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Hydroforming process on double curvature thin-walled aluminum alloy box part
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Abstract: Double curvature thin-walled aluminum alloy box part is a common aircraft skin sheet metal part. Aiming at the problems of low
production efficiency and poor surface quality in the traditional blanking process of the target parts, the hydroforming process is used to
form the parts to improve the surface quality of the parts and reduce the die cost. Therefore, the finite element model of hydroforming for
double curvature thin-walled aluminum alloy box parts was established by the numerical simulation software, and through analyzing the in-
fluences of liquid chamber pressure, blank holder force loading path, lubrication conditions and other factors on the formability of the
parts, the wrinkling and cracking situations of the parts forming were analyzed, and the optimum process parameters were optimized.
Then, the field experiment was carried out according to the optimized process parameters, and the quality problems of the field experiment
parts were analyzed and solved by numerical simulation technology. Finally, the qualified parts were successfully manufactured, and the
feasibility of the process scheme and the process parameters was further verified.

Key words: hydroforming; double curvature thin-walled aluminum alloy box parts; liquid chamber pressure; blank holder force loading

path; lubrication conditions; wrinkling; cracking
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Fig. 1  Three-dimensional digital model of part
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Table 1 Mechanical properties of 6A02 aluminum alloy
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Fig. 2 Wrinkled part
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Fig. 3 Surfaces of parts to solid solution in different stages during forming

(a) Solid solution before forming
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Fig. 4 Simulation model of part
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Table 2 Initial parameters of hydroforming process
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(b) Solid solution in forming process
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Table 3 Loading paths of three kinds of blank holder forces

JEi1J1/kN
=K1/ MPa
ImEERAE a AL b ImEERAE
0 1000 1000 1000
1 2000 2000 1500
2 3000 3000 2000
3 3000 3000 3000
4 3000 6000 3000
5 3000 6000 3000

K 5a. & 5b A 5c¢ 5050 il S ingk i 4z a,
b H1 c X IV Y BE JEE I 3R A 2 [l X L A S
HROAN R T ER AR T B8 R0 0 o Bk o]
A, ORI R T g g A, s R A A 53
AR I AR a3 A AR
Tt HORME VR AE R R 8 20 W ML, okt
A THTASEA B 1] 50 PG A0 W 7, s A L g 38 43 32 W
FESZM & A < BEEAREE B, B TR R )
VI BB RIS EL (8] Y B 462 7 38 0, DT LA
B, Pk, BRI AR EL AR oAk, AT RHERME L
BRI, FEOCRMIF D TmERAE T, 00
RS AT RS R IS R AR R



52 4]

ok BHARER G & 2 Rl T Z 97

%
20912
19.572
18.232
16.891
15.551
14211
12:871
11,531
10.191 | |
8.8511 |
7511
6.170
4.830
3.490
2.150 |
0.810
-0.530
3210
-4550
-5.891

(@

(a) INEPELE a

(b) AR b

T 2R/ %
21.749
20.390
19.031
17.672 ||
16.314
14.955
13.596
12.237
10.879
9520 | |
8.161
6.802 |
5.443
4.085
2726
1367
0.008
1.350
2.709
4.068
5.427
(b)
IR/ %
15.216
14.046
12.877
11.708 ||
10.538
9.369
8.200
7.031
5.861
4.692
3.523
2353
1.184
0.015
1.154
2324 |
3.493
4.662
5.832
7.001
8.170

©
5 ORI I INARm AR T ) BE ISR A o A = [

(o) IMEKEAE

Fig. 5 Cloud maps of wall thickness thinning rate distribution under different blank holder force loading paths

(a) Loading path a
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(b) Loading path b

(¢) Loading path ¢
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Fig. 6 Location description of part local fillet feature
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Table 4 Friction coefficients under different lubrication

conditions
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Fig. 7 Relationship between fillet radius of part local fillet feature and

liquid chamber pressure under different friction conditions
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Fig. 8 Parts produced for the first time
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Fig. 9  Sheet edge flow amounts under different sheet position eccentricity amounts

(a) Eccentricity amount of 0.2 mm

(b) Eccentricity amount of 0. 5 mm

(¢) Eccentricity amount of 1. 0 mm
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