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Numerical Simulation of Hydrodynamic Deep
Drawing for Special Box-shaped Parts

LIU Xiao+ing LI LianHfeng ~ ZHANG Xiao-hua  PAN Jing-hao
( School of Material Science and Engineering Harbin University of Science and Technology Harbin 150040 China)

Abstract: To solve the problem of difficult forming of irregular bottom the finite element numerical simulation
of hydrofilling deep drawing of special-shaped bottom box was studied. The hydraulic loading path of pre-expansion
and deep drawing was designed and the forming and die-sticking properties of the parts were simulated by finite
element method. In order to improve the forming quality the process of applying active circumferential pressure
was adopted. Based on the numerical simulation technology the complex problem of applying circumferential
pressure was simplified by setting local coordinate system. Three blank forms and four groups of circumferential
pressure loading curves were designed. Aiming at the irregular wall thickness invariant line of box-shaped parts the
shape of deformed sheet metal is mapped on the sheet metal before deformation and the variation law of wall
thickness invariant line of each shape sheet metal under different circumferential pressure is more clearly seen. The

simulation results show that the application of active radial pressure can make the wall thickness invariant line move
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down to the bottom of the box reduce the thinning area and improve the uniformity of the wall thickness of the box;
at the same time it improves the clamping property and dimensional accuracy; in the process of active radial
pressure deep-drawing the circular cut-bow shape sheet metal can be formed better than the circular and square
cut-edge shape sheet metal concave bottom box.

Keywords: pre-expansion; wall thickness invariant line; numerical simulation; active circumferential pressure
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Fig. 4 Forming results of different pre-expansion

pressures and pre-expansion heights
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Fig. 6 Wall thickness thinning rate at different

pre-expansion height and pre-expansion pressure
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Fig.7 Forming effect diagram
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Fig. 9 Patterning nephogram
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Fig. 10 Active Radial Pressure Filling Drawing Process
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Tab.2 The nodal force of different shape sheets

under different rim pressures/N
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Fig. 11 Wall Thickness Distribution Map
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Fig. 12 Measurement point and wall thickness

distribution of diagonal
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Fig. 13 The wall thickness invariant line of the concave

bottom box when the shape is circular
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Fig. 14 Wall thickness contours under different

radial pressures

2) o
6 mm 14 MPa
75% o
3)
0.001 s 6 mm
14 MPa 35 MPa
4)

1 BRABIE G COSTACHE E M CHIRITA B. Reduction of the

Sheet Thickness Variation and Its Negative Effects on the Accuracy

11

13

of Mini Drawn Parts Using Different Geometries of Tool Compo—
nents J . Precision Engineering 2014 38(4) :828.
6 x x X
J. 2018 46(8) :11.
WANG Jianqiang GUO Lili. Research Overview of 6 x x X Se-
ries Aluminum Alloys for Automobile and Its Stamping Performance
J . Light Alloy Fabrication Technology 2018 46(8) :11.
BAOY CUIJ LINZ etal Trimming Line Development Meth—
od of Auto Panel Part with Undercutting Flange J . Finite Ele—
ments in Analysis and Design 2015 102.
MAREK H JAKOB W JENS-PETER M. Optimization of Deep
Drawn Paperboard Structures By Adaptation of The Blank Holder
Force Trajectory J . Journal of Materials Processing Technology
2016 232(3): 142.
GONG F YANG Z CHEN Q et al. Influences of Lubrication
Conditions And Blank Holder Force on Micro Deep Drawing of
C1100 Micro Conical-eylindrical Cup J . Precision Engineering
2015 42(5): 224.
L2A12 D .
2013.

2015 40(8) :55.
CHEN Yu HU Zhili. Analysis on Deep Drawing Forming Regular—
ity and Failure of Rectangular Box Parts J . Forging Technology
2015 40(8): 55.

J . 2013 21
(4):37.
LANG Lihui WANG Yongming XIE Yasu et al. The Flange De—
formation Characteristics and Its Effect on Failure in the Hydro—
forming Process of Aluminum Alloy Rectangular Cup J . Material

Science and Technology 2013 21 (4): 37.

2015.

] 2008 33(3):126.
JIE Xiaoping YE Jianxiong YUAN Youlu et al. Numerical Sim—
ulation of Rectangle Box Deep Drawing J . Forging &Stamping
Technolgy 2008 33( 3) : 126.
LIHL YONG M W. Pre-bulging Effect During Sheet Hydroform—
ing Process of Aluminum Alloy Box with Unequal Height and Flat
Bottom J . Transactions of Nonferrous Metals Society of China

2012 22:302.

J . 2018 43
(6):47.
LANG Lihui WU Yongkun WANG Yongming et al. Influence
of Critical Process Parameters on Hydroforming for Aluminum Alloy
Non-axisymmetric Box with Oblique Flange J . Forging& Stam-—
ping Technolgy 2018 43(6) :47.

. 2007 39(9) : 1402.



138

26

14

16

LIU Xiaojing XU Yongchao. Numerical Simulation of Hydrody—
namic Deep Drawing with Independent Radial Hydraulic Pressure
of Aluminum Alloy Cylindrical Cup with a Hemispherical Bottom

J . Journal of Harbin Institute of Technology 2007 39
(9) : 1402.

) 2010 41
(3):917.

LIU Xiaojing CONG Yanli LI Feng et al. Effects of Independ—
ent Radial Pressure Loading Paths on Cup Thickness Distribution

J . Journal of Central South University ( Science and Technolo—

gy) 2010 41(3):917.

] 2013(4) ;34.
LIAO Juan LING Zemin PENG Xiaoyang. Numerical Simulation
of Reaidual for Aluminum Alloy Pipe Incorporating Metallurgical
Phase Transformation J . Journal of Materials Engineering 2013
(4);34.
72017 ¢ *+SEW 7
. 2017.

c /1«

I 2018 23

20

(4):122.

LIU Xiaojing CHEN Xiaotong ZHANG Xiaohua et al. Numeri—
cal Simulation and Die Design for Forming Process of Aluminum
Alloy Door Inner Panel J . Journal of Harbin University of Tech—
nology 2018 23 (4): 122.

J. 2016( 12) .
LIU Xiaojing PEI Yao CONG Yanli et al. Formation of Alumi-
num Alloy Cylindrical Cups with Concave Bottom by Pre-bulging
Hydrody Namic Deep Drawing J . Special Casting and Nonfer—

rous Alloy 2016 (12).

J. 2018 23(5) : 143.
LIU Xiaojing CHEN Long CHEN Xiaoxiao et al. Optimization
and Analysis of Hydroforming Process for Four-way Pipe J . Jour—

nal of Harbin University of Technology 2018 23 (5): 143.

J. 2018 23(2):129.
LIU Xiaojing YANG Ran FENG Zhangchao et al. Research on
Hydroforming for Automobile Front Sub4rame J . Journal of Har—
bin University of Technology 2018 23 (2): 129.

( )



