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Three Dimensional Multi-step Inverse Analysis for Optimum Design
of Initial Blank in Sheet Metal Forming

Choong Ho Lee and Hoon Huh
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Abstract

Values of process parameters in sheet metal forming can be estimated by various one step
inverse methods. One-step inverse methods based on deformation theory, however, cause some
amount of error. The amount of error is generally increased as the deformation path becomes
more complex. As a remedy, a new three dimensional multi step inverse method is introduced for
optimum design of blank shapes and strain distributions from desired final shapes. The approach
extends a one-step inverse method to a multi- step inverse method in order to reduce the amount
of error. The algorithm developed is applied to square cup drawing to confirm its validity by
demonstrating reasonably accurate numerical results. Rapid calculation with this algorithm

enables easy determination of an initial blank of sheet metal forming.
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Initial State : Variable —
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Fig. 2 Schematic description of the 2 step inverse
method
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Initialize nodal points of the initial blank and
intermediate shape
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Increase global iteration , i =1+ 1
Initialize state variables, step n =
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I

Finite Element Inverse Method

%___
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Newton Raphson iteration of the n_th step

!

Update nodal positions of the initial state of the n_th step
Update state variables of the final state of the n_th step

Global convergence
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I Initialize nodal points on the 3 Dim. curved surface ]

Calculate local coord. for each nodal points
Calculate gap between nodal point and sliding surface

Plastic Deformation Energy (Internal Work)

Calculate K¢, F* in the material coord.
F* to K°, F* in the local coord.
Assemble K°, F° in the global matrix

Transform K¢,

Boundary Conditions (External Work)

Calculate K. F* in the global coord.
Transform K°.F" to K",

Assemble K*

Increase iteration

F” in the local coord. P=i4l

, F* in the global matrix

i

Calculate nodal displacements in the local coord.
(solve linear eqn.)

Transform local displacement including the gap from
|_the local coord, to the global coord.

| Update nodal positions in the global coord. |

/\M_*

Yes

Newton Raphson iteration of the finite ele-
ment inverse method applied to the 3 dimen-
sional curved surface

Fig. 5
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Fig. 6 Geometric description of the tooling for deep
drawing of a square cup

toat

sl ateh, SOl AR e 9o A del)

sael olduel A AdAt slwelo) g

gareh, Ands, A Qo) A (22)% o] Gatel 4
Aol #HE ks vhabolu} s Hee e e
o elat g AA AZANH FHE & A (29)

wll

ot ol f-abo] atzpAel Al A4 o)

|

ol gaiibel, el A st S

o et alalg A% Asbstel srahilel via
Bl ASa ol A AL A

B R TP P

g sl ge) WS (AU, AV)sh =HiztEA

AU 8] (AW, A Aol wgls wWEkghe,
of Alulsf, AR A L] WS o) Repe] 7H A
of AAl i AAlgheh, A, Sl
b sbar ggle] wlAl eokend vh4| Xi”‘] A w
obzbeh, A HEA Aol AAlxl AAEe 2)A
= oAbaRsd apdell EAlebAl s, A A Al o
ol vhA] ARtEbaR Aok b A Akekeh

chgbAl oda) 4o odsbAl el et kel bk el
el A4kl
A efaii Al st gtel A A doll A 2xkr s
Alabghet, e
a2A

SR EE siAlk, olel
5 sl
I EE L L
bobal gbisch,

Pelo} toll <] of sl 4| &

% 4454

AAVE S glek

4] 7ol

ol s 7to] ¢
epelA] o a4 2
ol 4 e
A Ape] el sl

§ astel oli e Ak e el 9

R E
ebvlele, <lele] Syl
ez ol
flek ol 271 2 Gl

o] Lo
AR



W
i
2

of

S

b

N

et

o
fu
b

PAARAAAL

ANV

S

e
QA
AV, Vava 2}
AV TN, v
ARG OAeRS
ARG
NRRRERNVY
SRR (o

EERISRR
::‘::I:;%;"%}?l‘"v
KA
A AT
A'A'A"?r‘ 7

Pa¥ota V!

i

7
l.:mfww-‘:’,‘
KNI )
BRAR A s
NN
NN
NN

5
!

SO
NN D
RO NN

(a) Desired final de formed shape, cup height =40 mm

v

(b) Sliding surface, cup height=30 mm

(d) Flat sliding surface for initial blank

Fig. 7 Desired mesh geometry and assumed sliding
surfaces of a square cup for multi-step inverse
analysis
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Fig. 9 Computed optimum blank shape for a square
cup by three step inverse analysis
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Fig. 12 Comparison of the thickness strain distribu-
tions between the results of rigid-plastic FEM
using the blank obtained from the inverse
method and the results obtained directly from
the inverse method in the rolling direction for
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Fig. 13 Comparison of the thickness strain distribu-
tions between the results of rigid-plastic FEM
using the blank obtained from the inverse
method and the results obtained directly from
the inverse method in the diagonal direction
for square cups

Ao wlste] A A L JAE o535
2 gE o sdeh ol2NE ARHAE Fot
A7 wAE Akl AA S ol JE Fot
shAlnh, ASdE B w9 7 deE ¢+ o
e}

Fig. 129} Fig. 132 osida Fiasdez A4l
g kRt Ao g S HYEF L
olch, Fig. 124 stzubgko el S HYgELE

)

g =
)

1
o
At
:(){:"

fo
4

ie

B
He
2

3
29

Alc}

w1 ou

AR o4

I‘Xi

G
Toox Aok

=

-0
=

ac)
ol
o
&

e 2

o
—_

oftt N

lo

e SUo ol

(1) Jimma, T., 1970, “Deep Drawing Convex Poly-
gon Shell Researches on the Deep Drawing of
Sheet Metal by the Slip Line Theory. st
Report,” Japan Soc. Tech. for Plasticity, Vol. 11,
No. 116, pp. 653 ~670.



2066

(2) Hazek, V. V. and Lange, K., 1979, “Use of Slip
Line Field Method in Deep Drawing of Large
irregular Shaped Components,” Proc. of 7th
NAMRC, Ann Arbor, Michigan, pp. 65~71.

(3) Karima, M., 1989, “Blank Development and
Tooling Design for Drawn Parts Using a
Modified Slip Line Field Based Approach,”
ASME Trans: J. of Engineering for Industry,
Vol. 111, pp. 345~ 350.

(4) Zmla, AlAd, Alda, 1993, “#=198 ghy
off gk 3t AFEA(1),” Ha7) Al e8] =4,
174, #1235, pp. 3074~3104.

(5) Vogel, J. H. and Lee, D., 1990, “An Analysis
Method for Deep Drawing Process Design,” [nt.
J. Mech. Sci., Vol. 32, pp. 891.

(6) Chen, X. and Sowerby, R., 1992, “The Develop-
ment of Ideal Blank Shapes by the Method of
Plane Stress Characteristics,” Int. J. Mech. Sci.,
Vol. 34, No. 2, pp. 159~166.

(7) Sowerby, R., Duncan, J. L. and Chu, E., 1986,
“The Modeling of Sheet Metal Stamping,” Int. J.
Mech. Sci., Vol. 28, No. 7, pp. 415~430.

(8) Blount, G. N. and Stevens, P. R., 1990, “Blank
Shape Analysis for Heavy Gauge Metal Form-
ing,” J. Mater. Process. Technol., Vol. 24, pp.
65~74.

{9) Levy, S., Shinh, C. F.,, Wilkinson, J. P. D., Stine,
P., and McWilson, R. C, 1978, “Analysis of Sheet
Metal Forming to Axisymmetric Shapes,” For-
mability  Topics-Metallic  Matevials, ed. By
Niemeier, B. A., Schmieder, A. K. and Newby, J.
R., ASTM, pp. 238~ 260.

(10) Majlessi, S. A. and Lee, D., 1987, “Further
Development of Sheet Metal Forming Analysis
Method,” Trans. of the ASME: J. of Engineer-
ing for Industry, Vol. 109, pp. 330~337.

(11) Majlessi, S. A. and Lee, D., 1993, “Deep Draw-
ing of Square-Shaped Sheet Metal Parts, Part
1 : Finite Element Analysis,” ASME trans: J. of
Engineering for Industry, Vol. 115, pp. 102~ 109.

(12) Batoz, J. L., Guo, Y. Q., Duroux, P. and
Detraux, J. M., 1989, “An Efficient Algorithm to
Estimate the Large Strains in Deep Drawing,”
NUMIFORM 89, pp. 383~ 388.

o] F & -

4 %

(13) Batoz, J. L., Guo, Y. Q. and Detraux, J. M.,
1990,” An Inverse Finite Element Procedure to
Estimate the Large Plastic Strain in Sheet Metal
Forming,” Proc. of 3vd Int. Conf. on Tech. of
Plasticity, Vol. 3, pp. 1403~1408.

(1) Guo, Y. Q., Batoz, J. L., Detraux, J. M. and
Duroux, P., 1990, “Finite Element Procedures for
Strain Estimations of Sheet Metal Forming
Parts,” Int. J. Numer. Methods Eng., Vol. 30, pp.
1385~1401.

(15) Guo, Y. Q., Batoz, J. L., Mouatassim, M. El.
and Detraux, J. M., 1992, “On the Estimation of
Thickness Strain in Thin Car Panels by the
Inverse Approach,” NUMIFORM 92,
473~478.

(16) Chung, K. and Richmond, O., 1992, “Ideal
Forming- I. Homogeneous Deformation with
Minimum Plastic Work,” Int. J. Mech. Sci., Vol.
34, No. 7, pp. 575~591.

(17) Chung, K. and Richmond, O., 1992, “ldeal
Forming- 1L

pp-

Sheet Forming with Optimum
Deformation,” Int. J. Mech. Sci., Vol. 34, No. 8,
pp. 617~633.

(18) Chung, K. and Richmond, O., 1992, “Sheet
Forming Process Design Based on [deal Forming
Theory,” NUMIFORM 92, pp. 455~ 460.

(19) Chung, K. and Richmond, O., 1994, “The
Mechanics of Ideal Forming,” ASME trans: J. of
Applied Mechanics, Vol. 61, pp. 176~ 181.

(20) Liu, S. D. and Karima, M., 1992, “A One Step
Finite Element Approach for Production Design
of Sheet Metal Stampings,” NUMIFORM 92, pp.
497 ~502.

(21) Liu, S. D. and Assempoor, A., 1995, “Develop-
ment of FAST 3D-A Design Oriented One Step
FEM in Sheet Metal Forming,” Computational
Plasticity, Ed. by J. Owen D. R. and Onate E,, pp.
1515~1526.

(22) ol &, & &, 1996, “MFaFAAE Ao A
o) Bl AA WEHE o=, " 8| AgE] =

)
[N Y

A20%1, #1635, pp. 1810~1818,
(23) Lee, C. H. and Huh, H., 1997, “Blank Design
and Strain Prediction of Automobile Stamping

Parts by an Inverse Finite Element Approach,” /.



=l ] =3

Mater. Process. Technol., Vol. 63, pp. 645~ 65(.
(24) Majlessi, S. A. and Lee, D., 1988, “Develop-
ment of Multistage Sheet Metal Forming Analy-
sis Method,” J. Mater. Shaping technol., Vol. 6,
No. 1, pp. 41~54.
(25) Wang, N. M., 1984,” A Rigid-Plastic Rate
-Sensitive Finite Element Method for Modeling

Sheet Metal Forming Processes,” Proc. Numeri-

cal Analysis of Forming Processes, ed. by Pitt-

man, J. F. T. et, John Wiley & Sons, pp.

117~164.
(26) Chung, K., Lee, S. Y., Barlat, F., Keum, Y. T.

and Park, J. M., 1996, “Finite Element Simula-

mak gy e) 27] $ua A7

i

A% 9 A chekA de) 4 2067

oo

tion of Sheet Forming Based on a Planar
Anisotropic Strain-rate Potential,” Int. J. plastic-
ity., Vol. 12, No. 1, pp. 93~115.

(27) Yang, D. Y. and Kim, Y. J., 1986, “A Rigid
-plastic Finite Element Formulation for the
Analysis of General Deformation of Planar
Anisotropic Sheet Metals and its Applications,”
Int. J. Mech. Sci., Vol. 28, pp. 825~ 840.

(28) Yoon, J. H. and Yang, D. Y., 1988, “Rigid
-plastic Finite Element Analysis of Three
Dimensional Forging by considering Friction on
Continuous Curved Dies with Initial Guess Gen-
eration,” Int. J. Mech. Sci., Vol. 30, pp. 887~ 898.



