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FRATE B bR TR2E . AL T RER AR AR GRS AL J R, E AR T
WM B AR S TR T REERY . R R R TR, | R IESE S R A R A
Fl W ERBHE RO AR AR FHVEF IR A RA A Jb 5T 7 i i & B 10T 78 Bt .

A EERE A XU, . 22 KER. 7). W BE. Bk, mSEE. Edan. BEL,
SRBEFT. sKOHE. EAEK. XKER. BR. AEE. BRRE. 28 BB K. Fig, KIET. R
BP0, SRR, XU, 2R, BRon. ZEME. fEZE. Wlka . BRAR 7. AMREE. T K. ZENm. ERIEVE.
RS IR, HERHE

11



1 SEE

T/ZSA 170—2023

7 F ZE AR Bt & SR S5

AAFHLE T T ERR IR SN R Tt — SR, PEREEER . BB T MIbRE . ke,
JEAF S
ARG P A 3R AE T 28 B T A B R i R s L, AR SR i m] 2R AT

2 MEMsIAxH

BN SCAF A (1 PN 7 S SR RV S T A FAR S A e AN R A (R 2 e 3 LI 51 SO
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GB/T
GB/T
GB/T
GB/T
GB/T
GB/T
GB/T
GB/T
GB/T
GB/T
GB/T

191—2008 f3%figiz EoRbr &

1859.4—2017 HAEANHL HBEESEDRBNE BT 8 bR IR 2k
2408—2021 ¥R MRIGEVEREMIIE /KF2 AN 3 B

2893.2—2020 KRS wAaBMEEbRE 2oy 7o PRI R
2894-2008 224 Hn G A HAE A 2 0

3836.1—2021 RIEMERAEE HI1ESr: WA AR

4026—2019  ANLF AR EAR R SEARF 22 2N W&+ AR A4 FAR R
4208—2017 A9 5 (TPAGAD)

8170—2008  HEE 2 F0 I 15 B PR KL AF 1) R s A e

16935. 1—2008 K& RGN R ZA WML A F 10 HIHE, ZRAE
17045—2020 HLEF P9 3 B NA & 1l A 8

GB 18384—2020 HIENAZEZRAER

GB/T
GB/T
GB/T
GB/T
GB/T
GB/T
GB/T
GB/T

18411—2018  HLBNZEF= fhbr b

20042. 1—2017 JR T2 pRRL st B 180y ARl

24548—2009 KRR} HL HENIRE ARG

24554—2022 WL R B AL REIRES T v

25319—2010 VRERMEIEIR RS BIRKAMT

28046. 3—2011 JEPEZEM BT RAMIMEERAANRLE 38 5 MUk b A
35178—2017 JAK}HMMHEAIRE A HFER WEITE

37154—2018 JARLFEIM AR A AT T7 1%

3 ABMZEX

GB/T
(R

20042. 1—2017. GB/T 24548—2009. GB/T 25319—2009 #{ 7€ (11 LA R ARIEFIE & F A
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3.1

T/  work conditions
R A SIHLE TARIRZS, P Th R b € T
[RJs: GB/T 25319—2010, 3.1.1, H&k]

3.2

ZETR rated conditions
Hill 35 75 FH 1A o AR BB R B AL 100% 446 H 2 380 e 19 T o
[SRJs: GB/T 25319—2010, 3.1.2, Hi&k]

3.3

ByRT R idle conditions
PR R SIHLAL T TAEIRAS, AE4EF & T1E, EAN MG Th%,
[SRJs: GB/T 25319—2010, 3.1.3, Hi&k]

3.4

FEINZE rated power
PRI R B LE A e LR I R 4 D 26 I RE S AR L Dh R R A RF 2 AR .
[SRJs: GB/T 25319—2010, 3.1.5, Hi&k]

3.5

IE{EINZE peak power
PR FE B & BIATLAE — AN 20 58 IR ) 8] Y 2 28 AR T30 Th R 1 B K Th &
[CRJE: GB/T 20042.1—2017, 3.2.21, Hi&k]

3.6

B/ININZE S minimum power

BRI R S HLAL T TARIRAS, 025 T 4E4F B Sl Bh R THFE, P Resa th i S A 4 Hh D 2
(DCDC Hi ¥ )

[R¥E: GB/T 20042.1—2017, 3.2.20, HEM]

3.7

JREEEIIE  specific power

PRRL LI R B E D2 ANl S L, SAA KW/ kg.
e REDIRIEER T,

[RJE: GB/T 20042.1—2017, 3.2.26, A&

3.8
AR EFE=E  fuel consumption
— 5 LA Rt R ShATLZE B e B TR N Y RE R RL &, 33 BRA7N kg/ho
[SRJs: GB/T 20042.1—2017, 3.3.3, Hi&k]
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3.9
M/ HHIRZS  hot state
WL Bt A S AT 2 A R IR B AT 1B A IR YE N AR S .
[SRJs: GB/T 20042.1—2017, 5.2.3, Hi&k]

3.10
RES/EHIRES  cold state
WLt A ShATL P SR S PR I A R BE v A e s A\ A R 4 IR S
[SRJs: GB/T 20042.1—2017, 5.2.7, Hi&k]

3. 11

SFRittE  external gas leakage

bR SHER RS, P AR R I I S .

[RiF: GB/T 20042.1—2017, 4.2.10]

E AARMIRTTREAE T OB e AR R E L HAh A BRI A R AT

3.12

WARIEE A EIHl  fuel cell system
ALFEIRAE B HERT AR A Bh R G, TEAMEER IR N rl DUE S TAE.
[SRJs: GB/T 24548—2009, 3.4. 3]

4 RGHR
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5 —REX

5.1 SPMEEHER

5.1.1 MRRLE M R SINANR LG, TCHUE, AR R 153 KW R AT, £ 1 fil i Jo e it
5.1.2  WORLH b R SHHLI T S5 fh B AN N EAT W] eI B B 5 AR B KL AT A

5.1.3 fEMRRIHR R SINLIE R s il i b, i RS A AR L rT 5, AN HHEURAR AR . W
RO EIREILAR

5.1.4 KRR RSINUEERE O, RO, HPED . SR DR B bR IR

5.1.5 BRI R BN IE . Fbldn 1 SRR PER AT BB AR IR, %R

5.2 BAREEXK

5.2.1 AR R ZN USR] RIAC £ e A TR B, B AR W7 HOPR S R R LR IE 22 4 il 2% B TE i T
k.

5.2.2 ORI R SRR R B A W 1 3fe 51 A

5.2.3  MRRHELI R SR BO A E I HER N BB R A 2400, IR e R i .

5.2.4 WRBELMR SN2 2E T3 PHECE S P A (R B, SR 2 () b5 SO b R Sh AL b e A A
BRI P B /1 B e 1l YV i O o | S VA= A S B 7)o /9 S AR

2.5 BRRLEEIB RSN E I R AR D AT B 2 H R FLZR AR 1E B A2 GB 18384—2020 H1 5. 1. 2 EEK
TR BRI K BN 1) B 422 Ak 7 47 2 R B /2 GB 18384—2020 1 5. 1. 3 EE3K,

WAL FL I A BN L ) HL A7 S50 2 5K B /2 GB 18384—2020 1 5. 1. 4. 3 ZE3K.

WHRLFN TT 384 LA R S5 R BETH 45 & GB/T 3836. 1—2021 H [T K & (M BT R 22 4 0 E .

WRA F I A B AL H TR B A IC FE R 5 B A6 GB/T 16935, 1—2008 K .

10 BB RSN AR E . RGeS, 1% GB/T 17045—2020 1 [ KU & MR #E1T .
M HTREEESA R B RAR R B T L, BT b R R e i AT AR R

oo oo oo o
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NV 00 N O

o

MREE K
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1 EshEE
6.1.1 EiRENFHHE
6.1.1.1 EERRIFEARIFH

IR 72,1 1 TSR, ZSRBPURESZ B, BEIR/NT 15s.
6.1.1.2 ERBFEMEINFHE

IR 72,1 2 AT IAES, ZSRPWIRESZBHE, BMHIFI<10s.
6.1.2 (KREEINELENFHE
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6.2 EEINE
6.2.1 FREFEINE

¥R 7.3, 1 BEATIREG , TR IPORE Ha b & S ATLAE A 250 B B K P ) i HE B 3R I 2 28 A T 50 R K
60min & 4T TR F B AT 97%~ 103%.

6.2.2 BRFENE

FE M8 7.3, 2 AT IS, RO 2 W R R

a) MEAREEY 1000m B, S R AUE D3 100%50 H ;

b) RN 2000m B, S R AE TR BEFIAE T 15%;
c) KLY 3000m B, SR R AE DA PR AN = T 30%.

6.3 IEEINZE
I 7. A AT RE, EREKIFAMETHUE L
6.4 ThESHERNERIE

FZIRT. 5T RS, EOR /N IR S R AR RS INE (8] N <12s, FEIRES 2 E/ N S EZE
FJ ] V. <856

6.5 Ras4FM

PRRL R S 7. 6 BEATRIGHS, SR AL b HE A A R I 2R (V—T i) Bkl
ITHR M2 BRI R 2R . BRRE st R AL TR A 2 . JRR) e it 2 Sl ATL IR 28502 i 2 R B
RGN R4 . BOR RGRCRAE 45% LA E TAEX A S B, B =60%, 4558 3R N = 45%,

6.6 SIRBITHM

FE I8 7.7 BTG, EOR R Fth R S LR B TR R AR 240 T RO B K 60min 1B 4T DR 1
WA 95%~105% .

6.7 EhEFHHERF IR
%08 7. 8 TR, R RAMEFEANALT KRG Eit ZoR A, HARK IS FE b R 58 I WL ak B8 b
6.8 SHRHMEXK

I 7.9 HEAT WA, EERIRE A S LS RS SR Rt A S LSRR D R i, BLIRES 2 HE
AR IESE 3s WP A AR N AN 3%,  HIBEI SR RRIR AT 8%.

6.9 BE
FRR] R s A S AL AS A e R BG 4Z R 7. 10 54T, DR R ST R P R KR, R R T 70 e 7R B <

75dB, #E T N <80dB.
6.10 HEMEXR
WAL R S A PR %2 7. 11 JEA TSR R RIG S, S/ R E /7R B N B 27 & DL e &

Ko
a) RANB PRI 20 708, B TREES12 kPa.
b) AN, R 308, KA NEEES14 kPa.
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o) BRRHEIBRSINAE S T s Tl R, S 5 e AU R R << 0. 005%.0.
6.11 4uixeafA
WL b R B A8 AR 045 7. 120047, B2 SR 2% v BEL{I I A2 46 2% FELBEL > 1000 Q /V.
6.12 FRELEINE
FRR 713 AT, BORUE TR R KRG kit HAR, HAVMET 550W/kg.
6.13 #RzNiERE
FIRT. 14T, EORAI U, ORI R S RFF R TR . A5 SERE . BT, R
B b R SRS IEH AR
6.14 BA7KBLE

PR HE R & BIATL A 75 2L 25 B /K B 2R B8 I SRR A% 7. 15 WER AT, IG5 BT & GB/T
4208—2017 1 1P67 M UL 250 1 E R,

6.15 JESBMRIABREXR

TRRE L K BT b 1) AE 4 S8 A RE LA BEAR A RE, Bk it ME A R 4 S AR IR R M 4 R 7. 16
BT IR, RIS R AT A LU RLE -
a) AR LA N AR — SRR 2R, M 0T TR 6 A2 KT A e HB i AN i B MR V-02) (1 22K
1 PAEHMEE>50g;
2) BN R S ML A A R R ) R A R =200
b) T ARSI A TR A2 KBRS HB 54 RN T B MR SRV-2 40 (1 2K .

7 REFE

7.1 @A EHE
7.1.1 IR

BRAARE, W NAE W R IREE AT
a) WREHN23CE5C;

b) ARSI LN 15%~90%;

c)  KAJE 7] 86kPa~106kPa.

S ASCHFFTR BRI, £1E 23°C+5C,

7.1.2 MR{EEREK
7.1.2.1 MENHBERE

BREFIR VLIS, ASBREI RS R, WIS 3 P v P i A 1 51K
a) HEMEE: =0.5 9
b)  HLRMNIREE: =0.5 4
c) IRFEMNAEEE: +0.5C;
d)  BENERE: +0. 1%;
e) JUTIMERE: +0.1%;
) FEMNERE: +0. 1%
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7.1.

7.1.

7.1.

7.1.
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g) SRR E . MHEHE< 5%
h)  ASKIRAG: FEEE=45%FS, ERAETEEANDNT 0% ~10%0.

2.2 {EHIEERIETIRE

5 S S 8% (4 97 DR PS5 L35 A2 R B R

a) EE}_‘TS‘ il%;

b)  HEV: £ 1%;

c) \E. +1C,

2.3 RIEBIBERENSEEK

R FE R, BRI #5525 N L LR R

a) RIS HIE KSR A NAKL T 5Hz;

b) {EINR. WRESHETE S, $ GB/T 8170—2008 KM EBLI SR /INEUS)G 2 A1, Rk Ui v 4.

3 IR

3.1 BERERNAE

WRIRHLESR 0T

a)  RHLETTE R — BRIt R B LT WL 2, S PRRE b R B AL s

b) BRI R SIAL (A EIBOINTE S A) AE RIS A N ERE, R RA DT 12h;
c)  TERWMUE, ARIXBRREL & ST ) .

3.2 K& (OCIAR) EWAE

FERORE LR SRR Vo RS B, FH - JORE Lt R ZhATL Y SO 2 B TASZ 4 B B T 30 B AR

o FARZRUIE

a) (ERNUEFES, ERBVEIRERT, IR m e A JE HRE A — e ) ()i R
MR P2 R AR BRI ), AT — IRF ML

b)  BRELE MR SN RS BB ERES (SO I R LR AR D2 5D, FREEmfiE] (Fiesh) A
i 3min;

c)  SRJE LRI SRR L R B

d)  CHIAETIE RO B OE IR L R, TRy, A RAR LN E A>T 12h,

F 1 TEEMRIERA R DUARRIZ T AT, SRR e e iR E R £2.0C, HAKTF 0C.

FE 20 A BRI R 4R ARG Pl P A B8 5 il B Ji5 T AR T B2 ATLAE BT F (R 1)

.3.3 =i (BOCUULT) BENAE

R L ER T .

a) RMUAT5E S — YRR L AR ST SRHLIE R, SR PR f b & S

b)  AEREHI R S R I AT SR I8, TR b R S AL SRS BRI AR N BT I
fit e

o) CRIEEARHER N 50. 0°C, AHREEE B 40%~90%, IR B A R E T ) IR T 46
THI, A RAR B (R RAN DT 2h,

E N EEAERRAA RS TR, IR MR T SRR £2. 0C .

SE 20 AR 1] AFRITEA I U Rk B35 5 i 5 T 4 v I BRI AS SR BT A A e ] o
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7.1.3.4 BHFE

F2 BB 7o (10 (8 R, AR A A S L AR AE — e TR, (RN A U AR f it 5 S L A1 Hh
FHELRE,  MORE R A STV SR H 1 IR BE R B IR TARIRE Gz il i fia e ), Bk
MR BHLE BFABUR .

7.2 EaFiie
7.2.1 ERREEHIRE
7.2.1.1 EERBRAEINFE

1% 1% GB/T 24554—2022 1 8. 1. 1. 1 5 RIS 5 v b AT, iR 56 Al R b R shHLAL T IR R T,
IR 71,3, 1 R EHAT RN H . RGN B3 tr, ANA NL T, 56 a5 RN 2
6.1. 1.1 FESKR,

7.2.1.2 EREERMENFM

1418 GB/T 24554—2022 1 8. 1. 1. 2 5 AAREG 7 v b AT, 56 Bl Bk b R shHLAL T3 IR R T,
IR 71,3, 4 MR EHAT RN HE . RGN Bshidttr, ANA NL T 565 RN 2
6.1. 1.2 FIEKR,

7.2.2 RIREUENRQENFIE

1% 1% GB/T 24554—2022 1 8. 1. 2. 2 5 RIS 5 v b AT, R I6 Al Bk b R shHLAL TR IR T,
I8 7.1, 3. 2 KIENLTIEHHMTRAUCHE GREMREE<—35C). RGN B3k T, ANENTT
T 56 s F N AL 6. 1.2 FIER,

7.3 FENERAE
7.3.1 FRHFENFRAS

%18 GB/T 24554—2022 1 8.2 M IS 7 vE30AT , TR E 76 DL =% A, 56 BT AL H it & )
HLEPIRAS A BAIRES, I FERN A it T, ANA N L. IG5 RN 6.2, 1 FIER,

7.3.2 SEHENFRE

1 FH SEH B 8 PR BT RS DL e g 5 X ) U 2 A, IR R A BTL RS LR
IR RE N A BT, ANA NT T AR, FamE. #E Lk, SR ITAESD TR T, 7256
e

a)  MRENHAEE;

b)  EELHE A A AT I RRE R A S L A R R R

o) IMEMIISIRHEAT RGN IIAE;

d) EFHERREE BERERTT W EIKIREE . PRI R R A

FERIUE T LA 3R T OU, 1Rkt e it A s b U P AT L T B I TR AR AR R P RS, DAt 5k
SRR A, RIS ER L AL 6. 2. 2 IIEDR

E: BUE LU MR IR SR 84T Th, R TN RRL At A ShHLAE E 81T 60s.

7.4 IEEINFRIKLE

2 GB/T 24554—2022 ™ 8. 3 TIHLE FI IR 7 i30T, B0 BTARE B A SHL IR W LIRS
WIS RN B 34T, AR AT T w45 R NEH AL 6. 3 FIEK.
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7.5 EhASMRIA S
12/ GB/T 24554—2022 H 8. 4 T E (RS J7 AT, I & SR NG A2 6. 4 EEK.
7.6 RS
12/ GB/T 24554—2022 ' 8. 5 T E (RS J7 AT, I 4 SRR A2 6. 5 ZEK.
7.7 St

T8 GB/T 24554—2022 " 8. 6 TUHE KR 04T, W38 iRkl st R shHLAL T3R5/,
RSO IR RN 50. 0°C, %18 7. 1. 3. 3 MR ML LB IR LAL FE . R0 R N B hidkdT, ANA A
TF¥t. 0645 SN A2 6.6 FIEKR.

7.8 ENFSFIMERFFERE

1% 18 GB/T 24554—2022 1 8. 7 WK 52 R0 7 vEHEAT, FARTHE 7 LB 3% B, 1556 45 5 N i 2
6.7 ER,

7.9 SSHMIALE

SAHPORIE 128 GB/T 37154—2018 [ 6. 1 #4756, AR S BT .
a) BHEURE FHRELIZITHEN 10min;

b) %Fm&fl%g%ﬁ%wzﬁﬁﬁ@*,ﬁ IR SRR s TR A1) 10min;
c) ESNLFEBIE LS T R T i R AR .

RIS 25 RS AL 6. 8 IR .

7.10 7f'<F'=' ﬁtq_t
¥4 18 GB/T 1859. 4—2017 "5 i e 75 306 7 vEsEAT, IG5 SN 2 6.9 DK,
7.1 BEMIRLE

REMEREP RN

a)  RUVBRL I R S HLHES . HEZK IR E5 5 A5 38 T 5% 5

b)  RERRRE I R AL R B AR A R R RS AR, TR R E N 50kPa;
c) EARGENE, SLEISCHIEEAIR;

d) AT RIEFF SRR R JE, SR EAS R )R B AR .

RG4S 2 6. 10 K,

7.12 % (FS) Rl

2/ GB/T 24554—2022 8.9 HRlE SR ik AT NG, BIRE R NI A2 6. 11 HIE K.
7.13 FREHLLINFERIEG

28 GB/T 24554—2022 8. 10 "l g HUEG VA7 I, ilae 45 SR NEH A2 6. 12 K,
7.14  #RzNNIE

218 GB/T 28046. 3—2011 H145aKk 4. 1. 2. 7 MAFRER € AT IR, % 2. Y. X HHEN
] 32h, IG5 R AR 6. 13 K,
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7.15  FHIKBEAIRL
2/ GB/T 4208—2017 Mg HIRES 77 kAT, IR ZE SRR 2 6. 14 [EK.
7.16 AR B RIBEIRIRIE
$4 I8 GB/T 2408—2021 & [ /K VL AR ELVEBEAT AE 42 B AR RS R PEARG, 36 45 SR s 2
6. 15 K.
8 Hrs. BR. IEFE. XH

8.1 #Rax
8.1.1 FmiF&

FERRRL R R S LIE S B b, R v S E bR &

a) AN AP PERESERIRT A GB/T 18411—2018 HIKIE s

b) AR LN R R D AR I R AL AUE DI R R R R R B
SR s, HEA A ETE;

©) LAMENFFE GB/T 2893.2—2020 [FHLE o

8.1.2 SREOME

TR B R B AL B b s R G AN R .
8.1.3 IRMAFE

E R MR B A WAL A8, BT PARR B .
8.1.4 BREELLITE

B 2 F, 1 PP e LRI I 1 B I P A € A X )
8.1.5 HeiR&

PEHh 5 N A B R AR AR, BEPR EARTE GB/T 4026—2019 H “{f4rdiih” DEIERGS, b
TS “ PE” b
SR X SERR RN SRR . TR D (A P P 1 5 R R T R A S T L

8.1.6 EIFFEEIRE

BT R ENNLZ 25 fa AT REMN BB E H 5 AN B & 22 B S E R 5B F, N B A 28RBS AR Y, AR
TR A2 GB/T 2894-2008 FHEESR, FRIANASNEERE HAE . Wl 2 Fis, bR F 5 R0 SC 74 Bis
B, BARESR N2 GB/T 2894-2008 H 4. 5 Bk,

&2 ZIEEERE
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8.3

8.3.

T/ZSA 170—2023

7 ERERE

AFAE S B T Rk LY R S HL A 97 A P R 2, B FE(HAN PR T
a) Ml ER;

b) i, WL 3;

o) SRR

d) B AE EEA

e) LA, WA 4.

B3 HiERREIRS

B4 SEEEGRE

8 BEIRE

BREL R SIHLE S BN A bR EIRRFS GB/T 191—2008 FIALSE -

a%

PR E R S S A2 R B R

a)  BFEl. BEIR. BhVSHe, BES. WAk, ERME ISR,

b)  WEERE E RAF, AR AIE R IR

c) R AR AR R R,

lab =

1 BERlE

WU A N A T AR

a) BB PR S B O R R R MR B B L, Bk IR A RN R G LR HLith
P, B2 BR AR Fh L () 9 3

b)  BEEEPE SRR MR D, AR, B R S NS N B, PR AL B A B
SO A 7] 1

©) KGR O AR AR i Sk, B ZRIRATYE b, By 1k PR A PR 1) R 2 5 A At R v
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Technical specification of fuel cell engines for commercial vehicle

1 Scope

This document specifies the system boundary, general requirements, performance requirements, test
methods and marking, packaging, storage and documentation of fuel cell engines for commercial vehicles.
This document applies to proton exchange membrane fuel cell engines loaded on commercial vehicles,

and other types of vehicles can refer to the implementation.

2 Normative references

The contents of the following documents constitute indispensable provisions of this document through
normative references in the text. Where a document is cited with a date, only the version corresponding to that
date applies to this document; where a document is cited without a date, the latest version (including all change
orders) applies to this document.

GB/T 191—2008 Packaging, Storage and Transportation Graphic Marking

GB/T 1859.4-2017 Reciprocating internal combustion engines Determination of sound power level by
sound pressure method Part 4: Simple method using standard sound sources

GB/T 2408-2021 Plastics Determination of flammability properties Horizontal and vertical methods

GB/T 2893.2-2020 Graphical symbols Safety colors and safety signs Part 2: Design principles for product
safety labels

GB/T 2894-2008 Safety signs and guidelines for their use

GB/T 3836.1-2021 Explosive environment Part 1: General requirements for equipment

GB/T 4026-2019 Basic and safety rules for marking and labeling of man-machine interface Marking of
equipment terminals, conductor terminals and conductors

GB/T 4208-2017 Enclosure protection level (IP code)

GB/T 8170-2008 Numerical modification rules and limit value representation and determination

GB/T 16935.1-2008 Insulation fit of equipment within low voltage systems Part 1: Principles,
requirements and tests

GB/T 17045-2020 General part of electric shock protection devices and equipment

GB 18384-2020 Safety requirements for electric vehicles

GB/T 18411-2018 Motor vehicle product labeling

GB/T 20042.1-2017 Proton exchange membrane fuel cell Part 1: Terminology

GB/T 24548-2009 Fuel cell electric vehicles Terminology

GB/T 24554-2022 Test methods for fuel cell engine performance

GB/T 25319-2010 Fuel cell power generation system for automobile Technical conditions

GB/T 28046.3-2011 Road vehicles Environmental conditions and tests for electrical and electronic
equipment Part 3: Mechanical loads

GB/T 35178-2017 Fuel cell electric vehicles Hydrogen consumption Measurement method

GB/T 37154-2018 Fuel cell electric vehicles Hydrogen emission test methods for the whole vehicle
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3 Terminology and definitions

The following terms and definitions stipulated in GB/T 20042.1-2017, GB/T 24548-2009 and GB/T
25319-2009 are applicable to this document.

3.1

work conditions
The operating state of the fuel cell engine to calibrate the working conditions in terms of net output

power.
[Source:GB/T 25319—2010, 3.1.1, modified]

3.2

rated conditions
Used by manufacturers to calibrate fuel cell engines to operating conditions specified at 100% net output

power.
[Source:GB/T 25319—2010, 3.1.2, modified]

3.3

idle conditions

The fuel cell engine is in working condition and can sustain itself but does not output power to the outside
world.

[Source:GB/T 25319—2010, 3.1.3, modified]

3.4

rated power

The effective net output power of the fuel cell engine at rated operating conditions, and the ability to work
stably and continuously at this power.

[Source:GB/T 25319—2010, 3.1.5, modified]

3.5

peak power

The maximum power produced by a fuel cell engine in an agreed upon short period of time that is not less
than the rated power.

[Source:GB/T 20042.1—2017, 3.2.21, modified]

3.6

minimum power

The minimum net output power (DCDC front end) that can be delivered by a fuel cell engine in operating
condition, minus the consumption used to maintain its own auxiliary systems.

[Source:GB/T 20042. 1—2017, 3.2.20, modified]

3.7

specific power

The ratio of the rated power of a fuel cell engine to its mass in kW/kg.
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Note: Mass specific power is often referred to as specific power.
[Source:GB/T 20042. 1—2017, 3.2.26, modified]

3.8

fuel consumption

The amount of fuel consumed by a fuel cell engine in a specified time under certain working conditions,
note: unit is kg/h.

[Source:GB/T 20042. 1—2017, 3.3.3, modified]

3.9

hot state
A state in which the temperature of the fuel cell engine's constituent modules is within the normal

operating temperature range.
[Source:GB/T 20042. 1—2017, 5.2.3, modified]

3.10

cold state
A state in which the internal temperature of the fuel cell engine is the same as the ambient temperature

with neither energy input nor energy output.
[Source:GB/T 20042. 1—2017, 5.2.7, modified]

3. 11

external gas leakage
Generation of gas leakage out of the fuel cell other than intentional exhaust.
[Source:: GB/T 20042.1—2017, 4.2.10]

NOTE: Gas leaks can occur from: fuel cell stacks, associated depressurizers, other gas lines and fluid control components.
3.12

fuel cell system
Including fuel cell stack and fuel cell auxiliary system, it can work normally under the condition of

external hydrogen source.
[Source:GB/T 24548—2009, 3. 4. 3]

4 System boundaries

The boundary of the fuel cell engine system is shown in Fig. 1, in which the part in the dotted line box is
the fuel cell engine, and the internal part contains the fuel cell module, the hydrogen supply system, the air
supply system, and the thermal management system, and the in and out arrows in the relative boxes in the

figure refer to the input and output of the fuel cell engine.
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Fig. 1 Fuel cell engine system boundary
5 General requirements

5.1 Exterior structural requirements

5.1.1 The exterior of fuel cell engines should be clean, free of mechanical damage, cracks, stains and
obvious deformation, and the interface contacts should be free of corrosion.

5.1.2 The accessible parts of the fuel cell engine should not have sharp edges and corners that may cause
personal injury.

5.1.3 During the normal operation of the fuel cell engine, its parts and their connectors should be stable and
reliable, and there should be no instability, deformation, fracture or wear and tear.

5.1.4 The communication interface, power interface, user interface, hydrogen import and export of the fuel
cell engine should be clearly labeled.

5.1.5 The positive and negative terminals and polarity of the fuel cell engine should be clearly marked for

easy connection.
5.2 General safety requirements

5.2.1 The hydrogen circuit of fuel cell engine should be equipped with a safety pressure relief device, and
the safety pressure relief device should be ensured to work normally even in the state of power failure.

5.2.2 The fuel cell engine fuel supply line shall not pass through the passenger compartment.

5.2.3 The vent set up for fuel cell engine discharge fuel should be straight to the outside of the commercial
vehicle and have safety protection measures.

5.2.4 When the fuel cell engine is installed in an enclosed or semi-enclosed space, a hydrogen leakage
detector should be installed above the space or above the fuel cell engine; when the detector monitors the
leakage, the control system should be able to automatically cut off the fuel supply.

5.2.5 The high-voltage warning marking and Class B voltage wire marking on the fuel cell engine shall
meet the requirements of 5.1.2 in GB 18384-2020.

5.2.6 The direct contact protection requirements for fuel cell engines shall meet the requirements of 5.1.3 of
GB 18384-2020.
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5.2.7 Potential equalization requirements for fuel cell engines shall meet the requirements of 5.1.4.3 of GB
18384-2020.

5.2.8 5.2.8 The materials and components as well as the structural design shall meet the explosion-proof
safety requirements for Class II equipment in GB/T 3836.1-2021.

5.2.9 The electrical clearance and creepage distance of the fuel cell engine shall meet the requirements of
GB/T 16935.1-2008.

5.2.10 All electrical devices, systems or equipment of fuel cell engines shall be in accordance with the
provisions of Class I equipment in GB/T 17045-2020.

5.2.11 Plastic or rubber materials used to transport hydrogen medium should be conductive, or designed to

do to avoid static charge accumulation.

6 Performance requirements

6.1 Starting characteristics
6. 1.1 Normal temperature starting characteristics
6.1.1.1 Cold Start Characteristics at Ambient Idle Speed

The test is carried out in accordance with 7.2.1.1, which requires that the time from cold condition to idle,
shall be less than 15s.

6.1.1.2 Room temperature idle hot start characteristics

The test is carried out in accordance with 7.2.1.2, which requires a warm-up condition to idle speed, and
the time shall be < 10s.

6.1.2 Low Temperature Rated Power Cold Start Characteristics

Tests are conducted in accordance with 7.2.2, requiring that the system can be started normally, the length
of time to start to rated power does not exceed 4min, the power consumption of components during startup
should meet the design requirements, and the system has no shutdown or load shedding faults.

6.2 Rated power
6.2.1 Plain power ratings

Tests in accordance with 7.3.1 require that the output power of the fuel cell engine during the effective
measurement period shall always be 97% to 103% of the average value of the operating power for 60 min of

the effective measurement period.
6.2.2 Plateau ratings

Tests in accordance with 7.3.2 shall meet the following requirements:

a) At an altitude of 1000m, 100% of the rated power output shall be met;

b) At an altitude of 2000m, the rated power derating shall be no more than 15%;

¢) At an altitude of 3000m, it shall meet the rated power derating of not more than 30%.

6.3 Peak power

Perform the test in accordance with 7.4, requiring that the maximum power is not less than the rated
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power.
6.4 Dynamic Response Characterization

Test in accordance with 7.5, requiring that the loading time from the minimum power point to the rated

state shall be <X 12s, and the unloading time from the rated state to the minimum power point shall be < 8s.
6.5 Steady-state properties

When the fuel cell engine is tested according to 7.6, the polarization characteristic curve (V-I curve) of the
fuel cell stack, the power curve of the fuel cell stack, the efficiency curve of the fuel cell stack, the power
curve of the fuel cell engine, the efficiency curve of the fuel cell engine and the power curve of the auxiliary
system shall be provided. It is required that the proportion of the operating interval in which the system
efficiency is above 45% should be >60%, and the rated point efficiency should be >45%.

6.6 High temperature operating characteristics

Tests in accordance with 7.7 require that the output power of the fuel cell engine shall always be in the

range of 95% to 105% of the average value of the operating power for 60 min of valid measurement time.
6.7 Dynamic average efficiency characterization test

Tests in accordance with 7.8 require that the system efficiency shall not be less than the system design

requirement value and that the system does not have an off-line or load shedding fault during the test.
6.8 Hydrogen emission requirements

Tests in accordance with 7.9 require that the average hydrogen volume concentration of hydrogen
emissions from a fuel cell engine at idle or at the lowest power point of the fuel cell engine shall not exceed
3% for any consecutive 3s period in the warm-up state, and that the instantaneous hydrogen volume

concentration shall not exceed 8%.
6.9 Noise

Fuel cell engine body noise test is carried out in accordance with 7.10, the maximum value of the noise of
the system is recorded, and it is required that the noise of idling condition should be <75dB, and the noise of
rated condition should be <80dB.

6. 10 Airtightness requirements

When the hydrogen circuit of the fuel cell engine is subjected to gas holding pressure test according to
7.11, the pressure drop value of the hydrogen circuit shall simultaneously meet the requirements of the
following regulations.

a) Nitrogen medium, holding pressure for 20 minutes, the pressure drop value < 12 kPa.

b) Hydrogen medium, holding pressure for 30 seconds, pressure drop < 14 kPa.

¢) Fuel cell engine in various operating conditions during operation, hydrogen circuit of hydrogen leakage

concentration < 0.005 %o at all connection points.
6. 11 Insulation resistance

The insulation test of the fuel cell engine is carried out in accordance with 7.12, and the required

insulation resistance value shall meet the insulation resistance >1000 Q/V.
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6.12 Mass Specific Power

The test is conducted in accordance with 7.13, and the required mass specific power shall meet the system
design objective and shall not be less than 550W/kg.

6. 13 Vibration performance

Conduct the test in accordance with 7.14, and require that after the completion of the test, the fuel cell
engine maintains reliable connection, intact structure, no obvious deformation, and the fuel cell engine can

work normally.
6. 14 Waterproof and dustproof

Components in the fuel cell engine that need to have waterproof and dustproof capability shall be tested
in accordance with the requirements of 7.15, and the test results shall meet the requirements of IP67 and above
in GB/T 4208-2017.

6. 15 Flame retardant requirements for non-metallic materials

The non-metallic materials on the fuel cell engine shall use flame retardant materials, and the combustion
characteristics of the non-metallic materials except the battery stack shall be tested in accordance with 7.16,
and the test results shall comply with the following provisions:

a) The materials of the parts meeting any of the following conditions shall meet the requirements of
horizontal combustion class HB and vertical combustion class V-0:

1) The weight of a single component is = 50g;

2) The total weight of parts of the same model in a single fuel cell engine = 200g.

b) The materials of other non-metallic parts should meet the requirements of horizontal combustion HB75

and vertical combustion V-2.

7 Test methods

7.1 General test conditions
7.1.1 Environmental conditions

Unless otherwise specified, the test shall be conducted in the following environment:
a) A temperature of 23°C + 5°C;

b) Relative humidity of 15% to 90%;

¢) Atmospheric pressure of 86kPa to 106kPa.

Note: References to room temperature in this document are to 23°C + 5°C.

7.1.2 Test instrument requirements
7.1.2.1 Accuracy of measuring instruments

Unless otherwise specified, there is no restriction on the range of the measuring instrument, and the
precision accuracy of the measuring instrument shall meet the following requirements:

a) Voltage test device: = 0.5 grade;

b) Current test device: =0.5 grade;

¢) Temperature test device: +0.5°C;
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d) Time measurement device: £0.1%;

e) Dimension measuring device: +0.1%;

f) Mass measuring device: £0.1%;

g) Conductivity testing device: accuracy < 4-5%;

h) Hydrogen leak detector: accuracy = =+ 5% FS, range not less than 0 %o ~ 10 %o.

7.1.2.2 Control accuracy of control instruments

The control accuracy of the control instrument shall meet the following requirements:
a) Voltage: £1%;

b) Current: +1%;

¢) Temperature: =1°C.

7.1.2.3 Test data acquisition instrument requirements

During the test, the data acquisition frequency meter loading error shall meet the following requirements:
a) The test data acquisition frequency shall not be lower than 5Hz;
b) In the calculation of power, efficiency and other parameters, it shall be trimmed to 2 decimal places

according to GB/T 8170-2008, except for special instructions.
7.1.3 Test pre-processing
7.1.3.1 Ambient immersion methods

The requirements for ambient immersion are as follows:

a) Before immersion, complete the process of switching on and off the fuel cell engine once and turn off
the fuel cell engine;

b) The fuel cell engine (with coolant filling completed) shall be left to stand at room temperature under
ambient conditions for a period of not less than 12h;

¢) During the immersion period, no changes shall be made to the fuel cell engine.
7.1.3.2 Low temperature (below 0°C) immersion method

For the fuel cell engine low temperature cold start test, the radiator or heat exchanger used for the fuel cell
engine shall be placed in an environmental chamber. The specific requirements are as follows:

a) During the immersion process, before the set temperature is reached, an on/off operation may be
performed after the environmental compartment has been lowered to the manufacturer's specified temperature
and has lasted for a certain period of time (determined by the manufacturer according to the technical
requirements of the product);

b) The fuel cell engine shall be started to idle (or the lowest power point of the fuel cell engine) for a
duration (including starting) of not more than 3min;

¢) Then immediately turn off the fuel cell engine;

d) When the ambient temperature reaches the set temperature, the timing shall start and the effective
soaking time shall be not less than 12h.

Note 1: During the whole low temperature cold start and low temperature operation, the temperature of
the ambient chamber is controlled at £2.0°C of the set temperature and below 0°C.

Note 2: Effective immersion time means the time from the start of timing after the temperature of the

environmental chamber reaches the set temperature to the end of immersion.



T/ZSA 170—2023

7.1.3.3 High temperature (below 50°C) immersion method

The requirements for high temperature immersion are as follows:

a) Before immersion, complete a fuel cell engine switching process and turn off the fuel cell engine;

b) The radiator or heat exchanger used for the fuel cell engine shall be placed in the environmental
chamber during the fuel cell engine high temperature operational test;

¢) The temperature of the environmental chamber shall be set to 50.0°C and the relative humidity shall be
set to 40% to 90%, and timing shall start when the ambient temperature reaches the set temperature, and the
effective immersion time shall be not less than 2h.

Note 1: During the whole high-temperature immersion and high-temperature operation, the temperature
of the environmental chamber is controlled within £2.0°C of the set temperature.

Note 2: Effective immersion time means the time from the start of timing after the temperature of the

environmental chamber reaches the set temperature to the end of immersion.
7.1.3.4 Warm-up method

In accordance with the manufacturer's operating regulations, operate the fuel cell engine at a certain
power while checking the outlet temperature of the fuel cell engine coolant. When the outlet temperature of the
fuel cell engine coolant reaches the normal operating temperature (which is specified by the manufacturer), the
fuel cell engine is considered to have reached the warm-up state.

7.2 Starting characteristic test
7.2.1 Normal temperature starting characteristic test
7.2.1.1 Cold Start Characteristics at Ambient Idle Speed

The test shall be conducted in accordance with the test method specified in 8.1.1.1 of GB/T 24554-2022,
and the fuel cell engine shall be at room temperature before the test, and the immersion treatment shall be
conducted in accordance with the immersion method of 7.1.3.1. The test process shall be carried out
automatically without manual intervention. The test results shall meet the requirements of 6.1.1.1.

7.2.1.2 Room temperature idling hot start characteristics

The test shall be conducted in accordance with the test method stipulated in 8.1.1.2 of GB/T 24554-2022.
Before the test, the fuel cell engine shall be at ambient temperature, and the engine shall be immersed in
accordance with the immersion method in 7.1.3.4. The test process shall be carried out automatically without
human intervention. The test results shall meet the requirements of 6.1.1.2.

7.2.1.3 Low temperature rated power cold start characteristics

The test shall be conducted in accordance with the test method stipulated in 8.1.2.2 of GB/T 24554-2022,
and the fuel cell engine shall be at ambient temperature before the test, and the immersion treatment shall be
carried out in accordance with the immersion method of 7.1.3.2 (ambient compartment temperature < -35°C).
The test process shall be carried out automatically without manual intervention. The test results shall meet the
requirements of 6.1.2.

7.3 Rated power test

7.3.1 Plain rated power test
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Conduct the test in accordance with the test method specified in 8.2 of GB/T 24554-2022, and the power

calculation method is shown in Appendix A. The state of the fuel cell engine is warmed up before the test, and
the test process shall be carried out automatically without artificial intervention. The test results shall meet the

requirements of 6.2.1.
7.3.2 Plateau rated power test

Select the field or use the environmental chamber to simulate the air pressure conditions at high altitude,
the state of the fuel cell engine before the test is the warm-up state, and the test process shall be carried out
automatically without manual intervention. Under each working condition, such as idling, partially loaded,
rated working condition, overloaded working condition, etc., the following are measured separately:

a) Fuel consumption;

b) The output current and voltage of the battery stack, and the net output current and voltage of the fuel
cell engine;

¢) Measure the power consumption of the auxiliary support operating system;

d) Recording of intake air temperature, intake air pressure, cooling water temperature, ambient
temperature and humidity;

At rated operating conditions and overload conditions, record the course of fuel cell engine output current
and voltage over time, the power calculation method is shown in Appendix A, and the test results shall meet
the requirements of 6.2.2.

Note: The fuel cell engine runs stably for 1h under rated working condition and 60s under overloaded

working condition.
7.4 Peak power test

Conduct the test in accordance with the test method specified in item 8.3 of GB/T 24554-2022, the state
of the fuel cell engine before the test is the warm-up state, and the test process shall be carried out

automatically without artificial intervention. The test results shall meet the requirements of 6.3.

7.5 Dynamic response test

The test shall be conducted in accordance with the test method specified in item 8.4 of GB/T 24554-2022,

and the test results shall meet the requirements of 6.4.
7.6 Steady state characteristic test

Conduct the test in accordance with the test method specified in item 8.5 of GB/T 24554-2022, and the

test results shall meet the requirements of 6.5.
7.7 High temperature characteristic test

Conduct the test in accordance with the test method stipulated in item 8.6 of GB/T 24554-2022, with the
fuel cell engine in the environment chamber before the test, set the temperature of the environment chamber at
50.0°C, and conduct the immersion treatment in accordance with the immersion method of 7.1.3.3. The test
process shall be carried out automatically without human intervention. The test results shall meet the

requirements of 6.6.
7.8 Dynamic average efficiency characteristic test

Conducted in accordance with the test method specified in item 8.7 of GB/T 24554-2022, see Appendix B

10



T/ZSA 170—2023

for specific calculations, and the test results shall meet the requirements of 6.7.
7.9 Hydrogen emission test

The hydrogen emission test is conducted in accordance with 6.1 of GB/T 37154-2018, and the specific
test steps are as follows:

a) The continuous running time at idle speed is 10min;

b) Then run continuously at 10%~90% rated power points in sequence, and the continuous running time
of each power point is 10min;

¢) Continuously record the hydrogen concentration during idling and continuous operation at each power
point.

The test results shall meet the requirements of 6.8.
7.10 Noise test

Conduct the noise test in accordance with the noise test method specified in GB/T 1859.4-2017, and the

test results shall meet the requirements of 6.9.
7.11  Air tightness test

The gas tightness test steps are as follows:

a) Close the fuel cell engine exhaust and drain valves and other switches connected to the outside;

b) Fill the hydrogen circuit of the fuel cell engine with inert gas such as hydrogen or nitrogen, and set the
pressure at 50kPa;

¢) Close the inlet valve immediately after the pressure is stabilized;

d) Hold pressure and record the pressure value in real time, and then calculate the pressure drop value.

The test results shall meet the requirements of 6.10.
7.12 Insulation (static) test

Test in accordance with the test methods specified in GB/T 24554-2022 8.9, and the test results shall meet

the requirements of 6.11.
7.13 Mass ratio power test

Test in accordance with the test methods specified in GB/T 24554-2022 8.10, and the test results shall

meet the requirements of 6.12.
7.14 Vibration test

Conduct the vibration test in accordance with the provisions of clause 4.1.2.7 of GB/T 28046.3-2011 test
standards, according to the Z, Y, X direction of each direction 32h, the test results shall meet the requirements
of 6.13.

7.15  Waterproof and dustproof test

Conduct the test according to the test methods specified in GB/T 4208-2017, and the test results shall

meet the requirements of 6.14.
7.16 Flame retardant test for non-metallic materials

Conduct the test of combustion characteristics of non-metallic materials in accordance with the horizontal

11
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and vertical methods specified in GB/T 2408-2021, and the test results shall meet the requirements of 6.15.

8 Marking, Packaging, Storage, Documentation

8.1 Signs
8.1.1.1 Product marking

On the appropriate position of the fuel cell engine, there shall be a reliably fixed sign:.

a) The content, appearance and performance of the product nameplate shall comply with the provisions of
GB/T 18411-2018;

b) The contents on the nameplate shall at least include the rated power, output voltage, output current,
ambient temperature, protection level and factory number of the fuel cell engine with traceability;

¢) The safety marking shall comply with the provisions of GB/T 2893.2-2020.

8.1.1.2 Hydrogen interface marking
The fuel cell engine shall clearly mark the inlet and outlet of hydrogen in the system.
8.1.1.3 Polarity marking
If the fuel cell engine electrical connectors have polarity, it should be marked.
8.1.1.4 Class B voltage cable marking
Class B voltage circuits in the cable and harness sheath should be distinguished by orange color.
8.1.1.5 Grounding mark

The grounding point should have obvious grounding symbols, which are based on the graphic symbol of
"protective grounding" in GB/T 4026-2019, and the symbol "PE" is used if necessary.
Note: These symbols should not be placed on bolts, removable washers or parts that may be dismantled

for use as connecting wires.
8.1.2 No-treading signs

For engine installation may be stomped on by personnel, but they do not have the safety of stomping on
the parts of the conditions, should be prohibited to stomp on the logo, the logo should meet the requirements of
GB/T 2894-2008, the logo should be affixed in a conspicuous position. As shown in Figure 2, the logo should
increase the text below the auxiliary information, the specific requirements should meet the requirements of
GB/T 2894-2008 in 4.5.

Figure 1 No Stomping Sign
8.1.3 Warning signs

Warning signs shall be utilized on fuel cell engine areas where hazards exist, including but not limited to.

12
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a) Electrical shock hazard;

b) High temperatures, see Figure 3;
¢) Flammable gases;

d) Corrosive and toxic media;

e) gases under pressure, see Figure 4.

Figure 1 Beware of High Temperature Surface Markings

Figure 1 High voltage warning signs
8.1.4 Packaging symbols
Fuel cell engine packaging should be labeled and comply with the provisions of GB/T 191-2008.
8.2 Packaging

Fuel cell engine packaging should meet the following requirements:

a) Moisture-proof, vibration-proof, pollution-proof, and free from ammonia, sulfide, and volatile organic
gases;

b) Ensure good fixation and retain suitable clearance;

¢) Labeling on the box with graphic symbols for packaging, storage and transportation.

8.3 Storage
8.3.1 Ambient storage

The following requirements shall be met when storing at room temperature:

a) All external piping interfaces of the product should be sealed with silicone caps or tapes to prevent dust
and foreign matter from entering the system and inside the fuel cell and blocking the piping and the flow path
of the fuel cell;

b) The external connector interface of the product should be sealed with adhesive tape to prevent dust and
foreign matter from entering the inside of the connector, which will reduce the insulation resistance value or
lead to a short circuit between the two pins;

¢) The product should be externally connected to the end of the wire harness, wrapped with insulating
tape to prevent shorting between the two harnesses or lapping with other external power supply equipment,

resulting in unnecessary hazards.

8.3.2 Low temperature storage

13
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The following requirements shall be met for low temperature storage:

a) If the product is dry stacked, it can be stored directly and the minimum storage temperature can be up

to -40°C;

8.4

b) If the product is in wet stacks, it needs to be cold purged as follows:

1) Supply the product with hydrogen/nitrogen gas;

2) Install a simple air filter module for the product air;

3) Connect the 24V and high-voltage power and control connectors on the product;
4) Execute the cold purge control command until the process is complete;

5) Execute cryogenic storage after the above steps are completed.
Documentation

Fuel cell engines shall be shipped with at least the following documentation.
a) Certificate of Product Conformity;

b) Product instruction manual;

¢) Product installation manual;

d) Packing list.
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APPENDIX A
(Normative)

Common Calculation Formulas

A.1 Fuel Cell Engine Power

Fuel cell engine power is calculated according to formula (A.1):

In the formula:

Pr - power of fuel cell engine in kW kW;

Ur - voltage of the fuel cell engine in volts V;

Ir - the current of the fuel cell engine, unit Ampere A.



APPENDIX B
(Normative)
Dynamic Average Power Test Data Processing

B.1 Actual hydrogen consumption of fuel cell engine

Hydrogen consumption is measured according to the method specified in GB/T 35178. If hydrogen is recorded
as a result in flow unit, the measured hydrogen consumption of fuel cell engine power during a certain period
of time is calculated according to formula (B.1):

= s M PN i (B.1)
In the formula:
,—measured hydrogen consumption of fuel cell engine power in grams (g);
,—fuel cell engine power measured hydrogen flow in grams per second (g/s);
1 —start time in seconds (s);
» —end time in seconds (s);
B.2 Fuel Cell Engine Energy
The fuel cell engine energy is calculated according to equation (B.2):
_ 2
= (B.2)
In the formula:
—Fuel cell engine energy in a certain period of time in kilojoules (kJ);
—Power of the fuel cell stack in kilowatts (kW).
B.3 Dynamic average efficiency of fuel cell engine
The fuel cell engine dynamic average efficiency is calculated according to equation (B.3):
1000
=——x100%
2 2
............................................... (B.3)

In the formula:
—Energy of the fuel cell engine during a certain period of time in kilojoules (kJ);
,—measured hydrogen consumption of fuel cell engine power in grams (g);
,—low calorific value of hydrogen, 1.2 X 10°kJ/kg;:

—dynamic average efficiency of fuel cell engine.
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