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Thermoforming process on ultra-high strength steel for outer
panel of rear anti-collision beam
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Abstract: For automobile outer panel of rear anti-collision beam, the rationality and validity of the thermoforming process for ultra-high
strength steel were verified by combining numerical simulation with trial-production of parts. Firstly, the thermoforming process route of
ultra-high strength steel was formulated, which was numerically simulated by the finite element software, and the finite element model of
outer panel for rear anti-collision beam was designed and optimized so that the simulation results met the forming requirements. Then, the
parts were trial-produced, and after successful trial-production, the dimension profile testing and the tensile test testing were carried out to
ensure the dimensional accuracy, tensile strength and yield strength of the trial-production parts to meet the requirements. The results of
numerical simulation and part trial-production show that the maximum thinning rate and wrinkling rate of the simulated part are 12. 9% and
9.6%, respectively, which meet the general requirements of the main engine factory, and the test deviation values of the trial-produced
parts meet the tolerance requirements. The measured values of tensile strength and yield strength of the parts exceed 1450 MPa and
950 MPa, respectively, which meet the performance requirements of the parts. Thus, according to the thermoforming process and simula-
tion scheme to process the parts, the high-quality products can be obtained, which can provide design reference for the mass production of
automobile ultra-high strength steel parts.
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Fig. 1 3D model for outer panel of rear anti-collision beam
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Fig. 2 Thermoforming process route of ultra-high strength steel
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Fig. 5 Bonding condition between sheet and mold
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Fig. 6 Forming limit diagram of sheet metal
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Fig. 7 Distribution cloud maps of thinning rate and wrinkle for part
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Fig. 12 Rear anti-collision beam outer panel trial part
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Fig. 13 Schematic diagram of inspection points of part
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Fig. 14  Deviation value curves of dimension profile detection

FAEXE R OL A (E A 220, 2553 lE] 14 froi,
R A5 04 O 22 (34 72 £0. 05 mm P, BI07 FEFA
ZEVLHIN, ROPREEER, AFa i RO 25K,

M ZAF O BOee, BEAT s, s
TR AT 5 B A i B (E AN SR 1 Fr, iR 1
AR, AR RO BTRLOR B S 1 A 1450 MPa, -
YI{E O 1455 MPa, Ji fie 5 B2 52 00 (6 ¥ 8 o
950 MPa, “F-#{HA 960 MPa, FF& Hm N/ F1
SREEEER

F1 HMRREINENEE (MPa)

Table 1 Strength of tensile test specimens (MPa)

ARG rhrimpE e P B

1 1454 957

2 1458 963

3 1453 960

RTINS ST A, A (g RUSE G B 0 ) 27 1 e

ATt VL R DR A AR A A PR, R TR
re R A UE T2 B — e i & B S mT A
3 Hik

(1) 38 i i PG i By 4 SRR A AR 14 e it AR
BB T2k, WAl i T2 B AT A IR T B
AT RARAL, A BIE T F I BOIR B R 4F, fx
AN e RIE R NT 17% , 5 AL



514

BT SR RS A s R NP T 95

BAFEART PR EE IS F] 1446 MPa, £F-5 8 5 s AN A
WA B RE ER

(2) ARH A g R AN PR T2 A S (B

LEORIEAT I B R R AN, X e B
PEATIRIR, ok 1 SRR AR R B R R
B0, MR B, RERES TR, TR,
R I A R AR

(3) X e L i) e s 1 S A AR A7 RS Je

SEPERRRTI A A5 SRR, T A I A A
A5 5 H AR ) 22 (H 4 7E £0. 05 mm S [l Y,
R EMAZER, b A5 T
SR 1450 MPa, i il B 4 5 950 MPa,
i FEL 2 SR A AR T A A R

S 3k

(1]

FHT, B, B, S RlEsRERERNERERS
PRk [J]. WBk, 2019, 54 (2): 1-6.

Wang C Y, Yang J, Chang Y, etal. Development trend and chal-
lenge of advanced high strength automobile steels [ J]. Iron &
Steel, 2019, 54 (2): 1-6.

L, FERIN, &8, 45 SRR A SR E iR
[J]. WETZSMH, 2019, (5): 1-5, 11.

Ma T T, Zhuang H C, Jin K, et al. Research on lightweight of
high-strength steel body [J]. AT&M, 2019, (5): 1-5, 11.
B, XK, B, S VA S v e A A 5 BOR
MR m (1], BORHSAR, 2011, 25 (13): 101- 104,
109.

LiY, LuHW, DuY H, et al. Application and development of
AHSS in automobile industry [ J]. Materials Review, 2011,
(13): 101-104, 109.

Pl B otk PR A i o T2 B A B 4 T S P A
HBOHFR [D]. K. WIRR, 2019.

Cheng W. Research on Process and Structure of Car Body Ultra
High Strength Steel Hot-stamped Part and Hot-stamping Die Based
on Reliability Optimization Method [ D]. Changsha: Hunan Uni-
versity, 2019.

Karbasian H, Tekkaya A E. A review on hot stamping [J]. Jour-
nal of Materials Processing Technology, 2010, 210 (15): 2103-
2118.

Mori K, Bariani P F, Behrens B A, et al. Hot stamping of ultra-
high strength steel parts [J]. CIRP Annals, 2017, 66 (2): 755—
771.

Li N, Lin J, Balint D S, et al. Modelling of austenite formation
during heating in boron steel hot stamping processes [J]. Journal
of Materials Processing Technology, 2016, 237 394-401.

Han S, Wang Z, Wang Z, et al. Heat-assisted hole-clinching
process for joining magnesium alloy and ultra-high-strength steel

[J]. The International Journal of Advanced Manufacturing Tech-

[11]

[12]

[13]

[15]

[17]

[19]

nology, 2021, 115 (1). 551-561.

Liang J X, Wang Y C, Cheng X W, et al. Microstructure and me-
chanical properties of a Cr-Ni-W-Mo steel processed by thermo-me-
chanical controlled processing [J]. Journal of Iron and Steel Re-
search International, 2021, 28 (6): 713-721.

Ghosh S, Miettune N I, Somani M C, et al. Nanolath martensite-
austenite structures engineered through DQ&P processing for devel-
oping tough, ultrahigh strength steels [J]. Materials Today: Pro-
ceedings, 2021, 46 (P6). 2131-2134.

WM, BRPET, X0, S5 AR RAUE T 200 &
55 [J]. FEHWTE, 2021, 32 (1): 92-100.

Hu J, Chen ZZ, Liu T, et al. Simulation and tests on hot forming
process optimization for door anti-collision beams [J]. China Me-
chanical Engineering, 2021, 32 (1): 92-100.

VL. 2000 MPa AR RUIE 5 (5 1 AL AL ) B 1oy FH B AR BIF 5
[D]. dbxt: JemtBHER, 2019.

Liang J T. Strengthen-toughening Mechanism and Application
Technology of 2000 MPa Grade Hot Stamping Steel [ D]. Beijing:
University of Science and Technology Beijing, 2019.

Billur E, Cetin B, Gurleyik M. New generation advanced high
strength steels: Developments, trends and constraints [ J]. Inter-
national Journal of Scientific and Technological Research, 2016, 1
(2): 50-62.

Lechler J, Merklein M, Geiger M. Determination of thermal and
mechanical material properties of ultra-high strength steels for hot
stamping [ J]. Steel Research International, 2008, 79 (2): 98-
104.

Linke B M, Gerber T, Hatscher A, et al. Impact of Si on micro-
structure and mechanical properties of 22MnBS5 hot stamping steel
treated by Quenching & Partitioning (Q&P) [J]. Metallurgical &
Materials Transactions A, 2018, 49 (1). 54-65.

sk=, AR, ThEtA, AR MUR R R R B B TR P R
TEROW U W LB s (7], PR TR, 2021,
28 (3): 84-91.

Zhang S, Tang G H, Shen J D, et al. Effect of forming tempera-
ture on microstructure and fracture morphology of magnesium alloy
during warm incremental forming [ J]. Journal of Plastic Engineer-
ing, 2021, 28 (3): 84-91.

PN, BRIRZE, PR, . R BUHEIE G O PROROE B AL
ST ZMA [1]. 8BIETRE%R, 2021, 28 (5): 192-201.
Sun H B, Chen X J, Xu B, et al. Numerical simulation and
process optimization of hot forming of large conical cylinder [ J].
Journal of Plastic Engineering, 2021, 28 (5). 192-201.

GB/T 36961—2018, sk ik T 2@ A [S].
GB/T 36961—2018, General technology for hot stamping process
of ultra high strength steel [ S].

XU, BIGE), XUE. RS R R B SR 43 S A R
% [J]. IS WIE, 2020, (8): 28-30.

LiuS, Lyu Y X, Liu H. Analysis of the burr during high strength
sheet forming [ J]. Forging & Metalforming, 2020, (8). 28-
30.





