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Optimization of Bending Process for the Fabrication of Ultra
Precision Metallic Bipolar Plate for Molten Carbonate Fuel Cell

C. H. Lee, S. M. Ryu, D. Y. Yang#

Abstract

Metallic bipolar plate for molten carbonate fuel cel(MCFC) is composed of the shielded slot plate and the center plate.
Among these, the center plate plays an important role in gas sealing. Therefore, manufacturing of the center plate is
considered one of the key issues in MCFC. The center plate is manufactured by bending process. In bending process,
springback and recoiling are two main problems. The aim of this article is to optimize the bending process of the center
plate regardless of springback and recoiling. To achieve this goal, we proposed the punch having step to reduce springback
and recoiling. Using finite element method and Ly orthogonal array, we determined the main factors in the center plate
bending process. And we found the optimal bending process condition for the MCFC center plate.
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Fig. 1 MCFC unit cell (Anode side view)

Table 1 Mechanical properties of SUS310S
Elastic Yield Poisson’s
Modulus(GPa) | Stress(MPa) Ratio
Data 141 236 0.33
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Fig. 2 Bending process of center plate
and defect mode

Table 2 Variables for L, orthogonal array

Parameter Level 1 Level 2 Level 3
Rp 0.3 0.4 0.5
CL; 0.03 0.06 0.09
CL» 0.03 0.06 0.09

0 0 0.01 0.02
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Table 3 L, Orthogonal array
Case Rp CL, CL. 0
1 0.3 0.03 0.03 0
2 0.3 0.06 0.06 0.01
3 0.3 0.09 0.09 0.02
4 0.4 0.03 0.06 0.02
5 04 0.06 0.09 0
6 0.4 0.09 0.03 0.01
7 0.5 0.03 0.09 0.01
8 0.5 0.06 0.03 0.02
9 8.5 0.09 0.06 0
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Table 4 Characteristic values

Case | Fy XN) | Fy XN) | a(°)
1 -195.7 | 36.8 0.717
2 -1124 | 413 0.981
3 -95.0 47.8 1.573
4 -79.8 44.3 3.219
5 -180.2 | 50.7 2.113
6 -109.3 | 58.6 1.236
7 -97.3 42.6 3.864
8 -86.5 47.7 2.936
9 -139.7 | 51.2 2.206

M‘i EzzzREs: B

PrOT R emPme
Ehiaadavho ey
00 t3g

Move

(a) Case 1
(Conventional)

(b) Case 1
{modified)

(c) Case 7 (d) DOE result

Fig. 4 FEM resulit

A8 &5 g SN curve Fig. 63} Zo} Y
Weake disiM e 2 WA fle ASE B S 9
A gk X wrakoll s A= Punch Offset, O tol ¥
A7 & Ag AT F Uk web A4 A
SE A7 8 O &S FAA st A$ X
wego g Ay stFel TASA F7EstA Hof
thololl @Es viE FteAdol ATk webx A



TN B FA4S WsEs A AAo
olgol gk AL o7t Qi)
—— Conventional punch shape
0 — Modified punch shape
Forming Load
- " =60 at Y-dir
z =
x-1 x 1
X 150 >
w- Forming w
.200] Loadat X-dir— 20
N T T f ] [ I f
- Ben%;gngbl;cee Spgngback (gggngb‘;c?( Spgngback
Fig. 5 Forming Load at X-dir. and Y-dir.(Case 1)
0-
- o
24
2
5 4
x
4 -6
Soronny
7))
.8
-104
‘ Die I L Ben‘dlng ::‘ Bending'; Purlich o
Radius  Clearance Clearance Offset
— F_‘,
-92 - —& F,
.94 \/- \ e —" B e
L .96
T
[ -88
% -100 -
-102 | B/ Nt A/\
-104 -
-106 T - : T r T .
Die L Bending ¢ Bending Punch
Radius  Clearance Clearance Offset

Fig. 6 S/N ratio of modified punch shape

Fig 621 SN ¥4& B3 3% AZ=rs 713

2 HAH FA 2L Rp=0.03mm, CL1 = 0.09mm,
CL2 = 0.03mm, O=0mm Y& =% & it} oo

dste] A

T 2zl

T3t Eﬂr% Fig. 5(d) & A ¥

gojdolx BFEIT =005,
recoil=0.028mm ¢ AL /3 24 FHL Hd
g 4 Ut o] W), 43 IJFL F= -211kN,
F,/=72.9kN ©]t},

A A FRAA AHgse tol &3
STDllE’J Endurance Stress, S, 680MPa©] t}H5].
k) o}—a—Ol Z4g3te B8 ool &A7E A
Els Folzt dtx, thole WY, Rgkol 2|3

o

[}

‘OPLF

=

4

L
= %

O

- 348 -

A&, 6,~-87.9MPa, 6,=2.6MPa
7 £EOZ tholof o:ltﬂ:o]
A9t AA thol= g ¥

,g

el -

oAy -
o2 ofh

e

B ATNE £§
B F s A EY ol
shol, G7A AAWFe
s@asgom EHAA
A% 4Yz3L Fopdrh o

=3 2o

=
87% A3
xusko] s 188kN Z7)3)

2) =53] 3
H Aol B3
stAIRE A
.

(3) 47FA] F7A W] diste] /N Ratios &
B2 A9 sAtd 71 2 43S njaE 2
Rpol3, 4% #FAME ool E 09
Ae FFe HAztrb 3487 wFEo] ol
AP A7t dasith

(4) Rp =0.03mm, CL1 = 0.09mm, CL2 = 0.03mm,

ar 71A:, recoil\_

}Ee

ol gk rlo b

= loro

O=0mm FZA|A ¢=0.05"°, recoil=0.028mm = #
U3t g JAEEE GHT F Ao =3 A

%2 F=-211kN, F,= 72.9kNZ oo gt t}oje]

Sv 0 WS dZer) e thole WY
S Y 3o Basic
SRR

[1] Ryan O’Hayre, 2006, Fuel Cell fundamentals, Wiley

[2] Fuel Cell Energy, Inc., Bipolar separator plate with
improved wet seals, US Patent 6,372,374

[3] C. Yuh, 2006, Carbonate Fuel Cell Materials, Journal
of Materials Engineering and Performance, Vol 15(4),
pp. 457~462

[4] A, AEF, 2002, 247133 4, &2

[5] the Society of Materials Science(Japan), 1996, “Data
book on fatigue strength of metallic materials”

3,



