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ABSTRACT

The cold start problem is one of major obstacles to overcome for the commercialization of fuel cell
vehicles. However, the cold start characteristics of fuel cell systems are very complicated since various
phenomena, i.e. ice-blocking, electro-chemical reactions, heat transfer, and defrosting of BOP components, are
involved in them. This paper presents a framework to approach the problem at a full stack scale using Axiomatic
Design (AD). It was characterized in terms of Functional Requirements (FRs) and Design Parameters (DPs)
while their relations were established in a design matrix. Considering the design matrix, the endplates should
have low thermal conductivity and capacity without increase in weight or decrease in structural stiffness.
Consequently, composite sandwich endplates were proposed and examined both through finite element
analyses and experiments simulating cold start conditions. From the examinations, it was found that the
composite sandwich endplates significantly contributed to improving the cold start characteristics of PEMFC.

KEY WORDS : Endplate(¢1 == o] E), Cold start(*§ A]5), PEMFC(aL 22432 o 57 #]), Sandwich
structure(M =9 X] F+2), Composite(E-3 A F)

Nomenclature . electrical potential at S.T.P (1.23 V)
. electrical potential

: pressure (Pa)

: gas constant (8.314 J/mol * K)

: absolute temperature (K)

E; : OCV (open circuit voltage, V)
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n : number of electrons (2 for Hy)

F : faraday’s constant (96,485 C/mol)

Ri : internal resistance (electrical + ionic, Q)
A : water content (# of H,O / SO;H")

ip : exchange current density (A)

i : limiting current density (A)

k : ionic conductivity (S/m)

. transfer coefficient
a : water activity (P/Psa)
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Fig. 1 Schematic of a fuel cell stack
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Fig. 3 Decomposition of FRs-DPs sets through zig-zagging
procedure
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Table 1 Design matrix for a composite sandwich endplate

DP, | DP, | DP, | DP; | DPy | DPsy

FR,, X 0 0 0 0 0

FR;, 0 X 0 0 0 0

FR, 0 o) X 0 0 0]

FR; 0 o) 0 X 0 0]

FRa; X 0 0 0 X 0]

FRy X 0 0 0 X X
o 9o dEEE Fo] YolA doju= o9 &
As HAas) oh= Alo] Fastth 1y 55414
o] dEEYolEx &3 (thermnal mass)? 4
L7 A7) wiel WAls x7] 7]8hshk-g-o)
ofsto] WA S EHE B2 Dol AE Freta
Qe ol Eo QI A el d5-& A7
Bg B A ofste] w37 Ale] s WEl
&k ol w2 AFoR st A=A 2}
Fo TEFe FAA ok Tale] v

A BAAA VE 25 AE A=EY o
ES A udga Adad 2 Ade: ¢
d 715A az7do]l Ay HolQlo] niEAsHA
Zgk AAlolt), & 5E Bieslal 729 =S
O|EcA 1S wHEay] §lste] FAE 719-W
dEAol AA AL, dEA S Hste] FAE W
FH Aol "ozt dEEeoEx 1734, A
A, AdEE, 7144, Wstshy & thdet
7I's A agx11e] dasitt

B AT ojd 715A axRdEs W
A7 AA Ndo g Yl dd% Age] A
aL H|Fo] ZpE E Flof, WAl HAHgo] gt
BAAEE AHES A=A 725 Fste] T
Al w8 S 7 shlnh o] ZHH ol 7]
A 8721 AA AE o] 83ke] Table 19]
et Azl E (lower triangular matrix)® 3 5]
v wg AAE 4& F th
FR; : Provide uniform pressure to the stack

with small mass
FRi1 : Provide high specific stiffness to the

t=J] - KotL - 0l0HE

endplate

FRi2 : Develop a clamping method for the stack

FR2 : Provide electrical insulation

FR3 : Increase the corrosion resistance of the
face of the endplate

FR;s : Improve the cold start characteristics

FR4 : Minimize thermal energy storage in the
endplate

FRge @ Minimize heat transfer rate

DP: : Endplates and clamping device

DP1; @ Endplates of sandwich structure

DPj; : Clamping device

DP; : Outer surfaces made of glass fiber
reinforced polymeric composite

DP; : Face materials made of high corrosion
resistance

DP; : Thermal characteristics of the endplate

DP4y  : Small thermal mass of composing materials

DPg : Thermal insulating panel (Foam)
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Fig. 4 Dimension of specimen for 3-point bending test
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Fig. 5 Representative load-displacement curves of different
sandwich beams
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Table 2 Structural properties of sandwich beams made of
various materials

Flexural | Flexural | Specific | Specific
strength | rigidity | strength | rigidity
(MPa) | (Pam®) |(MPa/kg) |(Pam‘kg)
URN+PUF 13.1 45.8 72.6 254
URN+Honeycomb |  22.1 339 123 1830
PUF filled 60.1 401 296 1970
Honeycomb
SUS+PUF 9.7 33.9 17.2 60.3
SUS+Honeycomb 21.8 306 38.9 547
SUSTPUF filled | (57 | 374 11 630
Honeycomb
AA717] o st F 31olE ARE R A=A
TFEE 2 FY S 9T FE QAW WA 2
ole] 2 H2 WHOR Qlate] Ze WelolA] A
Wl stere] dojutm F molol Hlstel B &
oAM= 2 S 7Idisky] ofHk % 3ol 8 At
U TS o= AR w2 P A
g sl =g 5 ik
32 gL
WENA FER AEBUelEE Agehs 49
T BEFe] AHwTF WAE AEFE A o]
= WA mols] AAERG AR AAG o
st AA T} 300x300x20mm A5 2 A=

N
A AlHe] FAWE dHEEE AT A (HFM
436, NETZSCH, USA)E o]-&3}o 25°C and 70°C
oA Ztz} Ak} Table 39 A& Axto] o3}

Table 3 Thermal conductivities (W/m-K) in the thickness
directions of various sandwich plates

Temperature (°C)
25 70
Material (Face + Core)
URN+PUF 0.0478 0.0600
URN-+Honeycomb 0.0953 0.1160
URN+PUF  filled oneycomb 0.0742 0.0881
SUS+PUF 0.0323 0.0397
SUS+Honeycomb 0.0819 0.0984
SUS+PUF  filled Honeycomb 0.0618 0.0705
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Table 4 Thermal properties of endplate materials
Material SUS Glass-epoxy Phosphor
bronze
Specific heat [J/g-°C] 0.5 0.38 0.38
Density [kg/m’] 8.0x10° | 1.85x10° | 8.8x10°
Thermal conductivity
[W/mK] 16.3 0.35 62
Modulus [GPa] 210 40 -
Material PPA Carbon- |Polyurethane|
epoxy foam
Specific heat [J/g-°C] 1.21 1.13 0.044
Density [kg/m’] 1.47x10° | 1.63x10° | 0.96x10°
Thermal conductivity
[W/m-K] 0.26 0.87 0.09
Modulus [GPa] - 380 0.47~2.07
s AFrE MER A ] FANE & E4
Exo S8 7S a1 Fo] st Fel| nlsto]
SIS S & F Ak e} 2HE
2 pe] AAEETL 163W/m K A< el o
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Fig. 7 Temperature variation of endplates with respect to time:
(a) SUS endplate, (b) Composite endplate
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Fig. 8 Thermal energy required to increase temperature of
endplates from -20°C to the steady state when inner surface is
80°C allowing convective heat transfer to -20° ambient air: (a)
Conventional metallic endplate (Total energy required =100),
(b) Sandwich endplate (Total energy required = 60)
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Fig. 10 Load-Displacement curves for SUS and composite
endplates obtained by 3-Point bending test
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