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Analysis on stretching and bulging forming of aluminum alloy rubber bladder

Song Guanhua', Wang Hui', Wang Rui®, Mi Qihao', Wang Fei'
(1. College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Haining Red Lion Baosheng Technology Co. , Ltd. , Jiaxing 314400, China)

Abstract: Based on the rubber bladder process, the tensile and bulging forming of aluminum alloy plates was investigated, and an orthog-
onal experiment was designed. Then, the finite element simulation was combined with the experimental verification to explore the influ-
ences of three factors, namely, forming pressure, sheet thickness and blank holder length on the maximum thinning rate, the area of bot-
tom surface in contact with the die and the buckling deformation. The results show that as the forming pressure increases, the increments
of the area of bottom surface in contact with the die and the maximum thinning rate decrease, and as the sheet thickness increases, the
decrement for the area of bottom surface in contact with the die increases, while the decrement for the maximum thinning rate is relatively
uniform. When the blank holder length is 60 mm, the area of bottom surface in contact with the die reaches the minimum, and the maxi-
mum thinning rate reaches the maximum. The influence of each factor on the area of bottom surface in contact with the die from large to
small is forming pressure, sheet thickness, blank holder length, and on the maximum thinning rate is forming pressure, blank holder
length, sheet thickness. Buckling deformation is the process of balancing the residual stress inside the formed part, which is inhibited by
larger forming pressure and blank holder length.

Key words: rubber bladder; aluminum alloy; bulging; forming defects; buckling deformation
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Table 1 Measured chemical compositions of 5083-O

aluminum alloy ( %, mass fraction)

Cu Si Fe Mn Mg Zn Cr Ti Zr Al
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Fig. I True stress-true strain curve for 5083-0 aluminum alloy
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Table 2 Material parameters of 5083-O aluminum alloy
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Table 3 Material parameters of rubber sacs

Eﬁy\%ﬁﬁx,m

Y /(g om™?) Cio Coi

Mooney-Rivlin 1.32 0. 736 0. 184
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Fig. 3 Forming defects for part
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Fig. 4 Finite element model of rubber bladder forming
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Table 4 Simulation scheme of rubber bladder forming

TZ5% HfH

HRHE B/ mm 1.5, 2.0, 2.5, 3.0
B R J1/MPa 5. 10, 15, 20
FE1K BE/mm 20, 40, 60. 80

1.4 BRTERIREZHESHRTET

PR E Ry BRI, A RS 27 mm, H
X = AL A Hokhg E R se ik, BT A ke
PERHE B IR, A% R SR 10 mm, MK BRITIZ AR
PADOHIE R &5 IR B8 Ry ek, TR 80 mm,
SER A DUTIE A%, LRI K, SRR I8
G BEECE T fl, D)1 SRR R 0.3, T 1)
s lE ik, ok AR LM sh A& WoR B X RIE
Tt R EE 20 TErR e PRI S E s,
1.5 BEERFZREIE

SR T QUINTUS 44 B2 #8W0 R OB AL, #1535
QFC 0.7x1.8-1400, fHKHAIETIH 140 MPa, &
JREEA 40 t, HRORER TSR T H Ak 2 e A 3, B

il [ 5 R A%, R G Argus Y6 2E 0 AR I i R 58
TR N ARE , SEI T =R 5 s .

RS BEERBIZIRAE
Table 5 Experimental scheme of rubber bladder forming
process
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Fig. 5 Influence of different factors on area of bottom surface in contact with die and maximum thinning rate after sheet forming
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Table 6 Results of orthogonal experiments

sy MR L/ BOBEJ1/ iR -4 MoRUR R REEERD R mI RS JI T WU A5 T AR/

mm MPa mm R/ % KB/ mm K/ mm mm?
1 5 20 12.20 49.24 100. 34 4940. 74
2 10 40 29.73 69. 87 151.77 10604. 17
3 b 15 60 73.99 65. 64 194. 01 12734. 82
4 20 80 59. 28 65.90 198.53 13083. 13
5 5 40 10. 85 0.00 0.00 0. 00
6 10 20 21.05 68. 94 151. 00 10409. 94
7 20 15 80 43.75 65.98 188. 60 12443. 83
8 20 60 80.93 71.00 193. 66 13749. 86
9 5 60 34.76 0. 00 0. 00 0.00
10 10 80 43. 36 0. 00 0. 00 0.00
11 23 15 20 23.72 78.71 161. 07 12687. 48
12 20 40 40. 68 70. 42 202. 00 14224. 84
13 5 80 4.63 0. 00 0. 00 0.00
14 10 60 27.17 0. 00 0. 00 0.00
15 0 15 40 19. 53 59. 86 141. 40 8464. 20
16 20 20 56. 10 49.32 100. 34 4948. 77
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Table 8 Comparison of long-axle and short-axle lengths between simulation and experimental results

‘ ) ) KK/ mm SN/ mm
ity ARCRHEE/mm BOEIES/MPa R E/mm - A
i B4R LR i BLA5 R SR EE R

1# 1.5 158.9 145 59.0 55
2# 2.0 139.1 130 55.9 52

10 60
3# 2.5 99.5 95 55.5 51
44 3.0 0.0 0 0.0 0

R9 B—HBETETANELNEE (%)

Table 9 Equivalent strain values of each point under the same path ( %)

Rip=t 1 2 3 4 5 6 7 8 9 10 11 12 13

FEADE 6.33 2.64 3.07 4.91 6.11 5.89 4.79 5.76 5.00 2.93 1.90 5.09 4.73

SLIGE 6.74 2.61 3.28 4.92 6.37 6.41 5.20 5.71 4.81 2.81 1.95 5.35 4.98
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