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Shape control technology of multi-pass composite drawing for beak-shaped and
U-shaped long ring lip

Bai Ying, Han Yanbin, Liu Bo, Lu Fan, Li Shifeng, Zhao Weimin
(AVIC Xi'an Aircraft Industry Group Co. , Ltd. , Xi'an 710089, China)

Abstract: The structure of beak-shaped and U-shaped long ring lip hard aluminum is complicated, and it is difficult to form by drawing.
Therefore, based on the finite element numerical simulation technology, the two-pass composite drawing method for the beak-shaped and
U-shaped long ring lip was researched, and a design method for the initial process part of multi-pass drawing was put forward. Then, the
reasonable forming height of initial process part was determined by the inversion method of unfolding blank, and the influences of key
process parameters such as blank holder clearance, initial anti-expansion pressure and final liquid chamber pressure of the first pass hy-
droforming on the thickness changes of material were analyzed to guide the formulation of the first pass drawing test scheme. Furthermore,
a design method of variable clearance anti-drawing die structure was proposed, and through the second pass anti-drawing, the inner and
outer surfaces of part were converted, and the change amount of uniform material thickness was obtained. The test results show that the
complex lip parts with a deep U-shaped cross section can be formed by the effective combination of hydroforming and anti-drawing. Thus,
the reasonable process model, blank holder clearance and liquid chamber pressure loading trajectory can not only improve the drawing de-
fects in complex structures but also reduce the buckling deformation and springback of lips.

Key words: hydroforming; anti-drawing; anti-expansion pressure; liquid chamber pressure; blank holder clearance
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Fig. 1 Design structure (a) and cross-section sizes (b) of lip
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Fig.2 Comparison of true stress and ture strain between test and

fitted values for 2024-0 aluminum alloy sheet metal
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Table 1 Material parameters of 2024-O ( Alclad)

PplCiih: Jads  JEAGREZ  PORRE kR Bk

S8
E/GPa Ity R,/MPa R /MPa  A/% %tn
i 72 0.33 80 155 16 0.32

2.2 I ZEmigit

RV R iR T 20 o e A S 38 4
FEAFEER I, T AR m e, B
THI o B e 5 R I BUE 5 R A . TR 1
{1 T2 T 42 BEBOE U 43 M 000 I 2o U8 T2 T T
LPUY T2, 18 R SRR BUY 9146 7 4,
55 2 TR PR U e 288 T4

RFHE, S 1 PN BE S a4 T3 AT
FEXFAMEESEAT T 2 A A, B Jeh i e &4 i
BIFDR IR TR, dnlE 3 Fros, #E4T T A 4vEAb
PR, . U B N, DARRIRE e
EE S A ER AR, PRUER DG R, o
AR R = (8~12) ¢; AIKRPLIRMERE; & OBk
R A AT 3 9 [BR]  >AR I ] AR R

3 RN RARIE TR0 4i

Fig. 3 Design structure of final forming process part for lip

KRR RUE TP AR IR0 T, D%
FOY T4 08 S 284 1 1 S ) i T4 il A M Y T
FIFAE BRICA M R R FF A e D 6, 1158 e &k
TR RIF B RST (KEEH 1070 mm, 58
7900 mm) . &l 4 A IY TV ORI B
M ER,

RE&RE TR ShBED: 2R Ly

BITER

Bl 4 B8 TPk RO RIT B HRE5H

Fig. 4  Structures of final forming process part and its unfolded blank
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Fig. 5 Schematic diagram of calculation method for auxiliary

unfolding circle
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Fig. 6 Schematic diagram of design structure for initial process part
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Fig. 7 Simulation model of hydroforming in the first pass
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Table 2 Influence of key process parameters on forming

quality of hydroforming in the first pass
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25 1.0 10 91.3 21.6
26 0.2 2 6. 15 32.8
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Fig. 9 Blank states and simulation effects for traditional drawing and hydrofoming
(b) Pre-expansion of hydrofoming ( F=0.4 MPa)

(a) Traditional drawing (c¢) Pre-expansion of hydrofoming ( F=0.8 MPa)
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Fig. 10  Forming limit diagrams of hydroforming in scheme NO. 24

(a) Nephogram of forming safety valve degree
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Fig. 11  Assembly relationship diagram of key parts for anti-drawing die
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Fig. 12 Simulation model of anti-drawing in the second pass
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Fig. 15  Hydroforming die and blank in the first pass
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Fig. 14 Thickness change nephogram of material for lip part 3.2 *j;";‘&ﬁtgﬁ
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Fig. 16  Rupture at beak-shaped part (a) and flange wrinkle (b) in hydroforming test of the first pass
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Fig. 17  Qualified initial process part
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Fig. 18 Qualified final forming process part
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Fig. 19 Modification process part of lip (a) and qualified product (b)

PN FRURARIE LU T 078 F64% 46 T F6 i m%
=Y SRR RS, fER G B ep b | AT
(1) T RIS N . PRERRERIGE  MEHS, 0 T AR SRR, HC T BN



%64

8 BB URKIR O ZERE SRR 125

T PR T, BT P UK PR TR A A
I T 254k

(2) 2T —Fp 2 8RB OY e & T I
WG TPt s, R AR B 20 AR 3
WIUR TR e R BE T 2040 58 B 1 8 1+ LA AS fin
KARMERE | L IER A2 R = (8~12) ¢ AR,
A R T R IR AR TR

(3) AT FAEAPL AT T 8 18 K T PR Y
W= R Ik Bk ek, FEWI LR R KR 1 R
0.4 MPa., KR 3.32 mm, HZ& % T 163
4 MPa BT, W10 TR B9 OB SO e,
AR R AR R PR Y 23. 7% % % 9. 05%, #F
BRG] AR BN g, JRPE SR 2250 2 R b R
OB, MR R AR A B i — 2k

S 30k

(1] BB, SRPGE, WSRDE, 5. MG SR O i W B 1 5T

WROEASIE MU ETE (1], K% SO TR, 2021, 13 (1)
133-138.
Qiu C B, Guo Q L, Lang L H, et al. Deformation regularity of
aluminum alloy boat shaped deep-cavity and thin-walled part in hy-
droforming [ J]. Journal of Netshape Forming Engineering, 2021,
13 (1) 133-138.

(2] EWi, SMET, sKIb. i K SHLIRIE % 08 58 W TR OB
T2 (1], #sSehiE, 2022, (14): 16, 18-20.
Wang Y Q, Guo P Y, Zhang S, et al. Research on hydrodynamic
deep drawing process of ring-type parts of aero-engine [J].
ing & Metalforming, 2022, (14). 16, 18-20.

(3] fhoiod, SRR, XS WREESEsexT 5406 4144
MO WM B OB B s [ 1], R BR, 2022, 47
(12): 38-43.

Forg-

XuY C, Han SY, LiuS J. Influence of cavity pressure loading
path on hydroforming for SA06 aluminum alloy conical cups [J].
Forging & Stamping Technology, 2022, 47 (12): 38-43.

(4] BGHT, HIRIR, B, . KRR L RE S th M 4 5
WP MRIE B AR [T]. BEE AR, 2022, 47 (4): 126-
133.
Zhou Y X, FengSL, Yang X Q, et al. Hydro-drawing technolo-
gy for thin-walled variable curvature part with large diameter to
thickness ratio [J]. Forging & Stamping Technology, 2022, 47
(4): 126-133.

[51 M, SEMS, 82, % BUEDE K 238 iR g
T (1], K% BUE T2, 2018, 10 (2): 99-102.
Tang J] P, Hu C P, Wei L, et al. Multi-step deep drawing
process of double barrel pulley [J]. Journal of Netshape Forming
Engineering, 2018, 10 (2): 99-102.

(6] skakM, ok, e, 5. 5A06 fA A 4 TR AR R BLERAR

[10]

[11]

[12]

[13]

[14]

[15]

AR [J]. MRET AR, 2017, 45 (9): 101-107.

Zhang Z C, Xu Y C, Yuan S J, et al. Deformation behavior of
reverse deep drawing of 5A06 aluminum alloy plate [ J]. Journal of
Materials Engineering, 2017, 45 (9): 101-107.

Zhang Z C, Xu Y C, Yuan S J, et al. Reverse deep drawability
of 5A06 aluminum alloy plate at elevated temperatures [ J]. Trans-
actions of Nonferrous Metals Society of China, 2016, 26 (6):
1538-1545.

MR, FAE, HE. SREACEIE— R IT A U L Al
[M]. dbnt: Jeatizs i Ko it 2008.

LiL G, Wang S H, Xu Y. Finite Element Simulation Base of

Sheet Metal Forming [ M]. Beijing: Beihang University Press,
2008.

MzEETETN) BmEs. MAEHE TETM -
e T2 (M), deat: iz ol adt:, 1992

Editorial Committee of Aeronautical Manufacturing Technology
Manual. Aeronautical Manufacturing Technology Manual: Sheet
Metal Forming [ M].
hERE . M AR S W E A RIE AR [M].
HURC Tl A, 2013.

Confederation of Chinese Metalforming Industry. Manufacturing

Beijing: Aviation Industry Press, 1992.
Jext:

Technologies for Aerospace and Aviation Metal Stamping Parts
[M]. Beijing: China Machine Press, 2013.

FIE, B, RS, A —FR R U EGE SRR IR R D
B T8 WK PR I ik [P, " E. CN202111098742.9,
2023-08-04.

Bai Y, Lu F, Shi P, et al. Two-pass deep drawing forming
method for long annular lip with deep-shaped section and beak-
shaped middle [ P]. China: CN202111098742.9, 2023 -08 -
04.

sk/ANGE ) RRESAR, B, . S4B IR RWBUE T
B MRARSHT (1], K% RUB T2, 2020, 12 (3): 125-130.
Zhang X Y, Cheng P Z, Wang Y, et al. Hydroforming process and
optimization analysis of three dimensional special section tube
[J]. Journal of Netshape Forming Engineering, 2020, 12 (3):
125-130.

BUREE, BN, RIE, S WREEKRE ST RS T AT
g8 [J]. WEBUB TR, 2023, 15 (2): 199-208.

Hong Y H, Mo B J, Wu F, et al. Deformation regularity of sink
shaped thin-walled part in hydroforming [ J]. Journal of Netshape
Forming Engineering, 2023, 15 (2): 199-208.

B, FEERSE, RINER, S RHLE AR S B R R W
VIRE AR [J]. KERIE TR, 2019, 11 (3): 59-65.
Zeng Y P, Dong J L, Song B Y, et al. Hydrodynamic deep draw-
ing for complex curved skin part of aircraft [ J]. Journal of Net-
shape Forming Engineering, 2019, 11 (3): 59-65.

A, MIRSR. RHURERIEREE T2 [M]. 7522, 75k
Tl R iR, 2014,

Zhai P, Lin Z R. Stamping Process & Die Design [ M]. Xi'an:

Northwestern Polytechnical University Press, 2014.



