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1 Sheet hydroforming
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Fig. 2. The required part (before cutting and trimming)
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Fig. 3. Front view and side view of the punch (dimensions in millimeter)
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Fig. 1. (a) Tractor's hood, (b) the upper part and the wall of the hood
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Table 1. Physical and mechanical properties of St14 sheet
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Fig. 4. True stress- strain curve of St14 sheet
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Table 2. Plastic strain ratio (r) and yield stress (r) for St14 sheet
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Fig. 5. Meshed die and sheet for simulation
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Fig. 6. The overall pressure path used in this study
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Fig. 7. (a) Movement path of an external node during the process, (b)
The initial position of node, (¢) The final position of node, (d) The chart
of optimization process of the primary dimensions of the sheet
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Fig. 8. (a) Schematic and (b) Photos of hydroforming die set
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Fig. 9. (a) Formed part by traditional deep-drawing method, (b)
Formed part by hydroforming method, (c) Thickness distribution
curves in the longitudinal direction, (A: bottom area of punch, B: Ra-
dius of the punch, C: Wall of the punch, D: Radius of the die)

axlad (O 03w (ros WinlS gy & aidl S axkad (WA JSS
0995 95 Ot Cwlbud @598 Al (g «Siso B9 0 (1S9 4 8L JSC
o IS AU 1A) ( Job bl 15 Kiso 39,0 5 00l Gnas piuidS

(Uil glas an D cawias 0,935 4l :C cciow glani anli:B

S 4 lwdige cap adgl Gy SO &S cunl S5 4 p5Y

K5 50 il ool L e Sl &7 johailen ¢ cunl 035y Julaiine

Sib 335 (s Bl (ki Aoy g 31 sy 33,5 m o2l N
Dgd oo yiaS Bab  aoxie U ol digy ddol 59 j adly

yay



1

1

1

40
20
-
- N = o
00 1 — .J.\.Q\H_a
!
)
!
80 i
1
[}
1
60 h
I
1
I
40 ;
20
I
[}
I
0 L ;
0 50 (m) 100 150
(call)
140 weeeadal 35

- -l S s

40 b
N
i
20 :
'
1
0 ! :
0 50 (mm) 100 150
(<)
- s alyl 39
....... = al-l ‘p JJB
120 B i = =
- i
100
’-80
£
E
60
40
20
0 r T -
0 50(!11[1’1] 100 150

(¢)

ez 5l e el ol odly L (o) Ve S5 &S jslailen

Br9 55 eptoske V Blpodl gllad (18,5 )i 53 L egjluding > pe
a3 eaie w (9) p Ban (e g 4l JS

@ Cod GBS 5y (o iz blE o] Sen anlis |l
&lg blas a5 25,5 o cdaline (o — ) Ve b S5 jd Gun aois
Som a4 505 B i o] 4 K055 5 ks af
i 4355 a0l 5 od S s S o s 5 Sy
(28 (P92 eins 42 4295 b (Jobo g (050 gohaw )3 &Sl A3l
53l Gl sl 225 5 i 5 gl

o skl (Jsb by > Culis mjs Ol g VY S

@l b cwl S5 @ piY e e plis |y gjludigy dape ]
@39 9l Sl o oo & adbad (pd5e 0)ld 13 JSKB s (ki &L
Q) 5l g conl aB)S L8 oy )90 Jobo b sliwly > b
asbd (Job o)l 59) 2 9 (25 W by 3 Cuwls @i lagel
bl Culud Ol g W8l e 3B 5)9 )3 o3l ed LS &S
g oo odbline HIdges (pl jd &S jalailen .l ol Hlai G po il o
a2l 50 & ol asdad )3 (SaBSHU e gildinge A po 2 5l
Mrges jd &S jslailen .l o ialS il o 3] dgus S glad | A
el < /FY mm 4y < /FY mm 1 5y cobus oy jieS 335 o onlive
Slal s At Jus 0 aS )] Cales dgue oyl e g ol aidly
oo by i 4365 4l ) ogasy (2l 4nl ()Ad 1S 5 4yl
B ojas 3 4y (o508 (i o odle g bl dey (oxild Al yo
b by

Pl 5 P Alye 93 O gl e 3 i Sl S
loss gaio wa 59) » Loy abye 93 (0l Culied g oxie
Wl 9L Ve @l JUiS b ejlodand (gilodige Jole ads)y
gl dlul b askad (23 JSS (sl L3 5)90 HLi8 JSlas oS L 00 )Lis
ilodds pbosl csladgy (Lot 39

dige gl Gyg b 228 09ej] daisiloand A0l g )y o
5 AW oSt w85 ©jgo siloand b ol Lulyd b g oad
Ol LB b 25 oigesl g (il ) 4 il JSs il (o
Sl duglie do nd o LI ) )L 0 Jlid el 5 LY AL
&S oye g Job sliwly 93 50 B9y 99 5l el Cuwd 4 cls wje
oS i 1)y W il s ) (o ) IY csla S5
b 228 0905l 9 ildend Ubgy 93 5l okl s 4 @l 51 (%0
A o ylis

b 031y L VY IS 50 &S L O Hlid did b 4l S dalad
Siloded gl m Ll sl oo pllo (glaslad cualus @5 Jlas 5l o
P SSor eSSV USS 3 & (028 G0l @B on g
gl amdee L |y (e3g0e AdgS glad (pizren 5 0)lgd Cuon

yag



Frr BYAV doxio AYAS Jlo oY oylad FR 093 pusS pual SlSlo (nties &y it

e i Bla

L 20 H L) = (8- 120 140
(mmy et ) alld

o e g
— g il e
T
R

o e e

Fig. 11. Thickness distribution of initial sheet and four stage optimization
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Fig. 12. (a) Formed part by simulation method, (b) Formed part by
experimental method
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Fig. 10. (a) Pre-optimization stage, (b) The first stage of optimization,

(¢) The second stage of optimization, (d) The third stage of optimiza-
tion, (e) The forth stage of optimization
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Fig. 14. Wrinkles in the wall and vertical corners radius, (a) Simula-
tion, (b) Experiment
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Fig. 13. (a) Thickness distribution in transverse direction, (b) Thickness
distribution in longitudinal direction
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Fig. 18. Thickness distribution in the bulge region with three maximum
pressures of 500, 650 and 800 bar
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