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Strength Design Method of Metallic Separator for Fuel Cell
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ABSTRACT

A strength design method was developed to form
channels using ultrathin stainless steel foil in the
structural design of metallic separators for a fuel
cell. This method focused on the work hardening
characteristic of stainless steel, and defined the
deformation behavior of the metallic foil as a function
of the strain value, based on the strength-related
physical property values of the metallic materials. The
shape range that can be formed with metallic foil was
obtained using a forming limit diagram and localized
strain values calculated from measurements of the
material physical property values. In addition, the
mechanical stress produced on the metallic separators
of the fuel cell during fuel cell stack power generation
was obtained from localized strain values calculated
by micro Vickers hardness measurements. The metallic
foil life with respect to mechanical degradation could
be evaluated by plotting this stress value in the
material fatigue limit diagram.
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0 (Fig. 2).
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Fig. 3 Issue due to plate fatigue
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& U TRIER X (forming limit diagram: FLD) (Fig. 5)
NdH 5. Fig. 512 F FLD IZBIEBREHE (forming limit
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728, 7L AL ORI ATRE 2 i 4§ 2 012 R 5
DL LTUASHVWER TS,

FLD #fi<BICHWO NS 227 54 T P4 — 2 LikkR
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TR Y T DN TEB I k72 ZORENEFIRT
Fefitn U 72 5 1F & TSR 2 897, AT SRRSO W T,
B TRRTEIR O - T T DR A T E T & R E 3 5 729
12, 25 — 2 RIRIEIR O — &8 % K HE U 7= 8 ¢ 9k L 7=
(Fig. 7).

F 7z, RNCRAET 20§ AEMRT 272012, Ay
YatA 31 pm EMUNREICEE U 2 5 2 o 72,

9, B AR O TR AT 2 56
T 5 fEAr & VL 22485 R %87 (Fig. 8).

Fig. 8 XIHPOFILTHIL 22 &R K& RO AH %

Table 1 Conventional method samples
Sample 1|Sample 2|Sample 3|Sample 4 |Sample 5| Sample 6 | Sample 7 [ Sample 8

Flat length 1.00 1.00 1.00 1.00 0.00 0.00 0.53 0.34
Angle 1.00 1.07 1.10 1.1 1.07 1.10 0.80 0.89
Corner R 1.00 0.83 0.67 0.50 0.83 0.67 0.67 0.83
Channel depth 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.99
Channel pitch | 1.00 0.96 0.92 0.88 0.48 0.44 0.76 0.76
Judge Good Good Good Good Good Good Good Good

ELTWBZEEREL. 2L T, Fig. 8 T/RL 72 A-A
MZB T 2RO TAORES AL I 2L —Y 3 VICK
RT3 (Fig. 9).
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KEOF A e WATNZHOTV S, Wave IBIROFRIE TIZ
Fig. 8 XIFOMRKIEBTHIL 22N R M & K & < RFFgIC
ZL, FLD OfRATEOF A e filh st L T3 2
& AR L 7.

Unit: mm

Fig. 7 Simulation method
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Z 20, MTHLIZEEMO$T RO EHICK > TOEF R
ENBZ N6, MTELIZKA2UNEE Hy EEIE o
CORMIZEBRLE D B L E A2 F72, —MRaHlcIER
BMEOKRENWE y =2 IR v 7T 2 L X L)B))
DMIIFEFRBERD B 5. UM X & OF ADBIGR A FBR
N RD 7.

f(HW)W=A*xc+B (2)
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er=In (1 +&0) (4)

K (2)12X(3)& (4)%RAT 2T L ThHUMEZIZA
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414 THRT 25— A 2T v L ZAROEIE I &
HOFABXNIR L TEWERlE & 722 5 Swift 24 70D
W (5) AW Z & T, By — A X 20 AED
Bl ERMT 2L TES.

BiohEo, BOTAEep L, F, b XU nidER
Th 5. MTEREE F, MTELERE n & UTHE
DFRFEYIVEL % Swift DR 53K 7=,
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FEBIRAE LTS & L, A, BI3ERK, IMLELREE
F, INTH{iERE n &35,
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Fig. 10  Vickers hardness results under various strain
conditions
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&[%]=(Li—Lo)/ Lo+ 100 (7)

F 7=, YIIRE % To, ITEDVOTAE G A 729V T ILD
WEE T, &Ll xi12, WERPEATIZA (8) THX
hTng o)

AT [%] = (T, — To) ! To * 100 (8)

SlIRRERORER A 12D W TR JIS Z 2201 (GJ@E k5 [5E
HERFT) Y OREIZHES B 13B kR A FL 7=

X510, FIAMDOT AEZThEhe, e, & L, A
FHEHDOTAEBOTAe; & L& EIZ, e33R (9),
(10) T£E 2 9,

83=1H(T1/T0) (

©

FE—E DE&ME VTR (10) 287z,
83=—(€1+€2) (10)

X (8), (9), 10) &b, WEWSAEAT 3K (11) T
5.

AT [%] = {1 —exp [ = (1 +&2)]} * 100 (11)

B2 7 2 L 2O O A LRI ROBRE T 0 v
L, BRALL 2R (11) 2 FTEL MR E Fig. 1112
INT.
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ELTHETE S Z L ARERL 7=,

YL ORERY &, il 25 & % J7E T & 2 HEAD#
g4 5 Z LT, 7L ARBRHCTET 2 WMHN 50§ A
(LT 5 FEEREL /-

4.1.2. L 413 HOMREIIC, ML AT VL AHET
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Fig. 11 Thickness reduction rate results
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EMMEE A E L, R 0FaEe LTRIT2Z &
T, ML TR T 5 v/ 5L — 2 OFBIBIROZEHNZ R
FLD 2z 5 &5 Z, BALL 7=

Table 1 DREFRBUEL 724 >~ 7L % T, Fig. 5 TR
L7z FLD EIZRAr a0l X 0 EMA R0 6 G L 720
FAE Storen-Rice DRI O FEEDG 7 % Fvi 7=
FLC % 7=,

Stéren-Rice DR < S FEE DB A A (12) T& 7.

er=[BF+nQ2+pY1/2Q+p (1 +8+p)]  (12)

Ufo&ﬂjﬂ582/8|
n: AL HE %

Jii < O g, A 5IES ha L MBER AR ¥
P, BT OO I T CHUE S AN R AR D § 5 Z L 205,
HHAM B S OB FRET H 0S5 2 LiE, T4hbbE
Fi< OB RBE LR A2 RBIRAE LTE6 26152 L
NTES, AR ZT VL A TORBIRAO PR 25T
HWZo>WTE, Wi Uh oM E2HWTFLC %
ELIRY A

ZZT, ML a EE2KkD 27212, 27 VL 2
SEOMBRERS A B 250, 27 VL ZABEORE 0T
AORREBRILL 72—, 151 & OFADORE R
B4 2 72012135 ERBR T & HIV 72, BRI RAER D 5 5.

Z 2T, B S — 2 IEH L2 2T VL ASED
Stress-Strain 71 — 7 (S-S # — 7)) # &5 [HERERIZ X D
5 L 7= (Fig. 12).

FIRRERTTVAIE JIS Z 2241 (S bPRES [5RARBR 17 1%) O
BURICHEC THEMEL 722 %, BIRARBROREBA 12OV TR
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Fig. 12  True stress-true strain curve
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Swift # 4 Z7OMKRRA (5) 13—k A 27 > L 2O
EH—BHOFREEIIH LTI WP ES 25 2 & 305
hTnz @,

Fig. 12 XHIC 2 7 ¥ L 2SO ST U CIREE S
Mm% T, Whiias L, 45° A% D & L CORL 7=

T, L, D HHATERS], BEO$ABXIZIZIZFE CHE EIC
BT s, BHAMEOMAMETH L. 512, FES
R Swift OXTHEPITE, IDHEFNT 5 72DIC0E Xk
2T VL AEOMEEYINE A RKD B Z e N TE 7=,

[T 2 T & e MREIR AR A S B L 220§ A% FLD
i 7= (Fig. 13).

BonhzR%s, HFO7 a0y MR ThoREL T
WAEWET, ROT 8y MIFET TR REL T B
TELZ ThEFho 7oy FEEATEOTAe i Eick
WT FLC B3 U TRt < OB OF BEAER T % 72,
MEOWMBRN A E 258N L 20T AEEHWS Z L
T, AT VLV AHETIENT 5 /5L — X OFBEIZIRO G
128 FLD MM TE 5 Z & W5 L7

0.3
; *Using a Stéren-
FLC | Rice model
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R[E—— €510 IMAhnnnat

® ‘ Acceptable |
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Fig. 13 FLD results

5. EHREFRE & AL 7258 TRl

WIS, BRRFEMZ &y 2 OFERIZ /S L — IR
BB %KD 5 72012, HIREFEE (finite element method:
FEM) AHC & IR I OFAEE & K& & TFHILE T
HAERIZR U, Sl Q58 2> 5 50 U 72 O g Al & D
TR U LG % 5 7 - 72, JE 7 BRRERRIXIANI S R
Rt/ L — ZIZRAET B0 & i< 28T, 2L — 23
FEOBBAI T 2 FFmailin T&E % L& 4 7.

5.1. REBEO/NL — 2 (IRET B0 HEN
511. A7 L XEDH/IMES EICHDEHE
2E TR LS, REHOX L — 2 IR ETBIE

N #IET 51213, RO TFIETES Tl h > R
25 IO % PN & 20 6 B U 72,

9, UM LIS ORREERLT S, AT VLA
DL 0T AORKRENX (5) TERXLL 72 BT, i)
SR L7220 FAlEIEINCAmT 22 TR (2)
et Tk,

TN S RARIEIRAD ROWE A4 5 Z & T, g 27
VL ASETHh OB LRI AT 5 S L — 2 ISR ET
209 ARSI OHIE & ATREIC L 7=,

5.1.2. FEM # B S HEER

WRRFEM 2 2 o 2 OFEEIZIZ SV -2 LS — &
EDMIZH 5 MEA ORZEPGEIZ X A ELHE I LU H A
R X BENOZEBRHAT 5 720, RS G
YL — ZITIEEISIBHDOEF A FEET B (Fig. 14).

PRI EMPEB X B OIREIZ L D X F X5 LU1E
(69 5. BRBFE M NER 23 W 2 BB Cld MEA 3R L,
FORMZARIR R U 72 B TIiE MEA ZIGE 5. FEIC
£ MEA 2 EEIGE§ 2 BICIEREE L T 250 —4
WX L CHEOEHNEC 5. £72, /5L — 2 HRKICIE
HARWEN RN TB D, FEERIZIZH ZRWBEONITED
ZENZKD XL = 2T ESIOEFHH»EC S, ThbHd
FEEENZXLE L =2 I2B T 56 NETIZDONT
FEM f##r % ¥ Z 7 - 7= (Fig. 15).
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Fig. 14 Image of stress occurrence
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Fig. 15 Stress occurrence location by FEA
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(3 JIS Z 2274 (EI@FOR O [z g A ER 1) "0 o
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%97 BRIE R & 3P ORI 12 BT, B 260 %
ZNF B & FITEIS ) O R A Nk U 7298 07 580 A SR 3
% 72O FHEO DT, BN FRIR T, Ml iR
&, FERIRANCREITRRIE SR LA T O HiH AV I ik U
VIR LG T & 5.
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Fig. 16 Test results and correlation between FEM
stress simulation and measurement results
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