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1Zn-0.4Zr BEG & (R TEAT by S AN THERE I 52
FemAEM T T, X+ Mg-Gd-Y-Zn-Zr A& LA &
TR & .
1 % I

S HBA S R 1 PR, Mg-7Gd-
2Y-Zn-0.4Zr 5N VWZK, Mg-7Gd-2Y-Zn-0.4Zr-
0.5Ca 54 VWZKG. & &BEEH K 130 mmx
200 mm (P54, 76 510 'C FHE4T 16 h B2 4k $uab B,
B2V . B E MBS SENLIN LA #8 mmx12 mm
(A IREE, 10 20 W25 8004~2000#0 4R FT % . 53
PR GERI E Gleeble-3500B #U Hy/ 7 24K i 46 ML B
AT, WEERIRILE N 573, 623, 673, 723K, NAR
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Jr 5 LA R 55 s Sk 22 1] BE 152 0 6 Ak 56 32 13 1Y) 56 1 o
FHEIHER Ny 5 °Cls, KB e E 5 R 3 min, iR
PRI B3 5] o A8 5 UG SV LER B FAVE B TOM 41
2o B RS JSIRFEE I DT, S dT B S, it
20k, 18 F OLYMPUS OLS4100 30t 58 45 i fdss
R JG AL 1 PRk 2 FiG 3505 4
2L, JRAR ALY AR S R 4L Rk, BN Ca J5 @b f3
FIH B4, PSR ST 70 pm BE AR 57 pm.
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A BTN TR AL S BUG A A s i, BPRAET

x1 XBRAKESEUENS

Table 1 Chemical composition of lab magnesium alloy (/%)

Alloy Gd Y Zn Zr Ca Mg

VWZK 6.44 1.64 1.05 0.28 / Bal.
VWZKG 8.33 1.69 0.99 0.40 0.47 Bal.

K1 e
Fig.1 Homogenized microstructures of VWZK (a) and
VWZKG (b)
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AN TRECCAR P, B ) W A% i 2k B AR e R AT
573 K I, i 2 BAASEE R, AR ) N AR 2
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KAUE, RN AR 2 TR E, T S BRARL S %
L NAR 2 T KR 454 WU IE 5% e 5, VWZK il
VWZKG & 4211 Arrhenius A 75 R 23 591 638 4«

L R "
O = ;ln {a ZA™ + (74" + 1]‘”}

Z = gexp(%)

a = 0.01789 - 0.08016¢ + 0.30017¢* - 0.53345¢*+
0.45894¢"* - 0.15326¢°

O = 389.56579 - 660.29162¢ + 671.44667¢> + 1585.64434¢° -
3424.41639¢* + 1707.39122¢°

N = 13.75017 - 58.18786¢ + 176.96719¢" - 279.1228¢" +
219.11834¢* - 67.84904¢’

In4 = 52.28583 - 15.63265¢ - 247.10518¢> + 935.00118¢° -

1175.70795¢* + 494.4859¢°

O-VWZKG

=Hﬂjmw+wﬂ+w%
[

o

Z= eexp(%)

a = 0.02602 - 0.18032¢ + 0.73871¢” - 1.4018> +
1.25805¢" - 0.43177¢°

O = 58835744 - 2941.7531e + 10321.73438¢” - 16487.30821¢* +
12063.9678¢" - 3264.89025¢°

N =10.73519 - 35.76598¢ + 88.41434¢” - 100.49723¢* +
44.79669* - 2.45417¢°

Ind = 82.59232 - 340.38361¢ + 1092.52323¢” - 1496.52132¢° +

831.63319¢" - 121.66538°
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Monikal" 45 I\ g 3 Bl 25 S5 5 N () B 4 R AR THOW 41 41
5 S 4 ok Bt b R AR O 25 4 AR A AT O, HX SE AR 4,
KA EGERET AL M. 5 VWZK H
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HF B R R AT TR R R 2, DL,
MRS R, VWZKG B4 K A= 145 0 10 HE B 38K,
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2.3 MINTEEERAR

BT EAFRER (DMM), &0 Sh % FE K
IR AR A RSO T . B 3 08 VWZK Al VWZKG
BEEART RN 20%. 40% 5 60%HNn T1& . B
DXl R (L X IR TR U AR R AKX, HAt X3 #ohn T
AKX, HEOXEBORENTX . e LrEERoR
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PERURRGS, R AL DR AN KT 0.3 HAG THER
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Table 2 Magnesium alloy constants under different strains

VWZK VWZKG
¢ a 0 n In4 a 0 n Ind
0.1 0.012393 331.1896 9.44189 49.01338 0.014123 382.2776499 7.94269 58.06821
0.2 0.010280 293.6172 7.29302 45.31001 0.010034 298.4586447 6.40462 47.53214
0.3 0.009799 268.7046 6.28567 41.84485 0.009874 280.2510517 5.57331 44.79757
0.4 0.009933 265.2770 5.84267 41.46694 0.010141 283.9054734 5.28390 45.63773
0.5 0.010033 265.7915 5.58981 41.75126 0.010293 287.4153979 5.12437 46.50279
0.6 0.010194 265.8003 5.37033 41.85310 0.010484 287.8815354 5.00261 46.76994
0.7 0.010363 264.4473 5.20022 41.65300 0.010554 280.4548650 4.89039 45.63840
0.8 0.010491 260.4435 5.06823 40.96517 0.010521 270.0813301 4.80446 44.00449
0.9 0.010625 256.3595 4.94271 40.24505 0.010646 269.6239377 4.83893 44.02988
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Fig.2 Comparison between theoretical and experimental flow stress-strain curves of VWZK and VWZKG under different deformation
conditions: (a) VWZK &=0.001s", (b) VWZK &=0.01s", (c) VWZK &=0.1s",(d) VWZK &=1s", (¢) VWZKG ¢=0.001s",
(f) VWZKG £=0.01s", (g) VWZKG £=0.15", (h) VWZKG &=1s"
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DX 70 AN TA], e AR T R ) #hohn 1 ] ) R T, e X BLAE =723 K, £ =0.001~0.01 5™
W, AFARTE RN, BG4 TR & YA JOH, X S KFERR T 0.39; 1T £ =0.01~1 s
HORX, p Bm (>0.3) B DX T i A% 0 A8 TR B T=573~623 K W& Pk X, HIEHRKT

-
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Fig.3 Processing maps of different deformations of VWZK (a~c) and VWZKG (d~f): (a, d) e=0.2, (b, ) e=0.4, and (c, f) e=0.6



- 1654

Wity GJd MRS TR

849 3

IRAK . AZTE 40% I (K 3b), BefEin TRk 20%4 %
T, AT T=623~723 K, £=0.001~0.01 s [X[A], %
KFEB 74 046, BRALTE 20%0 35 KT 18%:;:
£=0.01~1s" PR IIEA N RELX , B AETE 20%I5 % o
AR B KB 60%(K 3¢), KRR EE— 40N, A
T T=573~673 K, £=0.01~1 s [X4; FEEH T K
ik F 047, HifgfE TXE A T=623~723 K,
£=0.001~0.01s" [X .

Kl 3d~3f 5 VWZKG By#m T, ] IR BT
B, BN Cala, NI EFMIEEREX (6
XI)AERET . B 20%I0, KREXNAT £=0.01~1 s
X3, AR TXA T T=673~723 K, £=0.001~0.01 s’
Xk, FAFEHIATH 0.33, BAM Ca KT 15%.
AT 40%I, RARIX AL T T=573~623 K, £ =0.001~1 s
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T=623~723 K, £=0.001~0.01 s LI} T=673~723 K,
£=0.001~0.1 s X3, FHAFEHIH TN 04, B VWZK
BEAG T 13%. A2JE 60%IN, RASIXAL T T=573~673 K,
£=0.01~1s" Z[); fefEn T VWZK 2 H—A4M X
B, 94T T=623~723 K, &=0.001~0.01 s' LI K
T=673~723 K, &=0.1~1 s X3, I RAERLA T4 0.4,
W& ALK, 2 Pl a3 L A TR AR X sk N 1)
e W 0.5%Ca &, MFAERE N 3a 5 3d, 3b
5 3e, 3¢ 5 3), SR LRRREN, 24Xk,
(R KR FERLA 1A BTG AR 7 e T B &k
BN TR IR L, A7 TN 2 A X R RE A (B
K, BEREBNBHE BRI, T30k 4 &R
48 JG LV M N L2505 S A 45 I K & .

2.4 IEFRBRNT

K 3 AR B4 T B R4 G 28T 30
LR W U, el EEAtRTE 3,
ML RTE 4. K5, B 48 VVZK & 84148,
SR, T=623 K, £=0.1 s BBEM4TA
[Fil A8 T ki o LY U I B 4 7 A, JE R R
SR, IX T R RO IR N, SR B S,
DRX JEM N T=723 K, £=0.001s" I, ¥5sh A
ILT W Sk P A IS S T T A R, P38 R RS
5um, HBEEAEEH 20%8 K3 60%, 145 5 bk
AW OC, X2 T RIZVE IR, AR JEIX fif e
NIV 3

Kl 5 4 VWZKG &&#M k%5428, AR Ca
5 4LVl T=623 K, &=0.1 s I T F45 5 i
PRI, HARE BN, A2Uh It Bg, #
GU5 A6 7 T 45041, 1K 02 T O R TR R EAIL,
I R A AW ZE R, NS HAT A 70y,

JIEMEE, SECRIRAYNA, R AR R 2,
M7= A A BT 1A, A BT DAy A T AR B2
FEAR G IR AR L, ML 1 R AR,

7=723 K, £=0.001 s T4 F, WIs Uk ok
R AR R AT W BT, RS R TR
BIRSE S um 40N, EUT 45 R S B Y AR 1K
MK WK 5¢ 5 56 KL, KEEET, VWZKG 1]
PEE RS VWZK MG, X5 A 7 b AR T
WO e AN L b D AR BRI B A
Ca LR HEZLBIGAEI A, B RIRFEH A T
I, RAEZEMFL MR REER R, DR LR
BEELIT N LBl VWZK RO, S 4 5 Bk
2.5 HIMITIZSHEIE

AR N TSR A n T T2, 456 5L brth
b, AR 723K, WARTEA 0.01 57 R 2 Al AT
SRR, B @120 mmx90 mm [ R BE — VBGE K 0290
mmx15 mm ] “BEGE7, Wik 6 P, B G &40
AR TORE F S, mTE 7. BEE AR
[ e R A, MR RE A IEERE, HA KRN
IFR&S Al AR, R BH AT RS i T AR 2402
B

R3 BEETRALHREYS

Table3 Hot deformation conditions for magnesium alloy

Deformation Temperature/ Strain  Processing
No.  Alloy 1% K rate/s” area

14 VWZK 20 623 0.  [Instability
areca

2#  VWZK 20 723 0.001  Safety area

3 VWZK 40 623 0.  [Instability
areca

4# VWZK 40 723 0.001  Safety area

S# VWZK 60 623 0.  [mstability
arca

6# VWZK 60 723 0.001  Safety area

74 VWZKG 20 623 01  [Instability
area

8# VWZKG 20 723 0.001  Safety area

9% VWZKG 40 623 0.  [Instability
arca

104 VWZKG 40 723 0.001  Safety area

114 VWZKG 60 623 0.  mstability
area

124 VWZKG 60 723 0.001  Safety raca
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4 VWZK & & HE46 5 A9
Fig.4 Microstructures of VWZK alloys after hot compressions in Table 3: (a) 1#, e=0.2, =623 K, ¢=0.1 st (b) 2#, e=0.4, T=623 K,
£=0.15"; (c) 3#, e=0.6, T=623 K, &=0.15"; (d) 4#, e=0.2, T=723 K, £=0.001s"; () 5#, e=0.4, T=723 K, &=0.001s"; () 6#,

e=0.6, T=723 K, ¢=0.001s"

5 VWZKG & 4R 465 8

Fig.5 Microstructure of VWZKG alloys after hot compression in Table 3: (a) 7#, e=0.2, 7=623 K, £=0.1 st (b) 8#, e=0.4, T=623 K,
£=0.1 s (c) 9#, e=0.6, T=623 K, £=0.1s"; (d) 10#, e=0.2, T=723 K, £=0.001 s'; () 11#, e=0.4, T=723 K, £=0.001 s';
(f) 12#, e=0.6, T=723 K, £=0.001s"'

7 AFERBIERaaAR

6 ERBERES Fig.7 Microstructures of alloys after isothermal forging:

Fig.6 Alloys after isothermal forging (a) VWZK and (b) VWZKG
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Effect of Ca-addition on Hot Deformation Behavior and Workability of
Mg-Gd-Y-Zn-Zr Alloy

Wang Yujiao', Jiang Haitao', Liu Chaomin', Zhang Yun', Guo Wenqi', Kang Qiang', Xu Zhe?, Wang Panpan'
(1. University of Science and Technology Beijing, Beijing 100083, China)
(2. China Institute of Marine Technology & Economy, Beijing 100081, China)

Abstract: Effect of Ca on hot deformation behavior and workability of Mg-Gd-Y-Zn-Zr alloy were investigated by Gleeble 3500 thermal
simulation tester conducted at a temperature ranging from 573 K to 723 K and strain rate varying from 0.001 s™ to 1 s™'. It is indicated that
the addition of Ca increased the flow stress and hot deformation active energy, widened the range of processing stable zone and the optimal
processing zone, but decreased the maximum power dissipation efficiency, and inhibited the dynamic recrystallization. Combined with the
microstructure after thermal compression which was analyzed by laser confocal microscopy, the accuracy of the processing map was
verified. The optimized hot processing parameters of Mg-Gd-Y-Zn-Zr were formulated, namely strain rate ranging from 0.001 s™ to 0.01 s™',
temperature ranging from 623 K to 723 K. Depending on the optimum processing parameters, an isothermal forged magnesium alloy with
good quality and no deformation defects was fabricated.
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