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Abstract: Aiming at the issue of springback in the forming of SUS409 stainless steel for muffler shell of gasoline engine, for the free-form
surface parts, the true stress- true strain curves of SUS409 stainless steel were obtained by uniaxial tensile tests and digital image correla-
tion method. The key parameters of the Y1d2000-2d and Hill48 yield criteria and the Voce hardening model were given to construct the
constitutive model of SUS409 stainless steel. Then, the influence laws of holding time and forming path on the springback of free-form sur-
face parts were investigated by developed VUMAT subroutine. The results indicate that the springback amount of free-form surface parts
decreases with the increasing of holding time and forming path cycle numbers, and the holding time has a greater impact. The error be-
tween the results predicted by the Y1d2000-2d yield criterion and the experimental results is smaller than that of the Hill48 yield criterion.
Thus, the springback amount distribution laws of free-form surface parts for SUS409 stainless steel can be better predicted by the Y1d2000-
2d yield criterion.
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Fig. 1 Sizes of SUS409 stainless steel tensile specimen
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Table 1 Mechanical properties of SUS409 stainless steel
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Table 4 Experimental schemes of numerical simulation
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Fig. 7 Simulation results of springback amounts based on Hill48 yield criterion
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Fig. 8 Simulation results of springback amounts based on Y1d2000-2d yield criterion

(a) Scheme 1  (b) Scheme 2  (c) Scheme 3  (d) Scheme 4

FIPE 8 a1, Hill48 F1 Y1d2000-2d #54™J AR 74 ) 75
DU 1 T2 Y I s A A, ot o 00 A 3 1
7 1 1] S RV R/, R A i A T R L Y
EEH = D A ST CIL . 57 %

e A3 | Sl ABAQUS i i [l s g 4, 3k
T Hill48 1 Y1d2000-2d Ji fIie o J (7% ] 3 5 A5 40 445 SR
SHanER 5 Mk 6 s, MR 5 IR 6 A, Hill48

(e) Scheme5

(f) Scheme 6  (g) Scheme 7

e AR 9 ) A BT A R A (] B Y T

(h) Scheme 8

(i) Scheme 9

Y1d2000-2d Ji AR VEN 33 S8 PR A R 4% 1m) S P R 4K
FraE B9 Hilld8 JiE AR vE N S 87 AE “ — B 5% Jm iR

[EFTRRRI &Y & Th R A T N I 95 AL
P AT AR 22 R, T Y1d2000-2d JiE AR vE U 2 8
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Table 5 Simulation results of springback amounts for free-form surface parts based on Hill48 yield criterion ( mm)

LS JHIE
1 2 3 4 5 6 7 8 9

1 0.4376 0.4114 0. 3880 0.3771 0.3728 0.3597 0.3577 0.3337 0.3108
2 0.3922 0.3781 0. 3366 0. 3437 0.3329 0. 3208 0.3190 0.2948 0.2759
3 0. 3468 0.3246 0. 3008 0. 3017 0.2928 0.2818 0.2803 0.2581 0. 2408
4 0.2938 0.2734 0.2516 0.2523 0.2452 0.2353 0.2343 0.2139 0. 1984
5 0.2411 0.2226 0.2027 0.2032 0. 1981 0. 1892 0. 1886 0. 1700 0. 1562
6 0. 1915 0. 1750 0. 1571 0.1574 0. 1541 0. 1463 0. 1460 0. 1294 0.1174
7 0. 1468 0.1323 0.1163 0. 1164 0. 1150 0. 1083 0. 1084 0.0937 0. 0835
8 0. 1086 0. 0962 0.0823 0. 0822 0. 0825 0. 0769 0.0773 0. 0646 0. 0564
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Table 6 Simulation results of springback amounts for free-form surface parts based on Yld2000-2d yield criterion (mm)

TR R
fIEE9
1 2 3 4 5 6 7 8 9
1 0. 4063 0.3813 0.3730 0.3570 0.3562 0.3450 0.3432 0.3260 0.3037
2 0.3605 0.3569 0.3369 0.3389 0.3261 0.3210 0.3008 0.2918 0.2725
3 0.3161 0.2946 0.2941 0.2969 0.2849 0.2872 0. 2684 0.2540 0. 2364
4 0. 2689 0.2495 0.2493 0.2520 0. 2409 0.2512 0.2341 0.2134 0.1975
5 0.2224 0.2051 0.2053 0.2078 0. 1976 0.2157 0. 2002 0. 1736 0. 1593
6 0.1781 0.1628 0. 1635 0. 1658 0. 1566 0.1823 0. 1684 0. 1359 0. 1234
7 0. 1368 0. 1236 0. 1247 0. 1269 0. 1185 0. 1512 0. 1389 0.1013 0. 0905
8 0.0997 0. 0886 0.0941 0.0922 0.0847 0.1228 0.1121 0.0710 0.0618
3.4.2 QRIS 15 A 5200 N TR UE R R AS A AR R A HER ', /£ HIF110

MRS ATLUR I, B RERT R (3. 9
15 s), T Hill48 Je M v I Tt %) - 347 d5c K [l gt
B0 0.4123 | 0.3699 1 0.3341 mm, ¥
K IE A 9 R B T 0.0424 (294 10.28%) Fi
0.0358 mm (Z°49.68%)., MFE 6 WLIEIL, BEE
PRIERF R A (3 . 9 A1 15 s), T Y1d2000-2d
Jie R e 0] 5000 1) S 45 e K T B 43 5 Sk 0. 3869
0.3527 F10. 3243 mm, ¥ K #5300 FRE T
0.0342 (24} 8.84%) Hl 0.0284 mm (# H
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HORE ) IBZ % T WA N (ERT AN (0BT Y: Rt I & 53 S B 8
Bl 2 O R B ] R B, MR AR TR i B I AR
(ARG HEET SR, DT BRI 11 7 Fs ),
TR/ )N ) 0 A 2
3.4.3  BUBBEARXT I3 52 0

MRS ATLLERIR, B I B ARG PR BN 1
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%y, SR H t IS R E 9 B, OB 52
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Fig. 9 Free-form surface parts under different experimental schemes
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Fig. 10 Schematic diagram of springback amount calculation
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Table 7 Experimental results of springback amounts for free-form surface parts (mm)

SRR
Wt

1 2 3 4 5 6 7 8 9
1 0.3853 0. 3690 0. 3620 0. 3496 0. 3464 0.3379 0.3345 0.3221 0. 3060
2 0.3459 0.3361 0. 3296 0.3174 0.3120 0.3063 0. 3029 0.2912 0.2753
3 0.3061 0.2989 0. 3095 0.2846 0.2766 0.2737 0.2703 0.2607 0.2447
4 0.2671 0.2622 0.2656 0.2534 0. 2421 0. 2445 0.2412 0.2295 0.2142
5 0.2270 0.2249 0.2326 0.2211 0.2072 0.2125 0. 2089 0. 1985 0. 1833
6 0. 1884 0. 1878 0. 2004 0. 1909 0. 1722 0. 1798 0. 1766 0. 1673 0. 1547
7 0. 1489 0. 1494 0. 1650 0.1526 0. 1237 0. 1546 0. 1511 0. 1334 0. 1200
8 0. 1053 0. 1091 0. 1284 0. 1303 0. 0898 0. 1079 0. 1037 0. 1009 0.0973

R 7 W RLEIE, MIREEE 53510 3, 9 F1
15 s I, P& Kl sa 53500 0.3721 | 0. 3446
F10.3209 mm, FHEA RSB TR T 0.0275
(290 7.39%) F10.0237 mm (214 6.88%) ., 4k
TEBRAR 0N | RAEER . 2 RIEHRFN 3 IRAEHRIE, S
R [l 2 g 0.3565 ., 0. 3458 Fi10.3353 mm, 4 )ik
TEREAZ I 1 RGN 2] 3 IRAEIARRT, 8K [m]

HE 0 R BT 0.0107 (29 K 3.00%) Fi
0.0105 mm (£} 3.04%) , 450K, LIRS
AL TN 45 SR i e 4 — 3, SR UL IT & ) TR
P 1 TR A 1

R S 56 45 SR A5 21 1 el gl o 2 ) SF 2 [l
B, HIHEEET Y1d2000-2d F1 Hill48 Ja IR 5 0] 4 %k
EAILE R S IR SR iR 2, SRR 8 s,

*8 HHEHMEHGEMEIRE (mm)

Table 8 Springback amount errors of free-form surface parts (mm)

P 3

1 2 3 4 5 6 7 8 9
SEREE R 0.2468  0.2422  0.2491 0.2375 0.2213 0.2272  0.2237  0.2130  0.1994
LT Hill48 Jet IR o ) () AL 5 SR 0.2698 0.2517 0.2294 0.2293 0.2242 0.2148 0.2140 0.1948 0. 1799
FHTF Y1d2000-2d Ji JIR v U] AL 235 SR 0. 2486 0.2328 0.2301 0.2297 0.2207 0.2346 0. 2208 0. 1959 0. 1806
T Hill48 JE RAE NI ZE AR 2/ % 9.32 3.92 7.91 3.45 1.31 5.46 4.34 8. 54 9.78
T Y1d2000-2d Jet AR o US40 25 51

0.73 3.88 7.63 3.28 0.27 3.26 1.30 8.03 9.43

MR 25/ %

T 8 AT LA, SCI 45 SRR o /N TR B R
AT ZE S i Hill48 Je JIR o U] 3900 ) &4 SR 5 5
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W25 1 5 SEge 25 R 22 fH7E 0. 0006~0. 019 mm Z
B8], IRZEAE0.27%~9. 43% 8], X W], Y1d2000-
2d J AR E U AE TN SUS409 G54 [ Hy iy i 2F ] 36
S0 3 A AR TR N AR

4 Hib
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RV VUMAT 2%
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