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Process Sequence Design of the Inner Skin of Landing Gear
Using Stretch Forming Process

Beom Soo Kang, Joong-Yeon Lim and Jin Young Bae

Abstract

This paper is concerned with the design of process sequence to form the inner skin of landing gear.
The inner skin of landing gear is a part of airplane which is known to be difficult to form its shape.
Our study investigates the production method of inner skin and examines the design criteria by three
dimensional elastic-plastic finite element method. Based on the results of simulation, design strategy
for improving the process sequence is developed using stretch forming process. The final product of
inner skin is produced in multi-stage operations with annealing treatments to meet the required
capacity of press. The numerical results show that the newly designed process can produce the
required part successfully within the design criteria.
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Fig. 1 The drawing of Inner Skin of Landing Gear
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Fig. 2 The shape and dimension of region A
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Fig. 3 3D modeling of workpiece and die for direct
forming process
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Fig. 7 The change of shape at c-¢’ section by springback
(direct forming process)
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Fig. 8 The thickness distribution of c-¢” section at region
A (direct forming process)
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Fig. 9 Schematic diagram of stretch forming process
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Fig. 10 3D modeling of workpiece and die for stretch
forming process
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Fig. 14 The thickness distribution of c-¢” section at region
A (stretch forming process)
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Fig. 15 The shape of workpiece after springback
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Fig. 16 The change of shape at ¢-¢’ section by springback
(stretch forming process)

2718 xﬂﬂzﬂ— o]
B P LR
ade) 00" ¢ wrleld e HFHE ot

s =
°k7u tﬂﬁﬂol Oiour Fotd & £ 91% rEd 28

ol WM} A9 gigich 2R diesy
28 ou] AEY X o] HAde] B ol oAl

2L 4 5 AATh ow ak 77k A 9 HiEs
o] 15.6 & olmi AAMES 100 B9 &S
2 Az 4] MME 7+ A9l A EekE
o] 10 E o]y olojo} stEE M2 THHAA &7
o o] ge Ank= 2 A fEak sl o At
%= U3 P%tﬂ Fig. 17¢ # @g7]o} zoje] Wnive]
»4 AES A ~ B ot pziez Wi A F(Fig 13
) B 7ol thaked 23b8) A Belo|per ARE e

296 ) SH=RANIIBES R/A6H A4E, 19974

A - ujzled

(a) initial state

)( (b) restretch of 2 inch

aJI (c) stroke of 100%

Fig. 17 Two dimensional simulation of stretch forming

process
O r
i HE G A A i R SR S A R S e
200} A R poeptert et
L 1 A I I (- PR O S R S U O B
N [ [ [ | | [
Tooft-+1 £/ A s e A S R el i e B W
_ Lo [ A ! [ 1)
B LV i
‘8’ o [ S S S A I
[ IO T I Y ! LA LI -
O RO T I S S N A
SR R P et
A LR
-1 L R i _g_ir,jr,_l. =<1 LAt
[ oy AT I [
C0 0 0 A

L
00 200 40 400 S0 G0 R0 800 80 100
stroke(mim)

Fig. 18 Maximum forming load of two dimensional
simulation

T 9)c}, tholelli= o) 71 #glglel AF] AHe] 2 ol
ZolZ T Fig. 169149 Zo] AAFEAAN g5 5d
o] okzh wAlEldTh o 714 Zk whHe] 23t kg
thg] Zwrel grolni zhzte] £ Fotod AAAF 49
o] e slEo = sitatd Fig. 18¢ vehut 9] %)

240 Eo| HhAEstzo] AAE ol et ek 23
9l 339 A|Balold AsE RE & & 9lRo] e
gawons Bgstn e 100 B Zo 2o A&

F Wdolel Zole)

5. CIEFAISH0| 28t RELH

guid ozt BAolg o2l Alel BHol 3
of 27] The thol g ALEE FHo)AW o 71N E Al



2EAANZYL o] 48 W7ole) einlo)

=)
ok
o
2
B

2.4550—01
|

i | 2380e~01

A 2 ZEhe—Y
2210601
El2Be—0t
2 adie—i)
1.6EE0—01
1.8708~0 S
1785601 L {/%‘;;é?z/ "

1.7008~01

1.618e—0n
unit * cm

Fig, 22 The thickness distribution of final product

Fig. 19 3D modeling of workpiece and die after heat s Wil Y w |
treatment process ' ‘ ‘ L Putveanieg el Bt !

spIacemen 2 (M)
izg:._‘ - -
=
B3
o

i 100 200 300 400
position[mm)

Fig. 23 The change of shape at c-¢” section by springback
(multistage forming process)

N — s
I R S
T —

T

|

\

N
L
P .

(; () 25 300 40
positian{mm)

Fig. 24 The thichness distributim of c-¢’ section at region
A (multistage forming process)

AE Teell U vholZ oyl Ao X oush 2 ofu] AEAAE 50.8 mm AH A
el @A gRe) RES HAsn JAel AEL AN & Hrlggelzol BAsERTE 4L 96 Eol @ urt
S5 A cholsh 2ol 339l RALE Fig. 10 A 4% F 24F tholold Aol QA2 o] &

SHRANMTISEEX|/A6E A4E, 199743 /297



Ao AEed S AT olgE 2AHE A
& Alo] Fig. 199 et otk Fig. 20 € 3%
o] BAH2 HolZu Fig. 212 A3 E Fo A4S 2
7 RojFo)h, oojAel npiA 2 C-CF dHE w}ﬂ}
REEACE YR Fig. 228 29 2EHIAAEY

the g3 Bo| ozt A doid& & Utk Fig. 23
°ﬂ ‘l}—ﬂlﬁ«l ZAREE JERIRLT Fig. 248 A
chdo o] SAREES veRd Holth o]de]
Azto)A o 5 Eo| o¥] 2B S X ThA A
%%?-?191 248 FAgAY A 5 Aok Al

2z o2 HFAES ATHE 434

o N -
oX
09‘. it

A71e] Eole) el
AAmEﬂ

3
ABHold a Bozn @i FAY
o

o
R
Ol
ok
EI
4o
=
o

oXx
ofl
o4
ox

lo
R
a2
lo
fr
[
=
s

[S:
&
X,

%
oxl off
go 2

N oo off
e O{ON
o o
i
-
oX
ot
iz
rlo

1o
)
v
-4,

Ho o
e
ofu
Y
R
O
¥
22
o

2
~N
~
3

(1) K. Yoshida, 1959, “Classification and Systemiza-

tion of Sheet Metal Press-forming Process . Sci-
entific Papers of the Institute of Physical and
Chemical Research, vol. 53, p.126.

(2) W. Johnson and A. G. Mamalis, 1978, "Aspects

298 / B=2AMIIBEE| K/A6W HM4E, 19974

R

of the Plasticity Mechanics of Some Sheet Metal
Forming Processes”, Hellenic Steel Publications,
Thessaloniki, Greece.

N. M. Wang and S. C. Tang, 1986, “Analysis of
Bending Effects in Sheet Forming Operations”,
Proc. NUMIFORM '86 Conf., Gothenberg, Swe-
den, pp.71~76.

T. Y. Tatenami, Y. Nakamura and K. Sato, 1982,
“An Analysis of Deep Drawing Processes

3)

(4)

Combined with Bending, in Numerical Method in
Edited by
Pittman, J.F.T.. Pineridge Press, Swanses,
pp-687~696.

E. Onate and O. C. Zienkiewicz, 1983, “A Vis-
cous shell Formation for the Analysis of Thin
Sheet Metal Forming”, Int. J. Mech. Sci., vol. 25,
pp.305~335.

J. Hambrecht, S. Choudhry, J. K. Lee and R. H.
Wagoner, 1989, “Numerical Study of two-dimen-

Industrial Forming Processes”,

(5)

(©)

sional Sheet Forming Processes using Bending,
Membrane, and Solid Finite Element Models”,
Proc. NUMIFORM '89, pp.451~456.

A. Honecker and X. Mattiasson, 1986, “Finite
Element Procedures for 3D sheet forming simula-
tion”, Proc. NUMIFORM '89, pp.457~463.

H. B. Shim, 1989, “An Elastic-plastic Finite Ele-
ment Formulation of Single and Multi-Layered

(M

(8)

Degenerated Shells with Application to Sheet
Metal Forming ", Ph.D. Thesis, KAIST.

J. Y. Lim, 1993, “Process Sequence Design in
Metal Forming by the Finite Element Method”,
Ph.D. Dissertation, University of Caifornia,

9

Berkeley.

olxd, &

(10)

oE,
Bl
o
e
=4

Lo 1994, "0 o] A
1 Rasd gere

3 &, pp.2113~2122.
(1) 2

Qe ol e, 1995, AL 21
49 3719 502 A B0l 8" KSAE 84,

334 4%, pp48~58.

(12) S. Kobayashi, S. I. Oh and T. Altan, 1989,
“Metal Forming and the Finite Element Method",
Oxford University Press.



LEHAEY L o] &

(13) R. G. Sturm and B. J. Fletcher, 1941, “Determin-
ing Springback”, Product Engineering, vol. 12,
pp.526~528.

(14) F. B. Chapman, T. H. Hazlett and W. Schroeder,
1942, “Springback in Flanging”, Product Engi-
neering, vol. 13, pp.382~383.

(15) F. Gardiner, 1957, “The Springback of Metals”
Trans. ASME, vol. 79, pp.1~9.

(16) J. M. Alexander, 1959, “An Analysis of the Plas-
tic Bending of Wide Plate and the Effect of
Stretching on Transverse Residual Stresses”,
Proc. Inst. Mech. Engrs., vol. 173, p.73.

(17) W. Shaffer and E. E. Ungar, 1960, “Mechanics of

»

& W 7lole] el tig 24

Sheet-Bending Processes”, J. Appl. Mech.,
Trans, ASME, p.34.

(18) J. L. Duncan and X. Bird, 1978, “Sheet Metais
Industries”, p.1015 .

(19) W. Johnson and T. X. Yu, 1981, “Springback
Atfter the Biaxial Elastic-plastic Pure Bending of
a Rectangular Plate”, Int. J. Mech. Sci., vol, 23,
pp.619~630.

(20) o1 4F, FEE, ol AR, P, 1995 FU A
#9449 R HHIE Ko ne Mo o A=

FUE 27, dar| A g 248408 =2y

(1), pp.427~431.

SRR YILZEEX/A6H 43, 1997 /299



