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Numerical simulation and optimization on three-roll bending based on thick plate
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Abstract: Roll bending is widely used in industrial manufacturing due to its simple structure and high processing efficiency. Therefore,
the forming principle of three-roll bending technology was first introduced, and then the relationship between forming radius and upper roll
reduction amount was deduced with the help of geometric model. Then, the workpiece with a circular cross-section formed by three-roll
bending was numerically simulated by finite element analysis software ABAQUS, and the stress distribution and the forming radius for
sheet metal in the forming process were analyzed. In view of the unavoidable springback phenomenon in the sheet metal forming process,
in order to improve the processing accuracy of roll bending, the process parameters of upper roll reduction amount were adjusted, and the
influence laws of the optimized process parameters on the forming radius of workpiece were analyzed. After selecting the optimal parame-
ters, the verified tests were conducted finally. The results show that increasing the upper roll reduction amount in single pass roll bending is
helpful to compensate the springback and improve the dimensional accuracy of workpiece, and the test results fit well with simulation results.
Key words: roll bending; sheet springback; forming radius; upper roll reduction amount; numerical simulation
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Fig. 1 Schematic diagram of roll bending principle
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Fig. 2 Schematic diagram of reduction amount less than

radius of lower roller

K3 JEFERTIRPERE

Fig. 3 Schematic diagram of reduction amount more than

radius of lower roller

GrE U 3 PR, H EARIE R TR TRk
oo BORPIREGL T B9 R RAR R, (R RIE 42 A
FARIE R R R R -E00, A 1A
LB AE— SR, 42 R B, o,
d R Ry, t5M P FHRIE T, FARELC SR
HHERIER . AR . BRI

LI D, SEESTARRR, D, A X HIALER X, =0,
HRAEFEL 3 oL A8 B B JLART 56 % 2 57 JL AT B
4 Bk, Joh, 0, WRIBJE ERELL, 0%
P TR0 | T 2 A Y BRI, 0, H F LY
B, A P FERELL LA Y IS, B W
Lh 0, ML, BN R B Y 5, € Mk
TR LTRSS

IR 4 R LA BB 25 AT A TR d,

dp=0A—AB=RO—AB (1)

i 0A=R,, R, HFIA FIRECER: AB WA K
B IR

E= ST 0,40, 1, /A e BT

d
QA=A/Q0f—A0§=\ﬂRL+M2+R02—(2Y
(2)




koo R

5047 %

58 B
O
)
X
=
o
2
=N B .
A

K4 T ERT TR AL 7R B K
Fig. 4 Geometric schematic diagram of reduction

amount more than radius of lower roller
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Fig. 5 Finite element model of three-roll bending
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Table 1 Basic parameters of Q235 steel material

SR KR/ GPa JHRAL JEMIREE/MPa )%/ (g - em™)
B 210 0.3 235 7.8
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Fig. 6 Stress-strain curve of Q235 steel
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Fig. 7 Constraint setting in pre-bending stage
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Fig. 8 Constraint setting in forming stage
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Fig.9 Stress distribution of contacting stage
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Fig. 10  Stress distribution of end of pre-bending stage
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Fig. 11  Stress distribution of forming stage
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Fig. 12 Radiuses before and after springback for plate
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Table 2 Radiuses before and after springback calculated by
springback model

P S R,/
75 R'/mm

o,/MPa o,/MPa mm
1 =31 63 512 514.3
2 -32 65 512 513.7

-30 62 512 514.8
S =31 63 512 514.3

Distributions of nodes on upper and lower surfaces of deformation zone
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Fig. 14  Relationship between radius after springback and reduction

amount of upper roller
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