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Research and Application of Hydroforming for Hyperbolic Airplane Skin With Complex

Concave and Convex Curvature
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[ABSTRACT] The curvature of airplane shape was more heteromorphosis, and complex and convex curvature skin was
largely applied with the improvement of the airplane aerodynamic and stealth performance requirement, then the traditional
forming method has not completely met the configuration requirements of new generation fighter. The basic principle and
key technology of sheet hydroforming was introduced and the key parameters, such as chamber pressure, thickness reduc-
tion ratio, sheet instability and curation tolerance were analyzed and optimized by using finite element simulation method
during sheet forming process based on the background of complex hyperbolic skin production of a certain type airplane.
The industrial production was guided by the results of numerical simulation. The hydroforming technology provided a new
method of industrial manufacture for large complex concave and convex curvature skin parts and met the requirements
of the concave and convex curvature shape skin for the new generation of airplane, which had proved through theoretical
analysis and industrial procetice.
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Fig.1 Diagram of hydroforming principle
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Fig.2 Variation trend of blank holder force during
deep drawing process

2017 455 21 ] - pillsEEiA 81



PN
mﬁrﬁi RESEARCH

M4l A AT R P B R 7 43 [RDE 8537 L s (R IR
7). A PR A . — SR, AR R SRR R
FHZINEI K B HES 7 2 [EE i hr A 7 i — A 5
BERN A O RE s AR A AR « B e VR B Be A
e, FLTRBH AR K, Y Z 75 SR Il A S I
HIBDE i3 A1 5 Hriets S0 7 TBE B BE AL, K BB 7E
TR 5E P A M BT, MR R 805, ERHE
TR, SV AT B R 5 T 5 = A i e T3
BHE 3 K, — e R i b s bRl A fe itk
HIRKIE s hiR T2

FRHE I AR TR P 4R o5, RIS H ] X3l St 42 fie ™y
B, WG G o OB SR AERL RIS, Ak e fa] ek i
PR, AN Ak B, DR A MBS 11 PR i3 5 T hr
TR A7, D/ W i e, kS s AR v S R s ki 22
TR RA 45, EARRLER A A B S RGH A 3 B .
124 JBE¥A

TEFEM I it R v, R4 A AE R B RE B i K
THFE, M EHAS IR 9 BE3E X ARORL S P BE A2 i AR
K, AFERT BT PR 2 1 o i | [l g i e JR 15
FRFE SRR 0 N EaE R & R ECE R
BEE SRR, 4 A B A oy, 2 2 R BUE SR 1
FEEE RSB AN BRI ) 152 ) 25 - BURL 0L 25
RAWER o TR TR B R AR 2R G A FI Y, A L
FEESR A AR SR XT OB A R o 980 NN FIBESEE KA H)
JEE 5 R B b kit g R W] R IRt v i AR PR
PSR AR 2 S Y h AT SRR i e s il R
PR T OB R P —Fh AT R 22 0% O i VP
Tiikie

RZEAE R AR FE BT R 0 7 2 BOE SO R TS
Z IR — E ARG AR, v LI 2 A ER . 5398,
M f Ak 2 T o f R A vy, LR AT 250/ R 452

2 FHRS EME.TZ8H
21 FEHRST. #RbEgE
PLESRMLSE B2 B g X 4, AR IR SN
1050mm x 980mm , FA: 5% 15 280mm , S [] i1 585% 5
30mm, K FIEE LM MR EZ AR, K 4 s, DARE
4 2B06-0082.0 #1 kIR B A R, H 2 IR LA RES 4L
A ROFHIAS > 1.9~10.5 5 Prhrim B < 235MPa ; i1z
5N 10%.
22 IEZ4HMH
A vl ) gl v 0™ T A — R Ak 5L B 1)
R RS2 B AR BOE . 2o o i b4 RN
THE AR AAT 15%, 456 4 2B06-0 F IR A
H10%, 55 2 AT, AE R K AT T, I 168

82 MiAHIIEEA - 2017 4555 21 0]

PRI BB R AP IRES T AN TEROE , I B SOE KT
1L B30T, B A B T T 5808 TR — e i
E—HK—ERIE

3 WERMARS

3.1 Ok, MEFEBERT

KB A FCRAT IR B 257 3 80 (e
ML K R TR o A T G B T, A d i o W A
B by USRS A IR A IO 5 it bl A T R Ak 4
B, 34 RHERBE T, P < Je 2R 3 , M e A AR R
T2 PR o FAMIARE  TIASE LA K T B R T ) 1
Wi 5 B, R o3 TR RY T, R 23 1 3 e
AT, 2 5 A ISR I
32 REEH

1

AV

Mokl 2B06 L

-
Rt 2mx 2.5m \ i
4 pe
W2|14.20(

Ca) BRI A (b)) PRI R

E3 WRFHHHEESRS
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Fig.8 Forming limit diagram of hydroforming part
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