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Abstract

By means of numerical simulation and experiment, the back extrusion forming of ZK60 magne-
sium alloy cylinder was studied and the process parameters were optimized. The results show
that with the increase of extrusion temperature, the internal grain refinement degree of magne-
sium alloy increases, but the dynamic recrystallization degree is less obvious with the increase of
extrusion temperature. When the billet temperature is 290°C, the maximum stress can reach 400
MPa, and the overall stress of the parts is about 180 Mpa. When the billet temperature is 380°C,
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the maximum stress is 130 MPa, and the overall stress of the parts is about 80 MPa. Secondly, with
the height and diameter of the billet decreasing, the equivalent stress of the billet in forming also
increases, but too large or too small size will produce stress concentration phenomenon, easy to
produce defects. Through simulation analysis and experimental verification, the forming quality
of cylindrical parts is better when the billet diameter is ¢70 and the billet temperature is 350°C.
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1. 3l

BaSREMMEITRENSE, BABEN. WIRE SRR S AL L RGE SR 57
PERE, AR R ABRTE, SRR R RS R ERGR R ER RL B e RE, I 5 T
IR R 5 MR AR, Tz B T2l T E . BisfioR. By Dl @SSk 1] [2] [3] [4].
P YN P Ad IES SaR A R R N

SRR T AT G50, AT O ST A DAL TT G5, R R, IR, B
PEAN T SE AN PRAE, K2 Kbk KBk & PR B I e A5 S Y L 2T INL[5] [6]. LA ERE
WINBR 5, 8 — g R R, R R e, BRI R RS R 7] SRBFIERT,
H1 T R RRH S 5 15 (8 A BE (B TC AR B, BRI Fr R I R SRR sl T 51, A P IESE R4t th AA RS
WS o RISIEEAR, $HE T Zm LI AR HE . IR EAMIAETR8] [9]. Bea e BSTEL et A
AR ZL S, (A R BRGSO IS AR RN, i B ORRF I i AR BE R — 2 M s s 114
WBIPE[10] [11]. DABE, XFEeE @R R, AS IR BN IR 1 o )5 [12].

A HARTTHAE, X ZK60 B & bt R R AT L2 AT T, Ut L2234,
NEFAFLEERAE R T ZS UK, CUREREE RIS E L RE R IFIIE 1T

2. ARTEMR T ZSHHK

AREAE RSN E @) Fin, mAIMERS 088 mm, W EEHAME 048 mm, BEJE4354 6 mm 15
mm, AMIUEE S A 43 mm. F AR AR UL E 1(b)fiR. BE T ZESHEEWNE 1 FiR.

EFE R, REUIRELR S35 965 x 40 mm. 970 x 35 mm. ¢85 x 25 mm, #EMRHEE N
290°C. 320°C. 350°C. 380°C, JHIRFFHARLZSE . HHEMHEE LIARHEREEAC 30°C, B R
0.3, BREIREE N 2 mmis, X EAEBTE L S UG B LT 434 .

Tk

op

Table 1. Simulated process parameters
F 1 RIUNIZsH

T25% v
HRHEFE(C) 290 320 350 380
PRI EE(C) 260 290 320 350
R E A% (mm) ©65 »70 »85

DOI: 10.12677/meng.2022.94033 258 Ve


https://doi.org/10.12677/meng.2022.94033
http://creativecommons.org/licenses/by/4.0/

288
676
$48
$38
) 3
b bl v/
7 7 /
@/ Vs | _ =
(@ FHRA (b) JLfTHERL

Figure 1. Part drawing and back extrusion geometry model
1. FHEFESFE/LMERE

2.1. AEREHMRTHERUE R RS

2 AARFIEER S R BN RE R 0 A, w] DU ERRE S ke AR BB 1a) @A B . /T4,
R R B i MO 5 D PR [5] f  To ot R T ABE 5] £ 1035 0, BRERREAR 5 P AR B b i) . P 2(a) B3R RE =
7£ 0.151~0.302; 4 2(b)BIABEEAE 0~0.207; & 2(c)BINBE B AE 0~0.138, =kl R~} RIBIRRE & 21
BN, R R SF SRR RE R 52 m e, H 070 RIMREHEOR e E /N B 5] .

Step 340 Damage

0.453 I
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Figure 2. Failure energy distribution of parts under different blank sizes
B 2. FEEMRST TEGHITEESH
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Kl 3 AR RS N BN A oL, AT RUE tH, TR, RN T EAL
IAE MR A IR E, A EARA 065 BT I KN /) 150 MPa fifi EATAN ¢70 R & KN )
200 MPa 245 ELAZ A ¢85 WL KR 7] 250 MPa 7247 . 7] LU H B2 HoRE RS 1) e 1 B AN B4R 4
K, WRMO SRS B 2 380, L 065 (YRR g8/ MR Bl B R B vl LU tHIRER ) 73 A
WIS FERE, B AER = A L PO 5 fRT Tl 34 BN B rh, B 3(b)rh, AR AR 1 AT
B15], @65 FIHBHE MR 36 5 B 1 E S AMBA Z AN ISP IR, R AR ¢70 Ik
B157, FTCARELE AR A 065 B I 1) 221 P 5B 4L 4 25 AN 2R T B B N A 70 x 35 mm MR GE

DA A g SRR B, BEAE HORRT ISR, H S JE RSB DL SN 6
REBE ST o3 A & A —F. IR EARIE K B B DIy, 8 AN AR # Bl 2 B/ G0, B i Rt 2 2
B0, FrLl 965 x 40 mm 1 970 x 35 mm ST HIMEL & S EAT A7 L. BT 65 x 40 mm ALK
L] RAR A AHEL 70 x 35 mm HkH 5 A 355, HE R RS Z 5N, #4965 x 40 mm
)5 i RN 5 P R AR P A R EE AR Sy BE . JF HL ¢85 x 25 mm R EARR, TR
JR I s AR BE R i 4 2 S BUBEBRIESOR, A RRIAR TR Bt 77 38 I 2 e A6 2L 75 i s st e 5 B0
PR T . AL BT, EEER SR 070 x 35 mm BYERRH T E BT AS B4R & Tk R i,
%4 970 x 35 mm R T A N T,

Step 340 Stress - Effective (MPa)
392

262
|
133
3.54 I
(a) 65 x 40 mm
Step 290 Stress - Effective (MPa) P 190 Stress - Effective (MPa)
367 535

246 358
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Figure 3. Equivalent stress distribution of parts under different blank sizes
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2.2. AEEHBRERNRUERE S
4 RoR TEARFRBENEE T, @70 x 35 mm R E B 5808 18 73 A T i

Step 291 Stress - Effective (MPa) Step 290 Stress - Effective (MPa)
635 523

425 350
| -
215 178
4.69 I 5.16 I
(@) 290°C (b) 320°C
Step 290 Stress - Effective (MPa) Step 291 Stress - Effective (MPa)
367 266
246 179
[l ||
125 914
3.33 I 4.30 I
(c)350C (d) 380°C

Figure 4. Equivalent stress distribution of parts with different billet temperature

4. FEEREEZHFYIN NS

PORHEEEFE 290°C i f% i N #7113k 400 MPa 7247, 448448 71 K ZI7E 180 MPa;  320°C i % =1 . 17
4 200 MPa LAy, EAFEEAKR J1%15 84.5 MPa; 350°C I #x /i /1Al ik 180 MPa /e 47, ZAFEEAARN f3K
217 150 MPa; 380°CHI & =i . /14 174 MPa, FAFEARN 714174 80 MPa. K] AA3 Y, Bl iR 5
o B SR RON ST R A, 1K R RO IR T i A B A e BBV AR TR R 3G s I FLRRAR T AR T (AR T
i, HBIR 380°CHF TR AR, (HARERMREN /10 m ARG, HILR 2 AR & 2 &
.

3. LARBRMESH It

JCHE E sh#L(cellular automata, CA) IR R LLAR BB, BIEFRE L, R H— RIEE Y B
MR R3], BN E. A5, SRR e as[14], FELE TR B H LA TR, IR
S 17 [15].
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3.1. BERITE
ZK60 BB S EHFEL R ILRES, WHHSARA TR E 5 Fixs.

(@) EmRYIIHES (b) B mRLAT
(c) B ERR R (d) B R 2R

Figure 5. Recrystallization process
5. BERAERIE

MBS R UG H, S8 SIEZ BI5 R aG R AR B IR TR, BRI 2Rt a6 R A A
K 5()ABEESVIEIERITER, A ABRIEAL, U E R A RIUR, 1E& ST iaa b Er
Hrem bR H, BEE AT SRR, RO Rk R 2, I HRT R RLE K OR,  nlE 5(c) B .
A LE TR SR KW BE 2 A5 18, B 5(d) R Sk A i 2R3 .

3.2. imEX BRI

JRSFA 970 x 35 mm FEA [FETEARIRE T kDR & 6 B, 18 7 9 B ) sk R

M 6 FAEE 7 AT RAE H, OB B SRR OCERIR AT 2%, I FLYE SRR & SN kL 9 #5487
R R R, X R AR BRI R TR R A T shaS A &, HAESNEE TSR KRS AR —,
A5 45 5 A 350°C Al 380°C It kit F 1341 ST e/ o
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(a) T =290°C (b) T = 320°C
(c) T=350C (d) T=380C

Figure 6. Microstructure of »70 x 35 mm billet at different temperatures
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Figure 7. Grain size of ¢70 x 35mm billet at different temperatures
7. 70 x 35 mm TR A EIRE SRR T

WRIELLE 7 phr e, SIBHEEE N 290°C . 320°CHY, &4 R IAH L T R SR e B E S 1E
NRAEBHWARTY, EANIER T R AN TG &, TR /NS SR, B A AR T i (0 1 T e
BIIFEE AR, e s EEmk, wE 7(c). B 7(d), MEIANFRShAS LM INE, 7SS
PR EAH/NIHT ARL,  JEAR SRR IR 8D, AORE BRI SP- 3 Sk RN . FRas & L2800 i,
H T8 & 4 7E 350°CF1 380°C I HIE Ja ML 4L P38 SRR SE KM ZEAS K, H 380°C B 22 JeK T . 7 40 Af
AR E) . FibL, 1E 350°C B4 e H I A SR G PERR iR, ORI+ 350°C .

4. B R BT E RS
41 KWMBREE

AR ZK60 B a &R NI FIXTFREDIR, R F AR TR, AR R TR AE B IR R
W2 TN E], BTN, FARR % 065 x 40 mm. 70 x 35 mm. ¢85 x 25 mm =fh. SLIKIA T
PR SRIX-8-13 i AR Y, WA IR AR . Y32-315 Y5 3150KN RN, TRAbEAYLE A
MURGIRAT]; PEIMAE, BT HEN IR, & 8 ARBFEHA.

Figure 8. Back extrusion die
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AR YRS R ) SRR IR RS R B LR RS 4342 965 x 40 mm. 70 x 35 mm,
985 x 25 mm, BE B N 290°C . 320°C. 350°C. 380°C . i ELiE ¥ A 260°C. 290°C. 320°C. 350°C.

4.2. EWERE ST

PSR RAF, KB B EE, ROPR R AEOR S A B R 2R . Bl
CAMRME—E T 234, 75 350 C RS A 970 x 35 mm (#5256 45 R an & 9(a) firs . I H A LA 3,
BTN BB, AR BIRABIURSE L, B A SR RS R, BOA G HEFAHR,
BT 30 25 TOURE L1 DR A TR R« IR RN TESE IS OT Ja 391, B DN BEFX) T vy, DB 5 M1 ) JE 45
TR, MEE BT B IERIN . TAE 350 CHRAEL RSN ¢85 x 25 mm [SEIs 45 R, OE HOR (1 %A
XIRK, HICREUEEGREE, Wlsl 9(b)Frm .

TAFAKI TR R UOAFE SR P A AE R E AL T, 25 SRR O AR R bl 2RI, BE
PEHMUBEZS 5y 3 5% R m FEA KRR R . BB, MR ELAR 5 M A AR AR ZE ORI, R @3 E
GG T R Lo 1] 9 (b) IR B RS SN AR BONEEE, ARG, AsiBUEfE 7 IO E,
ZOVEE], IR FRICERIE . 45 LR, 255 RUNEE RS REFIESK, £ 350°CF, il e hi ke B
PEFRT N 970 x 35 mm [ ERRLE CLAE MR oty OB RCR i

(@) 70 x 35 mm (b) ¢85 x 25 mm

Figure 9. Forming results of different billet sizes at 350°C
B 9. ISR 350 CRIRRIERIR T B R

L%t ZK60 B & A 44 I % R I FEHEAT B 0 A, HF 5 G SRIRaf T, e

1) B IR (T B I N J1B HT FAR, E 350 C I ZA4- P8 1H 5 380 CHIHZEA K, FF
FLFT32 N A5 N 345), AE 350°C B 5% 5 S HE B A B 45 48 5 /N5

2) IR RSF—Ent, BERIVIRERF &, S HE SRR WM mEl, SR e, {2 350°C
5 380°C I f1~F 3 do R RS A 2 AN K

3) TESKPRA S R IHIF E A e B, RS tH ILEE R O (IS L, BIiE+% 70 x 35 mm, 7E 350°CHY
PRS2 IS, ARG =R,

E&H
TR HE TR R4 3 0 H (LG202010).
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