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Curved Surface Using Flexible Stretch Forming
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Abstract

Flexible stretch forming is an appropriate process for manufacturing of components for aerospace, shipbuilding and
architecture structures. Flexible stretch forming has several advantages including that it could be applied to form various
shapes such as ones with double curved surfaces. In this study, a systematic numerical simulation was conducted for
forming double curved surfaces using flexible stretch forming. The desired surface had a saddle type configuration. It had
two radii one of 2500mm and the other of 2000mm along its length and width. In the simulation, the decrease of elastic
recovery due to the stretching was confirmed. Experiments were also conducted to confirm the viability of the process. By
comparing the simulation to the experiment results, the suitability of flexible stretch forming for double curved surfaces
was verified. From the results, the maximum error from desired surface was confirmed at about 1.3mm at the edge of the
surface. Hence, it is confirmed that flexible stretch forming has the capability and feasibility to manufacture curved

surfaces for architectural skin-structures of buildings.
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Table 1 Material properties of the Al 3003-H14

Material properties Values
Young’s modulus (GPa) 68.90
Poisson’s ratio 0.33
Yield strength (MPa) 120.00
Ultimate strength (MPa) 161.00
Density (g/cc) 2.73
Flow stress curve K (MPa) 189.46
(c=K&g") n 0.10
180
—— Al 3003-H14
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Fig. 3 Stress-Strain curve about Al 3003-H14
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Fig. 4 Full model shape of simulation



(a) With stretch forming process
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(b) Without stretch forming process

Fig. 5 Spatial displacement distribution after spring-back analysis
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Fig. 6 Sectional profiles of object surface, simulation results (stretch forming process)
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Fig. 8 Sectional profiles of object surface, simulation results

3 FgAoez o 02mmolte] xS UEhfa
S48 2 Fo Afels dd 1mm 7‘3—‘5«1
S22 welth yE wEk 9w(0-A)S 243 )
W2 ARl A o 1Imm o] Huj et A
st 1 9)o] Ao A= 05mmelule] e xE

Ebdi Tt
4. JHHAEY X 48 48  Hu

Fig. 9 ©] Yed 1A AEY
atol kel A g A A A
FEiel 22k = AY HdEe
AL e EdE A&l on, dAa vpirt
2 20mme] HEWNE S 7HA = AAE AHES
a, jJrZHS&‘r HA] Alololi= Aol A3 A3}
b EAe] Suek =g Abglshe] whA|v o)
= FRST P ETEAA M T
& Fole &E, ¥AF, B
-

AL &fo] ﬁ%&‘ﬁ‘:}- ERh 2 Fig.10 Laser cutting for object shape

oX, r°1'

o2 o & 1o ol o0k 1o
Ny
of{

2 49 A 43E Fig 11 UrEhHS’iE‘r.
gt =S ARESkglY] wiiel Al
(Dimple) 2 FE(Wrinkling)e] A& 714 &S
golg 4 ot T3k, s Apele] HuE Fig.11 Curved sheet shape after experiment

o rlot Ho (M Mo X ot 2T (M [0 ko ox offf ;3 ﬁ

Bt=2dIHE 85 X /M 227 M4Z, 2013H/201



ol
o
)

>,

o

K
o

= 3D scannerZ %‘f%
e Tl 92 4

T VJ%F/H«] Zx}% o7

utt A AdE EQE F
-A, 0-B ©@H 9] FHireto] vluE 9t

3D scannerzZ =743t U3 9
FZskqich AA *‘344 T =
A n2 gAdsE el A
Ha e Fojusivta wdsia ghd sl
A dol g vhE vl sttt Fig. 12 o 54
Wy B3| 8 o A A, agn A4y 4
S HEE 2350l LA Fig. 12 (2) = O-B
‘/PE‘rlﬂi k. dA 2 Ay Az
s < nHEg] dEel 24
ﬂﬁﬂﬁ zhol & Eele 4 it dM AT H
100mm AN AFEH ggEdo] dojp= w®E
AP A= 250mm ARJ7A = HAFHI A
TS HEE Holtp v o] dojus

o

o ofl

e
W

o

o, gt
= > e ok B oox

ﬁMLgﬂﬁﬁ

" i

T opm ¥0 goh o ofh i o do
(@)
. lo fon
J}Eﬂ—ﬂ
ol:]u:lﬂﬂﬂl
*mlm
_ruaﬁ
3 g O ok

Lﬁo?.:

b

S 93 § Qi s F EREOA dAz
d Az} 2% ok 13mmY Eo] oxE e
itk Fig. 12 (b) = O-A73Fe] wls yeh
ATE O-AT-7Fe] @S R E] FroA L
A FUs BEXES Belth Wl ERIo) A
0.6mm oJue] x5 A& 4 9l=d], 97|
AE 0B e gy Mg Ad A BT
;a;mow Zo] 3} 74%% L]—FJr Il ). o] %

1A=
= T
A= “o*%bﬂ ,]@ ZME} O%I:LDP. upeba] 550
2EdA 2] gagol WAl HPAY vINE ol
B FHATI WP Ao oH

40

—=— simulation result(after springback)

35 —— experiment result

30 —— object surface
€
E
c
i)
©
e
._(?
N

-5 1 1 1 1 1 1 1

0 50 100 150 200 250 300 350 400

X-direction

(a) Section O-B

@
EIH ZXP *36301] w5 AE IS
HP e B B3 o]
7R sl 2EHA AE 7=
7hH ~Ed ‘1 qY TS °l
ARERE A5 4mme
oL_\:’:_u]‘T;r zg—g- sz] o]

o B0 o O o X 12 T oo%h KU B foir 10 O ofh o Mt (v ox m

(m >
=

=P g ete =5
¥Q 1@

il

oo mat & ]a]

_ Z-direction (mm)

[
S

jud

h}{l

m4:£

[
o

A
S

"
TR
2

sgom, ey N
mm S @Ak Edg
=
& A=

S
3
mlm

k1
o
rlr
of 1>‘
[m
o
N
of{
oxl
o2
(o3
o
e

)
o

>,

Y
1
-

[nt

Ho
_?L

93\
o B S A4 A7l o
= 5

—=— simulation result(after springback)
—e— experiment result
|| —— object surface

o

50 100 150 200 250 300
Y-direction (mm)

(b) Section O-A

Fig.12 Sectional profiles of object surface, simulation and experiment results (after spring-back)

202 [et= M 71355 A /H 223 45, 20134

350

400



7hA 2EHA dEeAEs 28

ﬂ%o}oi 7}bﬂ Aoz o™, Fig 139
o uxw Felsh ol i g
= HAYASEY oy PEE 4P A8
ae Aow g,

%o

F 7|

> 2
‘0,
e

P

—VEJE

WEHET|ER o} ga AT AT
%“é A4 (N0.2012H1B8A2026095) 2}
A A4+ (NRF-2012R1A5A1048294) 2]
FRE AFAFAJY T oo FAA

21 S =gy

z H
ri{

oo 1 o1e
~
o
e

Mo ome £Q et

& X X
)

—

1\i

REFERENCES

[1] K. U. Odumodu, D. Shuvra, 1966, Forceless
Forming with Laser. In: Advanced Materials:
Eevelopment, Characterization Processing, and
Mechanical Behavior, Proceedings of the 1996
ASME International Mechanical Engineering
Congress and Exposition, Atlanta, GA, USA, New

York, pp. 169~170.

[2] H. C. Kuo, L. J. Wu, 2002, Automation of Heat
Bending in Shipbuilding, Comput. Ind., Vol. 48, No.
2, pp. 127~142.

[3] S.C.Heo, Y. H. Seo, J. W. Park, T. W. Ku, J. Kim,
B. S. Kang, 2008, Numerical and Experimental
Study on Plate Forming Process using Flexible Die,
Trans. Mater. Process, Vol. 17, No. 8, pp. 570~578.

[4] Y. H. Seo, S. C. Heo, J. W. Park, T. W. Ku, W. J.
Song, J. Kim, B. S. Kang, 2010, Development of
Stretch Forming Apparatus using Flexible Die,
Trans. Mater. Process, Vol. 19, No. 1, pp. 17~24.

[5] S. C. Heo, Y. H. Seo, H. G. Noh, T. W. Ku, B. S.
Kang, 2010, Numerical Study on Effect of Using
Elastic Pads in Flexible Forming Process, Trans.
Kor. Soc. Mech. Eng, Vol. 34, No. 5, pp. 549~556.

[6] Y. H. Seo, S. C. Heo, W. J. Song, J. Kim, B. S.
Kang, 2002, Tendency Analysis of Shape Error
According to Forming Parameter in Flexible Stretch
Forming Process Using Finite Element Method
Trans. Mater. Process, Vol. 19, No. 8, pp. 486~493.

[7] S.C.Heo,Y.H. Seo, T. W. Ku, J. Kim, B. S. Kang,
2009, Study on Application of Flexible Die to Sheet
Metal Forming Process, Trans. Mater. Process. Vol.
18, No. 7, pp. 556~564

[8] S. C. Shin, D. H. Jun, 1992, Proceeding of Annual
Conference of the Architectural Institute of Korea(J.
S. Song), Architectural Institute of Korea, Seoul, pp.
43~46.

[9] J. W. Jang, N. U. Kim, 2007, A Study on the
Tendency as Digital Media of Contemporary
Building Surface, J. Architectural Inst. Kor., Vol.23,
Issue 4, pp. 93~100.

[10] Z. Y. Cai, S. H. Wang, X. D. Xu, M. Z. Li, 2009,
Numerical Simulation for the Multi-point Stretch
Forming Process of Sheet Metal, J. Mater. Process.
Technol., Vol. 209, No. 1, pp. 396~407.

Bt=adIIE 85 X /M 223 M4, 2013H/203



