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Abstract: In this paper, operating conditions containing
more “irreversible degradation” information are filtered
based on the method of the information theory. The
sequential quadratic programming method is used to
integrate operating conditions and the output power into
the integrated state of health (SOH) indicator. Compared
to the indicator with output power as SOH, the integrated
SOH indicator improves by 22.83%, 91.96% , and 55.60% in
the  monotonicity,

consistency of aging, and

comprehensive performance, respectively.

Key words: fuel cell; state of health (SOH) indicator;

information theory; sequential quadratic programming

it 2 i B OBE HL b (proton exchange
membrane fuel cell, PEMFC ) & — ¥ fb % e 5% 1k
S HLRE )2 B, R B () | 220 B AR K S

Wk HiM . 2022-03-03

R A IR(1961—), 5 SR LA I, T AT 1) AL A ) ) R G A B AN
il , N T e ARAE G40l I e E-mail: suzhou@tongji. edu. cn

MORE T HENNE T RIS ER TR
AR 75 =S AN (T =R N At ARt % p S D G O G/ Sz
b L S PR R A2 TAEA SR 2 AR K, Bl )
BT B O AR AT/ 1 AL AN BSR4
T BB R R M PR R IR o ) R T H MR
WUt A4, Bt 19 1 i AR 2 i 2 rL HE A 1 RE N
. P, A T A A e s riERe A
DB 33 ST FEANE R AL Bl R OIR 2 (state of health,
SOH) W48 b , T 3 4% ff ] 77 i (remaining useful
life, RUL) , 1T Sh 25 )8 5% R 245 PRI

H AT, # M PEMFC i) SOH $8 bR FOBF 5% TAE &
PR LN WOTTHINES . — 7, BTN AT A
B, 38 AR A M R R B, SRAE
PEMFC (1) SOH F it il H: RUL, Chen 85" Hg 3
R R RS iR R SN BH A TR ST T i
4 SOH#5 4R, I T3 4E PEMFC #9 % B 1% i , IR
i SOH F 45 1 Y HTE SRR 1A 195 Bk Fi RUL
T3 —J7 T, NERAL AR & X% PEMEFC N4
PR R R VEAT VAN, AR F0 5% L A 114 5 AR 175
Tl RUL . Inaba 55 X J5T 3¢ 8 B 1) 5 18 Je FF-F
7%, 30 1 T T A e I ) AR B 18 R Bl iz 1 7 (]
(1) A8 AL FRAE i+ 22 e Y SOH, H T34l PEMFC
AN A

Wi b B R R Dl R R BH BT AE R AR REAE R
PEMFC 1 SOH 545 , J& H Fii s # I —Fpor ik
SR, AR E 3ty P M Fh 22 7 B R IG5 B3 1) R
55 DA ASFRTA] , H HE 7 2 o R e R R D 32 A2 Mg
e 25 1Y B R i A, BRI, ST S8 B A o L R (B
L D% ) PERE AN JE DL ZRAIE L MR AR ) TR O, A5
PR R A — SRR BB . (SCR T H e
LR | HL )R ml B A5 HE AR F A o SOH 4845 , 1R
ML i i B R AF H SOH 85 77y w8 D R 3, 17 L o
RN A AR A 1 bl e | = SR i (= 0 A R A

SEN S

5



1764 [l o K 2 2 MCH 9K BE 2% O

51 %

AL R L) SOH AR B o PRI, AR SR s rRL Ty
RA5 B HINTAERAE A Can s IR B S N SRR )
g AR A ) 5 B TR PR T —FhEL S
HL 5 R HLAE B SOH #5845

1 AR RIRLIE

1.1 LEEUREIEENB

AR SR FH AR S 50 B A S vk L ARk L 9l S 3
FCLAB 4Bt Ry 28, A E A2 70 A T T
RS EE , SRR B R R 1 154 h, SRAERT[E]
[R5 4 30 so AMHHL I 2R AT 5 ] 1 FR ™
SLrf Rk R L ME 5 R B HR I, g R Bt Y O
R R 100 em’, S i D300 1 kW, A A
Pl A4 SRt Xo SRRk H St L A2 1 7 ) TR B E A P A 7
WEI I 5% o

R

100 V,300 A,
2000 W

LRz Yt
BB AR
B
NIAH
PXI/SCXI
RS

B 1 PEMFC ZRlix ¥ &@FCLAB™
Fig. 1 Aging test platform for PEMFC @FCLAB"

1.2 SCIGHIETALIE

SRR TR R 1307 B L A R
M (55, A BT A X A T FAh B

B RE RN, JFREIERETRAETH,
PR [] PN 45 A8 S B AR AR /N, A T
XoF 5 4 Bt A T R A, JR AR R R4 0.5 he
55 T I gD AL BE SRR R A [ U A T
AT o Dha Ryl s GRS — B B 1Y SR i 4k
i, 0 I ACE R w ARSI O SR AL R, i
B PO SRR /N R0 T T 12 B B 1 DN e B
PR — AR . BEBAC R A LT i
% PREH I -

w(i,i)Zexp(WlZf) (1)

3P R I R AR S A I
PEPRRCERE M I , M B N 3T LA TS
JRyER A R E- A5 K RSN T Tz -

Jw):Zw(i,z><&<z>fy<z->>2 (2)

s (e, 5) KB BRI B U, A28 s
LA, X 2 A B AT LIS ) o 25 A el 19
2 WURE R U e iy vhC LA, BIAS S AS e 051 37
Ve AL S

T B BREAS BN 2 289, L H M H ST
5], A B B 23 5 an 1 2a.2b TR . et
FORAE SOT- I I AN FR B 1 B G RRAIG, IF
AR TR R B At ks

34r

3.3F
>
Py
1 3.2
=

3.1

3.0 1 | 1 1 | ]

0 200 400 600 800 1000 1200
ISHE] / h
a THALIEET

34r

3.3F
>
~
1 3.2
iy

3.1k

3.0 I | I I | |

0 200 400 600 800 1000 1200

ISTE] / h
b FALHE

B2 TisbEmifEEERE
Fig. 2 Stack voltage before and after data

preprocessing
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Fig. 3 Reversible and irreversible degradation of
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Fig. 4 Voltage degradation of a single fuel cell
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