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Analysis on stamping deformation behavior for U-shaped beam with
longitudinal arc edge

Liu Wujing, Lyu Lin
(College of Materials Science and Engineering, Chongqing University of Technology, Chongqing 400054, China)

Abstract: For the stamping problem of U-shaped beam parts with longitudinal arc edges of high strength steel, the stamping deformation
characteristics of each area for the U-shaped beam forming part with longitudinal arc edge were analyzed. Then, the stress and strain dis-
tributions and the thickness change laws of the forming process were analyzed by finite element, and its thinning and thickening behaviors
in the forming process were explored by combining the simulation results and physical experiments. The verification results show that the
main deformation area of the beam is the wing plate area, and the thickness gradually decreases from the end to the middle. The main
dangerous area was at the junction of middle side wall and fillet at the top with the minimum thickness of 0. 833 mm, which is the main as-
sessment position for the quality of parts. In addition, the strain at this place changes greatly, and the maximum reduction amount of
thickness is close to 0. 20 mm, which is easy to cause failure of the beam. Thus, the research results have reference value for the forming
process and die design for this type of beam.
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Fig. 1  Automobile anti-collision beam (a) and U-shaped beam with longitudinal arc edge (b)
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Fig. 2 Schematic diagrams of part forming process and deformation zone division

(a) Forming process and division of deformation zone

e
op €p
() &y
(] & ot
(@

a

(b) Intermediate process of blank deformation and reference coordinate system
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Fig. 3 Stress and strain states of main deformation zones

(a) Wing area
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(b) Sidewall area

(c¢) Top area
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Table 1 Property parameters of DP590 steel material
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AGIER 389 644 203 0.293 0.87 0.88 1.06 0.18
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Fig. 4 Finite element model of U-shaped beam with

longitudinal arc edge
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Fig. 5 Stress distribution diagrams for the first half of part

(a) Transverse stress
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(b) Longitudinal stress
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Fig. 6 Strain distribution diagrams of part

(a) Transverse strain

AR BN, R BE s W BN BE < B T 1)
A TAREAE , RO DA P I fi 9 s A DT st/ o 0 B X )
AR T3 2K 2 2 T A BE T e i L T Ak 1 WAL
JERETT 1) D

XTI B A DX, S 000 BE AR 1 AR 1 TE S Fi
K, BKRAEATE 0. 133 BT AH 7 A A9 A 10] 11
BB, SNl A B/NERE RO, 53 0 ) fx
N, TN fERIX

T 7E S A X, BORHRR [ AL &, 9 IE B
A2, WIERIAE &, ATRIAE, W AUE AR T3
B KRR AS 1i) A8 (KL . AR TR T s 5 AR X
ORI, A A St n, B2 AR A I B X
(19 )5 BE R M B e K

FETGHRIS, - phy T TO0HE 5 #f A0 EE S A ELAS:, 6 1)
TS | 1] VAR RS BN RS S N AR R
it

AR G 1 R A S SR AR S A T A, A BE X114
SFRUNEAE ERON IR AR, ARSI X B B AR
FeRAE, FFH., e a] i A1 i AL BB RO, i
A2 1o AL R B /N o SRR A R R AR TE 0 DA A 1) i
Koo DAmZg e, MOV 5 BH1F 2 5 A i g e
i 25 R ) 2T SR R BR G, A gk AT 4 DA

(b) Longitudinal strain

(¢) Equivalent strain

RLF AR, SR (K BE Ty ) i S B b
Bho
3.3 UBZEREBHNEESH

1 U BUETE RS 00 JE 32 R/ I B e i 2
EHEREEFNIEE, B T B 845 & AR TE X (1)
JEREARAE R, VR U BUGR R Ga) (4 1E A e) L S
S BE S 174 F00 178 Ab 45 e B — ki, Jf HAE#K
T PR R AL 5 A7 B S AT R R A, anlEl 7
Fi7R o

TFLERIE J5, 32 AR IR A 55 BARCRE 3% 1) 30 2% ik
YR R BE A B i KA (18] 7a), Ho KAH @ik
1.028 mm, i FHfilFHHE,

S/ NJEE B BRLTE v (i) 48 O BE L g TOUS I £ o
i, HiE 7a a] 5, fH/NEREE 0.829 mm, 11
BB A AN WT 2 A TUIRE PN B BE S S, YR
BE S BT RN SR, MOREARI S, T
At/ PRV, LA R e A
P DX I A Sl A A T 90 DX IR i i DX

T JEE X S A A B AR X, S AR T A
HER, HIEEEW PRGN (KB m) di il g
/N X TR XL R o EEARE X,
HOBHE HOBHRCFI MR LR 29310, A5z 2155 %,



%18 XIEERSE . Hholbe U FRGR oh AR TEAT R 43 AT 53

JELJE /mm JEJE /mm

0.829 0.860

0.849 0.875

0.867 0.890

0.886 0.906

0.906 0.921

0.925 0.936

0.944 0.952

L 0.963 . 0.967

0982 0.983

1.002 0.998

1.028 1.013

(a) (b)

JELJE /mm JEJE /mm

0914 0.967

0.923 0972

0.932 0.977

0.942 0.982

0914 051 0.988

0.984 0.961 0.993

= 0.970 0.996

0.979 & 0999

"0.989 1.002

0.998 1.005

1.010 1.009

(©] (d)
7 A At e i R AR AL A
(a) IEH#km (b)) PEuGES L4 A0#0E (o) FEumEP 1/8 ki  (d) ik

Fig. 7 Thickness change diagrams of each transverse section for part

(a) Middle section
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Fig. 8 Experimental mold and samples

(a) Experimental mold
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Fig. 9 Division of point positions for section measurement
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Fig. 10  Contrast nephogram of thickness change between

physical experiment and numerical simulation
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