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Abstract

Proton Exchange Membrane Fuel Cells (PEMFC) are the most appropriate for energy source of small robot
applications. PEMFC has superior in power density and thermodynamic efficiency as compared with the Direct
Methaol Fuel Cell (DMFC). Furthermore, PEMFC has lighter weight and smaller size than DMFC which are
very important factors as small robot power system. The most significant factor of mobile robots is weight
which relates closely with energy consumption and robot operation. This research tried to find optimum
specifications in terms of type, number of cell, active area, cooling method, weight, and size. In order to find
optimum 500W PEMFC, six options are designed in this paper and studied to reduce total stack weight by
applying new materials and design innovations. However, still remaining problems are thermal management,
robot space for energy sources, and so on. For a thermal management, design options need to analysis of
Computational Fluid Dynamics (CFD) for determining which option has the improved performance and
durability.

Keywords @ a#x da)jd 2 A2 A (PEMFC), 2% A &H(Robot Energy Source), oA A28 2 2 3}(
Energy System Optimization )

.M £ o2 A7) YA wpe i WE G ol
o aga 5 By FAHoR ALgol
ATHAE F49 354 ouAE 23 H b=t AoU A e BARR wZs) o



.Ewﬂzﬁpﬂﬁﬂfﬁ%%: EM_c%Mdr.ur«ﬂmoﬂmw%ﬂgﬂiﬂﬁﬂﬂj M
qﬁ-m .ﬂur‘.u;oﬂ,n_.ﬁ«w.%ﬁ \IMEQ‘N M}OE m\wﬁ“wﬂﬁl Mi~a LL w0 "
R R R TR R P S e iR S S SRR .
7 %o <A ay [T &ob1M =o 4 il OAﬁ dldg X E = e B
Ji?ﬂ;%%ﬂ%[%ﬂrPo% ﬁ%é%ﬂ&%mﬁﬂ ﬂﬁﬂ;%%%& Mo
RS G- NIV R R T B S o g RN =
= = o 5 S-S N IS o o o Ltwromﬂlx_.A R o WY oy T B &
mﬂkﬂﬂ_iu ES XE el  PERECLLRRE S _wrHwe -
—~ = . - =1
ﬂﬁﬂwwmmmmﬂ_/_émma%)zw.m.%ﬂwm%%ﬂ%%ﬂ%%%ﬂﬁr.ﬁ 2
S F O R S S R L PO 5 i
WP 0 SR ERE TN RN mdl px oy m X ady A K
T O ~ X . N w:b ) 3o
MM AT R AT Ul s aR AR B RN By o
BT R pT R TN E gt nocho e e e E w2
N ,L?kc%o)ﬁﬁmzfi @PJ_JM}EZT oM F AR 5o "
W CHFT R Y By N B AN o e e m
TaT e el E RN e e T e MU E ST ol T o o
T T E L ERERF WA R TEFET R HET T % -
ﬂwxrmwmoﬁﬂmawmﬂmq%? q_o.%ﬂmﬂ1%%%ﬁ%%ﬂ.%dmﬂ%ﬂ? Mx
X - o ! = =
S R B Il o R Nt S Sl S
T OB RBESIT T RNMEYET R AT e W E PITRT T o 0RO
T N e N M AN ol = B L R Al L < TN A M
AW W NE g, F W T P T wmops X o, M g o =37 il
v F koo X B ol T F oD
R LR G BRTE SN TR Wl
— =~ T — T, == v - = .
Dk EdTAeE, WYLFHARHET Hyoa e
PEAE T MR T G B L0 B P g X T =E
T = B < o B- ~r = ' o M - - ol ™~
T =W T o R el 8 S o T T oo = T
B oy TR C TR Wy g B T XA X
y%%%%Jﬂi%a%d%wﬂ%QWWm%qia%w T e
X T % o m— P X ' 3p) o= " — o
/AR do = ™ N K SN o) | R omr 3 Mo =n ® X
QM%Mﬂﬁﬂ%ﬂﬂﬁﬁgﬂ%ﬂwwmbth%ﬂwzaﬁ of Mzmaxmﬂb
TN TR TE o T o * X8R T xma -2n o moaoma Tl
R L R T e S BT Sl 54
mnﬂ‘_u%ﬂ&oﬂua,_mﬂﬂwmuﬂm‘_utﬁmﬁmﬁﬂn_va»ﬂﬁge Emuiw o ﬁﬁﬂnﬂ%ﬁacT
pAF R et M ATt TR 2 Tl X TR
e o ox wB e A E B R rag gy KX w4y < oW
T A e I S A B = o B IR T . L RGO ol L
TE T rd L g H TR W b PE _E LT ALY = REFFT
X . 7q\nﬂﬂ a].l\_.*m_.obt,wzx Shii‘_ UT_SHA_I n - T
o el I B A O N o laN T U o L
e XHWPFTNIRTTFR DRFBAMEFTTTAT JETT o T ERE °

5
\=
A=

e

Z)
RESE

R

9l

ERUECE

°©

1

foe A

©

oM ZILE olFdl &l
A Zkol B Fofof

A7F 25 vl

— 212 —

7
H,

o

=

°©

(<100C)eN A ==

oh 3 oA QlXI(27-45%) 01 7hE
Aol 7hs

< J5(40-60%)

=

R

=

<
s,

]

‘=

1(22-36%) H.T}
o]

fus

T

o},

=]



ITEM NO. PART NUMBER Qrv.
_BiPolarPlate

e ARRS] Hdn

=O AFEOR EE T A

v e Alx7t Jhssit oL
A

Ty 2 =2 7AA

2.1.2 A =3 (Conduction plate) ¥} =& (End
plate)

UM ATAHNE HESFAS w AA FA
o] 60% BrE Aw} v AV A}
R Aoz ot A} [7]. ofol Af
1S Algsle] =gy wrgge] F
A T U= WHol AE HIAT WA
@2k 9034 (Lexan
AL 40% 7t =
Ak 1Ya HE

o
i

LA T D ST (o3

D o 1 ro o
el
rlo
=
u
Mo
s}
w,
ro,

O
[e}
w

o

rlo —D'
30,
rr
o
o
fu
o,
_}L J
T

30% 7t =L+ 3

G

) .
Wz A2 A gl o WAl ¥
A3t Y2e YA on g v &
A AR UE g vk bt A A H
o T2 2Eo] sH(Fan)olu olo] &
$-(Air Blower)E& %3} o9

fo ofy
)

(T

rlr —1]1 0_1:_1 :‘0 q
N

g rlo

o
ol JolA dsdA] 28 2%
7= A oA, SRS AR A
Wzt o2 33517 slo]
A A FAA 7= B o]t
Zh AR w7 7EA o] Wzt v
T AAS] A4 FA 98 (Computational
Fluid Dynamics)4 a)4S &3l oj® 2
o2 AAS A& A% HAEE Y & oA

olth.

o]
o 2l
Y
[ eI B VA T R L R TP RS )

f
1>
tjo

aRoan ©

2.3 AAotel] upE ¥ WAy A

231 =9 AA 12t

28 AA 1h2 A el A v A5 A
& A= 533 kg, 7FE 166 mm (A=44
B9 A9)), A= 166 mm, o] 133 mmo|t}
(292 Fx). FE3HEHL 100 em’, 500 W 7]
To 2 16719 AL AASATE atE A

e B FFHE Fhch Wit 2

.

—

B ool FFPoRA PR GRS
g mol= Ao AAHA

<= te6mm =

92, 29 981} d =3 (Conduction Plate)

— 213 —



232 =% AA 2%

o] AAotE 7]E dAg HA ~
At A7 HAE ARHA] T4
(Hot Spot)S 8437l s =
HEste] 37177 =vE A T

|

52 kg o FAY Ax
cm’, 8709 AL ApgFTE A= bR 245

Hs AAEAT AR 29t YEA He
o] VAL S 2E QEER o WojA| uhy
#o| A7E A3} stuz BAVF EolEs
DA A ST FAE 396 kgolal 8712
9l ML AL FEHUAL 200 cmio] il
7F2 250 mm, AlE 200 mm, ¥=°] 57 mm ©]t}

(194 3 %), By A 11252 g o|th
234 28 A7 4%t

A o] 200 cm’o] 3L 870¢] k] Alo] AR A
th dAl 2] FAE 57 kgolal 7FE 330
mm, A2 150 mm, ¥°] 56 mmo.Z A A5}

(29 53 =), A5 HdA] 2dgo] HAd AYPRLE
o] W7 F3F Fert AArAE ] F1ko] o]
D2 37 58S ol o vk Holrt

A= dole] 2uj7} ¥= AAl kS agkEkAH:

20.500

195, 28 A7 49 P A A F

235 ¥ A7 5

109 =

196, =8 A 5 P A A



28 A7 59 nEz A A 9 A8 AR
2 E WAL 100 cm® o)1 16709] ©9] A
& AREET A 2Ee] A= 51 kel
271 7F2 183 mm, AE 109 mm, =°|

&
oAFx AT FB4 W A HEES V)

QT Pl

236 =8 AA 6%

A 692 A WES ASHAAZ HAE Al
TaTh HE AT =8|
mW/cm?, 400 mA/cm” 2 3¢ I x9} AF
LE7h o] Asdgod= Esta o4
3| mEA A u AR PR o) nsd H=
sk} [8]. 500 Wl d & & Aatslr] 98 =
FWA 100 cm’oll A @9 A 607 o] Aol
sheh gl AAqkel| maw Ao B
TH 14 kg %7 Dot 7F2 183 mm,
2 109 mm, =°] 404 mm = A A3}
1ol A Fz7t He Azdx 28 A7)
DAL o] =fo] Al A Aol A FH
B ATt [7]. B =R A st A&
Az A= AT MF ALFES HGEstd

obel 13 2t

e o

e to

5

A
A

==

21 =E A7 el whE Fe AA ALY

Az | A AA | AA| AA| AA| 2A
el HL | #2 | #3 | #A | #S | #6

=5 PEM DM
Al 2=
=T
(ca) 16 | 16 8 8 8 16 | 60
A
S 100 | 100 | 200 | 200 | 200 | 100 | 100
(cm2)
A= 55 03| 06| 04 06| 04 31
(kg)
Ha 5
CEE 3 11| 01| 01| 02] 01| 14
(kg)
= 1
EEA N 40| s3| s2| 40| 57| s1| 14
(kg)
0 166 | 166 | 245 | 250 | 350 | 183 | 183

166 | *166| *245| *200| *150| *109| *109
(mm) 1 so40| *133| *54 | *57 | *56 | *113| *404

w
Y

=
AFAA ARAA A A= A A}

= Add B2 vsy go] Add -

A

st = 4 Sk

X fo M om fUopeh o
2
=
2L,
2 glo
i,
=
1=}

zo °
i

1= 97 284 AdA v AR
Aol el BAS 27] W] zele)
A7E 39 o Fol 7k U= Aow 3

Ny o e RN R oo 2> o

) A s s dAas-gra A

= ¥ o2 v al Lexan 90342 2
S ¥H(End Plate)®] A8 2 A8, T8 &5
S A Z=3H(Conduction Plate) 0. & A}-&3}H
2 2"l AA FAE VE AL ~F
El 60%-70% 7 =9 = SAth

() 2% 23XE& AndAd A Y7 Al
28 AAE e = 25 CFD 84S
Fa olw AA Ao m HdeEdr] HE
7} H sttt

4) TR 671 AAE ZhedHA dA -
3 T A BRE AsdA] dd A~
g Aol 7 Agbek AARES &
ol AY AAE £ o AHskA WA st
of HFAoE TP AFe AAE =

A5l gtow Fauofo} Hr}.

7|

ot

B A agHsy|ER A Adsts o
TREARGI G ditargel el A
%55 Y TH12-BD-0102).

>

— 215 —



it

0

o
rot

. Joh, H-1L, T. J. Ha, et al. (2010). "A direct
methanol fuel cell system to power a
humanoid robot.” Journal of Power
Sources 195(1): 293-298.

. Sang-Yeop Lee, In-Gyu Min, et al.(2010).
"Development of a 600 W Proton Exchange
Membrane Fuel Cell Power system for
the Hazardous Mission Robot.” Journal of
Fuel Cell Science and Technology JUNE
2010, Vol. 7 / 031006-1

. O'Hayre, R., Cha, S. W., Colella, W., and
Prinz, F. B., 2006, Fuel Cell Fundamentals,
Wiley, New York, Chap. 8.

. Argyropoulos, P., Scott, K., and Taama,
W. M, 2000, “Dynamic Response of the Direct
Methanol Fuel Cell Under Variable Load
Conditions,” J. Power Sources, 87, pp.
153-161. [Inspec]

. Peighambardoust, S. J., S. Rowshanzamir,
et al. (2010). "Review of the proton exchange
membranes for fuel cell applications.”
International Journal of Hydrogen Energy
35(17): 9349-9384.

. Zainoodin, A. M., S. K. Kamarudin, et al.
(2010). "Electrode in direct methanol fuel
cells.” International Journal of Hydrogen
Energy 35(10): 4606-4621.

. Park, Y. H. and J. A. Caton (2008).
"Development of a PEM stack and performance
analysis including the effects of water
content in the membrane and cooling
method.” Journal of Power Sources 179(2):
584-591.

. Zhiani, M., H. Gharibi, et al. "Performing
of novel nanostructure MEA based on
polyaniline modified anode in direct
methanol fuel cell.” Journal of Power
Sources(0).

— 216 —





