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Fig. 2. Tube hydroforming products in automotive body applications [1].
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Fig. 7. Parameters used in length to area wrinkle criterion [15]
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Fig. 12. The variations of wrinkle indicator as a function of volume
during forming process due to the newly introduced geometric criterion

T X JETIRVR RN VeV SN 0L Ol gad Y S
Xy, el

SS9y Sl Sl 298 00 03 VY JSS 3 &5 jsblen

Al Anld 9 lagme 4 dbai VY 3 okd du o aZe A Cad
Az b Gl odd 00b inled wllodd ol (0S5 b 4385 265 9 (59700
Sy o 0dd odalie Sayn ud MBSl iy e I W Bl Hlade

o pool I odel cawd @ uls ¢ VY S5 b dwolie I il
Jro o8 3550 Blyyd (N JS5 ) T sl J3Ble 5 Loy 9100 12!
S o cdilae 025 slayislejl L odd (5 yee

e . e
Fig. 13. Wrinkled part at the end of process [17]
[VV] 51,8 Ll 3 oid Sgpn askad VY UK

3 Abaqus

had Spgo 4 ylas lEl e
35 b > gl Ko ydg ) Al18 (g5lwdins &S Cuwl [S34 p5Y
Olys 4 L el )3 93,13 3,)8" 1S Jas )3 & conl (6350 (g3
o3kl b b 5,5 o )18 oolatul 350 (g ol (gl zo 0 SO
55 i 35 ol o 130 3519 31 id 3 (F) b
(5) dslxo ,> alols polie 51 G a3l 13 L s g L] oo Cand 4

D5 o dmslire (g 395 b (gl dlg) w3 pe Sl y

self __ =2 =2 =2
Av _\/(xself +yself +Zself) (;)

(V) olas pp0 a2 |y o] Sy (a3ls lyie 4w (Byme b o

w=A —Asflf (v)

(A

oozl b oS o dny o oo 3l 0l O jgeo 4 g5 o [y W jlaie
SAS gy adls Jlade 39 YU 5y naw i Ll e awd 4 (A) Woleo
S e U5yl giome il gl (1) Sop sloml Jloin] 30 Yl
ol 4l (el oase slapiell 4 (St Wodsiloe oy
Silodd gyl b 385 yobar (2l siloaned lajiell 1L b
5l A5,ke 3ylae pl ke &5 Al plp b and (gl dss des
By 9070 g sosiiue il e o)l 15 da e ojlul e
RGN MRV FESPE N
J> o) 42 9,0 L5 el 9 (giloand (loj g LSy @

g o il ' o

()

YL asles yo

> v g Wuld 5l 1= gt ey 0 poe Ci 4 (T 5 W(E)
il e B

01 (B ymo slme 2D Sinled (gl (as Jlio Y ¥ Y

Sl b (SaSer padeds Jlee (nl (2L 2Ll pslate 4
ol 0 dunlio [V 7 logs loomud (0)50 (slaodld gy auseds

ol 1y kb gjloded add glaojlul 5 sbyl ) S
Sose PO (25 b b SA02 poiadl Sl puin 5l g amd e
A Gl 0dd (158wl ol a8)S Ll > gt Je VD Cwlbus
s 35 WS e goym 0KE pled (SWedcow (el edle
e 55,5y 90, = VAYIE MPa s 5«0, = AV/O MPa
cadb e n=+/Y-0

1 Explicit
2 Shijian Yuan

AYE



AYA B AYR doxiuo AYAS Lo oF o5l FR 093 puiS pual CSlSlo (nties &y it

=
(o]

)

[y
(<2}

[
(8]

e tube with axial feed

+ self feeding
&

[
'S

X gl )3 om0 Sl

v

0 0.2 0.4 0.6 0.8 1

- oo de

=
w

cmwdw

Fig. 17. Variation diagram of the center of volume coordinate in x
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Fig. 18. Variation diagram of the tube profile slope versus node num-
bers on the tube length
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Fig. 14. Simulation result in ABAQUS
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Fig. 21. Loading paths used for both experiments and simulations [16]
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Fig. 22. Wrinkle indicator of new criterion for structural part
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area based on the length-area criterion
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Fig. 20. Simulated structural part in ABAQUS [15]
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Fig. 26. Finite element analysis simulation results—load path, case 2
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Fig. 25. Finite element analysis simulation results—load path, case 1
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