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Springback analysis on multi specification flexible cold bending for
square rectangular welded pipe

Guan Benyong, Ding Wuxue, Ren Zishuai
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: For the springback problem of square rectangular welded pipes during the cold bending process, the cold bending process de-
sign was conducted by COPRA software to determine the process parameters suitable for the flexible manufacturing, and eight finite ele-
ment models for cold bending were established by ABAQUS software. Then, the dynamic analysis and static analysis were performed to
simulate the cold bending and unloading processes of sheet. Furthermore, the springback angles for each pass of the different models were
obtained, and the influences of sheet thickness, sidewall height and forming width on the springback were studied by a single-factor analy-
sis method at the same time. The results show that when the final forming angle is the same, the springback angle shows a trend of in-
creasing first and then decreasing. Increasing the sheet thickness and forming width, and reducing the sidewall height could lead to the de-
crease in the springback angle of each pass in the cold bending, and the springback angle is linearly related to the sheet thickness. During
the cold bending process of the bending angle 2, the equivalent stress of sheet in the width direction remains basically unchanged, and
there is no springback phenomenon in the bending angle 1.

Key words: square rectangular welded pipe; cold bending; flexible manufacturing; springback ; sheet thickness; sidewall height; forming width

V2 UL e — Ml 2 AN E LB, CREARR S
i AR TR TR Ay S M i Tt IR AR
ERFA O, SHEFEEEHAREML, B
AR, PUB R R, B T A LA AR A
SRR, TR, bk, @R, EHSE
Al AER I OB R, RS & A AR TR Tl
S, SN 5 SR AR A RE LA R RO B A B

Wi EE: 2023-09-20; f&ITHHR: 2023-12-26
EBEN: BAE (1997-), B, w54k
E-mail: guanby97@ 163. com

BEEE. TiR¥ (1966-), B, Wi, B

E-mail: wuxuexie@ mail. njust. edu. c¢n

RGeS TR IOY 1 2 BR 1 T 5 — AR ™ A 1Y
Az, TRINE, X [l i A7F 5t 22 BR T 6 B — 7= i
T AN, R T8 A FRICO BV 25
Bk, athisl T TES8 MR sAtkeE . i
PHERE | HLEL ] B e A 4y 5 A 68 AR (o] LAY B2 0
AR e B Il O AT Y, SRR
TR YR g S A FROCEU R I %, s ik
JRE A RS il A B o BE R 1 Il i A B2, XA s
AU g A BR TR LR T IR A e 2 Il il £y
e, RS T BT R TR
BT AT R R AR R 4 SR R T ASH
BEAR T MM, Su € J 46 A2 T8 il



98 B

koK

i 49 %

AT, B A R T — R B B
AR, P TIOR8 UE B I AR T 1R
SRARE ITAER, BB ARSI UL R A IE IR
PEALANE REALTT ) A B, SRV IR 2 4 HL 48 T e )
AP REE, BRI A R RUMS 7= il 1) A2 7 5 5K
Wit fEZRUAS IR E B et , XM F4EK
[l 58 A 8 AT T B BB R S, T DAHE S R 3 &
AZRAEAL K2t — 25 Tt

ARISCUTTHEIE SR TR R, SR e 2
I K [l 55 LRI I AT U 3, 193] T
RS . S IEUA A RE, BF5E TR RS
IR i R AN RSO IS JEE | IR g J52 R BTE 6 88 %F
B FARM RUEE, A R 2 BE i n] 5i
il S A IE SR AL T A BRI

1 FHEMRERE R T LSBT

ARSI FE I 7 FE AR S O B DA Xt Bk e,
B RR, Ho, XS mmEL Bt 745,
HAITA 4 M pOE S i, T AR el o o A
f—ME A XTImO 12 M P IE
U, TR, TR A COPRA X J7 JIE I8 it
TR INIE T ASHT,

ri
g - af—
2 1 10 9
3 8
,
50— N $ =

1 AR R

Fig. 1 Cross section shape of square rectangular welded pipe
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Table 1 Allocation of bending angles for each pass

K R TH
1 25° —
2 50° —
3 720 —
4 — 13°
5 — 26°
6 — 39°
7 — 520
8 — 61°
9 — 72°
10 75° 75°
11 80° 80°
12 85° 85°
Sy
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K2 REROE T RN

Fig. 2 Roller pattern diagram of cold bending process
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Table 2 Material performance parameters

2R A E/MPa HEL/NE A% B/ (kg - mm ™)
Bl 200000 0.28 7.85%107°
%W;
e

3 REMIEA OGS

Fig. 3 Finite element model for cold bending
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Table 3 Relationship between ture stress and plastic strain

KNI o, /MPa S
235. 0000 0. 00000
277. 0189 0. 01563
315. 8385 0. 02500
367. 0568 0. 04036
413. 6646 0. 06250
466. 4596 0. 10000
519. 2546 0. 17500
546. 2038 0. 24023
600. 3740 0.28710
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Fig. 4  Grid division of sheet (1/2 model)
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Table 4 Simulation schemes design (mm)

A H B ' R r

1 80 80 4 @8 D4
2 200 100 4 @8 D4
3 200 120 4 @8 D4
4 200 150 4 @8 D4
5 200 200 4 @8 D4
6 200 200 6 @12 @6
7 200 200 8 D16 &8
8 200 200 10 @20 @10
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Table 5 Springback angles of each pass for models (°)
0/ 1 2 3 4 5 6 7 8 9 10 11 12
- TfH—  0.66 0.98 0.92 0 0 0 0 0 0 0. 46 0. 81 1.26
L0 0 0 1.60 1.79 2.12 1.86 1.72 1.71 0.99 1.33 1.44
- Tfi—  0.78 1.11 1.02 0 0 0 0 0 0 0. 60 1.11 1.55
LR 0 0 0 1.97 2. 11 2.30 2.19 2.03 1.95 1.20 1.52 1. 64
_— Tfi—  0.86 1.18 1.09 0 0 0 0 0 0 0. 61 1.16 1. 67
TR0 0 0 1.94 2.09 2.29 2.17 2.01 1.93 1.18 1.51 1.62
- Tfh—  0.91 1.23 1. 12 0 0 0 0 0 0 0.63 1.22 1. 81
LR 0 0 0 1.85 2.03 2.26 2.14 1.96 1.88 1.12 1.48 1.58
- TH—  0.97 1.30 1.17 0 0 0 0 0 0 0.65 1.29 1.96
LR 0 0 0 1.70 1.94 2.21 2.07 1.87 1.79 1.03 1. 44 1.51
- mf—  0.83 1.19 1.05 0 0 0 0 0 0 0.55 1.05 1. 64
LR 0 0 0 1.62 1.84 2.12 1.93 1.80 1.69 0.97 1.36 1.44
W 7 Tf—  0.65 1. 06 0.93 0 0 0 0 0 0 0. 45 0. 82 1.33
L0 0 0 1.53 1.75 2.04 1.80 1.72 1.61 0.92 1.29 1.37
- mH—  0.51 0.91 0.81 0 0 0 0 0 0 0.35 0.58 1.01
W0 0 0 1.48 1.65 1.98 1.66 1.65 1.53 0. 86 1.21 1.30
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Fig. 5 Variation laws of springback angles in each pass
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(b) Bending angle 2
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Fig. 6 Variation laws of equivalent plastic strain
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Fig. 7 Influence of sheet thickness on springback angle
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Fig. 8 Influence of sidewall height on springback angle
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Fig. 9 Equivalent stress distribution of sidewall bending angle
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Fig. 10  Residual stress distribution at sidewall bending angle
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