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Automatic simulation calculation on multi-pass forging for rear upper
swing arm for new energy vehicle chassis
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Abstract: The rear upper swing arm of a new energy vehicle chassis is produced by multi-pass forging using 30MnVS non-quenched and
tempered steel, which requires a long process flows and long research and development cycle. Therefore, in order to improve the research
and development efficiency of forging process, the main forming passes such as roll forging, billet making, pre-forming and final forming
were calculated by numerical simulation method, and the mechanical performance parameters of 30MnVS non-quenched and tempered
steel were calculated by JMatPro. Then, the DEFORM pre-processing automation program was used to perform the automated simulation
calculations for multi-pass forging. Furthermore, by analyzing the macro-forming as well as temperature, damage, equivalent stress and
equivalent sptrain field results of each pass, the potential defects were predicted, and the relative optimal operating speed during the form-
ing process of each pass was obtained. The reliability of the simulation was verified by comparing the forming effect and defects of actual
product. The result shows that the feasibility of material parameter calculation using JMatPro and automated forging simulation is proved,
and this method can further improve the research and development efficiency of forging process.

Key words: rear upper swing arm; JMatPro; 30MnVS non-quenched and tempered steel ; automatic simulation; multi-pass forging

W BREBI A T A BT A B, MREEE S
TRPER A | PEREFT R AR AR . BB A (Y B i K

e il DAL T R RS i W0 VO 0 W7 B R 2
Ko Wil RARBA TR oK, Al 75 2R H B
PEE B 7 1k LR s i 2 20, B F DEFORM-
3D xRtk i T 2T A RO/t 24530
ZHN A, TR SIS WA B, &G
01 3 F DEFORM-3D X 42CrMod 40 JRUAIL 3= gl 25 0>

Wi EE ., 2023-08-24; f&ITHHEA: 2023-11-20

E€WA . BHEAH 2025 TALH (T ERBHEIE S PR
WH) (20227048)

EEBN:. & B (1997-), B, Witk

E-mail : js32005035@ mail. dlut. edu. cn
BEEE: A OE (1985-), &, MW, B

E-mail: ybai@ dlut. edu. cn

b T P BEOE BEAT OB LA, Bk TR BB R P
TP 25 B Xl i I Z RS T2
AT T o0H, 4RI T A G b Sk 45 M S B —



5514 & RSE: FREIR R ALS B 2B G A S ALBTTE 13

I, FIH DEFORM-3D #4417 17 A BR ot 70 #r,
WESE T8 T 2B ml 58, XK 25 F) | DEFORM-
3D BT GH5188 1oy il A 4 S 4 AR B ot AR R AT T
BEPITE, b T8 AT R v I S0 A | IR
R dR R B A AR L, BE T T2
SR EBE T A B, B 3T DEFORM-
3D B, WAL = AR R BE BOE T TR
U, SrHr TR o AR R SRR EEBURGL, 15
BT A MEREE R L L e I E T2, #2%0E
25 H DEFORM-3D #k {4 XF 7055 48 A 4 LR 4
ol T 2T T Ak, e TRt T2 350
FliE B 45000 JE T DEFORM-3D #:, #E-47 T & 4K
BRI BEBRE OB T, TR T R R T
KRB | RSN e, W9 T BN RS ek
T BRRTE MR, B ERE
FH DEFORM-3D %, B4 56 2E 90 M il 1o A it
P3RBT, W TSI T BE A S )
HHET, {1 DEFORM-3D x4 r AT ALl
BOZARE) TINAL, SR, B A TR B X
T A SRR P R R A R E OB TR, I
A RE R K IF & A BRI FE A
DEFORM-3D 4 1) — R I = 22 4 vp 78 X i
ALY F12EPERE SR S BRI A L,
TS T 68 3 A R e e O 2 4 9 A AL,
¥ A BT DEFORM-3D #47 T Wk, M T
38MnVS6 JETH B4R A IO ZH 23 A R R 35 T i
R A 6 v T AR R Y SR AR AL, AR LT
DEFORM-3D #4435 K& T B iU 22 RO BT 3R 14:
FHE T KO ARER 7R RGE Yk K i R 0 23 R
FatEfl, SOOE T SRR G U AR A, IR R 4E
2OV DEFORM-3D 49 — ¥R ¥ & Fl BP 1 £

ROZEHEAR  SCPE T XF TALS k&4 2 4B 22 T 1Y
TOMZHZU B, FFUESE T RSB0 53 o 25 o 2% 45 7Y
LB AR — 5, bk kI & T LA
X SRt o R AR SRS | A AR AL AR AR AL
X ] S B (B ASE L %) ) s A E 3 4R e A 2 3k
RN, T BT A 9%

ARICFETFWITH R EH R AR AR A A
FAR R A S R EIR SE DR I 218 vk i
T2, RH IMatPro BT 30Mn VS JEJE BT 1) )
SYERESEL, T IMGUI A AE S A2y, 1A
JIASZEE DEFORM-3D AR F R AL B Key SCHF#EFT H
ML T AR SREEE, WE TERREL
TR, SCELT O ZIE W B A A sk

1 30MnVS FEJ TR R e E

J& b EE A PR 30MnVS AERIEAN, BA A
FVIE Y, IR AT B R R A5
DEFORM-3D #4548 e o AN B i fl, 47 %
FERATE FH P A E L 30MnVS JF 3 589 76 A 7] 36 5
THYFASRL F1 | A FASE R FNIA b LA AH 56 1 22 v i
ZHNE . R I N5 8100 ) 2E MR 4 R
XEFERE K ﬁkzliiﬁff%‘, A A SCR B JMatPro 715
R VIE S =8

i IMatPro 4 HE 4T A ALy 25 MR REIT A, AT
PAfSHE 30MnVS R R A B 12 FERE S B, MR £k
DEFORM-3D #5480 88 3¢t fin T ik P 48 HE B A 0, AR
& GB/T 15712—2016""" HLRE A9 30Mn VS I T H4AY
PRI E R, YeE I 1 BT i b AT J1 24k B
T, B IMatPro 11 J) - M B 45 AR Ry 5 S 1
U EPUUY IR e 2

F®1 30MnVS FEBRRBUZERS (%, RESH)

Table 1 Chemical compositions of 30MnVS non-quenched and tempered steel ( %, mass fraction)

C Si Mn S Al A4 Ti P Cr Mo Ni Cu Fe
0.32 0.6 1.50 0.075 0. 04 0.11 0.02 0. 025 0.25 0.05 0.17 0.4 S
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Fig. 1 3D model of rear upper swing arm
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Fig. 2 Multi-pass forging process of rear upper swing arm
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Fig. 3 DEFORM-3D automatic pre-processing program
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Table 2 Macroscopic defects caused by the first roll forging
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Table 3 Post-processing results of the first

roll forging

P EEE—— —
ng“ zif“ Bk gigf i
(mm - ") (rad fi MPa B
660 3.33 0. 195 84.9 0.577
662 3.33 0.192 85.2 0.579
664 3.33 0. 188 86. 4 0.585
666 3.33 0. 185 88.5 0.587
668 3.33 0. 181 88.3 0. 582
670 3.33 0.177 88.0 0.579
672 3.33 0.175 88.2 0.572
674 3.33 0.173 87.8 0. 568
676 3.33 0.170 87.7 0. 563
678 3.33 0. 168 87.5 0. 560
680 3.33 0. 164 87.4 0. 557
666 3.30 0.176 88.4 0.578
666 3.31 0.178 88.6 0.577
666 3.32 0. 182 88.2 0. 581
666 3.33 0. 185 88.5 0.587
666 3.34 0. 188 88.3 0.585
666 3.35 0. 191 88. 4 0.584
666 3.36 0. 195 88. 1 0.582
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Fig. 4  Optimal results of the first roll forging
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Table 4 Macroscopic defects caused by the second roll forging
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Table 5 Post-processing results of the second roll forging R T) , MRS T B K F] 670 mm - s J5TT
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Fig. 5 Optimal results of the second roll forging

(b) Damage value  (c¢) Equivalent stress  (d) Equivalent strain
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Table 6 Post-processing results of billet making
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Fig. 6 Optimal results of billet making

(a) Temperature  (b) Damage value

(c¢) Equivalent stress

(d) Equivalent strain
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Table 7 Post-processing results of pre-forming
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Fig. 7 Optimal results of pre-forming

(a) Temperature  (b) Damage value
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Table 8 Post-processing results of final forming
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