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Coordinated Control of Flow Rate and
Pressure Based on an Experiment in a
120 kW Fuel Cell Air System

Abstract: The flow rate and back-pressure of the air
supply system in the high-power proton exchange
membrane fuel cell (PEMFC) are regulated by adjusting
the speed of the air compressor and the angle of the
solenoid valve, respectively. Due to the nonlinearity and
coupling of the multivariable system, the control method
and control parameters of the fuel cell system are
complicated. For this reason, a strategy combining
feedforward and double loop PI is designed to control the
flow rate and back-pressure. The speed of the compressor
and the angle of the back-pressure valve are matched by

calibrating the feedforward table and PI parameters. The
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results show that the flow rate and back-pressure follow
the set value, the flow error is within 1.5 g/s, and the
pressure error is within 0.25 kPa. The proposed strategy
can coordinately control the airflow rate and back-

pressure, and meets the requirements of PEMFC.

Key words:

(PEMFC);

proton exchange membrane fuel cell
air supply system; coordinated control;

double loop PI control

H AT, KRR 2R St [ BH AR 530 R =
FEARBEATHES . Hor, PEAR BT 75 Al i i e
it EUREE AL O b s e SR G D 1 5 LA
Ja i AL 20 PR (%) 0 T B ARG 9 2 R g U
SN MR KA U N DAL D i I SO U
AT LSRR L v f i R MR RE N AR N R GRS L (H
SNz ML R GASMED), H T BHAR R 25 3 6 A
M40 AT RE 2 ik A R F AR O BRIR , 45 L M
REN R M A RR G0 R T B O A R
il R A il etk R A i (LQR) i 28 W 2%
R4 A (R, ZAR A R IR T
SRR L T 25 ST 2R G AR AR R LR i
ST, HIE T BARAE AL 2 A 7 i SR ms 1A L B 2,
R BEME UGRAIE , 32 i 5OR SE =  ge i R . B
Lancaster £54) 1Y) By 2 G iR AR 40 1 SR i Ao dr 2
TR SR R R A8 [R) 1, (F= AE SE PR TR N
HIXELLSCEE . RIS R ek 454 7E 2 3P
Wi B, 1] R 2 A7 A2 ™ J R B e M S 80 st K
B, B RO AR 22, RGEH BE 2 Tkl L
SR, Al-Durra 25 Ak 56 3E 25 7 A1 1 B
MR R TR T 2 A8 S ot — A A 1y 05
W IET

F—EF R ERE(1993—) , 55 WL WEIEAE | R O 0 R E TR L b 2 SLAA 1 R 48 . E-mail: zhangbaitao1710@163. com
SEEVER VFEME (1963—) , 53 2082 , T A= S0, = BERE5T 5 10 0 22 IR0 R SIPL R Ge e i 545 . E-mail : sexu@tongji. edu. cn



218 [l o K 2 2 MCH 9K BE 2% O

%49 %

FH T PID #55  BA S D03, R0 Tl 42 il o)
K2R PID il Iml fif  AEJE X 142 420 AR L 1)
FIRH A 2R G5, 1 B0 PID P RO AN, R 75 24
BB PRI TS . e PSR VR AR
JEARBHE R e b, % 28 LN R G810 2h SRR
17T HER, BENSTE RGERARL L B 00 T AT PR Hr 4
TSRS o R IF R A A B J 06 o) s T A
TR R Tt R G SR AT T ST R
PID Bk il FE SRR R BEAR, 45 1 R FH 9 oo 28
G E EIN AL ORI R G, 1S A
AN TH T BERS I m i iR

I AR 42 o o M0 ok 38 K 8 (L BT
P4 il AT AT BRARAS IR 25, A SCR F B i 5 X0
[] it P42 il AH 45 5 10 3R W 3] 5 BB St 25 <
RGP AL S . BRI, T
JEEF XA 120 kW IR} H 3 2R 55 15 2R 00 19 2 AL
S R e AT TAEMERERR M . ARIERIBME
TR HEASR] T d5e e TAE A0 B AR A< 0 B A
FE TR BLR b AR F T X N (4 25 FRALES SR T
JE BT BE AR 35, 19 2045 25 R T
AT BIRTIR S RG50S 2 L i 1] R
Tl ) PLSEIAG B = AT R G A B S5
IR XS EU> . A R R R
15t 55 0L 1] % PT B0 8 92 ] 56 e Rt o vk 1 s 98 1 =
BT LSS ST R G0 R U R ] A
RS SPEREK

LR = CoASEES

TR PEE T 120 kW R s VR R 4,
FHFWRSE B e F 28 FRHLAN TS R IR 2 i 28 ST R 5
PIHESRE . 23R F RGEF I IR A S It K
WS SUETE Ay, S TEHL, PR 2% BIH 35 1%
B, LA B it B e R 4 B I R T i AR S 8K
(R TR D 3 AR SRS RN i % , 48 2 R ML R AL AN
2RI R A I K BRI 45 . 3k
BN ST REMX R, R T —
5 F M BRI 255 s AR ) A A SO A P o, R A
PUREO AT G HES T, 2 I s il 25 AR 3 FH DA
B LT R G AR 2 SR A B A AR R
SRR RE R . AR S T R G R LR
WE 1 R

[T, SEEG 2R AT 1 120 kW BRRHH 1 R SE 1
LR, Hh S R Rk RRTRE RS

FEmt imEt

El1l 120 kWHBB#HZSFRERIEE
Fig.1 Schematic diagram of air supply subsystem of
120 kW fuel cell system
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Fig.2 Schematic diagram of 120 kW fuel cell system
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Fig.3 Control strategy diagram of air supply subsystem of 120 kW fuel cell system
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Fig.4 Partial control program code of air supply subsystem of 120 kW fuel cell system
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Tab.1 Piecewise PI control parameters

WIS compik, bk ERK, ERK

0 4.00 4.0 3.00 15.0
60 4.00 4.0 3.00 15.0
120 3.50 2.5 1.00 15.0
180 1.50 2.5 0. 60 15.0
240 1.40 2.0 0.60 10.0
300 1.20 2.0 0. 50 10.0
360 1.10 2.0 0.50 13.5
420 0. 27 2.0 0.55 11.0
480 0.27 2.0 0.50 9.0
540 0. 27 2.0 0. 65 10.0
570 0.27 2.0 0.70 12.0
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Tab.2 Feedforward table for speed of air compressor

and opening of back pressure valve

FLHEFL /A 75 FEMLEE 3/ (kr/min) HHBIFE/ %
0 0 30
60 45.0 30
120 61.5 34
180 69.0 35
240 73.0 40
300 75.0 45
360 79.0 45
420 82.0 50
480 85.5 57
540 88.0 65
570 90.0 65
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Fig.5 Air supply subsystem bench and fuel cell system bench for 120 kW fuel cell system
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Fig.6 Experimental results of flow and pressure when the flow of air supply subsystem is controlled separately
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Fig.7 Experimental results of flow and pressure when the pressure of air supply subsystem is controlled separately
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Fig.8 Experimental results of flow and pressure when double loop PI is adopted to control the flow rate

and back-pressure
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