fmn &2 % M
Acta Aeronautica et Astronautica Sinica

Mar. 25 2013 Vol. 34 No.3 670-676
ISSN 1000-6893 CN 11-1929/V

http: //hkxb. buaa. edu. cn  hkxb@buaa. edu. cn

doi: 10.7527/S1000-6893. 2013. 0105

LR B 58 B F 44 36 K8 1 s 5 I k5T

S % h

210016

AL, TSGR, EART T,

l. BEMEMARAE LB FK, Th EX
2. LM EARAG, £ 200436

B E. REERYE WWREFHRIEN EE L2 — Kok \{&%Eﬁrﬂ“mﬁﬁ%mﬁ/ﬂm’] A 3 A5 0] A
FEXTAR B B BUE I T2 s 4R I T —Fh e T — 25 3 BB A B TT 5% f%&%ﬁiﬁ/f}x T T R TR B0 TR O i
G BO M I AL PR D e R A I L SR 5 R — 20 gt P TC 25 A7 40 6 B R 1 e o 1 A 4 o o
ﬁﬁ/i%’“ﬁ%ﬂﬁEﬂﬁl\ﬁ/ﬁ‘mf‘b&B/\Kméﬁi%ﬁiﬁiﬁ/q&‘;@}&‘ﬁu%%“ﬂﬁﬁé&?UH% R b TR CHILAR B 2
T & Z W ih BERIEAR . ()

SR KLY BT S i;«\az;;&z%b Rtk

FESHES: V261.278 kRS ka.\'A/ XEHS: 1000-6893(2013)03-0670-07
4

LG A LA é\m@%aﬁw, BB, Ry L
PRI S Sy
SR T2 E RO UL R RE DT IR 0k BT AT R
T AR HBE Y R CHL G B 9 % Ty ik 2 2l el A7 R K — L A
e AL WA A B 02 B BT O 0 JEQW%\%%M%BW&O 94 WY B
YL AR ST S0 A S BORIE NI PR R A 0 T2 T — 7521
SR B RS S MO SRS NG SR AT BB (LI UL 6 0
I R AU 2 0 T £ R, i o ~%¢E¢E?4¢&iﬁﬁﬂﬁﬁi@ﬁi
IR 2 EW%{ETﬁi ORI 46 . 26 B SR A AT BERL A AR B
A AR I o /IR 78 P Y *51?_3}3323})7@Fﬁmffﬁb%ﬁﬁﬁ?i&ﬁ’%ﬂh_/l\lﬁlﬁﬂo
B R U K ATt B I ES S VRS E FR A SN

WA SO 1 R 4 O AR
SRR, R 45 B B R ANE A AT
Uﬂi’/“ﬁiﬁﬂ:lﬁ’wziﬂi{’ﬁ%,ﬂTﬂlﬁﬁiﬂﬁﬁﬁM
IR AR I3 A B E O R R R
T2 4 4 Tﬁﬂ/«ﬂ’]:éﬁﬂﬁ%ﬁ/%ﬁﬁk¥

HIE A BRICIE 1 B A B8 5 20 20, SR )5 LS R
G PR R AR B T A T R 3R
15 W AR D 1) e ok — 2 396 O A7 BR DG ik
(EREE SRSz VA IAOE R RIS S a e R g e
(90 56 B R B AR 5 g (2R AT LA, R

Wi BE: 2012-04-23; iRfEHHI: 2012-09-05; R A A HI: 2012-10-18; M 4% i AR T8 : 2012-11-27 09:35
™ 2% H AR #b 3 . www. cnki. net/kems/detail/11. 1929. V.20121127. 0935. 003. html
EE&TB: R AREIESE (51075206) 5 2011 42 B g1 @ A H R P2l AL 3 s 300 5 (11-42) 5 10 ROBL i i A7 PR 2 /] 2012 48 B2 4 8

% WIN{EE . Tel. . 025-84892570 E-mail: baoyd@nuaa. edu. cn

7 g # . Zhu M H. Wang W B. Bao Y D. et al. Research on precise blank prediction method of aircraft part by rubber bladder forming.
Acta Aeronautica et Astronautica Sinica. 2013, 34(3): 670-676. % W%, FXit. # s F.%. CHEL FEXBEHFEXKETH

TRz %% mEFM. 2013, 34(3): 670-676.

© =24 igntEst  http:/hkxb.buaa.edu.cn



RIS AR L T 1 B R B R 7 R T 671
1 R A R M 7 08 TS 5 o . n
S B R T S A B F. = m,., 1+zn,, n, 4

1 — ek

L1 —FSFEREENEHXR

— O A BROGIE 1 S A SE AR M b 19
TEAR MG o 5 HAE g A8 T 28 1 I A 9 o 3 i
A FRIT 7 1 W R AE I 2 — R IR AR F R DAk
FAN RAER G AR B R OB — B URE
A BRITEAAL S [ T A TE C Fw) s 7 BOk
Co PIARES , 20 1 P (8] A2 T ad . 9 51 A HE Bl
Tz ORI AR I AR (M) BRORES AR
9 22 18] P9 R EL A T3 R figh 2% F RT3 5 45 2 4

oA A B A S 3 AN ERL,
BBV R BE Ty ) R R — R L B A
VG- AR A 5k B A AT DL R

a b 0
B'=F"'F'=1|b ¢ 0 (5)
0 0 A°

Kot b LAY B 3 A A
3 B R 2 5 T A7 50 3 4
A ERX L AT AR DT R A B B M SR )G

)

i AL A BN A5 (1 2T LA A 0 UL RE 16 B 3= i

% 15 5 4 25— 2 L i O

%mmﬁ%ﬂ%%ﬁﬁ%m%imEEJm%@f

A\

1

Al = [L(a+c)—_0—% m}7

1oE 1 S ) B 1 49 A A" 2
AR AT G 7 AR AP 1 s v w4 A= A (6)
%ﬁ@%%@ﬁ%ouwTwaﬁfyépmm SR LT L5 B R R A
*Zﬁ.f\yﬂlz %LE@%Eo%)‘g /%*Jrﬂl%@} €. €. 0 l(f}\}' 0 0
o8 | 2 » N N ’ ’-” . \ J
g#%ﬂimﬁwﬁﬁ%@¥ LLF %5 e OfSAND a0 W
xr, QNP D 0 0 B o 0 Ina
e, KR R R s xR I 2 A Q‘)
FRs un RHORHPHEIZ B P, 10115 N <”
Rubber bladder pressure itﬁk‘( T\\}g DS.W %j ; /I\@ﬂy‘:‘ﬁ’% ’
\
\ + inal configuration C \(‘11{'\} ’ _Jﬁ’l‘ﬁ‘ I*J j]ﬂ-g
X 4
Iy O B IR = 4L G B O = f
~ TV 545 81T . 220 W% THE R A 8 16 5 B ARR L BT 1A A 1

o
BT b UE i 3R
Fig. 1 Kinematic relationship of one-steff’inverse forming

method

FrAAE Posid B2 T B B 5K i b
dePo =F ]dxl)

2)
IF*I =F;'F'
K. Fo 'R FoUE R A bR 22 N AT AR S 2
[ n ]
l—u, —u —=
As
F,'=| —v, 1—v, ;L: (3)
—w., —w, ¥
L As ]

DIaf LLZeos 2l

W, =J & TedvV
ve (8)

gl =e Tt (—h/2<2<h/2)
A e D JRE Y R VL A8 A0 25 il e AR I 4L s e
R RE VLR 5 DR Y Sl R VR s 6 D BT
77 5K B 5 VO BOCAR B 2 Oy B0 R T 1) A
PRsh N HIC)RE
H B EN =T BI04 - 1 LT, 7 SR R AR bR
Z N R R N AZ AT LA S R RS Y e w0
TR N
g = (B, +zBy)u, (9)
B, NIEAERE B, 2 . B LA 42 )R

bR R I RICIN T Fi

© =24 igntEst  http:/hkxb.buaa.edu.cn



672 i

¥

H}

Mar. 25 2013 Vol. 34 No. 3

Fi, = T"‘J (B, +=B)edzdd  (10)
Krp T O AR AR S s A D B T B
L3 WRSNHE

TE— WL A BROGEE H . i TAULE BT
I A TE A 46 AR PSR ZS S AN BE 5 18 8] 1Y
TN S A B DUASORE AR L (f 156 W PR L
FENVEAEAR B ) 22 18] (9 A0 BLAE 0 04 foh 2% 1 2
RE a7 50 3t 30 1o 55 250 7 I A5

UntE 2 fr s s MR ot A s (M) X Ak
WP 0 m] L 23 i 8 — AN 3k 11 ) Py FIEE
P BTG 1 P R T RS HETE w18
Do 45 a5 D AE )4 ARORE A DAY 5 B AT

D AR 9T LR ¢ A 2 3
Jr I e AD {245 4 D i) V1T I L g 0 70y

ﬁ%ﬂmﬂ%uMK¥ﬁ$ﬁunW%ﬂ§ﬁ
%@&§ZEMﬁ@mﬁmM$ud§
P=P,+ P,

B,
p=tan a =
\\ﬁ) (1D

Afeon B D WL B &n' NG T P RIT
T % Ak s e iy oSk MBI 22 18] 119 485 R %00

Bl 2 M R PE )
Fig. 2 Force of punch

o T3 50 D B A Xz 307 W 1] 4 AD g R
AR BT LS w, ST MU AD L RI

Jt= 1
Hu(ll (12)

lut =u— (u,n)n

AR B B vk ] RSN q. IR ARR R 2T
A TE AR D) I EEAE T f R
S =—nq.t
u,
lul

t = (13)

u, = u— (un)n
1.4 AXHB7FE

0 LAY BTG 5 AL 1890 B 5
Co R S HETR IF C 3w/ 0, R B
ST G LB £ R DA B T DL

/Tjil\\\ »

éj T 1+r r  0][ex
O\ |» _ ‘%o ) -
NN T =t 2n L4r 0)jen
Oy 0 1] |lex

(14)
e Mo 20 9 g 25 R v A8 R A 300 1. B
IS R 53/\§~Iﬁaf %%&ZI@E"J?Q
Ey]

= (o §m+r%>/4 (15)
\\

2 %ﬁl?ﬂﬁ? o
{\ »

zk %@i BB IR B TR

\

‘i‘\) - FEFLAR M & B R CHLAE# 1F p— AR
\f [ ORAL R B OE 4 4 2 1 LT SR AN 3

\\\ JI R o

B3 R FE M LA

Fig. 3 Geometry model of horizontal tail wingtip rib

R IR M TR FH B R R AL B AR A2024-0,
B BT v R W 1 -0 A8 e R 4k R o= Ke”
HAM R 2R S8R i PE B & E=T72. 4 GPa,
AN L v=0. 33, J& IR ¥ JJ 6. = 131. 0 MPa, 511k

FH K=548. 9 MPa, B {L5 5 n=0. 23, F- 3 %
© =24 igmtEat  http:/hkxb.buaa.edu.cn



RWIAESE TR B 3 T 21 B B 0 TR O 2R T 5T

673

TSP R B - = 0.653, HURHAY I BR R E R
1. 016 mm,

B PR B 9 IR 1 O — 28 3 OB
A BRICHE A 1 e B AT . 25 08 B T A1 T 15T LA
L ARUEAT FROTAE B A4 ot it o O R =M 5
VU TR 5 i A BR T R % 5 B 2% T A FR T
T Y BT R EOR T S B i O 4 707
4799k 4 Fron . i T R0E A ROC R

B 5 WG BIA RIC A

1 B #ﬁﬂy$fﬁ 7 DL 0 | R A R G A Fig. 5 Finite element grid for initial blank
e 14 ’ it} p i ATy
o I 4 B A ) S8 A = 2
I AT TR R A : -
\w
\!
?‘3{ " Experiment Valué"
Q‘\ » } Simulation 4 3
X (;\' ¥ value o
\ \\v " k

x displacement constraint »

r
.

zontal tail wingtip rib

& 4 $%§J<HJJ E{g
Fig. 4 Finite element model\&\l}
\ O
H 7 R B A 199 T A B 50 2 7 WL 5 A 6
TSI L T LFE R 4T — 45 30 AT A7 B OC 3 A4

6 B0 4G BB SN 8 2R Y L L

Fig. 6 Comparison of initial blank outline

333 Pl 6 19 L T Bt — 45 i U A7
A 00 0 B R BT 15 S B 1 ) 1 B
g%%%%ﬁ%@@%?@e¢ﬁ%%m¢%
{3 1 57 T 005 42 T 0 B W 5 005 2% L e K
ﬁhﬁ%ﬁ@ﬁ%ﬁﬂﬁ%ﬁ#ﬁg

">

VIR 75 50 B AT 4% e 46 WU O 11 0 11 3 Lfyggwgﬁmm%%ﬁmﬁ
FEBAE . LFERIRELE TR T Ny o N
US4 R A kR & = WA v T #E 125, 523°ﬂ]\{' Ve i R A R R Y TR AL 5 A T AR ML AR A A R

%Jﬁﬁiﬁgﬁﬁﬁu%%ﬂm@4'iﬁ?>
ﬁﬁo%ﬁiﬁ%%ﬁﬁﬁw¥%ﬁ%mgé
TCHUH B L F i A E 1 G 3R
BRI ATIOEE R R . N 7

5380 T B A AT e B P
PG I 1) B 55 BUR 19 90
OB LA B 50 007 46 FE TR A7
£ 5 G — HE S 5 I e 1
RIBSZ9HE. £t JLRD S0 9 HOSE 5T 5 7 1A
TIN5 PO 6 B AT ROC RO . B %
ATHLIE B B 6 7 T LAY 0 350 B
BRI BRI

YL — 25 30 A B 0 0
B 1 4 R BB 1 5 R
A 1 1992 5 1 2 R 1 0 30 6 4151
LEET Ho e LS A 6 R

s >N -H

RO B T BT O AR LAY ) R AR BT
KM R N A0 88 e A2024-0, BORE K 1) 4R RS
Sy 1,270 mm, AU 53 B H SR A L -0 AR O R
M o= Ke', HM B ) =SB . E=
75 GPa,y=0.334,5,=113 MPa, K=270 MPa,
n =0.20, r =0.716,

B7 AR L Ay 4

Fig. 7 Geometry model of webframe blank

© F 2 2R g

http://hkxb.buaa.edu.cn



674 i =

Mar. 25 2013 Vol.34 No. 3

T 6 S F Y o3 M B TR A O — 28 3 O
A FROGIE i S M TE AR & 19 R &l 53 A
A% O B 2 T R 2 D S B IR A FR DG LR
98 509, A FRICH BB 8 660, WK 8 iR,

B8 AR A BROCAE Y

Fig. 8 Finite element model of webframe blank

J
R
:;\ &

¢3¥ - T itf

B ;%
& &b 1@

&

SR

10 SEBrifi i TR B
Fig. 10{\( Q}}nk sheet of actual manufacture
4

‘¢

\ "
3 ,(g%\\fé

D) e — 20 0 B A BROC A 19 18 B 2 P

Kot M T 5 1 T 6 3 B~ 086 B T2 0 04T I Bl o B i

1 20 WUE 7 16 » B PR 2 i 9 B R AE
TEBRCRIT RIS . 2 FILBE 017
jﬁﬁiﬁﬂTm@9ﬁ%%m?€%%%%c

2 6 TV 090 06 6 A1 2 K I
A 75 52 e P BB R 0 T AR
2) 14202 08 1LV 40 B s 0 7 45 R L
FF LB TR . WSR3 0y R
ABRIGHEAT R I S KL ET R R
¢iﬁ&Mm%&%%ﬁ%#ﬁ%ﬁmo
.‘.‘\‘;}s% % X

)ﬂ
(1™ ]ﬁ\,i‘l R, Wu N, Zhan Q X, et al. Study on springback
)\

in rubber fluid forming by experiment and FEM. Jour-

A
ANy ¥ it i focmi |
\f Ve nal of Plasticity Engineering, 2010, 17(3): 98-102. (in

: 3
CENNTT EER R ‘\\
Fig. 9 Outline of webframe bl{%q\b >
e N
Sy 43 158 3 10 4 06 4 - HE AT 95 B 10 4 B
B IS B0 IE , ¥ I RS B4R T R BIER AN & 10 i
NI 3" 2 NS A 4o B o T e e T R
T EALA AL E R R A AR A J I L g B ST AL
g A AR R #E Y 5 0 & 1 SE AT R . AR e
HB5800-1999 [ i 25 Tk brvfE S5 1) &6 L
SRV EZ B U NMERAZE N30, T
FE A2 R +0.8 mm, FREXIBAEENERN
1.0 mm, B F 1945 0 20T HERE AR Y 2 1 R
LR IR T XA AR B A R BT B X
TR FE 45 SRR E A7 A 0 5 28 A6 T b 3 35 7 R A
BT A2ZEER,

\{\ "',

Chinese)
AR, R, APREE, S AT RK A Rtk g
F BE R TR TR B R A, Wk TR AR, 2010, 17(3)
98-102.

[2] Fu Y F, Gao L, Wang H. A review of the research on
rubber bladder forming. Manufacture Information Engi-
neering of China, 2009, 38(7): 59-63,66. (in Chinese)
=75, wa. EM. RREROV MR, b 6
A5 BAL, 2009, 38(7): 59-63, 66.

[3] Chen L, Qiu X, Li S L, et al. Analysis and experiment
study on springback of straight flanging in rubber fluid
forming. Journal of Plasticity Engineering, 2008, 15(3):
47-48, 60. (in Chinese)

Whdd . BRI . 258 1. 45, AR SR OE B4 50 (e s
050 Fss. Mk T REE2AH . 2008, 15(3) . 47-48, 60.

[4] Han Z R, Liu Y Z. Research and progress on optimum
blank development shape methods for sheet metal form-
ing. Journal of Plasticity Engineering, 2009, 16(1). 7-
11. (in Chinese)

© =24 igntEst  http:/hkxb.buaa.edu.cn



RHIAE AR TCHLAR B 2 R 2 B RS 1 TR O 5T 5% 675
whT, XIERE. B4 I BRI 7 L oT oE . d ternational Journal of Modern Physics B, 2008, 22 (31-

[5]

[6]

(7]

[8]

(9]

(10]

(11]

(12]

[13]

TR, 2009, 16(1) . 7-11.

LuY]J, LiuC, Wang J B. Research and application status
of aircraft sheet metal parts development algorithms.
Aeronautical Manufacturing Technology, 2008 (21): 86-
89. (in Chinese)

JEIEAN XU, BRI, WAL A TR RIS O ik i
GEHIN FHPR. fiias dilE AR, 2008 (21): 86-89.

Han Z R, Tao H, Zhu L. New approach to determine

Blank in sheet metal forming. Acta Aeronautica et Astro-

nautica Sinica, 2005, 26(1): 125-128. (in Chinese)
WA, WA, R — bR E R A BUE AT B R R
2. a2, 2005, 26(1) . 125-128

Guo Y Q, Batoz J L, Detraux ] M, et al. Finite element
procedures for strain estimations of sheet metal forming
International Journal for Numerical Methods in En-

1385-1401.

parts.
gineering, 1990, 30(8):
Batoz ] L, Guo Y Q. Mercier F. The inverse appsopa H\
with simple triangular shell elements for large ssgrain prb
dictions of sheet metal forming parts. Engineetiflg ;uf
tations, 1998, 15(7) . 864-892. « ™\ % ,i"'
Guo Y Q, Batoz ] L., Naceur Hg et l.{Be‘c;m develop-
ments on the analysis and optimuny design of sheet metal
forming parts using a si‘m i&'e ihvérse approach. Com-
puters &. Structuress, 2%&‘ 8 @1-3) ;. 133-148.
Lee C H, Huh H. B&pl( design and strain estimates for
sheet metal forming processes by a finite element inverse
approach with initial guess of linear deformation. Journal
of Materials 82 (1):

145-155.

Processing Technology 1998,

L Y
:\‘* JEth, R, BROCES. Wb E IR R AE

32): 6057-6063.
[14] Bao Y D, Huh H. Optimum design of trimming line by
one-step analysis for auto body parts. Journal of Materials
Processing Technology, 2007, 187. 108-112.
[15] Xu G Y, Shi F Z. The application of inverse approach in
the initial design for sheet metal forming. Journal of Plas-
ticity Engineering, 2003, 10(1): 40-43. (in Chinese)
TREHE, HEE . S A oh R BOR ) 8T B B B
. YE TR, 2003, 10(1): 40-43
[16] Lan], Dong X H, Li Z G. Inverse finite element approach
and its app{\uon in sheet metal forming. Journal of Ma-

terials PK“!: pihg Technology, 2005, 170(3): 624-631.
[17] z\e{\w,\thJ J, Chen W L. An approach of automatic

ylauon for stamping parts.

ngmeermg of China, 2009, 38(5):

Manufacture Information

22-24. (in Chinese)

) 9 1 335 5

e A E B AE Bk, 2009, 38(5): 22-24.

EEE N
RO L. WL, BEREN. BRI WHLREE
B L2

Tel: 021-61385691

“ \},
zhuminghua(@ comag. cc".}
\ S
Exct . W00 TR . R B K e
ﬂE O
om&w&ml

E- malf“ aﬁ'gwenbm@comac cc

E-mail .

\

ASH

Du T, Liu Y Q. Zhang Z B, et al. Fast FE analysis %y%\{ ﬁ?ﬁij: B, B, EEARR TR BCR R S8 .
tem for sheet metal stamping—FASTAMP. Jour al Q}\ e’ Tel: 025-84892570

Materials Processing Technology, 2007, 187 40240 ,

Huang Y, Chen Y P, Du R X. A new appr (ﬁﬁ solve
key issues in multi-step inverse finite-é l&r’;)nethod in
sheet metal stamping. Internatlonal}s\\gafo[ Mechanical
Sciences, 2006, 48(6): 591-600.

Bao Y D, Chen W L, Wu H. Fast springback simulation

of bending forming based on one-step inverse analysis. In-

E-mail: baoyd@nuaa. edu. cn

8 OB, Wt e WS, BRI BE ik
N BCRSE Rl
Tel: 025-84892910

E-mail: xhuang@nuaa. edu. cn

© =24 igntEst  http:/hkxb.buaa.edu.cn



676 fn 5l Mar. 25 2013 Vol. 34 No.3

Ht
i

Research on Precise Blank Prediction Method of Aircraft
Part by Rubber Bladder Forming

ZHU Minghua' ?, WANG Wenbin', BAO Yidong" * , HUANG Xiang'

1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics ,
Nanjing 210016 , China
2. Shanghai Aircraft Manufacturing Co ., Ltd. Shanghai 200436 , China

Abstract: Rubber bladder forming is one of the main forming methods for aircrafz ﬂhe'et metal parts in which the prediction of
initial blank shape is difficult. In accordance with the technology characteriiicsi\(j fubber bladder forming, a fast prediction
method is proposed for the initial blank shape of a rubber bladder form%\(}a}t based on one-step inverse forming finite ele-
ment method. Firstly, the designed aircraft sheet metal part is treateééj fh'e final configuration; then a quick reverse simula-
tion is carried out to obtain the initial blank by the one-step inv@é@j’m‘lte element method. Finally. the blank outline from the
above method is applied to real rubber bladder forminq ma@%&ﬁre. The experimental results demonstrate that this method

can predict the precise initial blank shape for a rquer btagider forming part.
£ Y

Key words: rubber bladder forming; sheetmqfe‘xlxpart; blank; one-step inverse forming; finite element method
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