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Study on Factors Influencing Warping Defects in Variable Cross—
section Panel Core
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Abstract: As the pace of product updates accelerates, the flexible roll forming process has garnered widespread
attention within the industry. However, due to the inherent complexity of its forming process, inevitable defects arise.
To address this, numerical simulation and analysis of the forming process of variable cross—section panels along a
three—point bending curve were conducted, examining the impact of material, thickness, and flange height on warping.
The results indicate that the warping defect in the panels is related to longitudinal strain, with the minimum warping
defect occurring when the longitudinal strain distribution is uniform. Orthogonal simulation design analysis determined
the primary and secondary order of process parameters affecting warping height as thickness, flange height, and panel
material. The conclusion is that compared to aluminum alloy materials, the warping height is reduced when using high—
strength steel with a high yield strength ratio, whereas the warping height increases when using high—strength steel with
a low yield strength ratio.

Key words: Variable section plates, Numerical simulation , Web warping, Orthogonal experimental desigh

o MR Y SR A A 7 W SR A DA
HIF R A e A PF eV RE 4R g 7= i S 2R )

< A AR TR B A Oy 25 4 1 B i 1 AR A S5 J7 T EA B
%E‘Jﬁﬁ‘?ﬁﬂﬁf”ﬁﬂjﬁﬁﬂ:@%%?ﬁ%#\%ﬁﬁ‘é Rezaei RUIT ST T 22 P4 48 Tk OE i 72 b 25 il
PRI LS LK | U S 2 O e 2 S 1 o 3 4 ff 24 o S Al R i A9 52, it 1A TR AY S

PEE BT : XV (1998—) , T3 B2 A0  AFSE 5 1) Ry 228 J i R MR O T2

BT H BRI e 4 OB AL MU R GeA M R QTR & (IR AR RRT57(2023)42 451 7K 451 10M00792305290004 ) ; I T R4 £
B2 5145 (ZDSYS20210813095534001, JCYJ20210324123202008, JCYJ20210324115412035, JCYJ20220818103200001) 5 ]~ 7544 i JH B #3
ARBFFE K ST (2022A1515010363,2021A1515110880) 5 H R A ] 52 T ot 250 2 i M R A2 A4 1 i (Kfke2021-05) 5 TRYIT R 48 X RL 4 B
R (J10M00792305290004)

& I#G AKX

X)L, A B, B, L T A AR AR W B 14 6 %o B R AT (1], A A T8 5 AHH, 2024(6): 6-10.

LIU J, XIONG Z L, XIAO J F, et al. Study on Factors Influencing Warping Defects in Variable Cross—section Panel Core[J]. Automobile Technology
& Material, 2024(6): 6-10.

1 "5




7 T

X)L BT AR IR AR W B T4 00 e B R AT A AR

2, i 1 Abaqus BAF AT A BRITRLIL 15 1 2
DX ) G 1 3 25 o7 728 R RE ARG o Jiaol i R A ST
T TR BE RE AT R A I R 1 AR B IR A
FH Ml 43 B AL A F 5% M A AH il A e R AR S T2
SRR . Woo Y YU T [ A 72 HE & 1
A FRJC (Finite Element , FE ) £ 8 %5 3 Fh A ] J2 4k
WORMIEAT TR, BT T 2R AR U o R A
N VE N RO IS E N RS R S VPSR
BB ARBRBE I &A= 64T T0F5E . 90N =4
I v 28 Ak 2 il [ 56 R A 9 M R R AT O F
£ 03 # , O 38 3 A BR IT 0 S0 B AR A7 Sy AT
TAHBHM . Dadgarasl Y4 %] 3 Fh A [5]HE R 14
ORMIEAT T g VB 53 AT XA Rk e R 5 EE
M b RS i 45 G N T 28 I 4% 1 AR AR 34 HE Iy 35t %
BE AR RIE T ENMA RS, 105
ERRE T — A RO RCE R R, T A R
T B A BT A 4K T TR A 1 O 1) 8 1 7 AR
MR o A e =45 38 5 Abaqus 2K 4 % QP98 4
i LR WO ok B R AT PR ST 5 A BT, S S g
T v 0 A8 A T A T 00 DS 18 5 R i RO
il B2 AL T AT RE A IR AR o AR I OISR B X B B
A A TR A G AT R T BB A L5 L 1 iR
TR AR AR JRE N R e XA B O R
5o ity e 7 ) S

F FH Abaqus 31 % 78 58 BE AR 34T 32 1 5 R
A BRITHLL, X AR A 0 b1 RS B R S S8, 4y
Br#s R 58U A M 9 O &R, MR E
T AT R A i 2%

2 BRTERBEL

21 TEERMEHSBRMRSH

FEAE G4 R BOY T2 B b L, 78 1] 3K it
BERE Tl R B T — iR B R Y e AR ——
A A A ZR Mk 2 1 AR T R R ol i R R
HAC 38 SR SE AT HE ], 0T LA TR B AR TR A )
A8 1) B e B8 5 1ol R AT R 3% £ 9B M AR TR DT K
T Hh JIE 5 AN [ /N RO AR 14 7 38 T 280 b4 44 14,
Bl RTRM

VL] A G R AR R Sk B 5 R G, B A TR B Dy
1.2 mm, S K H 972 mm, 25 il fh £ =k il £k,

By 6061 i, ISV 3 B AR AN AT 2 f i,

Wb RTS8 E 3 i, He b LR S s Lk Oy

A -

y =(=9.965 x 107)x* + 9.425 x 1074 - 8.455 x
102x - 7.226, 0 < x < 486 (1)

A3
==

E1 RMREEE™

150

= 100 ("
=z
R
=
=
b
50
‘ ‘ ‘ ‘
0 0.02 0.04 0.06 0.08

B2 HEXMAMETHLZE

486 mm

0.3 mm

X
£ £l
£ E
» oo
o™ =]
< =

E3 #WRT5H
22 HRTEBEMEL
W = 4e R 5 A Abaqus B 0F HEFT 25 E , H A
L4 18] PE 3 B R 420 mm), 8B 1 BEARIK Ry 120
28°.46°.64° . 82°.95°, Hiu bF M A% % Bt C3D8R , Jf- Xf
BOE DX SRR AT )R S A0 Ak %5, Gl 4 s

B4 HREPELRS
LB 8 U R 30 mm/s , BB TE] K 87.5 s, K



.8 - Ak IH 5 HA %64

P BRCR A PR THEE R Qi 5 frs .

E5 FEMEEMMHEZE

TEMAS R i FE v, by T LB A W2 G s T
B (8 W2, I EL L3R A i T i 7 v i A8 2 AR
/N TR, LR 3 e A T AR R A7 A8, T DL fif 4L
SRS T SO, 4 B SRS 8 Ak 2% 1 T HL IS
i 30 70 I, DA T 3B S e A A 190 A R R 3 25010
JE G R 22 1A TR AL, i e R A T
A

3 HEERRESH

31 HERMIENS

A8 S TR 4R s IS o R o A8 AT R TR B
A3 2 38 3] 5 R HR T B A B BIT A SO 1) AL, O HL
2 R T AT AR 3 5 A MU A% Ak T A HG o 85
0] 32 BNEAN A ST Y AT o R R 7 A
Je A BOE i B DA i 2 B A L TSI
ke S E VAN = QU WSS N B 3 B
6 BTz , AR 5 O i i v BT 9 B9 30 %
a5, MVHICHY 1 S R, AT 3 SO AR it 4 7
A=

P

7////
\%7//2/14.'

(a) YRR 3% (b) I % B
m6 HRAMAERRTL
WAL T BT O T BTGNS ) 5 AR i
K F K MR b E SR AR 5 KT B e R
RS Ho H KA

bR 1
BE7 REHGHEEX

8 S UIE A B A AU 05 58 B B9 2 17
A B, AT LWL BN YN 1] B AR S A AN Ky, A
TEFEAR DX 18] 9 J2 BUE A BUE AT 558 s
4 AR e BE s PR, WL B R AR it B R, e R AR
L EE O 0.68 mm

EADIVES

0.006 89

0.003 87

0.000 85
-0.002 17
-0.005 19
-0.008 21
-0.01123
-0.014 25
-0.017 27
-0.020 29
-0.023 31
-0.026 33
-0.029 35

B8 HhamE=E

JEAR 55 B /mm

49.411 560
44.599 100
39.786 650
34.974 190
30.161 740
25.349 290
20.536 830
15.724 380
10.911 920

6.099 470

1.287 010
-3.525 440
-8.337 890

B9 EREEZE

3.2 R RIR SRS E R ERFE R R0
321 IESCHEHAE KA EAG

IE IR E R —Fh 2 WK Bl iy ik, il
o AR IR O A R R BEAT RGN A AL AR
b, DA B A A0 T fige DR 3 XSS SR B T A2
I 1 H AR o BN K, R T 2
AR 2 B A HAE 15 B

FEAE A b, B 5 PR 3R 9 A8 0 R 28 0t 3]
T LU, DL 25 B0 T B 9 P 22 /K7 41 & #F e 19
WA . X R A R A KO R
BB, IFHEBZKFWAGEL TR
(1, LA P38 22 8] 0 S, DT B 25 B
IR,

55 AN ) B T2 25 2 B0k 725 3 1 56 R e
i AR Rl R 320 0 5 e, 3 LS A R R AR
VR R RN B AR = B, AR S HORME WL AR 1, o
M BT A4 Rk B4 7 3 R A% 40 10 JiF R, AR 2 5
2,

MRS 2R 11 2 BOBUE B 5% e R Dy JE R
SR JEEBE SR BE, RS TR R AL AR 34K
S 38 S A DL ER O B A B S5 R LR 3,



7 T L A AR AR IEARR W e T4 00 e B R AT A -9 -

s P W
*®1 BREIZSHIE 322 HERGTM
A 07 ELAG B A0 1 06 245 51 A5 1At e

AT E R i 4 pros , Ko K KR F B R
H kA KSR 130, R A B K

K Bkt b1 JEREE/mm AR A /mm
1 Al6061 1.2 303
2 HC420LA 2.4 40.3

3 DP780 3.6 50.3 x4 BERAMIRESTER
DP780

1000y - Hea20A 2 Jit JIR 5 3 /M Pa R mm AR EE /mm
800 | K, 49.22 7.83 40.58
Z ool K, 4231 77.09 69.93
.R
= K, 69.60 76.21 50.62
400
= k, 16.41 2.61 1353
200
k, 14.10 25.70 2331
0 0.65 041‘0 0.1‘5 O.éO k3 23.20 25.40 16.87
HR R 9.10 23.09 9.78

B 10 ESKRz A Rr3E i 2%
AR 22 73 M 435 2R 0T 45 380 45 DR 3008 T AR i )

BOH AR R AR/ MPa PLRISRIE/MPa M AE(ER/% SR T EE N b 2R A% KT DR R E ARG R e
AI6061 121 189 25 FEE B0, LIS 5 1 A L 4% T KT
HC420LA 407 538 265 Shy b AL T 22 S 5 i DR 22 55 At 3 A A

DP780 483 837 22 .
BB, mE 12 s o WK1 haT LA B E

FEESRBER AR T Pl 5 B D R JRE B A G O, AROBE I ASGR
SIS R RIS L T e A B A v R Y 4

HRE B R T L A e

AI6061 12 30.3 0.68 D R B 52 5 LIS R
AT6061 24 403 26.68 07
AT6061 3.6 50.3 21.86
420L.A 12 403 3.20
420LA 24 50.3 24.81 U
420L.A 3.6 30.3 14.30 gz
DP780 1.2 50.3 3.95 =1
DP780 2.4 30.3 25.60
DP780 3.6 40.4 40.05
AR O 45 2R e B, MR AR e 5 9 1) fo 0 w0 @0 50
i 5 /M Pa

A Ko AT 1L, Y 1) AR O3 A B D 44 2
I HE AR I L )

0.10T

(a) J R 58 2 5 L it g 2 A e 4

260

0.08 [
0.06 [

B 004f 24+

JEARR i /mm

= 0,
of

-0.02 [

-0.04 ? 1
0 200 400 600

AN A
B 11 iR AR [ R 3 (b)) AR T3 8 -5 708 e J3E 22 A 34

2 3
MUk )5 /mm



0 - Ak ¥ 5 A % 69

26
£
=
B
=
=
12 - - : . !
30 35 40 45 50 55
FEM 5 /mm
(o) AR e 3 45 Rt vy 2 A AL R 4
12 iR TS
4 it

a. T T AR I A R R R BUE 5 B A 75 5

T 52 2 bt BUE I SR S i D) AR, SRR

W, HE AR R 5 A 1 AR A DG, S AR U A U T

[ P9 10 AR 43 A7 5 35 ST, 77 A ) A SR i ke 5

/N

b 38 3ok XA [F] B4 L 2 B0 4548 2 55000 A b 3
1T AR Y | 45 SR 3 B, b 1 4 Rk (TR J3E L)
Bﬁ SN e J3E S 1 5 T R AR 3 o R A 22 43 A

SRAT 1) 2% TR 2R 0T A 88 T 1 52 i DA K 1) /N HE
%7 JENE AR EE AR R

c. [FSE5MET , SHA SR L, & E R L

e e R 198 AR R T v R AL (EL AT 5 L

o T S T B 11 MR SR R R B T R

S LRk :

[1] REZAEI R, MOSLEMI N H, TAFTI R A, et al. Effect of
Bend Curve on Web Warping in Flexible Roll Formed Pro-
files[J]. International Journal of Advanced Manufacturing
Technology, 2017, 93: 3625-3636.

[2] JINGSI J, BERNARD R, JOSEBA M, et al. An Analytical
Approach to Predict Web-Warping and Longitudinal
Strain in Flexible Roll Formed Sections of Variable Width

[J]. International Journal of Mechanical Sciences, 2015,
90: 228-238.

[3] JINGSI J, BERNARD R, JOSEBA M, et al. An Analytical
Model for Web—Warping in Variable Width Flexible Roll
Forming[J]. International Journal of Advanced Manufac-
turing Technology, 2016, 86: 1541-1555.

[4] WOO Y Y, HAN S W, HWANG T W, et al. Characteriza-
tion of The Longitudinal Bow during Fexible Roll Forming
of Steel Sheets[J]. Journal of Materials Processing Technol-
ogy, 2018, 252: 782794

[5] WOO Y Y, KO D C, LEE T, et al. Application of Support
Vector Regression and Genetic Algorithm to Reduce Web
Warping in Flexible Roll-Forming Process[J]. Journal of
Manufacturing Science and Engineering, 2021, 143(3).

[6] Lo e . =4E4 e B A BROC A K T2 43 B [D]. b
a0 Tl K4, 2014.

[7] DADGAR A Y, WOO Y Y, KIM Y, et al. Non-sorting
Multi-objective Optimization of Flexible Roll Forming Us-
ing Artificial Neural Networks[J]. International Journal of
Advanced Manufacturing Technology, 2020, 107(5):
2875-2888.

(8] FhER, R4, ok 7R &, 45 AR v R A OB I 5 BLR (1],
SAPE T RE2E, 2022, 29(11): 67-84.

[91 BRIGE S, PHARIG . 7 A5 3 4 28 1w ke e U A BROT I B
5] W E RN, 2020(7): 41-46.

[10] 2= —Ng A fd BHapK, 45 . /22 0T 58 T U 8 it Bk
B B3 R DR B 9], LD AR B TR 440 ([ SR B2
Ji7), 2023, 37(1): 19-25.

[11] NAKATA T, TAKIGUCHI H. Flexible Roll Forming[J].
Journal of the JSTP, 2010, 51(591): 302-307.

[12] SUN Y, ALBERT S, QIUQUAN G, et al. Flexible Metal
Forming Technologies[M]. Berlin: Springer Group, 2022:
161-225.



