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Accuracy control of stretch bending for variable curvature L-section
aluminum alloy door column of EMU

XU Hong, LIU Meng, GUO Zhipeng, ZOU Yujie, LU Rui, GU Zhengwei, CHENG Xiuming

(College of Materials Science and Engineering, Jilin University, Changchun 130022, China)

Abstract: The stretch bending process of the variable curvature L-section aluminum alloy door column of an electric
multiple unit (EMU) was simulated. Based on the relationship between the stress and strain distribution of the
cross-section and the spring-back radius at different stages, the factors affecting the precision of stretch bending
process were systematically explored for optimizing processing parameters and controlling methods, which were then
verified by experiment. Results show that the main forming defects during bending were corss-section distortions and
spring-back , where the cross-section distortion defects were web collapse in straight section and concave
deformation of vertical edge in arc segment. The defects of cross-section distortions and spring-back could be
reduced to some extent, by adjusting the processing parameters such as the stretching amount. The cross-section
distortions were mainly caused by different forces on the vertical side during the stretch bending process. By setting
back plate and increasing its load, the distortion value of the web plate in straight section could be reduced. The
optimization of the profile of the bending die could decrease the distortion value of the vertical edge section in arc
segment. Moreover, the spring-back degree in the small arc side was more serious than that in the large arc side,
which was mainly due to the asymmetry of both ends of the variable curvature aluminum alloy door column,
affecting the part-mold contact gap of the door column. The spring-back could be alleviated via modifying the die
surface by spring-back compensation method. The forming accuracy could be greatly enhanced to meet the design
requirements when the amount of pre-elongation, wrap-elongation, and post-elongation was 1% , 4.5% , and 0.5% ,
respectively, and the back pressure applied to the straight section was 40 kN.
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Fig.1 L-section aluminum alloy door column

1 [TSLAHERLE T A KA
L1 [IE&EHsHh

[ ISEATAG A i 508 AR 25 i o, 4 o Ay B 5B
Hg o B, A 2 Fos , HIEAREEIE 6 mm, 3730
BEJE 10 mm , 75 588 A BE J7 T 285K 8 A e 722 /N 1
1 mm ; B[R 9N XIS A5 43 5/ TF 1.2 mm.
FIAT DLz R A LAY J&8 O O R, B
PRSI KBRS SRR i R AR 5 2 L N
) ZE AT AR, AR 02 T A 25 i 4 AT W2
T4 BT THT R 22 R i [ L K 55 b T Bk

A-A

A
——

R2800 e
R7200
2 660

2
86-(9 10|
R1232.4 3T

B2 #4444 (mm)

Fig.2 Geometry structure of component ( mm)
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Fig.3 Geometric relationship of profiles in stretch bending
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Fig. 4  Numerical simulation model of door column stretch

bending
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Fig.5 Simulation results of equivalent strain, and cross-section

distortions; (a) web collapse in straight section, (b)

concave deformation of vertical edge in arc segment
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Fig.8 Cross-section distortion of L-section door column
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Fig. 10
before and after optimization

WA AL, W R 5 T A 7 0 R T AR A
B 115, S i A B AR fe KA 3. 73 mm TR
1.68 mm, jji &R B ER.

= — o ARALRT
— fi
4t 3.73

N
W
|
\s5
/
/

S

900 1300 1700 2100 2500 2900
U X447 /mm

11 AR S E R EEXT b

Comparison of distortion values of vertical edge section

100 500

Fig. 11
before and after optimization

2.4 [E13EERBARYHE HI
a2 %) Tl i S B8] ST A AN G e A e 2
S [ ST AR (R W ASE R i e 38 1) R/ R B 42T
S I S5 ) — 00 E LS bR, AE A A [ 5 S
K12 IR, R RS 14 TSR I A2 R AR Ak R 44
Wi (4 [E] B2 S A [l 5 R/ ).

E12 EEEXTE
Fig. 12 Definition of spring-back

7 P[] 5 R, AR SCR ] — Pl e TR A
UL R FDLIE A A AR T 3k 2 fh A 1 [l . R0 R L
fa kM I 13 O U AMES R B T A T
LI AT

T 0
S
M
(a) 1IRAME
T 0
S
M
M? Q!

(b) 2Tk AME

B 13 [EEiMEEAREE

Fig. 13 Basic principle of spring-back compensation
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