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PEMFC output voltage control strategy based on inversion sliding mode
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Abstract: To address the issues of small and nonlinear output voltage of proton exchange membrane fuel cells, which
are susceptible to polarization losses, load fluctuations and insufficient stability when cooperating with Boost converter,
this study was conducted. Firstly, a PEMFC output voltage model including three types of polarization losses
(activation, ohmic and concentration polarization) and a state-space average model of the Boost converter were
constructed. Then, the output function was reconstructed to meet the conditions of feedback linearization, and an
inversion sliding mode controller with an adaptive reaching law was designed to suppress chattering. Finally, based on
Matlab/Simulink simulation, the performance of BSMC was compared with that of PI control. The results show that
the steady-state voltage error rate of BSMC is 0.099% (0.170% for PI control), its dynamic response is 20. 1% ~
34. 1% faster, and its voltage drop amplitude and recovery time are superior to those of PI control under disturbance.
The results indicates that this strategy can improve the PEMFC voltage control efficiency under complex working
conditions and provide theoretical and technical support for its stable operation.
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varying with current density

JEiRZE N £+ 0.794 VR ZER 0.099%) ., PI il R 22 K
+1.357 VGRZEZF 0.170%) ,

1600
—BSMC
--PI
1200
2
=
2 800
H
&
400 |-
0 0.05 0.10 0.15 0.20

I [6)/s
K5 BSMC 5 Pl E SR ENT L

Fig. 5 Comparison of static errors between BSMC and PI

(D REL IR bR

TEFA ) H v, g AL £ 2% 0 AR SR, X BSMC
5 PLRM O HAS f R iR 2847 T 248, BSMC i fa
AR 22 %50 0.099 %, X B 48 % 15 25 4 +0. 794 V, T
A RMSE 5 MAE #°8 0.794 V. M2 F.PT 4l
MIFR AR 22 R A 0. 170 % , XF B 48 %t % 22 5 + 1. 357 V, H
RMSE 5 MAE MR 1. 357 V., BSMC 7E# 45 T.00 F A%
LR 2538 b5, EDIIE T 38 2 [ 38 0 6 3 T ROk ik 45
& DT AR A5 B v o 2 4 ) G B ) ek
5.3 BEHELSH

A BV B AT PEMFC TERRA 1.0 T 38 1745
PSR FH 3l 25 55 A0 F R O B0 JE A 3 5 ST Bl A
N RRASRE BRI B RE ) = R OC M REIT M A R
XF 3+ BSMC & 5 P1 W Fh 58 W 54T 2 S84 1 2 fk 3t L
4 H1, PEMFC SUA 3 P HIEIHAE R INE 6 i,

B A B O I 5k 1= T R e U ] WO A S S
AR S RS 00 A MR BRI RE T RS ORG E HR R IR  R A
FasE TAERAS R Y e TR S M v 1 L B D 0K 42k 0 I R A
FGAEZ PN IR B J5 TR K R AR 1B AT AR 0 g
. ASCHE X 3 AN BE Y 25 G % L U b T 1 R A
il Fewk 7E PEMEC gh& BTt B p e 2 = .

o« 67 o



949 B 2 F o

T # K

Current PI '—db{ PWM ‘

[ PWM signal
input output
PWM signal —— — U,
. PEMFC-Boost
v mput output i
i Lo
Kl 6 PEMFC XU PR P42 il BT HAE
Fig. 6 Block of PEMFC dual-closed-loop PI control design

1) 3 25 5 00 AR R

ST ESEOrk B F AR BT A THA C
ARIVIRF (1) 3 5 =+ DRSS Bl A 40157 1 5 $80 JBE 10K e L 3t ) 8 25 i
REFFEPE . BRM A PEMEC 348 %30 B an i 7 Fis .

Kl 7 PEMFC 345 &30 1%

Fig. 7 Dynamic equivalent circuit of PEMFC

Horp, E B IRR R R, 7 0 18 4 fh 2 R &R
G SERN A R s R, 3R IE AR fb vk 22 i b SF A AL B =22
H5 Ry FCRBKI AL BE N [ ; C B B AMEHRZR, 8
o8 B2 WA K e I L i ) R L R 28 A A5 R kR 5 5 I 1) 4K
t B ESHR,,., M C o2 HEERH c =R,..C.»
J W E Ak RN Bl A I R

DB K aikit

MR Eh A7 B DL U B AR BB AR SO R T
3HMMAT W5, D& WH T PEMFC 75 32 PRz 17
HH LR RS T, LR AN FI S 50N & 2 FiR

x2 3EAVHERPHR
Table 2 Three typical dynamic disturbance scenarios
Y Uil a2 H Z T

+=0.1 s i ,PEMFC
R %%TW;MSWK;iﬁﬂN%HE,
ST g T

b B8 5 Wz 370 K
ok g S
) ﬁﬁmmf:alwtﬁﬁmmijﬁ?igi
%% RM10QBKMEse )
PERRE RAL0QRIEES Qe pmn

A = -
t=0.1s B, V. M %R SR R B

EJE%IE "J ;L_‘Z{ /T]
800 V '}; ia § 900 V
ZS }_:

1 P
BBk A

B HE VR RS M BR (3 5t 1) F BSMC Fl PT #2561 56 W& XF L
. 68 .

il 8 fran ;s gk B BHBY R %€ 4E (3 % 2) T BSMC #1 PT
IR mE ST L 9 Fross WIS KM KREE (IR 3T
BSMC F1 PT il 5 s 5 He 4o il 10 iz,

’
,
.
,
;
,
,

1200

800 L £

—BSMC
Pl

MR/ V

1 I 1 ]
0 0.05 0.10 0.15 0.20
A ) /s

Bl 8 a1 T4 R4 BIZE BSMC F1 P15 il 5 & 1) X L
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between the BSMC and PI control strategies
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