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Resear ch on the I nfluence of Process Parameters on the Wall Thickness of the
Protective Beam after Rotary Draw Bending

DING Li-bo*, LIANG Tian? LI Ming-jie*, LIANG Ji-cai®

(1. Baicheng Vecational and Technical College, Baicheng 137000, China;
2. College of Materials Science and Engineering, Jilin University, Changchun 130000, China)

ABSTRACT: The purpose of this article is to explore the influence of process parameters on the wall thickness of the profile
with “ H"-shaped section when the profile is rotary draw bending into the protective beam for commercial vehicles, so asto im-
prove the product quality of the protective beam. Based on the finite element simulation analysis, the orthogonal experimental
design was used to simulate the forming process of the profile under different process parametersratio, and the range analysis on
the thickness reduction of the outer wall and the increase of the inner wall thickness in the bending area of the profile are con-
ducted. Finally, the research shows that the bending radius and the number of core heads of mandrel have a great influence on
the outer thinning rate and inner thickening rate, and other parameters have relatively little influence. Based on the results of the
orthogonal experiment and comprehensive analysis, a better rotary draw bending plan of the protective beam is finally estab-
lished and the validity of the simulation resultsis verified through experiments. Studies have proved that selecting the appropri-
ate combination of process parameters ratio can significantly reduce the wall thickness changes of the profile, thereby greatly
improving the product quality of the protective beam.

KEY WORDS: rotary draw bending; profile with “ H"-shaped section; orthogonal experiment; the finite element simulation
analysis; process parameters
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Fig.1 Cross-sectional schematic diagram of profile
G we
“H” A
B700L
ABAQUS
m:
1 ST ZARTEEFEL 2

Fig.2 Finite element model of the rotary draw bending device
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Tab.1 Process parameters of profilesin rotary drawing bending
/ RImm Almm N C/mm Dimm
1 340 0.25 o( ) 0.1 0.1
2 440 0.75 I +1 ) 0.2 0.2
3 540 125 2( +2 ) 0.3 0.3
4 640 175 3( +3 ) 04 0.4
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Tab.2 Thinning rate outside the bending area Al L
/mm 1% /mm 1% 1234 1234 1234 1234 1234
R/mm A/mm N C/mm D/mm
1 2.153 13.88 9 2.302 7.92 B2 AT
2 2.12826 14.869 | 10 22914 8.344 3
3 2.082 16.72 n 2.320 72 Fig.3 Trend chart of thinning rate of average outer wall thickness
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Tab.3 Thickening rate inside the bending area
/mm 1% /mm 1%
1 3.442 37.68 9 2.6934 7.736
2 3.227 29.08 10 2.6385 5.54
3 3.1172 24688 | 11 2.811 12.44
4 3.1081 24.324 | 12 2.7652 10.608
5 2.9243 16.972 | 13 25171 0.684
6 3.106 24.24 14 2.526 1.04
7 2.825 13 15 2.594 3.76
8 2.868 14.72 16 2.6521 6.084
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Fig.4 Trend chart of thickening rate of average
inner wall thickness
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Fig.5 Wall thickness changes of profiles under different

process parameters
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Tab.4 Wall thickness changesin the experiment with 6 —e— RS
the number of core heads asthe variable
N /mm /mm /mm /mm §, 5
1 0 2421 3.16 2.633 5.32 E 4
2 1 2.385 4.60 2.582 3.28 g 3
3 2 2.364 5.44 2.5196 0.784 # 2
4 3 2.332 6.72 2.5183 0.732 1
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Fig.6 Diagram of the influence of the number of core heads
2 on the wall thickness of the profile
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Fig.7 Finite element simulation with different numbers of core heads

4.2 XIGIGIE

R 640mm 4 0.75mm N PROCMM 3D
2 C 02mm D 03mm ) )
8 Geomagic Qualify 3D
0.828%
5.44% 0.784%
0.16%
0.044%
5 Z5iE
Fig.8 Preparation of protective beams by rotary 1 e =»

draw bending device

5.60%

3D



110

2021 3

2
3
R 640 mm A4
0.75mm N 2 C 02mm D 0.3mm
S 3Lk -
(1 : , .
[J. , 2019, 17(20): 60—62.

(2

(3l

(4

(5]

(6]

(7]

LIANG Ce, WANG Ai-cheng, LI Yi. Development of
the Rotary Draw Bending Forming Device for the Pro-
tective Beam Profile of the Commercial Vehicle with
Complex Cross Section[J]. Science & Technology In-
formation, 2019, 17(20): 60—62.

[D].

: , 2019: 1—12.

WANG Ai-cheng. Research on Roll Forming and Pure
Rolling Rotary Draw Bending Technologies of Com-
mercial Vehicle Bumper Beam[D]. Changchun: Jilin
University, 2019: 1—12.
LIANG Ji-cai, CHEN Chuan-dong, LIANG Ce, et al.
One-Time Roll-Forming Technology for High-Strength
Steel Profiles with “ 7 Section[J]. Advances in Mate-
rials Science and Engineering, 2019, 2019: 1—10.
HEGGEMANN T, HOMBERG W. Deep Drawing of
Fiber Metal Laminates for Automotive Lightweight
Structures[J]. Composite Structures, 2019, 216: 53—57.
CHANG Fei, DONG Ming-yu, LIU Min, et a. A
Lightweight Appearance Quality Assessment System
Based on Paralel Deep Learning for Painted Car
Body[J]. leee Transactions on Instrumentation and
Measurement, 2020, 69(8): 5298—5307.
LIU Hai-long, LIU Yu-li, YANG Zhong, et al. Determi-
nation of Continuous Constitutive Relationship of Weld
Zone of High-Strength Steel Rectangular Welded
Tube[J]. Journal of Iron and Steel Research Interna-
tional, 2020, 27(10): 1212—1225.

1. ' , 2016(6): 179—183.

ZHAO Dong-mei, WU Shuai-zhen, JJA Chuan-wei, et al.

Analysis of Bending Technological Parameters on Wall
Thickness of Thin-Walled Tube[J]. Machinery Design &

(8]

(9]

(10]

(11]

[12]

(13]

(14]

[15]

Manufacture, 2016(6): 179—183.

[J. ,
2016, 40(4): 75—79.
FANG Jun, LU Shi-giang, WANG Ke-lu, et a. Effect of
Material Mechanical Properties on Wall Thickness
Variation in Numerical Control Rotary Draw Bending
Process of Tubes[J]. Materials for Mechanical Engi-
neering, 2016, 40(4): 75—79.
21-6-9

[J.

) 1 )

, 2015, 26(9): 1233—1238.
FANG Jun, LU Shi-giang, WANG Ke-lu, et a. Signifi-
cance Analysis of Effect of Process Parameters on Wall
Thinning for 21-6-9 High Strength Stainless Steel Tube
NC Bending[J]. China Mechanical Engineering, 2015,
26(9): 1233—1238.
FANG Jun, LU Shi-giang, WANG Ke-lu, et al.
Three-Dimensional Finite Element Model of High
Strength 21-6-9 Stainless Steel Tube in Rotary Draw
Bending and Its Application[J]. Indian Journal of Engi-
neering and Materials Sciences, 2015, 22(2): 141—152.
[J. , 20186,
45(21): 121—124.
MA Yuan-yuan, QIAN Wei-shuang, ZHANG Xiao-yan,
et al. Effect of Mandrel Parameters on Wall Thickness
of Thin-Walled Tube in NC Potary Draw Bending
Forming[J]. Hot Working Technology, 2016, 45(21):
121—124.
TA18

[J.

1 ’ ’

, 2017, 24(6): 87—93.
LIANG Chuang, LU Shi-giang, FANG Jun, et al. Effect
of Clearance on Cross Section Deformation and Wall
Thickness Variation of TA18 High Strength Titanium
Tube in NC Bending[J]. Journal of Plasticity Engineer-
ing, 2017, 24(6): 87—93.
LIU Kuan-xin, LIU Yu-li, YANG He. Experimental
Study on the Effect of Dies on Wall Thickness Distribu-
tion in NC Bending of Thin-Walled Rectangular 3A21
Aluminum Alloy Tube[J]. International Journal of Ad-
vanced Manufacturing Technology, 2013, 68(5/6/7/8):
1867—1874.

. 2018
, 2018: 354—369.

DING Yuan. 2018 Finite Element Analysis from Entry
to Master[M]. Beijing: Tsinghua University Press, 2018:
354—369.

[M].

. . [J.
, 2010, 35(6): 133—136.
XU Xiao-bing, GUAN Qiang. Numerical Simulation of
Wall Thickness Change in Tube Bending[J]. Forging &

Stamping Technology, 2010, 35(6): 133—136.



