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Numerical Simulation Analysis of Hydroforming Process for
Thin-wall Tube Workpiece with Big Deep Drawing Ratio

ZHANG Quan-da, LANG Li-hui, KONG De-shuai, WANG Yao, LI Kui
(School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)

ABSTRACT : The sheet hydroforming process was used to form the Tube workpiece with big deep drawing ratio, which is
difficult to form by the ordinary deep drawing process. The forming steps of the part using traditional deep drawing process
were calculated by theoretical equation. The three steps of the hydroforming process were simulated by means of the finite
element software Dynaform, and the impact of initial inverse bulging height on the part thinning rate in the first step was
studied. Results At least five steps were needed to form the tube workpiece with a drawing ratio of 3.2 using traditional
stamping as calculated by the theoretical equation, while only three steps were needed with the passive hydroforming
process. The maximum sheet reduction of every step was less than 8% and the maximum sheet reduction of the final part
was 8.53% , so it was within the safe range. In the first step of the hydroforming process, when the inverse bulging heights
were 1.75,2.75,3.75,4.75 and 5.75 mm, the part’s maximum thinning rates were 5.28% ,5.08% ,4.8% ,5.03% and
5.03% , respectively. The forming limit of the sheet was improved by the hydroforming process compared with the tradition-
al deep drawing process, the number of the forming steps was reduced and the part quality was good. The maximum
thinning rate of the part wall thickness could be effectively decreased by using an appropriate initial inverse bulging height.
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Fig. 1 Comparison of the traditional deep drawing process with

the hydroforming process
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Fig. 2 Initial inverse bulging process
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Table 1 The limit drawing coefficient
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Fig. 3 Flowchart of the three-step hydroforming process
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Fig. 6 Forming limit diagram
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Fig. 10 The maximum thinning rate curve of the wall thickness

F R R BE JRE SRR AUl v R A B/ MY X
P20 Z PR BT — N/ NIRLIR LE

4.2 VIRERBEEMLS

HIEAIY] , (AT T 1) LB R AR — A
JFEAH R, ¥ % N3 A — 5 BRI IR T2 TR T A5 AR 1)
MRS R, XAME LR 46 SO, A 1
LGl SRS IECYERUNENAZNLWIZE £ ik SR N
JE BB, R i R NP 12 7R

B e s
Fig. 11 The bulging height

)
HORE
[ Akl
@/@

K12 Foi e i
Fig. 12 Hydroforming process

BEE A BRI R IKE & B A5 2R R IKE &
FA e JE A3 AR L A 13 BT

0.474 0475
04348 04%s @
pEAL 0495 &
202 503
0315 0316
0325 0326
0336 0336
340 0340
0396 0357
03778 03978
038754 0587
2985 0508 -
0.608 - 0.608 |
0.619 618
029 0028
0 0:639
16508 0649 8
0.6608 0.659 B
0.6700 0.660 B
0.631 0 0.680 W
a JKEEEL75 mm b JKEEE2.75 mm
0476 0475 0475
04s08 04838 04838
0497 8 04958 04958
0507 0506 0.503
0517 0316 0315
0527 0326 0323
0537 0336 0333
0347 0347 0345
0558 0357 0356}
0:368 03074 03660
05781 0577} 03760
0388 05881 0386
0508 0308 0396/
0609 0,608 0606,
0619 0:618 06
0:629 0:629 0.6
0639 06395 0.6
0619 06498 0.64
e o
0680 0.6808 06

¢ WKIEmE3T
13 AR ST B REIE 5346 (mm)

Fig. 13 Distribution of sheet wall thickness at different bulging
height

m d EEEATSmm e JKIEEEESTS mm

v
=
=]

FOWNIY I AR ) B JE i s R AN & 14 7
o MIE 14 AT LUE t, MIKIE & A 1.75 ~3.75
mm Z[A]E] Bl IR 5 B B e A A 1 B T e
RIS R EGH XREN, WIGIKIE 5 2
VRO BEHT AL E T Bk S A3 2% X [ % g X
RS E DL, AEIRIE I, MK IE RN 3. 75
mm 5 2 A () e KB R e /Nl 4.80% 5 S IKTE
EEAE 3,75 ~5.75 mm YL B N ASLT , B R () RE
JE e IR R E T IR & 4. 75 mm B, B
KN 5.04% MKIE N 5. 75 mm B, £ KUK

531 &

= :

X :

I s

o 4. s

# é

I P 3 4 5 6
JKIE BB / mm

P14 TR IR v JRE I ) B e s o

Fig. 14 The maximum sheet thinning rate at different bulging height



Kow R E T &

2015 4£ 09 H

RN S5.05% o IR BORL A 4R BT 21 bt
MRS R D) T IR B A TEARUR N 2 T
AR AR, WA KT i o, SRR R I o, Al
TR AT AR T RBREE . AT UL, RIS Y BT Ak
T 1R JEE REAT 00 ol N2 ) B JRE DR 175 O

5 %#ig

1) BERSIBL IR O BE TR 19 BOE 77 1%, FI A%
GErh Y T A5 228 K, 6] 5 2R K AL B FE
PRI a], BRI JE i Y J7 ik |
RAGOEHABUIE nT LU D O BB, A SCH &
G INETEE A 5 A YOIE | sl E R &
3 ANTEURI TSI G, BRAT A BE & I A 1] B
JRERHEARAR N ROE B 2 PR R T B A

2) AEFTHOSOE T A o, SRR T E S Bl i
BRI i e % U i R RAR K, 53 A0 B K E e
JEE AT LA S5 b i/ N 2 P ) BE R i R D 3% i el
S —TE R BB AU BT T LAAS R0 40 KR 1 2 R
3.75 mm I, B — RIS RS Z 7 1 BE R fe s
/NN 4.803%

3) RIS R RS BOE A W= RS
TN 2R AR o [ ] B 25 | 3ok 26 2400 T8
WG R RS A 15 T

S 3K

(1] 250 BRFE, 222 5. B2 A MERE T2 1 Al 2 R FE MUK
T B FEECE AR DL [ ] b B0 28 i R R 22 41, 2007,
33(7) .830—833.
LI Tao, LANG Li-hui, AN Dong-yang. Multi Sheet Hydro-
forming of Complicated Thin Wall Part and Numerical Simu-
lation[ J ]. Journal of Beijing University of Aeronautics and
Astronautics ,2007,33(7) :830—833.

(2] XURK, GRS TSI, 5. BR 5 4 52 4% il i o BE 1 s
OHA 1] K% BOE T/ ,2010,2(1) :42—46.
LIU Xin,XU Yong-chao, YUAN Shi-jian, et al. Hydroform-
ing for Aluminum Alloy Complex-shaped Components[J].
Journal of Netshape Forming Engineering,2010,2(1) :42—
46.

[3] ZE. T FEA BYR &R W REDE B UL T2 6k
FELD]. IR IREE MR EEHE TR 27, 2010.
LI Guan. Investigation on Large Height-Diameter Ratio Cy-
lindrical Cup Forming Process by Hydrodynamic Deep
Drawing Based on FEA[ D ]. Harbin; Harbin University of
Science and Technology,2010.

[4]

[7]

[9]

[10]

[11]

[12]

[13]

TDAT  BRFINE , AR, 2024 SR 6 N M HE TR TR
WIEEEAIU[ T]. K28 e TR 2014 ,6(3) :31—35.
DING Shao-hang, LANG Li-hui, HUANG Lei. Simulation
Research on Hydroforming of Hard Forming Deep Taper-
shaped Part of 2024 Aluminum Alloy[ J]. Journal of Net-
shape Forming Engineering,2014,6(3) :31—35.
BRFIHE , VR, Tk A%, 45, 321 REEHR V I 78 B
KAy hmrsR[)]. SRR A ,2012,37(5) :51—55.
LANG Li-hui, XU Nuo, WANG Yong-ming, et al. Research
on Failure Control of Hydroforming for 321 Stainless Steel
V-shaped Components[ J ]. Forming & Stamping Technolo-
gy,2012,37(5) :51—55.

BECKER H J,BENSMAN G. Further Development in Hydro-
mechanical Deep Drawing[ C]//Developments in the Draw-
ing of Metals on Metal Society. London,1983.
NAKAMURA K,NAKAGAWA T. Sheet Metal Forming with
Hydraulic Counter Pressure in Japan [ J]. Annal, CIRP,
1987,36:191—194.

LANG Li-hui,ZHANG Shu-tong, LI Tao, et al. Investigation
into the Forming of Complicated Parts with Poor Formability
Materials in Cold/Warm Sheet Hydroforming [ C ]//Tube
Hydroforming Techonolgy. Minemachi ,2007.

LANG Li-hui,DANCKERT J,NIELSEN K B. Study on Hydro-
mechanical Deep Drawing with Uniform Pressure onto the
Blank[ J ]. International Journal of Machine Tools & Mau-
facture ,2004 (44 ) :495—502.

ZERE— SRR, MR, S R I ) T BTt B T AL
FRIBEFE[T]. BRI AR ,2005,33(4) :12—14.

LI Qun-yi, NIE Shao-min, TANG Jing-lin, et al. Research on
Hydroforming of Square Parabolic Reflector[ J]. Forming &
Stamping Technology,2005,33(4) :12—14.

X A5 BSFIRE. o 56 B8 % < A A ) i B J5 S A
JeBRFE[ 1], B8k TR 41,2009, 16 (1) :32—36.

LIU He-jun, LANG Li-hui. Investigation on Warm/Hot
Hydro-forming of High Strength Aluminum Alloy Sheet[ J].
Journal of Plasticity Engineering,2009,16(1) :32—36.
o, PIVBUEE X B s K shBILAE 24 R T B 5 e
WOEAARLT]. iz il 4R ,2010,1(1) :91—99.
YANG Yong, SUN Shu-feng, LIU Hui-ru. Hydro. Forming
Technology of Complex Profile Cover Sheet of Aeroengine
[J]. Aeronautical Manufacturing Technology,2010,1(1) :
91—99.

TUHET Ve S22 5. 4 3 11 TR SR o ) 50 £ 075 1 52 451
GRATLI]. THEEHLTEL,2009,26 (12) :226—229.

XIANG Hui-yu, LENG Chong-jie,ZHANG Yuan. Case Anal-
ysis of Numerical Simulation for Automobile Panel Forming

Defects[ J]. Computer Simulation,2009,26(12) ;226—229.
(T#% 114 W)



oW O B T

i 2015 4£ 09 H

[10]

HUANG Qun-ying, LI Chun-jing, LI Yan-fen, et al. R&D
Status of China Low Activation Martensitic Steel [ J]. Chi-
nese Journal of Nuclear Science and Engineering,2006,27
(1)41—50.

SHARAFAT S, AOYAMA A, MORLEY N, et al. Develop-
ment Status of a SiC-foam Based Flow Channel Insert for a
US-ITER DCLL TBM[ J]. Fusion Sic Tech,2009,56(2) .
883—891.

B SR M AL 2 AR AL A 2 R O T RE WF 5
(D] AN rp R e A5 B - AR BT BT, 2012.
HUANG Bo. Study on Formability of Low Activation Steel
Pipes for Blanket of Fusion Reactor[ D ]. Hefei; Institute of
Plasma Physics, Chinese Academy of Sciences,2012.
TANIGAWA H, SHIBA K, MOSLANG A et al. Status and
Key Issues of Reduced Activation Ferritic/martensitic Steels
as the Structural Material for a DEMO Blanket[ J]. J Nucl
Mater,2011,417(1-3) :9—15.

AR I IF B B K 5 4. ITER TBM 55— BE il & 7
LSRR ()] R AR S 55 R TR B, 2011, 31
(4) :356—358.

YE Xing-fu, FENG Kai-ming, LUO Tian-yong, et al. The
First Wall Methods and Sample Test[ J]. Nuclear Fusion
and Plasma Physics,2011,31(4) :356—358.

EABK BEHTE AR, 55, B RS AR B B T8
GrpTL)]. KUY TR ,2015,7(3) :73—77.

WANG Jiu-lin, XUE Shi-bo, XU Jie,et al. Process Analysis
of Precision Forming for a Certain Type of Cross Shaft[ J].
Journal of Netshape Forming Engineering,2015,7(3) :73—
77.

ST 2L X R, I, S5 5% R R R EE SR A X 4 A
BRI R R [ ] S8 T R4 ,2007 ,14 (1) 36—
41.

[11]

[12]

[13]

[14]

[15]

WU Xiang-hong,ZHAO Guo-qun,SUN Sheng, et al. The In-
fluence of Extrusion Speed and Frictional Status on Alumi-
num Profile Extrusion Processes[ J]Journal of Plasticity En-
gineering 2007 ,14 (1) ;36—41.

sk, T2y SR AL A N R R R RS
Tt T RHERB T[T ). R BUE TR, 2014,6 (1)
9—14.

ZHANG Chi, HE Qiao, LUO Jing. Compound Precision
Forging of Warm Forfing-cold Shaping and Die for Automat-
ic Transmission Conjunction Gear[ J]. Journal of Netshape
Forming Engineering,2014,6(1) :9—14.

SPEER W,ES-SAID O S. Applications of an Aluminum-be-
ryllium Composite for Structural Aerospace Components
[J]. Engineering Failure Analysis, 2004, 11 (1) :895—
902.

LT AR 5RER. EERAE WA R B 3 ) R
TS S IBEAKY AR [ 1], BPE T RE5441, 2009, 16
(5):125—129.

BAO Wei-ping, REN Xue-ping,ZHANG Yi. The Character-
istics of Flow Stress and Dynamic Constitutive Model at
High Strait Rates for Pure Iron[ J]. Journal of Plasticity En-
gineering,2009,16(5) ;:125—129.

RN, PR A BICRTERI PRI L] 1R GAR AL
H,1996,8(1) :20—23.

FENG Chun-yu. Discuss the Role of Alloying Elements in
Just[ J ]. Metallurgical Standardization & Quality, 1996, 8
(1):20—23.

O, XD i b 0 R AR T VR P B % 40 P BE 4 52 1)
[J]. BI85 ,2009,37(3) :54—56.

MA Jie,LIU Fang. The Role of Rare Earth Elements in Steel
and the Effect on the Properties of Steel[ J]. Iron and Steel
Research,2009,37(3) :54—356.

(L35 98 T)

[14]

[15]

BV, ARbt ST STHE OB EAR L M. AL [ B Tl iy
Jikt 2014,

LANG Li-hui. Innovative Sheet Hydroforming and Warm/hot
Hydroforming [ M ].
Press,2014.

LI BRI, Ph AR A2 55 48 6 4 WEBE I SURR ST L
T ZR5EL )] R U T2 ,2015,7(3) :62—66.
KONG De-shuai, LANG Li-hui,SUN Zhi-ying, et al. Hydro-

Beijing: National Defense Industry

forming Process of Aluminum Alloy Thin-wall Corrugated

Sheet[ J . Journal of Netshape Forming Engineering,2015,7

[16]

[17]

(3) :62—66.

NGRS BEAE LIS, SR8 & S EIE M B AUE 1.2
BT )] R R0 T4 ,2015,7(1) :46—50.

SUN Zhi-ying, LANG Li-hui, KONG De-shuai. Simulation
Analysis of Hydroforming Process for Aluminum Alloy Sad-
dle Parts [ J ]. Journal of Netshape Forming Engineering,
2015,7(1) :46—50.

MCDOWELL D L. Modelling and Experiments in Plasticity
[ J]. International Journal of Solids and Structures,2000,37
(1/2) :293—309.



