (b) 420 °C; (c) 440 C; (d) 460 C;
() 480 °C
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Fig. 7 Contours of effective strain on cross section of workpiece at 480 C
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Fig. 8 Distribution of strain on cross section of workpieces with different initial temperatures: (a) Strain average value and peak

value; (b) Strain distribution uniformity (SD value)
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Fig. 9 Temperature contours of workpieces at different initial temperatures: (a) 400 “C; (b) 420 C; (c) 440 C; (d) 460 C; (e) 480 C
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N
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420 — : : : :
400 420 440 460 480
Billet temperature/C
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(b)
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W
S

6.25+

6.00

460 42I0 44110 460 42;0
Billet temperature/C

B 10 ASFEHIARHRI G L R AR DX A T A (1 i B 175 50

Fig. 10 Distribution of extruded hollow sheet-metal at die

bearing with different initial temperatures: (a) Average

temperature and peak temperature; (b) Temperature distribution

uniformity (SD value)

EIRAE, WTRES LR R BRI R,
JRR o DRI DA 45 B4 o0 A, B 3 IR B LA
440~460 °C.

B 11 s NRRHREE 460 C RIS [F] 55 I 18 2 I
AR XA AR IR AR O . BRI 5~7.5
mny/s I, REFHIRAK, HAAmASERELr. HR2
FEF R TH 2 10 mm/s J2 LB, 35 B T Ak,
HAOATH SR N, SD MG . M5 125 Fu s
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Temperature of workpiece/C
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4 6 8 10 12
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(b)
11}

10+

SD value
e}

4 6 8 IIO 1I2
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B 11 AS[EI o I A i XA T A P 75 0

Fig. 11 Distribution of extruded hollow sheet-metal at die

bearing with different extrusion speeds: (a) Average

temperature and peak temperature; (b) Temperature distribution

uniformity (SD value)
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Fig. 12 Contours of velocity at temperature of 460 ‘C and
ram velocity of 7.5 mm/s
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Fig. 13 Distribution of extruded sheet-metal at die bearing with temperature: (a) Average velocity and peak velocity; (b) SD value
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Optimization of process parameters for
ZK60 magnesium alloy hollow plate in P-ECAP extrusion

SHI Lei'*2, MIN Zhi-yu', HE Jun-guang®, YAO Huai’, LIU Ya®, ZHANG Wei'

(1. School of Material Science and Engineering, Luoyang Institute of Science and Technology, Luoyang 471023, China;
2. School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471023, China)

Abstract: Finite element modeling (FEM) was applied for predicting the processing window in extruded ZK60
magnesium alloy and simulated results were experimentally validated. First, stress-strain relationship of ZK60
magnesium alloy during deformation was studied by means of isothermal compression test, where the processing
parameters were chosen to reproduce the typical industrial conditions. Second, FEM of deformation of ZK60 magnesium
alloy were established. Finally, the processing window was confirmed by temperature field, velocity filed and
strain-effective analysis. The finite element analysis results show that distribution of strain-effective and temperature are
nonuniform in die bearing at 400—420 °C. The distribution of strain-effective is uniform but the temperature of workpiece
in die bearing is too higher than 520 °C at billet temperature of 480 ‘C. The temperature rise is insignificantly at ram
speed of 5—7.5 mm/s and obviously at ram speed over 10 mm/s. The processing window of temperature is between
440 °C and 460 C and the ram speed is less than 7.5 mm/s.

Key words: magnesium alloy; processing parameters; extrusion; finite element modelling
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