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Abstract

In recent years, the lightweight and high strength have become the development trends in the
automotive industry. To achieve these goals, tube-hydroforming technology has been applied to
replace the traditional stamping-welding process in manufacturing automotive structural parts.
Usually, a tube-hydroforming process includes tube bending, pre-forming and hydroforming
operations. In the present study, the research on the tube-hydroforming of a rear sub-frame beam was
carried out, and the tube was bent in die instead of by a bending machine. The die bending is a
technique in which the straight tube is bent with both the upper die and lower die which produces a
lower rate of thinning with less restriction of the center line than that in draw bending. But this process
is prone to producing depression, cross-section oval and reduced cross-section on tube.

In this paper, finite element analysis was employed to establish a basic model to examine the reason
why defects occur. Next, the paper discusses the die design, including the stress distribution of the
tube before and after the contact between the lower holder and the pipe, and analyzes the influence
of the height of the lower holder on the amount of the depression. Finally, this paper optimizes design
of a set of bending die, successfully improved the degree of depression of the die bending tube. And
verify the accuracy of the simulation model by the actual rear sub-frame beam.

Based on the above research, this paer has established a die design method that offer a way to
improve the defect of die bending process.

Keywords: rear sub-frame, tube-hydroforming, tube bending, bending with die, finite element
analysis



.
1. 3

FERBEAMBEREAN e 0 AU RREAA o AF ERBRIGEEY 5§
- FAABREERER L FH R SR  TF 2 G ’k;%%??“*ﬁﬁmﬁ\ﬂ’
ST A RS F T o RS XA o R AAE = )Y R T
BEWHREHHET TR A & iz’r HiPF > HP LR t_%‘ P IRE BRI TE
e BRI A F M %\ni@ﬁ— RigA) o Fp UARE T2 AP 1]?” z Xus 4 [1]'é *
ABAQUSH &8 i& {7 §* ¥ 4 17 > ﬁﬁi& Bt E 58 AN RERZR
Hasanpour % A [2] 473424 % rr’wriﬁ 3P rE TS E BB B -Chen® A [BliF3t % ¢ %stﬁ 23
B S B 2 B GECHET S A N RIBIBR e B LeiE A4 3 LA 2 HMEAE R
HERBRSTEERERRAN > cRPRROERLS G > RS R AHA R
RGP P AP FENPFE IR PP F LT Y 0 T a‘%”ﬁ%“gﬂﬁfmﬁm‘z@
&wi%go%gﬁﬁﬁﬁ%gw%ﬁ’wﬁ%%%**%ﬁ*@ﬁmﬁh f$W%§%
oﬁ?ﬁ%”ﬁ BN I ERE oA RPN FEUARTERPESFI ISP SLAT L ER L

R U N %ﬁfx? +§¢»4‘££»J.—g Gpd ERSE F PR %5? m‘y{;J';Eij_? lj:té’,-"%’«? B3

m/r, Ao B et - KRG AIERE MR B S A2 A Rl (R Mu
T EET RS AR L B A %‘“’? W RnZo 4k R F]ENE R O %”"'FY ATk BK

> 5 b ok
R E R AR o

2. BB HN WY 2 i
21 FHbH 3k
FHHHL @ r SAPHA40 - H # 5 Ra B 5 457TMPa > fid s & 5 511MPa » X ik s
210GPa » 2£ # Z (uniform elongation) = 19.5% - & * 44#2SAPH440¢ +1 8 $hi> ¥ 2% 2 &4 &
4 ‘fﬂﬁiﬁ GO E AP EORE AR TRC BR o BOR -

2.2 wHak 2 B4

WinE 4 R F G ?*i}&??@ﬁi'} 'F!‘H#" LES L % %"fv 4247 0 o x m?‘} ‘g
L AL RIPFEE S RO F £ S RIIFERSATEEE M e T om0 o e B 1ATT o
VR S g ERRBIEA S 2 A SRR wnE b AR R AR RIRA LR RS
ol e I P R f%ﬁ;‘ri@"%’w Fad o AFTUBRFREHES A G 2]
WA FEA P FE Y A AL PRI ERERES (R )EF T RIFRAEFD
Bi4v o — B0 4 g g Y ifirfz&" PREFTORFER A A S RIRE A S
Fu b iFA R0 0 Ao BI297T



i b M e & B E SR
200
~ 750
&
2 700
= 550
i‘j‘ ) — WP
& o — W ]
# 550
500
20 40 60 80 100 120
F R 7 (mm)
g]l wn Fé”‘lé_i ﬁﬁﬁ;d ]%]2 wn Pé‘%‘&&é&@; ﬁ?ﬁg

2.2 T Holder {7 #23K 3+ 30 44§ w 2 P55

T Holder {7 423k 3" F &g W R 40 A fu Bk v RadhgE 4 Bt #5437 Holdersd
R TALR R A e g e A S 2 TR 5 25mm s g e S Timm > B
% Hc 50120 @ * 4 T HolderF /2% R (7 'L F AR -

B AT R A w0 R A R A S B2, AL 0 VB P DAL R AR S 220mm 0 o ik %
T b JOR RIER P 110mmpEE 4 47 =0 fs o F T Holder (7 4235 3 2 % 20 110mm A st ook
A7 =0 W 4 o @ T Holder (7 42195 ~ 170 ~ 14512 % 120mm¥ > v gk 45 2 32 S04 2 47 iR
% 4r B34+ > T Holder {7 #2195mmn fingdk 5 # & % 4 0 N RIUE R i 2)110mmpF v a1
& ] ; T Holder 7 #2120mmwn fidg £ & o - i R IF R E200mmpFwn g 45 3 S Rl e d 3k
% ¥ 4" Holder {7 #24% M AAX 7 % % i = W fngd 45 o

| FHolderf742195mm [

# BFAZ110mm
BHE L MRS

“FHolderf7£170mm [y

| A [ FHolderfr 2 145mm |z

LUK

v
HEEUR

B]3 Holder 7 2.4 > w0 Kl 4% 2. 85 58 T P



3. AW LA

SRR LR R et Bl ,gw-ﬁgeﬁ;\a BB R 2 %‘“?LE:KQ’}’? o
FEPERENE (WAL A FEA%RE RET LA E AT 17 BEEHE > ©0 R -
.3- 2T HOlderf‘rﬁilixh =0k A4 F‘)‘J‘%EPEf‘T%E_F{v‘]?: Tl A f‘rﬁip{.‘?]i ]9\%3‘_,1\ %«? e }E_‘ » 4o
BIS#ToT o

(a) fFAzeed ® (b) 7z 15

RIS e %29 %22 A 5 RE

4. %%
AFETRABREEHHAET > R 3 LR R R MRS A e
Ko B ¥ 48313 b 7 Holder (7428 & % v ol 4% @ 48> = Holderﬁ ARRRITF L—? SR FE
BEH Aaplwinhgd T Holderf%%ifi\ »3_;51 FRBAWILES o i AF Y
2 AGRG AR R HERA L Bl R RS RP BB LB EE R RS
S MHAT RSB EREFE S E A R wrmﬁif;‘: SRR R -

5. &3
b s ﬁi«ﬁi‘”‘%‘l‘é 5 MOST105-2221-E002-030-MY32 3+ 4 > d *t L et 3% > i@
ﬂ\)‘[‘ifg’ll“'ﬁ'f g7 ’;}’3‘““{ "},&Fi\,g) °

6. 232 );Je
1. T. Kuboki, K. Takahashi, K. Ono and K. Yano, 2013. A new schedule-free mandrel-less bending

method for straight/pre-shaped long tubes. CIRP Annals — Manufacturing Technology. vol.66,
pp.303-306.

2. H.Li, H.Yang, Z.Y. Zhang, G.J. Li, N. Liu and T. Welo, 2014. Multiple instability-constrained
tube bending limits, Journal of Materials Processing Technology, vol.214, pp.445-455.

3. B.G. Teng, L. Hu, G. Liu and S.J. Yuan, 2012. Wrinkling behavior of hydro bending of carbon
steel/AL-alloy bi-layered tubes, Trans. Nonferrous Met. Soc. China, vol.22, pp.560-565.

4. Y. Choi, B.Y. Kang, J.H. Park, H.T. Yeo, J.H. Kim and S.W. Park, 2013. Design of forming
process for control arm using extruded aluminum tube, International Conference on Tube
Hydroforming.



