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Fuel Cell Stack Power Prediction Model Using Gaussian Process Regression Model
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ABSTRACT

A fuel cell stack power prediction model that takes
into consideration the various stack control parameters
is important in the optimization design of the controls
for each item of auxiliary equipment in a system
equivalent to that of an actual vehicle. However,
creating a model for quantitative prediction of stack
power requires large amounts of data concerning the
materials and structure inside the fuel cell. Moreover,
since the internal phenomena are complex, large-scale
modeling is necessary. For this research, a design
of experiment method known as the space filling
technique was used to acquire data efficiently. With
the acquired data as a basis, the use of Gaussian
process regression made it possible to create a model
capable of predicting stack performance as well as
the temperature and pressure in the various parts of
the stack in a short computation time. It was also
made clear that this model could be used to calculate
operating conditions that would maximize stack power,
and verification by testing showed that it would be
possible to obtain a power prediction model that
could be used to investigate stack performance from a
limited amount of test data.
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Table 1 Definition of input and output parameters
Anode Cathode Coolant Electrical
Input Flow Relative Pressure | N, Flow Pressure | Relative Flow Pressure | Temperature | Current
parameter rate humidity | (An_P) concentration | rate (Ca_P) humidity rate (Co_P) (Co_T) density
(An_Q) (An_RH) (An_N2) (Ca_Q) (Ca_RH) (Co_Q) (CD)
Output Differential pressure Differential pressure Outlet pressure Outlet Power
parameter (An_dP) (Ca_dP) temperature

W, EF) VS REM DL LD, XS ICYRHBRIZIN
U 7= 5 PG R O B S AEA R O Pl 2 E BB L 75 B
O XoT, MER FCREAZEHET 5 = ITHEKD/ 85
A — 2RO 7= D IZIEFE L FHHRAR D T 4 v T 4 v 7' H
WYL 5.

fhoEFY v FEE LT, NLABEHEMOFRRIZE
W, BEEEHWZET ) Y S OMRAREIML TWw 3
T BB XA FC A4 » 2 HEREET ) v 7 OF| S
ELTC, M 2Ly 2 NEOHRERAKOREE Y I 2
L=y a Vs 32 EFT) YRR Z ENET
5hb.

B 33 E O—FTh 0, FHHlF — 2 OF
HEICH U CHEHUICATEM O IRY) V%4528
TTF—2&%EL, TF MK AEBZ 55 . BlifA D %EH
DOHEMFHO—FHTHIATL=_2—F Lty VT —2 %
A=z 4 v o2 WPl T LOREIZEL, EEilatt
BETHIATEETHS S @ L, ALZ2—F L%y
Y= AR OB HIE LRSI, KROGH
F—ARRBETH B, 72, 2ELES PV TidvFhY
BUHZER D SRS Th D, BHERO S ML AR &1
SARUEFIE L RO N TN B 720, 24 v 2 1A KEER<
FUTTHE AR GRS N B, % 2T, A% T3 B
¥ (Design of Experiment: DoE) {2 & - CTRIERMIZHTS L
72T — & 5 A ZEFRENR 1O & O TA I S

Current
<At

Load

Humidified
gas (H,, N,) in

@: Thermometer
®: Pressure gauge

ul
1uR|00D

=lLoo
no
1UB|00D

"7 Humidified
gas (air) in

TA—2 BB I ERIINTEFC 249 2D I &
VZEIE, HIEE I DWW TO Pl T IL A/ER L 72, /FK
L=z &y 2Pl v ctionm Ex i E L=
ST X — 2 EBOERRELE BT kv, 24 v o2
NHET 22 EAFICTHEEL 2. Dy —=v
T =2 EHOA Y ZERERIC XS X2y 2 TlE
FEIH A D 72 OHIHMRENIEHTE 5 Z & 45
M2 7.

1.2. 289 JEFIMEDHBE

ARWFZENTH o Z PR E 7RI & 72 0 Gl L 7=
2 &y 2 OB A Fig. 1 1289

FPRNEREEHO L —= v 7 F — 2 EHUS T
%7:8, DoE T 2ZMAhnk " & Ve, HBRgMh4
Wiz £/, ZABTHEL X UF — Z LA T &
HAEEREE L2, ZHEFC A X v 7 B EICRET S
2T, FEERGIER - - R T - 2 S T — 2 B
EBIEHIEDTH L. AR Y 27 4 THIR L 729
BF— 2 &HWT, FC 24 v 7 OMWFEWEITEF L &
H oy ZWFEAIR TR L 7z, B L 72T T LD ANB LU
ii)1% Table 1 1R g, FEEREIHON T L O H 7 2R
Il € 7L ORI I ETAS #1380 ETAS ASCMO %
W=,

Cathode
4H*+O,+4e =2H,0

Anode
2H,=4H*+4e

Membrane

Schematic image of stack



Honda R&D Technical Review Vol.35 (2023)

2. A&y 7 MEEEHM

2.1, EREHDOETE
DoE & MW THEREFMNZHET 251, 11 filg 5
A—=2DX FREBS KO TREARET2LELrH 5. I
TRRMEDREIX Z & 7 BOKE M A HRIZ 2 5 i
K ORHIREE O E RO “ DO Rz SO TEREL
2. Bl LT, 28y VIREOBIEN S Z 4y JNDT
/~F&ﬁv—F%‘%Vﬁ%$Té%6,%5%EHL
B DR RED 7= Y, 7 — P H Y — PO
iﬁ = W R o - O

2.2. EE&FIiE

FER AT T HICH7-0 QL ARG L= 4 v 27 % 1E
B, DoE D 2 KIS COMMli &2 5 Z 85 12Hh 7=
D EERTNEI Fig. 2 DK S ITiE L 7=

7/ —=F, #V—=FIZH, @& N, 2L, 24 v 2
BEONNESHOBRE 2B L 7. kiZ, Y — P22kt
WAL, 7/ - FB&UAY - FOBRELFHBELEZ 20
BE, 24 v 27 BPHEIEELEO 1 VAE TR S &,
B DB HELTT 5728, DT2IZEENET L=
REL 2 KO ICERMAZRE L 7=,

BRI EMIZETSETL A/sec THBEBL, 30 min
MW & R, %O 1 min OFEE Z HHGHIEETO
24 g2 I kREE Uk, GHIIBRIE, HEH Y — FITN, &
HALTZ 2 v 2BEA N, WEHAES XU H, N, it
TTOPARLIEE F5 Z 75 - 7=

2.3. £HEFHMES X T L

LREOGM L FNUC TER A I 2 0 ¥ 2@ G €
FIUAER O T — & &S 5 72912, EBEH A T6E 2«
VAT LEMEFEL 72, BB A Fig. 31T

EEBRHI > 2 7 203K % < GRS - FE R R i -
T — A REMERD =D bR & B . TR T
ETAS t[#> 7 @ ETAS ASCMO % W TR L 7252
BRETHE A HT 11 A - CORE R 7 7 4 v &1
B U, FEERREE RIS L 22 T e 7 7 AL ARG
T 5. EEREI TR 11 ZRICBEET 26/ 37 2 — 4

b

BAOANERE ZHET T T 7 A& TR U 72 FERF
EDOHIHA I Z 5. %%#"i%%%?~ﬁ%%@ﬁ
MEZ ML, v —1c TRt L 2. GHill7 — 21357 —
S fRHTERIZ hnfé@%@dﬁﬂéh'MMe1L%onf
TR VT ENBEZETHEMFEHO T — 212 Eh
7o AEkE =T -2ty b EHWTH Y 2 @ERREE T
U ER S iz, AREE AT TN T 20D -V
AV Y ZFLIZETAS 0 ETAS INCA-FLOW %
W7z,

2.4 2%y 7OH X BEEFBETIV

28y 2 DETF MG A v ZOEFEEG & W2 A
ZWFEMPR O R BULIERIE Th D IERR A W 5720, €
TP HUNE S AHEFEE 2 F5 5, THNEDMEA & L & & Y5
EgTH s

EFIMLIZHH L T3 9 o 280 & % PRl %
ENODIE N

Experiment device system

/ Input Qutput \

Fuel cell
stack

A 4

Logger

Test
instrument

Device
4 N

Encoding for

operation
DoE

project

A

L —

y
Data
analysis
g Modeling Y,

Experiment control system Data analysis part

Fig. 3 Schematic image of automated test process
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Fig. 7 Effect of optimized parameters on stack power
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