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Three-Dimensional Rigid-Plastic Finite Element Analysis
of Roll Forming Sequence of Stringer for Aircraft

J. H. Cho, H. T. Kim, M. C. Lee, G. C. An, H. W. Kim, M. S. Joun

Abstract
In this paper, we apply a three-dimensional rigid-plastic finite element method to simulate an unsteady-state roll
forming process. A typical roll forming process is investigated from the standpoint of computer simulation and its realistic
analysis model is proposed. The material is considered as bulk material and discretized into hexahedral finite elements.
The presented approach is applied to simulating the roll forming process of straight stringer used for aircraft structure.

Key Words : Rigid-Plastic Finite Element Method(7}4*d 3984 %), Unsteady-State Analysis(B] & /"3 &f
3 A1), Roll Forming(E X %), Straight Stringer(Z A3 2EHA)

.M &8 < d7AEol 44 WRld d¥9 YYo=z &

o] B3 A7E AAH fev[L2), FHTol=

® EZ(roll forming)Z 3 Hsh= E& o] 83k ey E ol E EUTAHN BT AT[3-
ALz wgd FYPYHFL oA HE 97t AAHD o

(panel), dlol= 2 FB A d(channel), Z#HY Brunet 5[3,4] @ 343 93 2444 A7
(frame), & F(gutter) 59 7|t FEE& AR E 2dl= Alolo] wg FAE A3 3 kY A e
F2 Alxdte AL 42T § TYL AARA ol AR Baal e iAdA Hye Hased
Bdst7] el diF Aol SHolA ZHEE A Kim 5[5, 6] 444 FEF24AY S °1 &5 A
Ha glenzg F x99 A 7RI E5Ho=m Ao B 29 FAY S AT, o
s7bstar oich & EF AFY FHde AR A 2 =71A9 YL Y5t 2 AY BHEEE ¥
Aitgold, AEak Agol s & 9L v$ F AZ AU, 2 AAZEEH AFetd 23
a3t J o= 3 A fgasdA AAdE =5

E XYL F2 A9 A%AQ FYHY 9 t}. Alsamhan [7]2 A% AIZbE E0]7] Y7 U
THE2 AT B B ¥mEH ged) o7 o]F @4 w(dual meshes) WHEE Wi & X
o oy B2 FAol A&5Ho 7] v F b oFAe] FaaiidE At AT,
A el AQsE vl&7 A7) wimA ©ol 2o Boman [8] T°] ¥4 #©HaFA-2d
20 dY wabx ojgg FAlo HAL sl B #4213} 7]8 (arbitrary Lagrangian and Eulerian

1. Z3dga 714 F8s et

2. B4 ga 7AYFFTER BA F 94

3. (F)otrE

# A3 gE 71ASFFEE E-mailmsjoun@gnu.ac.kr

- 201 -



formulation) [9]2 o]&3}o] AHAA e o] U-29
X9 AL HAEUT. o2 F FHY
b
H

TS S

zUatA gozH g7 LAY
g 3 A o F & a1 A
dedh viop ol % xlo) 3
FEhel ARt A o] FoiH T,
A3 e o 7}7‘40}011*14 e FAHAH
Al 20tk gy § AHE Alo]oji
o] AFol WA YenA g
7} 5ol A 9] sl AR FAAEA
AHE A st AT A Aol
Bl o] ZHgstelA e Aol del AT
F= A 2 AU E E05tE LA
siMst7lol s AFEY ALAZe] @
Toltk. A2 AFH F&£ uA
HAgddEe] g 2 FA gl
deja itk £ Ao E 7]
H 2EYAY AZFTA g 3 24
Mg AAE Y

ozi ru[m

0‘?-".%&_)&:‘00&0&

ol Lo (1
S 0 ¢ Moo © ok 10 Moo Jo oo .

J
[o3
—= ro

ST
N2
Lo
N
B o 2o ot

o
ek
o

1)
=
N
o
N
2
o
ol
N
_Dn
JP>
H
)
<t
N

7 3}(isotropic
29lem von Mises
BRI “au f5uAe wEd, dwd
o
=

RF D A4 Qve wAG WEr e
ﬂ%aq

GgHg 208
shett.

7’4310}‘_

[ojo,a7 + | Ké,o,av -3 [ Twds

(1)
+L mkg(v)w,dS =0

@, =—(o,,;+ a)vj,,.) )]
otk MHAYF K& WS 2 @Y Faolm, o
29 294 @ o

webd MHZNE AT Y, GHUREE S
F s dnere 45402 FaHA.

4 (el kit AGGRSHol, me vhEY
Folth @5 go) & AEWAA a4 FH
BUSES] FL wERE gaold, REUe
A mmo)l BASE 1 Adhgel 1 o Hx, o
nPel WARA %ow 1 nrh AL AR 2
U 5. % g0) = AU sl

© 8%E 2 e 9, #4484 EARNS 93
A7l 9, maHgei(sticking state)E TEY F
oz AFgHol o&F WAE X EA ste
g9 T2 FI¥stkE o, Chen H

Kobayashi[10]7} #|¢tet T}-5-9] 3‘*,P 7V ad
AHE-E I Q.

g(v) =~ tan™ %)

_—

a

A71M v, 9 ¥ & 47 249 FHe) RALE
Hes EE, ok olF 3L o]

4 (el BRASHAA o

1

I‘

J

ostol g3} gol WYBLE 5
k=
2%
% = 3 ®)

A714 &% FE 27 fESEHA &
g 9gugd. A (1 3

AStAIZIE, v g o] ="}, ol
d A Yege FaRd[eR gAalgr).

2.2 i 2d

g ¥4 AN 71 Fod HE A9
Fdoltt. 2EJAY aAe ol dojA Ay
el 7H stellA dA Rdg MY A9 o
B2 f3e AR Basith A B AT

—{0 02:. oﬂ

- 202 -



AME 2 A FAA U FETS HHgge A £ oda AEE did dIAds /Rgn

2 Ay deE Ao dole AA AEY gobd oA EAske Ao dolygke %

oJdE TECM 2 /Y E 2dd) PEgxE T AELE o AT 5 Ao o diAdw

AA 5} o} & nlolE FHo] EXste AREHEALY A
AEFHE Ywrdoz ’\Xﬂﬂ % HolAA] B dogor £x7t Folx AAZ 3]

&= T Y (neutral point)[12]0] EAJate] Zo] 3 ATt

AEwer ge £z gAoly] gio &f4a}7)

7F R £ Al2" gl FEES s ay Brim

o2 d%37) faMt B vlolE TAA 8 surface |

LAY A3s] zdaor g oy 81y .

}‘"Eﬂ-’] 7]’ 3} ] 19] E)‘Eg HMO ?’}Etﬂ' ?qu 1 Return

o ARAIZE WEol] nEA Mo} A} d5d Side wal flange

THAL vhEyAS 2 = w$ wgan

dadoz B o A 2 /e HAyto] Eof A

33, 21 A npA-EE L Fig 5 oA g go] 3

4o 2P AT Ae sl 2"nig wE —Hat

o v TH sl A 9] sjAelA E ulo)

EoM AR 7 g3 BE & = gu, &4 Fig. 1 Cross-section of the straight stringer studied

o] £5 5 E3 AA9 AEoz AAFTE i) in this paper

o dA £2 & A7l WS €Y v o

Q) E ERA Zdolwgoz sHojus AL

Fig. 2 Straight stringer roll forming processes

- 203 -



S
oX M R

294 Ay ~EgAL g
= A%sE Aol Fa.

B A7olA Adstus st 2Eyre
Fig. 13} 2th. 2EgAL AH0= 5o
AL A2 g, e R s

3

ot B BN

E“J?'li ”*5017‘“4 3 EUUH =
S22 % gov Zp7be] B AdE A
350 A}, 247 MY E &
%7 dEol el = :‘E‘i“i’%J
oY £x = lmm/s 2 3F 1, zZH £9 Z}_/_l':E
oA £9 AF £=7 lm/s 7} JE=

ﬁ@

Lﬂllor"k“ (e O kI 2

HT
° o
Y of
EL:.. OOF

Nl ot o & orlo

OHE, rlr
.ié
vo oL
, 0 ra

Jagdos gnuBEde Hg5tgn
879 9794 o] o]FojAE AL 7
st} wb@RFE 0.05 2 FET

249 F#588E Tl Astd BFa4d o
fAHOoE QAANY AL AN 2 A
Fig. 314 vumatglon {538

j=

Fig. 4 The finite element mesh used for this study

=348.35 £°** MPa

ojtH{13].
250
r True stress-strain curvg ,/':jif:
[ Measured > Fitted, & = 348,358
200 P =
Pl 2
i T N
i \{ Predicted by 5 = 348.352°"
©
o 150¢ \
= i ng stress-strain curve
0 H
4
£
a 100 .
50
0 H i e L L " L i ] L A i L Il Il Il
0 0.05 0.1 0.15 0.2

Strain
Fig. 3 Tensile test results used for acquisition of flow
stress of the sheet material

- 204 -



o]
Bis

2"Z= Fig. 4 ¢ £},

2604 7R} EAE3} 1620 7Ho) S

L
L=

[ AAR}
84 o]FoH Q).

f{}
2

842

o ®
e
(5] ‘m&r
=
A

Az
bo

)

{4

ki3

I &
o) A
A7 & A~
Fof A Ao

5

Fig. 5 9 @}, o

L
L

y
-l
X

I

First roll sta

A TR

|
ot

t7] <

]

AFA
|

A

+ 1.803mm ©

o] Fglol I

=

2]

z

A

o3}
H

ATt

Tl

HE N

Fajad

an/dL
} X

Second roll st:

4

Third roll stand
Fourth roil stand

. 5 Finite element analysis model of initial material

Fig

4. 4

ERAY E

- A
=

AT A

H
A

ch

o] &

I E 2"HE Aol

A Ul 7

®

o

5

‘CH

A

Sixth roll stand

wolu}

2]

EEECRE

fi

.. \
AR

A

Seventh roll stand

=8 Add

LI._L

y
d/L
X

F4

Seventh roll stan

Eighth roll stand

o] ¥

1=}
-

o2 AAd A7 AR o

i3

9

Ninth roll stand

5
Ok
B

Tenth roll stand

[1] M. Kiuchi and T. Koudabashi, 1985, Automated

design system of optimal roll profiles for cold roll

Fig. 6 The predicted results of the stringer ring

forming, Proc. 3 Int. Conf on Rotary Metal

Working Processes, Kyoto, Japan, pp. 423-436.

rolling process

- 206 -



[2] M. Kiuchi and T. Koudabashi, 1985, Automated
design system of optimal roll profiles for cold roll
forming, Proc. 3 Int. Conf on Rotary Metal
Working Processes, Kyoto, Japan, pp. 423-436.

3] T.R. Walker and R. J. Pick, 1990, Approximation of
the axial strains developed during the roll forming of
ERW pipes, J. of Mat. Proc. Tech., Vol. 22, pp. 29-
44,

(4] M. Brunet and S. Ronel, 1994, Finite element

analysis of roll-forming of thin sheet metal, J. of Mat.

Proc. Tech., Vol. 45, pp. 255-265.

{5] M. Brunet and B. Lay and P. Pol, 1996, Computer
aided design of roll-forming of channel sections, J.
Mat. Proc. Tech,, Vol. 60, pp. 209-214.

[6] N. S. Kim, S. I. Oh, 1999, Analysis tool for roll
forming of sheet metal strips by the finite element
method, Ann. CIRP, Vol. 48(1), pp. 235.

[71 S. M. Hong, S. Y. Lee, N. S. Kim, 2001, A

parametric study on forming length in roll forming, J.

of Mat. Proc. Tech., Vol. 113, pp. 774-778.

[8] A. Alsamhan, I. Pillinger, P. Hartely, 2004, The
development of real time re-meshing technique for
simulating cold-roll-forming using FE methods, J. of

Mat. Proc. Tech., Vol. 147, pp. 1-9.

[91 R. Boman, L. Papeleux, Q. V. Bui, I. P. Ponthot,
2006 Application of the arbitrary Lagrangian
Eulerian formulation to the numerical simulation of
cold roll forming process, J. of Mat. Proc. Tech., Vol.
177, , pp. 621-625.

[10] R. Boman and J.-P. Ponthot, 2000, ALE methods for
determining stationary solutions of metal forming
processes, Proc. Of ECCOMAS 2000, Barcelona,
Spain.

[11] C. C. Chen, S. Kobayashi, , 1978, “Rigid-Plastic
FEA of Ring Compression”, ASME AMD, Vol. 28,
pp. 163~174

(12] A%<p, o@D, “AEA G FF AR
A”, ITC.

[13] S. M. Hwang and M. S. Joun, “Analysis of Hot Strip
Rolling by a Penalty Rigid-Viscoplastic Finite
Element Method”, Int. J. Mech. Sci., Vol. 34(12),
1992, pp. 971~984.

[14] A, QAZ, ol2d, AT, 2006, 44
T AN 3 AFAEY A, 2006 I
5 2A7HE 5] FAGE W, pp. 371-377

- 206 -



