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Prediction of Springback Shape in the Flange Forming

Y. T. Kim,

S. W. Lee,

J.

H. Jeon, H.C. Lim

Abstract
The stack, the core unit of the MCFC system, is composed of the three main parts which are the electrodes, the matrix

keeping the electrolyte and the separator. Among these, the separator made of low carbon steel is manufactured by some

sheet metal forming processes. The flatness of flange of the mask plate of the separator is crucial not only to enhance the

stack performance but also to reduce the production cost.

This study has focused on the enhancement of flatness of the mask plate flange by controlling some process parameters
like the punch and die comer radii, the blank holding force, the friction coefficient and so on. The springback

phenomenon occurring in the flange drawing process has been studied first using the finite element method (FEM) in

order to understand what causes the springback. The distribution pattern of local longitudinal stress in the flanged part has
been revealed very important in predicting the final shape of the flange. This fact has been backed up by the experimental

results carried out with the developed test dies.
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SUS 316L #AE 7HA 1 A Weke] ohshe]
0", 45", 90" WFoz QFANHEE APt
7He 4859 A% ANHE AP A
5, Aolwak 2A4% 4 A o] x| (Extensometer) <}
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Properties * Rolling Directions 0 45° 90°

Young's medulus(E) 196.847 178.754 179.085
Poisson’s ratio(v) 0.30 0.30 0.30
Lankford value(R) 1.266 2.145 1,666

Tield stress, o y{MPa) 214.123 262.963 223.385

stress-strain curve: 6 =K(e,+e)"

K (MPa) 1311.415 1243.254 1218.172
& 0.021994 0.023956 0.021808
n 0.4748 0.4267 0.4434
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Process parameters

Value / Condition

Max. Punch stroke

30 mm

Punch velocity

1000 mm/sec (3H4)
0.25 mm/sec (2¥)

Blank holding force(total)
Supporter force(total)

1.75 KN(HRHET 50 M)
35 kN(‘a%%% 100 N)
7.0 KN(EH 5 200 N)

Initial blank size

35.0 mmx 173 mm

Initial blank thickness

0.60 mm

Friction coefficient

0.10 (with Grease)
0.20 {without Grease)

_88_

3. 4 ¥ =24

Mid-surface _‘

Die corner
radius Punch corner

radius

(a)

Local y-stress

Nomalized length of the initid blank

(b)

29 4. PR=DR & BHF=SF ()&% A3 HAEHE9
local y-stress €% d& bB)HZG HEREY FRFE

local y-stress 4 &

2% 4 = PR ¥ DR ©] Y31 BHF ¢ S
g L AHY v ¥ WE & ‘EH
£ o3 agolt). EF3 S (mid-surface)
S J1FoE A%S 4D HERY THueR,
olgZ e Hatg HEH $¥HoE et
WA %Zo] FUMN AN AdFPol o]FoA7)
2o tolzuet AXNIUE AH HA ol

HEgz gore Bz g Fdd Hojt
Agk ARAL tholg}l HA FZU o HYsle dA
Zt=7tA (+)bending ©] WAsz, HEPol A
APHA ZIUE WA Y9 (-unbending ©] T
Adtt olg Higiz sty HEHL dolg #H
2 Zd AYs A ZE73 (-)bending ©l
Wk, Ade] A% JAIYHAA ZUE whv
o (+ )unbendmg o] ZAHET, B Jhgd A
oA 37t upd Aog 4"t

A HAe B3 FFIE Zdolo wHA
local y-stress E¥EE 2% 5 o Yeldudh
9% g a8 4S5z AA S ZHo



FUGS ¢ # 99 o8
of AAY F 2ol A
olh.

giiterivg

=
Vod o

local y-siress
L
h
B
.
IS
b
B
bd
v
£
3

$4:

$ it

- R YR

iyt

Narmalized length of the initial blank

¥ 5. PR=DR & BHF=SF d#| &4 Zo]o] o} & local y-
stress - X(FEM)

18 62 PR DR o] 933 BHF 7} SF 1t}
o & ZA-foltt. 43 MEHZHOR HAXNEF &

AZt AR eE FHHEA HF FYe] ¥
th &, €94 ZUE Ave 249 7t dol =
UE Ave 849 Fo visfA Z7] diEd o]
2ol ddHEY. AA FYE AU 242 A
£d 7MFeR Add HF 8 AHdA =g
Ago] ¥r}. HAE T3l XEdE dold @3
A local y-stress B®EXEE I% 79 JelA}.

2

oﬂéiﬂlﬂ 7-]i—]E—1 gz-]jle X]L}--‘E- meo _S_ﬁ‘_-%O] .%]
% ¢Y guel =99 A& & F AUk oln
o zgulel w% o= g9 19y gu =
WA¥7t fEo2 ol &I HEE £ 4 3
=

o
Md-suface

Die corner

radius

19 6. PR=DR & BHF>SF o] H<2zZt AEAHE ) local y-
stress 2% A3

_89_

#8588

oA e

local y-sires

Fisistisde_sussse

—HYONRY

T - - 5i4g Ygy

Normdized kength of the intid blank

1% 7.PR=DR & BHF>SF 9 £33 Zo]o] & jocal y-
stress EX(FEM)

vprlgbo 2 3¥ 8§ & BHF ¢ SF & 5Y¢A
3, PRE€ DR H3) o 2A & 4Foith #
2 Y ¥AFo]l o & Zo| AHgo] Hof F2 o
o] MAZ B BT {FUFo & AHeolgdln
o g8t xRt #|A =y wkHo] Z7]) wE
of 3 3 whAd AAJE 229 471 Yol
AA Aot A BRI P 93] AT
= 9d 990 gojA Yz dddo. 29 9 &
B A9 93 dA #d ZIgor AL
v*}fé}% d £ AU}, I AT FHW HAne 3

e2® gus 2o,

Die corner

radius : Punch corner

a9 8. PR>DR & BHF=SF oA 9z} HEAEY local
y-stress 2% &

olde] Ertx] 2L EdE EUWX =29 F
Aolla X wo] Bt FAIE A )
A7} R = A7]E oA A T, local y-stress &
Erg Az A9E 458 ¢ A ® =
ZPo] B AR HAAPYZ7} FAHE B9
local y~stress 2EXE& 4o} =, B3 €y
o 7ted ARE FHAFLE 39 %FFo] YA



g ojFE $YREE Ak @t ol 1Y
10 3 23 11 o M3} HA AIFAE o] &3}
o A2 HF A4S vastd et

1000

900

800

700

600

500 4 _

400 i
P s
i % ' SN SO TR Y
3 - 0.7 0.8 0.9
s -2

-300

~400

400

-600

700

-800

-900

lermakond leagth of the initial blank

3% 9. PRODR & BHF=SF 9d %3 Zolo] w& local
y-stress ¥¥(FEM)

( -~ FFM analvsis o Fsxneriment)

O o0 -e—o-o»e—\*%ak“

[ PR3 DRE SF200 BHF200 |

owowl
9
20PRo0C00CCBBLO

PR3 DRY SF200
BHF200

v anqa .
“o.ao

3% 10. PR#DR ¥ o X3} 4Y¥9| HF P4 vl

2% 12 ol BHF ¢ SF 7} $Ysx PR &
DR ©] 543 Fejoll A vpdASF =3 5% 7
Qo AMHE AYEL B uAAFE Y
A F7] 93 WHog HEZE g ~E o83
o fe[418d. oL AHNEL Al H¥e
2 947 g8Me g2 nZ3dsd 48 7€l
gygjojorat & Aot} HIFA ¥ZE FH AH
£ F53HAIR HE0 & & o X ol
sld s AP =7 s 4L 98 5 3
Rolth.

(L

tle

o Experiment)

{

PR3 DR3 SF200
BHF 200

) E

B e o ——.

3

ST
COo6a

( - FEM analysis

PR3 DR3 SF200
BHF 100

29 11. SF+BHF 43} 4¥e] {3 34 vin

3¢ 12. PR=DR & BHF=SF 9wj¢] HBE7} /A¥dE 48
¥ '

4. 4 &

£5849 d5AA Mask plate flange H2 #
He HAL A8 Z9x =2 diF &4 2
AES AU $4, WA YA J&EHo|
ady g9Ee 34 G HE upEAS, thel
W w4, AX3y A, £33 E9E, AXH
go g disgict 4 detvuled 43 ¥HIEE
Fo] A3 A, HE G Zort e AHE
dARNE H4EE 53 AR

 Bgg Q459 local y-stress BEE 9
fala] AP HAL dF & F UvE A
= dopwitt, wakd HgRe A 2AL A

_90_



A BtgozN Y F yelys 2w §
A& NFF ez sotd + goa wedd.

PR=DR & BHF=SF ¢} £z Ax=xwo]
A Fdz FAAY WURFE}F FAHE AR
%ﬂﬂq.ﬂﬂﬂ-mHA 7hed FEdA Wy
FTASE S AYE HAHO HEY HHPE
’é;k% FE A S %M

).

_o_i SH"Ur ’él.ﬁ 7&4% 3& é l°ﬂ H

Jee weg 1%6} axawe waRA

THAF HHEE FEH e} gud.

*7|

B Q7= RIST 9 $#2dy Q749 a7y
A 4(100kW 3 MCFC g o2 5o,

_91_

wAZ £59) BAS HIHA AL FA=F
Y,

[1] o142, BT, ARY, “£EBIY oE
A& gAw €A7)E ¥ BTG dPEE
ASAEE) E3A 78 AF4Y, 2004

[2] o13%, €48, F5Y, “9AF AIHRY
g o189 HuHY ¥ uad 2y gy,
yst7]AIst8] 1996 HWE FAstegis =EF A,
pp.647-652, 1996

(3] "An Introduction to ABAQUS/Explicit',
Hibbit, Karlsson & Sorensen Inc., 1991
[4]o19E, “ZHa 71Fd ALHE
S %7‘}_‘531]’*715 2002.08, Zgl=&
(33), pp.76-83, 2002

Ry oy

a4 e
M



