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Application of Hydroforming Technology in Aerospace Rocket Fairing Forming
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[ABSTRACT]| Aiming at the hydroforming process of large-scale thin-walled fairing, wrinkle-free and crack-free parts
were obtained by numerical simulation. The numerical simulation results were in good agreement with the experimental
results, and the accuracy and applicability of numerical simulation were verified. Through field tests, the formation
mechanism and control mode of defects were studied. The wrinkling and cracking defects in hydroforming process were
solved by loading curve of blank holder force, controlling initial chamber pressure and blank holder force. The process
upgrading of liquid-filled deep drawing on large-scale thin-walled fairing components is realized, the product profile
accuracy is greatly improved, the manual dressing and annealing processes in the later stage of down-pressing forming are
eliminated, and the product quality and production efficiency are guaranteed.
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Fig.1 Contrast diagram between fluid-filled drawing and
ordinary drawing
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Fig.2 Model of fairing
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Table 1 Single tensile mechanical properties of 2A12 aluminum alloy

Bl HS KPEERE a/mm | RXFETERE by/mm Ly/mm
1 0-1 1.181 12.484 50
2 0-2 1.178 12.475 50
3 45-1 1.179 12.481 50
4 452 1.181 12.474 50
5 90-1 1.183 12.486 50
6 90-2 1.182 12.487 50

(a) 7 il

R/ (N'mm™) R,/ (N'-mm~) Ry Ao/ %o
73.76 170.05 0.6349 10.40
74.71 169.88 0.5909 9.77
71.99 154.67 0.9426 10.46
71.76 156.66 0.8022 13.93
70.18 154.55 0.3517 9.49
72.47 154.10 0.3986 9.41
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Fig.3 Finite element analysis model
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Fig.4 Numerical simulation of defect forms
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Fig.5 Simulation nephogram
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Fig.6 Prediction of tensile tonnage
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Fig.7 Liquid-filled drawing die and filling system

(a) B 1 (b) B 2

u

(d) B 4

B8 FRARILREHRIGRELNK
Fig.8 Defects of hydroforming
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Table 2 Measurement of parts wall thickness
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1.1 1.06 1.05

1.05 1.04 1.06

1.04 1.05 1.06

By ZHEREENS 1.07 1.06 1.05

Fig.9 Measurement of theoretical wall thickness of parts
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Fig.10 Part of hydroforming

4 45

(1) BT FME R T MR KB RR Bl
B ST R 2 SR A 7% H , SE R T B
A DA IR ISR AL LA Ty 1), BaEH T BB vt 1

(2) AR I R B IR 00 , T S BR o At 3
{1 — LI , 30 5 VR R Y PR 5 T 3 i , R
PR R TS BE A T FRVC I , 55 34 5 RE R 47
A W U et AR L SRR 24 )

(3) SZBLT FEMBE T A8 AR 7o B 3 B
T i T2 TR, RRHR T T B 0 3 1 5 e, AT 7
DAL S35 R T 2 M EERIR TR L EGR A L
T R R S T A T 5 6 T 2 5 1 5, T
TEZAAE A 7 5 A o 2 1 R A0 B G FE pr

& £ 3

[1] SIEGERT K, HAUSSERMANN M, LOSCH B, et al. Recent
developments in hydroforming technology[J]. Journal of Materials
Processing Technology, 2000, 98(2): 251-258.

[2] BUERK E. Hydro-mechanical drawing[J]. Sheet Metal
Industries, 1967, 44(479): 182-188.

[3] ZHANG S H, WANG Z R, XU Y, et al. Recent developments
in sheet hydroforming technology[J]. Journal of Materials Processing
Technology, 2004, 151(1-3): 238-241.

[4] AV, BEADME , BT | SERERUb R R HR R H e
[3]. ¥EPE L RR2A4R , 2006, 13(3): 30-34.

LI Tao, LANG Lihui, ZHOU Xianbin. Advanced sheet metal
forming technology and its development[J]. Journal of Plasticity
Engineering, 2006, 13(3): 30-34.

[5] Suttt®]. MAEBIEEA [M]. dbat - FEE TR,
2009.

YUAN Shijian. Modern hydraulic forming technology[M]. Beijing:

86 MiATHIIEEIA - 20204E 63 & 55 1/21]

National Defence Industry Press, 2009.

[6] BBFIE, sKICH , XIRET , & R E I g Kk 2L ap
PEFER TG L AR [T]. SRR | 2016, 41(9): 41-45.

LANG Lihui, ZHANG Wenshang, LIU Kangning, et al. Influence of cavity
pressure on box-shaped part with special-shaped long flanges in hydroforming
process[J]. Forging & Stamping Technology, 2016, 41(9): 41-45.

(71 e, R, AR, & RAMRS T FRRNIR L L
SIS (1] K%L AR | 2016, 8(6): 49-53.

XU Long, SHU Fei, GONG Ganlin, et al. Process analysis and
experimental research of hydroforming for complex sheet metal parts[J].
Journal of Netshape Forming Engineering, 2016, 8(6): 49-53.

[8] XK, fki , sEHEG] , &5 . FRE 4 S AIATHRE PR
TEHA [1]. KEHRUE TAE |, 2010, 2(1):42-46.

LIU Xin, XU Yongchao, YUAN Shijian, et al. Hydraulic forming
technology for aluminum alloy complex-shaped components[J]. Journal
of Netshape Forming Engineering, 2010, 2(1): 42—46.

[91 BRAINE, G, s, . 321 REGEM V B il e ok
T haroT (7], BURHAR | 2012, 37(5) : 51-55.

LANG Lihui, XU Nuo, WANG Yongming, et al. Research on failure
control of hydroforming for 321 stainless steel V-shaped components[J].
Forging & Stamping Technology, 2012, 37(5): 51-55.

[10] PhaE=E, BRADEE , LIS . $RE6 4 DEIB M Tl UB 1.2
B M (0], KR8 TR , 2015, 7(1): 46-50.

SUN Zhiying, LANG Lihui, KONG Deshuai. Simulation analysis
of hydroforming process for aluminum alloy saddle parts[J]. Journal of

Netshape Forming Engineering, 2015, 7(1): 46-50.

BWAEE: 5, TR, 8L, F 52 07 AR 4 e, E-mail -
28401315@qq.com.

(vt BH)

( E#%807 )

[13] ZHU X M, LIN B, LIU L P. Efficiency-based compensations
and the mechanical load dependencies of rotary transformer for rotary
ultrasonic machining applications[J]. IET Power Electronics, 2015, 8(6):
986-993.

[14] SRAE . RETAEH e A4 e B A o T OCHER AR
WHFT [D]. KMt - RHRAE 2015,

ZHU Xueming. Study on the key technologies of rotary ultrasonic
maching based on contactless energy transfer[D]. Tianjin: Tianjin
University, 2015.

[15] k. B A P RE AR IERATR B T 5 [D]. FEIK - FE
PR, 2012,

LU Bin. The research on the algorithm of automatic tracking
resonant frequency for ultrasonic transducer[D]. Chongqing: Chongqing

University, 2012.

BIAEE  XALT- PRI, B4 BF5E 5 T i s &2 S AR E R L4
AFEE A PRI T, E-mail : liuliping_tj@163.com.

(vt BH)



