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Fig. 1 Dynamic response of stack voltage and power
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Fig. 2 Operating principle of thermal management control

system for water-cooled PEMFC
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Fig.3 Temperature control principle of flow-following-power

Estii]

v

7 A2 R ) 23R s ) SR e A T 0 2 A 1 A v o
DA K SRR BEAT EAAE ], X R G {7 id ek
i 22 1T BE AR DR 750l 22 , 41 TSIt AT L A 9
Jil o L R i ) R A o SR Ay A O A —
JEE L R Mgk R s A4 ] 18 s i T AL, 42 A A s R 2
AR ) A A 5 5 7 2R R B EA DR B ) ) 552 B i
o RIS g il i) 45 4 P 2 A AN S 32T T
Ity 2R G0 B4 ORI ) R4 o SR

JETE L eV K R 22 [ E ) ST L A5 31K
SR ACRI S DR 2 R T KRR 518
KR IE L, BORT K SRR AR A B A K
I, YA R B AR SR T i L AP BRI

D ARYE PEMFC 2S¢ 9 LB R A 1K Y
R 2R, O 3k B PR A4 I 2 X A r S D R AR
it BV JIK PR AT FUAl , 45 BUK RBR(E 5 L o
IESINIY G

2) I 2 B 18 28 G % SR A5 18 7K JE A5 A2 A E
T BB IE , RIBOM N AR TR

3 E-F OPC# KgJ PLC 5 Matlab
SCHHE

3.1 OPCI#EifFA

OPC DL fif # 28 ®] #9 OLE (object linking and
embedding) £ A N Fh B 6l E 2l S R — R
Z kR HE ) OLE/COM (component and model ) 3 I 5¢
B, 1T SRVFTE E S A/PLC B R 45 AL T
PC 1Y R PR e 22 1] 2R A7 S R %) s o Ak BS 4l 2 46t
OPC 5 AR J 3T Windows 4 15 T FE 5 F1 30 37 3
P A S T ARG, S R 55 5 A P LI R R
HELE— FF O 42 1 RRE R AR R, o T 25130
P U GE— 1M JC 38 TR ) 0, (5 A [w] 114 28 4 F ik
R EEER I, P m T TAERCE

fifi F OPC AR ZE #i 52 OPC fR 55 #% Al OPC %
F 4t , OPC i 55 4 th B¢ W AR B0 37 4 & I B dia 15 B
W FRE OPC #2: FHZ# 45 OPC & F' i, OPC &
kb B OPC IR 55 42 Ak i Bl , P 15t 45 OPC JIR
F o —M OPC 55 %% 2L R 55 A x4 x4
FVERE O A A o OPC 244 FAR 55 45 /2 R K

ZANE 4 Fis .
OPCZ J'if

OPCHR %5 #+

OPCE:

kmcﬁﬁmqu-hmcﬁﬁm| k»cy%m|u-kmcﬁ%@|

K14 OPCHEFISS f 2 UOC R
Fig. 4 Framework of OPC and hierarchy diagram of

OPC Server




41 4 S, FETF OPCHARIKYS PEMFC PV By R 40 945

H 3 A LR 3 3 5 A SR T opC
WINPT I &, ZHA S A OPC i
AT, Matlab 7.0 DAL A R 4E B OPC T HAS
J—> OPC & P I B 0s U7 a1 4, B4t 1 iR 554 A
% 7 v BAR VS R] E AF HLE @i OPC T HARW]
DL AZAT AT — A~ OPC 4 IRk 55 # , 55 BLXT 3% 452 1)
OPC IR % #3 5¥E 91% 5 . SIMATIC NET 2411
TE B S A& 18 AR G b B AR 08— S T kR s R0 3
GRG0, W LUSE IR P8 T]F PLC. FHLAIA
N HEL I B 556 38 {5 . SIMATIC NET 475 OPC Ik
55 ek 55 #/% F di 4 Ak v 725 P i 5 ) A 55 i ()
J¥o 24 EAIHLVRAEAS SR 4 V5 R P9 ] PLC B,
Wb 7 258 1k SIMATIC NET OPC IR 55 34 F A HLAN
PLC, SEHIET OPC HoARM EAZHLS PLC IR,

32 EHRSEMERIZT

TEFE 7K A PEMFC $VE HIN 8 2R 40 Hh fiff
4 [F Siemens 2 @ 1Y S7-1200 PLC 75 & & 48 2 il
#%, PLC Al gt 2 f il o, T Stk i hi T
PLAE ol R IEPESR | g R A ARG AT Tz
FEFE G, 0 PLC MIBRIE EIE & 0L S L E 241
WIS BRI T e I SAETE PLC TR .
Matlab 15 75 DA B F 0] 2 R FEAS B0, Bl 22 105
5K, B RACR R, BB SE B A28 i
AT AE Matlab % Simulink 2H 128 0 58 5% HL HE T % 1)
Bitl. A OPC AR SEEE Matlab A1 PLC 9 5
WL E R RGNS BTN E 5 7R . Matlab 3 i
OPC # IR P BB PLC REEM ARG B F 8 7
Simulink #5571 iz 85 B8 o OPC PS40 i H

PLC PURIMIESS - | SIMATIC
RMERIRE S | NET
A
HIEAEF e I v ity |
erE OPC Read
Ll 5 ! y oo !
| | PEMFC |
U BhAS R |
|
7KILPEMFC - |
AP L ke Matlab |
R . Y :
I | R |
A : Z’F@éﬁl |
KA | '
P L _/KZE| _QpC Write _ _ |
&5 Ty
LRKIE(E | SIMATIC
PLC 1= NET

K5 RSB

Fig. 5 Structure design of control system

fEi645 PLC 7 RS n ) , IF o L5 E B oPC
F AR B RN, T2 L B ) R IR s o SR g
S BT o

3.3 S7-1200 PLC 5 Matlab i#@iflAYSE 2R

5 MO S7- 1200 4w FE B F STEP7 Xf
SIMATIC PC ¥ 4741745, SIMATIC NET X PC 3 i#F
ATHCE . SIMATIC NET {2 PC 3§15 OPC i 55 %
3 PLOK M 5 $7-1200 PLC S23i#E £, 5 S7-1200
4 B {5 B . 7E Matlab T4 25 6] 4 A iy &
“opctool” F] FTFF OPC T LA , S in % 7 v F1 i 55
i, ft Matlab 3% % P i 15 0] OPC IR 55 # , T
Matlab 5 SIMATIC NET #Y 3% #% , 40 SIMATIC NET
PR AR S I B & g, AT SE EE Matlab 5
S7-1200 PLC (i,

PEMFC 2 2455 AL A AR 1 Ay i M L 3AE i o AR
R FEL MR DR I R T 23 o SRR g S T
FAE AT AR N ¥ FIOK AR AE . I8 H OPC Write
R OPC Read #iHeFl1 OPC Configuration fH . %
AN HUEHL IR N E] OPC Read 8, i i
KRR I TN E] OPC Write Bk i i OPC 18
WML AS 5505005 PLC F4 7125 4k

4 SEWEIESST

41 7K)% PEMFCHAEENIR R %

AR SO I T R B T R4 ol SR W RN G Ui R
R T T Sk, 25 & SEIR 4 M 2 Fhss il ok
W ) 92 I 5RO S B SR N R 1 s

®1 THBH

Table 1 Experiment parameters

¥ L5 Ttk B
P s Ty Aads il Hems
BHIKA DR EEIC 60 60
A B EZE/C 55 5.5
HL AR /A 13~28~37~44 _
ARk, 4.26~8.21~
(37 HL 3 ) AW a 10.46~11.92

R 5 (XTI B R ST R ST , sk G R R
W3 AR, #5 KV PEMFC HA45 BRI IR 22 45
Bl 6 . ZRE3E I ETI% 15 kW 19 f B A
PAF I PEMFC (%) #5138 3 = AH R e 2% nT



946 XK [H

[Ny

s 404

Ay,
£

DAV N FAGE T2, POl = it . R Ge i il
S7-1200 PLC 5¢ B B 15 B 1R ALK R G
il . &R H A S & K Ballard 2 A
FCvelocity-HD6 150 kW A4} Fi, it 114 A4 3 28 &5
TT4s s 8, B S K I8 I IR AR (R L K 2
AT AR I R A5 A 5

- —

6 7K¥& PEMFC PV BN 2R 48

Fig. 6 Thermal management test platform of

water-cooled PEMFC

42 fELGIREE IR

HRAE 2 1 v 14 52 50 S B0 A5 S04E 55 i 4%
il SR W 1) SIC 0 25 S, ¥ A1 K UL B AN R XU FE R
M anEl 7 s A Ge 4 il e 2K A B &
HZE ML mE 8 ian. WE 70l BBy
BRAS AR BT, ¥4 H K G R R XURS L B R
1) % 5 I 5 HL AR Ak e 3ok [, 3¢ BH 5 & 1 1 FH A

2, ¥ H K I R XU B G 2 A AR 5 A R
HrE.
35 230
130
L1 I Sl 125
o TN AN 125 2o
B2 <| =
= e 120881155
LE () o ’ ; 2| 2
B . \ 110
4 S = P
15 .. i —_— (Q\Zﬂﬂ((ﬁﬂl L '*v'v\_“ 115
peed T S s
SR
105 300600 900 1200 1300 °°
5] [i)/s

PTGl SRm (0% 0K U e FITHICEAXURS R T 2
Fig. 7 Cooling water flow and fan voltage of traditional

control strategy

K 8 w1, SEBRIE2Z/NT 5.5 CRPRHUK IR R4 E
Fe/ME SR 2 KT 5.5 CHZKZE PID #4612 F 0630
1o HTFEEAR S 5K RS ER, S B HIK
AR U HOR R EIK TR = 5 A . Ak
Wedho FEHIKIRN PID I8 SIVERT, Hh 171 IR A i
TR 1.1 °C, IR R R 4, AT
A o LT B BRAR AR (R T ASCRAR AN AR
HIKH DR R IR0 , 25 S B0 HE Y R 21
JE o R ek, b S i L ME ) T B RN A o

70

HTRE -~ ADRE — B |3, 2
M=} b
~~~~~ %
@)
< 651 g
= s 115
i
2 <| ©
23 60F---y 20’5 104
# 2|
%
—
551
;‘fi 115 15
50 . . . . 10
0 300 600 900 1200 1500 O
e [R)/s

P8 AL SRR HEms v B K T 1 IR RE R 22 1 26
Fig. 8 Cooling water inlet and outlet temperature and

temperature difference changes of traditional control strategy

43 FRERPETHEIR BRI R A

TEAAR B A5 2T OPC Ol IRE AR AT IR
R R s o A S 3, A R ) R A
] SRS & A K B R XURR R TR T 2 A 9 s, v
K i RE Rt 22 2R AN & 10 Bk . AN 9
TR OPC H R BEAS 52 BN HL S H 2 3 gl 25
IR AL, v S 7AIAL i RE A B Fif D) 328 A PR i

35 130
12
30t o 1%
s L 120
E 25t : & 13z
= AL .
I '..,..,,"\‘ R f.k,s.*’.'!"’a_'*; ey 16 }ai— 1 15'513
B 200 ﬂi”?“»&{? gz ........ =
£ IS e 325 B T 4 110
: - - RHDK 3
15 e — DA Segrn |y |
----- P -
. . . . 0
10 300 600 900 1200 1300 O
I 1 /s
P19 itk R ) 342 Tl SRS 1) 8 1K U et 1
RO RUB A, T 4R

Fig. 9  Cooling water flow and fan voltage of flow-following-

power strategy



41 4 S, FETF OPCHARIKYS PEMFC PV By R 40 947

RO, SEBR T ¥ AU RS R O D AR A BR B 4%
T RORBF o BEAE , ¥ AR e A KU H T 722
B NP2, = Gl A W AR AR HIZCR
Y B 7K A W 7 S RE AR PR, ¥ 07 R AU B FY
A1 IS

70,

=N
A

KR C
o
)

55k """ _,»\ 1 15
DR - - ANRVRE 2
— BT o 2
% 300 600 900 1200 1500 ~°
I a)/s
FL10 30k R BE S s i SR 4 v& S0 K 0t HE 101 SR A
i S

Fig. 10 Cooling water inlet and outlet temperature and
temperature difference changes of flow-following-power
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THERMAL MANAGEMENT SYSTEM OF WATER-COOLED
PEMFC BASED ON OPC TECHNOLOGY

Niu Zhuo, Zhang Yujin, Deng Huiwen, Chen Weirong, Liu Zhixiang
(School of Electrical Engineering , Southwest Jiaotong University, Chengdu 610031, China)

Abstract: In order to solve the strong coupling problem that exists during the operation process of the water- cooled
proton exchange membrane fuel cell (PEMFC) , a flow-following- power strategy focusing on temperature control was
proposed in this paper. The OPC (OLE for Process Control) technology was introduced to achieve real- time
communication between Matlab and PLC while the simulation of stack power and the output of control variable were
completed in Matlab/Simulink. Finally, comparative experiments between the traditional control strategy and the flow-
following- power strategy were made on a thermal management test platform of water-cooled PEMFC. The experimental
results indicate that the flow-following-power strategy is superior to the traditional control strategy in controlling precision
and response speed by means of effectively decoupling between water pump and radiator fan. The proposed strategy can
well satisfy the temperature controlling requirements of the water-cooled PEMFC.

Keywords: PEMFC; coupling; PLC; control; OPC technology



