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Abstract:Roll forming is a plastic processing technology that gradually bends metal strips and sheets laterally
using sequentially arranged forming dies. Due to its low cost, high efficiency, and flexibility, it has become
one of the mmportant technologies for lightweighting, energy saving, emission reduction, and safety
improvement in various fields such as new energy, aerospace, and rail transportation in China. However, the
complexity and discreteness of the process, uneven material thickness properties, and low level of equipment
informatization and flexibility automation have made it similar to a “black box”, making it difficult to predict
product quality, highly dependent on manual experience for production debugging, limited in formable cross-
sections, and unstable in yield. Therefore, this paper proposes a data-driven intelligent roll forming
equipment (system) and introduces in detail its technical architecture and characteristics. By building a data
architecture based on artificial intelligence, this system collects, screens, integrates, stores, and analyzes
discrete data in traditional roll forming. Meanwhile, it integrates digital twins, artificial intelligence, contour

detection technology, and multi-agent collaborative control to construct a self-correcting production mode that
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can replace manual experience. For the new energy vehicle industry, this paper provides a case study of using

this system to solve springback control of structural components of roll-formed battery packs. Finally,

suggestions and prospects for the development of this system are given.

Key words: roll forming; intelligent equipment; digital twin; artificial intelligence
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Fig.1 Roll forming diagram
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Fig.2 Forming schematic diagram'

P IL Ak BESE N BB T R AR AR v R |
TR T 3D BRI A AR & Bk — B HESh T X —
UL K o R LR TR O 1 A e R N R Y
WY A8 HIE i B AR TOAR AL I, AT BT A7 7E
B A% IO 7 BE TS W A RS R O AT AE T ElOHE OB T
4. Ding SR TR THE KA BOURLIE K B Y 4R
U, A AL 3 TR L% T2 A5 A R Y RAOR
RS 10 5 240 SRR A O T A R g e A e A AR T
REAFI AT . WA 4 FTR , Sun S5 R T4 v
FEETT T R T 22 R0 H bp 2 1 5 4 5 AR S F
GEo LA P R HE A0 8 9~ A28 R S A FR A
R, B O i 7 22 Bl — ol il 0L T 3% 22 10 1Y
77 30 % R 2T B AR Al A 10 R



%1

ARERNE 45 3 RE AR T WUE 2 4 (R 50) S H I 58 1l 70 o7

Bt BHoERW R F R SR A T LS
HHERR, UHIE R X5 % 5 F
T AL 9 U1 A4S T X5 4 8k 95 A 2 i, 3 S7 0 1 R
IO 7 AR 28 5 U8 TE SR K A TE AR R T B AR b
A R AR 8L B R TR AR OF i AT K 5
Kk .

P,
.,g-‘: i 3 ‘:‘%“. = e
3 4 s RE LA AL
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Fig.7 Intelligent roll forming equipment system architecture
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Table 1 Mechanical performance

Mk MR E/GPa  JHRSREE/MPa A EL
3003 70.47 195.05 0.3
5052 77.76 183.24 0.3
6061 78.12 119.11 0.3
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G156 I B, R AR 1 10 O B . P I 52 PR RIE/ LR/ AR/ AR AT
i AL DL
SR T L A IR Y A R e m mn B REC)
BSEEe i, R e RO fE B, L a5 R A 3003 85 75 1.49 93.22 91.84
ZEAE ATREME PR ER A . B S B BUE 3003 90 5.0 151 93.02 91.90
15 2 3003 90 10.0  1.48 93.41 92.07
3003 95 0.0 148 93.12 91.91
*2 BTESHEE 3003 95 7.5 1.48 93.44 91.90
Table 2 Values of variable parameters 3003 95 10.0 1.49 93.36 92.22
— - 3003 100 25  1.50 93.16 91.90
fuii 7KT 3003 100 10.0  1.51 93.76 91.64
v as 3003,5052,6061 5052 85 5.0 1.49 91.06 90.49
B2 58 /mm 85,90,95,100 5052 85 5.0 151  90.39 89.69
4%/ mm 1.48,1.49,1.5,1.51,1.52 5052 85 7.5 1.52 90.08 91.12
1l /mm 0,2.5,5,7.5,10 5052 85 10.0 151 91.16 91.23
5052 90 0.0 151 91.79 90.84
3.1.3 #RXn=w 5052 90 2.5 1.49 91.59 91.44
ARG X WA 0 A [l R AT AR Ak . RIS 2052 90 25 Lz 92.03 90.88
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TEA 10 X Bk 45 4, 22 A5 R 6T 25 B AR 6B, e X 052 o 00 L5 0164 0100
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5052 95 50 152 92.04 91.16
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5052 100 10.0  1.50 92.27 90.60
5052 100 10.0  1.52 92.61 90.39
1 6061 85 2.5 148 92.18 91.78
B19 1A 20 6061 90 2.5 150 92.75 91.00
Fig.19 Diagram of Angles 1 and 2 6061 90 10.0 151 91.70 90.67
6061 95 0.0 151 92.24 90.59
6061 95 50 151 93.03 90.67
) T T 1 AN S R AT U, AR 20 BT . 1XRE 6061 100 5.0 1.50 92.24 90.53
6061 100 7.5  1.50 93.11 91.69
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Fig.20 Measurement location diagram
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Table 4 Evaluation of springback prediction model

EEE2D A1 Il SH PR Y R 2 [l 5o 0 AR
R2 784 0.77 0.78

MSE 0.08 0.09
RMSE 0.29 0.30
RRMSE 0.23 0.24
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Fig.21 Optimization iteration process
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Table 5 Process result comparison

S BINTZ AR i T2
AR B/ mm 1.50 1.487
i /mm 0.00 9.91
1R/ () 1.36 1.19
2l /() 1.50 1.06
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