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Three Dimensional Multi-step Inverse Analysis

for Optimum Blank Design in Sheet Metal Forming
Choong Ho Lee and Hoon Huh
Department of Mechanical Engineering, KAIST

Abstract

One-step inverse methods based on deformation theory causes some amount of error. The
amount of error is generally increased as the deformation path is 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.

Keywords : Multi-step Inverse Analysis, Blank Design, Sheet Metal Forming
1Al &

HEFFEHG = I AL B vt mj ¢ BEAg 9L W] oS
S r] WY HHRALE A AP So oste AAEHT Y= AR o)
ol o]} TE NP E Foly FHL NN FHANFEL o257 93ty
AdetAl f3ke 4 dado] o]8ET on, Guo 9 Batoz'”, Chung # Richmond?,
Liu 9 Karima”, Lee & Huh® 5ol &l dALs} o]Rolx7 Ut} WEPo]EL
71EeR 3 4ddA fete s N2 Ewa ¥Yan HEE BY 52 o go
A o Fo]  shgdt  ANEHQ Yol AHLo] stk a¥AW,
VPR E ZEskA E3t7] wo] wWyAzs Bhsd 2 oxr HA=
SGHE A Aok

B =TdAE 494 9ENE doAl gl er Habstd duA] s Ao
dHS A A wEA ANE £ = uwhHS AAAY. ueA gHNe 7
o7 ®2 Al Hgstel ooAl 9uMe)l 84S Rzt 3wt
Ao BRI P4 HEHIAH, FAHYE BEx S8 uzstd oo
Aol B2 AGANCEL £ AEAT YL =Y ¢ Y&

2. 94 e s 94y

S Ao B Z12HA £HHY HAE Majlessi) Lee®o] WHEAY L T
Atk oA fEhe s AHHE 7 Gl HEPolE S EoE 3 UuA)



e 4 ga4e sYsto, zt Al ZU)dEe HEAEwe vtk ol
7} gAle] HEAEe WPE B U] Hur TR AuA H23 A3
o7 Qo] Atk B =RoAE 2AHY ouiAg St Yo AE o] 83t o}
S o] ZAMAR TRIA ouAE Aofste $4a}tstth
min. ¥(X) = W,(X) - W,(X) - W,(X) - W,X)
=[(Jlo:de)an- [y war—[ ¢, war-f ¢, @ar W
thebA g S 2IAHE SMEz] Wil A 2ol FFHEX)
A Aogdh o, wX t 24¥F dvAoll, wX), wW,X). WXt 7
Bz A zhzh vpae] o%t o, B3 WY gk U, w=do] o7k Yol
A& Hagskr] fste] 49 ZE wE-HEUE AT
[K(i)](n) {di}= - {R(i)}(m 2)
K(i)z_a_l;%(l, R(X_)=Jno:aa—§dﬂ— r[tfg—;dl‘—_[rhth--%dl"— ntdg—;dr 3)
229 AL FRHENA o]Fo] Ay, FH HuAle TE HHE diste] A4
H37 HHAESo] A% vy W(Sliding Surface)dt F W W& o] §3te] HAT
ok 2gAY 1Y WA 24 Qv 240 FEA] HoEe 2 HuA
STA A7 dgo, HyPeluix & EAFuANM AP & FRHAER
WS $ysiol ik 4(5)e] HAPY TS ol83sto] EAATANA ANF 34
o 744 PEK: 7} 240 Y WERE AP HnA g 2429 FY FEK°
I 220 9] HE R o AU
K AU=-R°
— ~ — ~ 4)
where K°=T'K'T, R°=T'R°

T, ¢ 0 = —
_ _{ cos(X,,8) cos(Y,,S)
T‘[g b To} A “[cos(im c.os(Y,D] ©

oA7\H AT=[AT, AT, AT, ] o1, B4 it shtel a0l vjgr FHWsoo 9%
dof B g Fwsl WAL FE3y] Rl FH FEANA AW Yepdct

4@ e ALY 7 DAl oFo] An], BE VAL thA WA WERA
g ANA Bk AA HEAPS ANE of HEYAH 27] B Ly
9 HNE JPAT AT FVHYAL BA uinY ol FoiA 3Uv] WEolch

3. AN da

thehA Mol RS AFs7] fsted, Figiat 2ol Hgolzk vlwy 2
Az mdlo] A g3te] BUth Fig1& o83t dghAl A HaA gy (o
oA gaAH)E 3t Figer 49A gHHor xv] B I 51
Ae AXF Azpolth AghAl A& oo MA wHE A o3 FHEHUYSH,
A A A 7He workstation SWS715/75914] 1120 CPUsec?t £ LQE%lth oA Ha4 2
163 CPUsec®] Al 4FAzbo] 2o EQnh whde Z98 vttt 244 Frdfdezs @
i) AEEAS A st dl 15788 CPUsec?) A4+ AjZto] 22 =AUtk Fig3e ¥
SAl oM kAl gGaAe] xr] BT JAL ulIt Ao, 453 Aol



2 0)

A2 HY smmALE UEL At

Fig39] 503 F4& o83t 2ol 2242 +33gon, ojmol =
o Y& Figaol nlastgc). YA galbe B Y-S o] g3t A9
WA FEE B, 009k 900 T2]3 450 WakolA 2 FE = Z@xo] CAD PR
HAdl s mm HE FAY Z AL 2 5 Aok ey, duA s S 9
WA GEL 0°9) 90° ol M= Ao ANstT Qow] wal 450 WENA | mm %
£ 2 A2 8 £ Avk A AR A e Mol ot AR e &3l A o]
nisted Ayl e Baa YA o33y YSe o 5 Aok Au A3 A o) A
5T Fo] BRI YA4L ZRMHOT NN E AH Adsioiw HdH o7
FAG A 7] 2a" Aol

Fig.5%} Fig6 83 FEMH o2 AN 712 waks g4 wgozo =
A BYE EXolth Figs5gt Figeold Mo AaA Asael £ HYE £
7h A ANk FRAH ste ZHe BmYLe 4 4+ Ak Ao & 8f| A 3}
SwdlHol atolE Hol s 2 o]fE HAZA Aol Uut w2hA, oS g
Tl g sted Gl 8 Lol & Aot}

4. 4 &

2 oA E oA RPe s HalMel B £AL MY Zzowe A
AT dA Ao 22 Zols] AP THH WHow thukA Ao B
T FAH] JEE AR, A NG A kolut £ AlzHe] 3§t
LATF L3 AHobd e uAth B =R $E¢ gud geae ey o
G WSS AET AHSA AEY ¢ A= BIHA Wo] B Hoju}

oo M2
&

e 5ot N

REFERENCES

(1) Batoz, J.L., Guo, Y.Q., Duroux, P. and Detraux, J.M, NUMIFORM’89, pp.383-388, 1989.
(2) Chung, K. and Richmond, O., Int. J. Mech. Sci., Vol.34, No.7, pp.575-591, 1992.

(3) Liu, S.D. and Karima, M., NUMIFORM 92, pp.497-502, 1992.

(4) Lee, C.H. and Huh, J. Mater, Process. Technol., Vol.63, pp.645-650, 1997.

(5) Majlessi, S.A. and Lee, D., J. Mater. Shaping technol., Vol.6, No.1, pp.41-54, 1988.

Weronivics :
Y, 4%, ot
R PO
\7 Y,y 0 ATA KAL) \/
A AD
RSOV,
oSN l:g N YAV z 2 4

Iy

, SRR

R AR

NN DO A

NSNS Ny Ay, g, 0% il

IRRRRER o A“mv‘ymvm'; "‘1‘0':,‘0;;("1
NYWAAM V:"zz""z"”"

.

Fig.1 Desired finite element mesh geometry of
a square cup for multi-step inverse analysis:
cup height = 40 mm.
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Fig.2 Calculated intermediate shapes and
initial blank shape: (a) Intermediate shape, cup
height = 30 mm; (b) Intermediate shape, cup
height = 20 mm; (c) Initial blank shape.
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Fig.3 Comparison of blank shapes between the
one step inverse analysis and the multi-step
inverse analysis.
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Fig.4 Comparison of flange contour between
the desired CAD model and the results of rigid-
plastic FEM simulations using the blank
obtained from the inverse method.
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Fig.5 Comparison of the thickness strain
distributions 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
square cups.
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Fig.6 Comparison of the thickness strain
distributions 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.



