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Forming Limit Curve Optimization using Design of Experiments

H.T. Lim, B. J. Lee, Y. M. Rhyim, B. K. Kim and J. H. Kim

Abstract
Forming limit diagram is created by graphical illustration indicating major and minor strain. In order to provide the
criterion for forming safety, FLC(forming limit curve) need to be fitted to the diagram. However, the standard method for
the strain measurement and FLC plotting are not fixed yet, which results in inconvenience in digitalized analysis. In this
study, new construction method for FLC was suggested in order to minimize operator dependency. For this purpose,
major and minor strain were measured automatically and analyzed. Then, a second order equation is adopted to fit the
FLC. Optimized by response surface method was performed to ensure particular characteristics of the FLC.
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Design of Experiment

Optimization of Forming mw
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Construction of Optimal
Forming Limit Diagram

Fig. 1 Optimization process of forming limit curve
using design of experiments

(a) Optical grid analyzing system

(b) Formed specimen by punch of dome type

Fig. 2 Optical gird analyzing system for forming limit
diagram

Table 1 Specimen dimensions for forming limit test

Test type Non-lubrication Lubrication
Horizontal 200 200
length (mm)
200, 150, 130, 110
Vertical length (Rectangle) 200, 150
(mm) 90, 70, 50, 30 (Rectangle)
(Notch)
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Define Problem

4
Determine
Design Variables and
Feasible Domains

Define
Objective Function

Experiment Design
by the 2" order model

4
Generate
a Response Surface

Perform Optimization
by Downhill Simplex Method

¥

Estimate Yes

Optimal Value

Optimal
Forming Limit Curve

Fig. 4 Optimization process of FLC using design of

experiments

Major Strain
Major Strain

Minor Strain - Minor Strain

Major Strain

Minor Strain
Fig. 5 Forming limit curve of various type
X = ¢ (Center Axis)

x<c, y=ax’ +bx+c,
x>c, y, =a,x’ +bhx+c,

(D




o oy B
T @ %
\%0
e
] =
G T Y
o S o
oo 3
B <
) &
T Y @«
WLWUQL
)
R
am_ﬂ__ﬂ
H =0
fr g
my o
o
ﬂ%ﬂ
[re g
[
R
N4 Zﬁ.\_mm
= ™
4 ™ oo
S
o~
~
&
m
2
~
|
T
L —
N
B
g i
=T
2 ™S
2 o
g N
= E
S =
“E

2" objective function

AZA Aol

B
o

o

"

3)

Maximize f?. - countif(yﬂacmre -V > 0)

4. 2 E

mﬂmg_oﬂa ATm:Mﬂ;.M_.
q_#O‘OI r
w0 Ho i ﬂec_‘mm
= B
N I )
W o= B Ol o ® wr
N
K D = B2 o ~ -y
= N o UM
By BRI Tl 7o
C_E~ J.MQ ZQO#E
e A 2o mo
H.Ho_m oy ® ,mo
o o1 e o) — T ulr
o A BB e O gk
ﬁr‘_lr.wﬂow_m‘_.ﬁﬂogm&
o_._um m_wo1O|.Mur m._umu
e RC I )
— I
qkpoﬁadlﬂuwulr:\kquL
14 A g e O A Ein
gy BB e e
H%Lﬁmoﬂrmlrm! r -t
= % ]w._xnmsb
A R
ﬁwﬂo)ﬁﬂﬂolﬁr °
B, <O i
;0\_ ﬂM..LHO\.}E.__"%O)
B ® N = W )
T° oF W e o8 mK
2
g
: 2
E R o= ouoa
a2 S =
o)ﬁX—u

0.7

03

-« =
L] o

uteays so iy

0.2

99

T
s
o
7o
e
;0‘_ -
)
5 BR
ot
fils)
o B!
R
=18
¥
[ LY
= X
<
o:n B
©
o %
-
K w
By of
G+ T
o Hr
3
~
[~3
pes
£
4
o @
H
b=
3
w
0
”
&

Fig. 6 Optimal forming limit curve of SPRC440 using

design of experiments

Table 2 Final equation of optimal forming limit curve

(SPRC440)
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Process of T-Shaped Pipe by and Explicit Code,

Advanced Technology of Plasticity, pp.545~550.
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