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. �

¢>'b� �ò*æ BÚ~ " Ï�º �òf �V~ >w� ö�~² ��Ú^ ÂKj �³'�� n;>² áÚæê
� �;Jj¢ BÚ�ö ®
. �ò*æ~ "¦~ö V� WË&~ 5 /Ï� FïÃ&ö V� ·�*~ {KN� ��
*�¶ç� B�~æ pê� ~V*�, �ò*æ~ BÚ��j �J� ÿ'Î�ç� jº~
. *�* {KN�¢ îÏ
º* �~� Fæ~� /Ï� ¦~º�& B�~z¢ê ¦~ö '�� �ÏN �çb� ¦~& �Òæ pê� �V�Ï
� BÚ¢ �Ï~&
. 10 kW�ª¶ �ò*æ(PEMFC)~ *ÖÎÒ¢ Û� Î�~ æ�Wj ¦Æ~&� BÚWËj >
¯~� 1. Ú~ ¦~º«WËj áj > ®îb�, 0.01 atm Ú~ ·�* {KN¢ Fæ�Ò > ®î
.

Abstract: A mathematical dynamic model of fuel cell was formulated in order to design the control system which
will meet the control object. The control objective is set to regulate the airflow in the load change by utilization
of airflow and the pressure difference between anode and cathode is maintained below a limit range. Simulation result
of 10 kW polymer electrolyte membrane fuel cell (PEMFC) clearly demonstrates that response time need to be less
than 1 seconds for the control requirements. Besides, pressure difference was allowed in pressure range less than
0.01 atm.
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1. B �

�ò*æ~ n;B �³Ú* 5 �� ¦~ º«Wj ò��
ÊV *� &çÎ�ö &� ÿßWf j>'� º²�
. ��
� ßWf &ç�;ö &� ;{� Î�çj Û~� ��Úî
> ®b�, �Ê�~ BÚ¢ >¯�ö ®Ú ÂB6� B
. ¢
>'b� �ò*æ BÚ~ " Ï�º �òf �V~ >w� ö
�~² ��Ú^ ÂK*~¢ �³'�� n;>² áÚæê�
�;Jj¢ BÚ�ö ®
. �ò*æöB �òf �V~ >wf
�� *Vz�'� ßWj &æ� ®º >�, �;Jjº ç&
'b� ¶Ö ÿßWj &æ� ®
. �� �~� �¦ ¦~~
�� Ã&ö &� �òf �V& Ïª® �/F rræ 'f
Fï 6º Ôf �ÏN� �ò*æ *K� ÂKF > <ö ì

. ¯, �ò*æ ¶Úº "Úê º*öB �¦ ¦~ö &w~
� Ôf *{" ¸f *~ç�� ��² º�ÿKj ÂK~²

>æò, �;JjöBº �*æ�b� �� ';� >&~ �V
f �ò¢ �/~æ á~² B
. �� �� �ò*æ& "¦~
� �ÿ>� Ú¦ >w&Êº {Ö ®ïj ¢bB *æWË~
&~¢ .¾~² B
. 
�¢ Oæ~V *� "Úê �Vï�¾ �òïöB ¦~ö '
�� �ÏN �çb� ¦~& �Òæ pê� Ú*�¢ ~�, ò
£ WË&~& B�� ãÖöº �Ï�j 6²�B WË&~~
&³z¢ Oæ�¢ �
. ¯, �/Fïj Ã&�B ÂKj �ç
�¢ �
1,2). ÂKj �ç�ÊV *� �/Fï~ Ã&º Ê�
~ *�{Kj çß �Ê² >º�, ò¢ ¢;�ê �ç~ {K
N�& B�~� �ò�" �V� Ú¦~ �^V�j Û~� &
Ê& îÚ 
Ú& ¦ª >w~æ�B *æÎN~ 6²f *�
~ ¶çj ¢bÊ² F > ®
. ß® �ò�~ >wö ÒÏ>
æ pf >²¢ B~�Êê� ö²�¢ �W� ãÖ 
B>w
ö �Ï>º >²~ ·f �V~ ·ö ~� Ö;>æ� �V�
~ {Kæÿö ~� · *�* {KN�& /Ï® B�~² B

. V¢B ¢;�ê �ç~ {KN& B�~æ pê� *�*
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{KN BÚ& º�B
. ��æ� � ��öBº �B Þ/�
�ò*æ~ BÚ��j �J� ÿ'Î�çj Û~� *�* {
KN�¢ îÏº* �~� Fæ~� /Ï� ¦~º�& B�~
z¢ê ¦~ö '�� �ÏN �çb� ¦~& �Òæ pê�
�V�Ï� BÚ¢ �Ï~� 10 kW�ª¶ �ò*æ(PEMFC)~
*ÖÎÒ¢ Û� Î�~ æ�W 5 BÚ WËj >¯~&
. 

2. �ò*æ Î�ç

Ê�öB B��B¢ � *{" *~~ æÿö V¢ �ò�
" �V�ö �Ú¢ � >²f �V~ ·j �.~º ©b�
º�>º ¦~¢ P watt¢ ~� �r jº� >²f �V~
·f j¾f ?
3).
ª~ ¦~æzö V� · *�~ �òf �V~ æzïf b
î>æ�b� ¦V áj > ®


where,
: faraday constant (=96500C/mol)

Φ : cell voltage(V)
I : current
α,β : utilization of hydrogen and oxygen
γ : mole fraction of oxygen in air (=0.21)

(1)

where,
Fout: exit flow
It : total current

Ê�Ú~ �òf �Vº VÚç��æ� *Ú Ö>º {Kb
� ¾æâ > ®b�, �r Ê�~ Nêº êê~ ï'�Ê�ö
~� ¢;~² FæB
� �
� (1)�j �ò 5 �V�ö &
� {K�b� �*� > ®
.

(2)

where,
P : total pressure
V : total volume

�r (2)�~ �V�öB ¦~¢ BÚ~V *~� �V �ÏN
j æ>� ¹� r¢�/>¢ �Ï~� F;z~� j¾f ?
. 

(3)

where, 
It,ss: total current at steady 
βss: utilization of 

· *�* {KNº �ò�" �V�~ {K� (2), (3)b�¦
V �� > ®
. 

(4)

where,
PAC= PA-PC

VA = VC

Î�� (2),(3),(4)~ ²æ�j 0b� ~� �r~ ;çç� 8
j ê«~� ÞNæ>� ¾æÚ�

(5)

where,

(5)�~ ÞNæ> 5 ''~ 2¢�V¢ j¾f ?� ¹� ;
Ò~�,

(6)
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AC Ω Φ–( ) Ĩ ψβ FAC–+=



50 J. Korean Electrochem. Soc., Vol. 6, No. 1, 2003

?
.

(7)

(7)�~ �ò�" �V�~ {K�.f ' *�~ Â�Fïj
�.~� ¢;~² Fæ~ê� �
�, �r �Ê�~ ö�*
*��>~ block diagramf �â 1" ?

�ò¢ ö²�� �W~� Ê�ö �/� ãÖ ¦~ö V¢
�ÿ>º �Vïö V¢ >²& ÒÏ>æ� · *�* {KN
º �V�~ {Kæÿö V¢ æ�
. V¢B �V�~ Â�F
ïj �.~� ¢;º* �~~ {Kb� BÚ~ê� Jê~&
� �r �Ê�~ ö�* *��>~ block diagramf �â 2
f ?
.

3. BÚ 5 �CO»

G;B *~f Fïb� êÖB �Ï�" J;B �Ï�~ N
�¢ �Ï~� J;�Ï�j Fæ~V *� FïBÚ�B "Ú
ê �VïöB ¦~ö '�� �ÏN �çb� ¦~& �Òæ
pê� BÚ~º O»�
. ò£ WË&~& B�� ãÖöº
�ÏNj Ô², ¯ �Vï~ �/j Ã&�B WË&~~ &³
z¢ Oæ�¢ ~� �r �V�ÏNj �Ï~� ÂKj �ç
�Î
. �V�Ï�f ÂK*~ö ~� êÖB �V²Îï(Quse)
" ¦~æÿö ~� º�>º �/ï(Qsupply)"~ jN�æ� �
r æz�j Uair¢ ~�, º�¦~ö V� *~æz�j UI,req

¢� �V�Ï�" ÂK*~~ æz�f j¾~ �" ?
.

(8)

�Ò� º�¦~ö &� jº�Vïf 
r" ?
.

(9)

*��>¢ �~V *� (8)�j (9)�ö &«~� ¢2¢Ê
æ~ ~� 
r" ?
 

(10)

where,

V¢B *��> G(s) = { Ireq(s)/Qreq(s) = Λ/s}� B
. �ò*
æ~ ÂK*~¢ G;~� º�¦~f~ N�¢ «�Fïö ~
� �.�
�, �r �Ê�~ ö�* *��>~ block
diagramf �â 3" ?
. �VB kº PIBÚV�� Hº G;
*~f Fïö &� æ~ ê>�
. �B ;~� (8)�~ &ê
¢ �Ï~� º�¦~ö &� �V�/ï 5 
B >wö ²Î
B �VÒÏï~ jN� �V�Ï�ö &� �>� block
diagramj ¾æÚ� �â 4f ?
.
�ò*æ �;~ �V�Ï� BÚf {KBÚ Î��j

P̃A s( ) Ω
τs
----- Ĩ s( ) 1

τs
-----F̃A s( )–=

P̃C s( ) Φ
τs
----- Ĩ s( ) ψ

τs
-----β s( ) 1

τs
----- F̃C s( )––=

P̃AC s( ) Ω Φ–( )
τs

-------------------- Ĩ s( ) ψ
τs
-----β s( ) 1

τs
-----FAC s( )–+=

d
dt
-----

Quse

Qsupply
------------------ 

  dβ
dt
------ Uair= =

dlreq

dt
------------ UI req,=,

UI req, 4ℑβγ Qreq=

I req s( ) Λ
s
----Qreq s( )=

Λ 4ℑβγ=

Fig. 1. Block diagram of anode and cathode pressure.

Fig. 2. Block diagram of pressure difference.
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10 kW/ �ª¶�ò*æ(PEMFC)¢ &çb� MATLAB/
SIMULINK *��Îj �Ï~� �C~&
. �Ê� 2¢�V
8f � 1" ?b� ¦~æzö V� �Ê�~ ÿßWj 2k
~V *� �&º�¦~~ 70%, 75%, 80%ö ��~º ¦ª¦
~¢ 20. *Ïb� 5%O æz¢ "î
. �Ê�~ w� º�
Ò�b� ¦ª¦~ æÿö V� ÂKw�j 5. �Ú� º«~
² ~�, · *�* {KN¢ 0.01 atm �
 Ô² Fæ>ê�
~&
.

4. Ö" 5 ¦Æ

�ò*æÎ�j �Ï~� Jê� �V�Ï�BÚ 5 {KB
ÚV�B �;BÚö &Ë ô� �Ï>º jf'ªBÚV¢ Ò
Ï~&
. ¢>'b� jf'ªBÚV¢ ÒÏ� ãÖ �&w�
8 5 w�³êö V¢ BÚV~ ²�� �¢ææ� "Úê �
Ê�~ w�º�Ò�ö &Ë '�� ²�j ��¢ �
. 
� ��öBº Î��j �Ï� �V~»(Pole Placement, PP)
j ÒÏ~� jf'ªBÚ ²�j �~� �¢ �¯OJ»(trial
and error, TE)b� �� BÚw�" jv~&
.
�â 5º �&º�¦~~ 70%, 75%, 80%ö ��~º ¦~
¢ 20. *Ïb� 5%O ¦~¢ æÿ�Vj r~ �ò*æÂK
ö &� ÿ'w�j ¾æÞ
. TEO»ö ~� w�~ ãÖ "
êw�� B�~� ¦~æÿ� �Ê�~ w�� 
² ®n;�

>�, � ��~ BÚV J;O»� PPO»ö ~� w�f j
f²�, KP = 55 'ª²�, KI = 0.1 ¢r "êw�� ¾æ¾æ
pb� º�¦~ö &� w�³ê& 1.3.� �� º«Wj �
&
.
�â 6f �ò*æ ÂK~ ¦~º«ö V� PP 5 TEO»ö
~� �V�Ï� æz�
. TEO»ö j� PPO»ö ~� w�
Ö"& z n;Nj r > ®
. PPO»ö ~� w�~ ãÖº
º�¦~~ Ã&� �ÏN~ B*'� &~¢ ;çç�~ �Ï
�� 0.5� ²��Ê� 
� ¦~& 6²~� �Ï�~ Ã&¢
;çç� 8b� ²��Î
. 6� ;çç� 8b�~ ²�� 1
. �Ú� w�Nj {�� > ®î
.
�â 7º PP 5 TEO»ö ~� FïBÚ� �ò�" �V�
~ {Kæz 5 · *�* {KN�~ æz¢ ¾æÞ © �
.
�â 7(a)� ¦V ¦~Ã&� �V�~ FïÃ&� �� {Kç
ßj " > ®
. �r �ò�~ ç&' >²²Îïj ¸� {
K~ ;~¢ ¢bÎ
. >� ¦~ 6²� �V�~ Fï6²�
�� {K;~º �ò�~ >²²Îïj ÔºÚ {Kçßj "

Fig. 3. Block diagram of control system.

Fig. 4. Control strategy by utilization of airflow.

Table 1. System parameterUU

Parameter Value

Volume of anode or cathode (m3)
                     VA(=VC)

3*10-3
Ü2

Current density (A/cm2) 0.53

Area of electrode (cm2) 300

Operate temperature (oC)
                      Tcell

45

Utilization (steady-state)
α 0.75

βss 0.5

Fig. 5. Utilization of airflow control response in partial load change.

Fig. 6. Variation of utilization of airflow.
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> ®
. TEO»ö ~� w�� PPO»ö j� .Vö ®n;
� oscillation� B��j " > ®
. 
�â 7(b)öB TEO»ö ~� · *�* {KN�º �V�
~ ®n;� oscillationb� �~� {KB�~ �ç~ w��
¾æÂ >�, � ��~ BÚV J;O»� PPO»ö ~� w
�f jf²�, KP = 3 5 'ª²�, KI = 0.01 ¢r .V J;
� {K B�~ 0.01 atm �~� BÚNj " > ®
. 
� ��öBº �ò*æ~ >�' Î�çj �Ï~� BÚÎ
�j Jê~&b� �¢ Û� {KBÚ 5 �V�Ï�j �Ï
� ¦~º«WËj *ÖÎÒ~&
. �¢ Û� 
B �Ê�~
{K 5 ¦~º«ö &� &ËWj �&
. ~æò 
B �Ê�
Î�f jF;W� ;~� �J�¢� æ>& ôb� �*ö V
¢ æ~º G;� ÚJÚ 2¢�V¢ �J�¢ ~º ãÖ& ô

. V¢B ��� 'Ëj �J� jF;BÚ Î�ö &� ��

& >>>Ú¢ � ©b� ÒòB
.

5. Ö  �

� ��öBº �ò*æ~ «,ÂKö &� bî>æ¢ �Ï~
� �V�" �ò�ö &� {K�" º�¦~ö V� �V�
Ï� �j �®b� � �j �Ï~� �V�Ï� BÚf {K
BÚ Î��j áj > ®î
. BÚÎ��~ *ÖÎÒ¢ *�
10 kW �ª¶ �ò*æ¢ &çb� ~&b� 
r" ?f Ö
�j áî
.

1. �&º�¦~~ 70%, 75%, 80%ö ��~º ¦ª¦~ æ
zö &� � ��~ BÚO»� PPO»j �Ï~� n;B B
Úw�j áj > ®î
.

2. PPO»j Û� jf'ª BÚ²�j ÒÏ~� ¦ª¦~ Ã,
6²�ö �V�Ï�~ B*'� æz¢ 1. Úö ;çç��
²�~� n;B ç�� Fæ>º ©j {�� > ®î
.

3. ¦ª¦~æÿö V� �ò�" �V�~ · *�* {KN
ê � ��~ BÚO»j ÒÏ~� {KN B�8� 0.01 atm
�~� BÚNj {�~&
.
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