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ABSTRACT

The adoption of hydrogen—powered Elec is expanding globally. Hydrogen is recognized as a potentially

hazardous energy source, and safety assessment is crucial for the development of plans to supply hydrogen—

powered electric buses. Hydrogen gas leakage can have a significant impact during bus operations, and

continuous hydrogen leakage in hydrogen—powered vehicles can result in fatal accidents. In this study,

information about hydrogen leakage is collected through sensors installed within the vehicles and is measured

when the sensor detects a leak. The study also proposes the use of Pseudo Fuel Leakage (PFL, %) as an

additional indicator for evaluating and monitoring hydrogen safety and leakage.
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Table 1 Hydrogen leakage sensing

Sensing and
Channel | Hydrogen Leakage (%) Index Detecting
Position
FuelTank_FuellLeakage Fuel Tank
FCU1 | FuelSupplySystem_FuelLeakage Fuel Supply
System
Stack_FuelLeakage Stack
FuelTank_FuellLeakag Fuel Tank
FCUZ2 | FuelSupplySystem_FuellLeakage Fuel Supply
System
Stack_FuelLeakage Stack
HydrogenTank1 Hydrogen
Tank
HMU1 vd
HydrogenTank?2 ydrogen
Tank
59



oA WA o by 2
9] gro] Lyehdehn AT, o) 2 £33l

ALY S dvlge) o)fgle] A UEhE 4
2 ofl= Ao R Foldnh olilE WAl F AAe
2 HEol 9 oHlE WY Ao A &E = F9-E
ARFE9 Aoz Aosit
Pseudo Fuel Leakage = Hﬁgize&%:%ﬁim *100 (1)
= aAg A (1 kW) § A8 20]Fo] FEshA =
& A%, ol vF AASAS B A8 A
o T A9 99 A 9 F IR Alge] 4
Fo R FopeR oy AHA R EA FAE AL, ol
i 99 HoR % 4 oY

3. Hiolef =& & JlE SA

AR 3 doje & S8l ‘i A2 A
A EAR AR s DAY A A7) WA 4
tfel DTG(Digital Tacho Graph) & VCU(Vehicle Control
Unit) & Z2skelet. @A & 2809 a2t AluE
S 1 Q) F 578E7(2021d 9€~2022d 29) 4
o] A AelA oF 208 79 299 3 HolHE

T BES 8 A Aol 2det A0 Yue
Table 29} 2t}

dlole 2+ el A xe AL

) 2l 4 dlolEls) Al9) e 19 FEEA
BER FE3G0M, 4] A S| FEE Fig
13} o] Lehdeh. o] Mot 3% B 345 kmhe] &

Table 2 Bus route information

Information Route Line No.27

Arrival time 23:59:00
Departure time 12:24:00
Route curvature 1.84907

Route length (km) 56.3311
Spacing of bus stops 0.356526

Origin Gapo high school
Destination Buk—myeon
Number of Bus—stops 158
Shortest Distance 30.4645
Travel time 158
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Ave: 34.5km/h(Std 31.4)
Max : 71.57km.h

__VehicleSpeed(km/h) Vehicle No3707 (1 Day)

Ave: 30.6km/h (Std 31.4)
Max : 71.57km.h

VehicleSpeed(km/h) Vehicle No3707 (1 Route)

“SystemTime

Fig. 1 Distribution of vehicle speed

Sudden Acceleration: 861cases(1.6% in total)
Sudden Deceleration: 340cases(0.6% in total)

Oriving Behaviour,  Vehicle No3707 (1 Day)

Sudden Acceleration: 118cases(2.2% in total)
Sudden Deceleration: 43cases(0.8% in total)
Oriving Behaviour,_Vehicle No3707 (1 Route)
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Fig. 3 The polarization curve of the stack operating
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Coefficient: -0.007, p-value: 0.18

between the Hydrogen Energy C: Rate(%)(kg/kW) and 1 Day
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Coefficient: —=0.022, p-value: 0.099*
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Fig. 4 Change in PFL(%) with speed
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Relationship between the Hydrogen Energy C ption Rate(%)(kg/kW) and peed( 1D0a

—e— Hydrogen Energy Consumption Rate(%)(kg/kW)

Hydrogen Energy Consumption Rate(%)(kg/kW)

I XTI r_lL

EG 3
Acceleration(km/h/s)

Coefficient: ~0.0004, p-value: 0.97

Relationship between the Hydrogen Energy Consumption Rate(%)(kg/kW) and VehicleSpeed(km/h)_1 Route
o
—— Hydrogen Energy Consumption Rate(%)(kg/kW)

o

10

Hydrogen Energy Consumption Rate(%)(kg/kW)
8

J Lﬁxl

3 ] 7
Acceleration(km/h/s)

Fig. 5 Change in PFL(%) with acceleration
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Over 2%: 24cases/Over 3%: 10cases/ Over 4%:6cases/Over 8%:1case

Hydrogen Energy Consumption Rate(%)(kg/kW)_1 Day.

g

Over 2%: 3cases/Over 3%: 2cases/ Over 4%:1cases/Over 8%:Ocase

Hydrogen Energy Consumption Rate(%)(kg/kW)_1 Route

SystemTime

Fig. 6 Distribution of PFL(%)
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Fig. 7 Result of route clustering

The Hydrogen Energy Consumption Rate(%)(kg/kW) per Groups_1 Day

06:00:00 08:00:00 10:00:00 12:00:00 14:00:00  16:00:00 18:00:00 20:00:00 22:00:00
SystemTime

Fig. 8 The PFL(%) per cluster link
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Table 3 ANOVA of difference in PFL(%) by route culster

Route Scheffe
. N PFL (%) F(p—value) |Post Hoc
clustering
tests
A 15,87410.0 £ 0.01
Clusterl ’ T
B 110,796 1.2 20,52 A<B, D
Cluster? 1255800.14#xx |  A=C
C. 12,827]0.0 £ 0.01 (000) caDb
Cluster3 ’ e C<D
D.
+
Clusterd 14,025] 5.3 £1.83
Total [53,522(0.6 £ 0.09

#*p<.10, ##p<.05, *#*+p<.01
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Table 4 t—test of difference in PFL(%) by driving behaviour

7].11—

o=

3 (Cluster 3)&= 4+

o]

= @

Dr1V1.n e N PFL (%) t statistic | p—value
behaviour
Bad 1 001 | 0.116 + 3919
driving
N | 1.989xx 047
ormat 37 670| 0.005 + 0.166
driving
Total |38,871] 0.012 £ 0.876

#p<.10, ##p<.05, *#++p<.01

Table 5 The monthly PFL(%) exceedance rate(%)

The monthly hydrogen leakage index
Category exceedance rate(%)
OCT DEC JAN FEB
5 20, N 326 2675 2568 141
0 % 0.0660 0.1935 0.1949 0.0579
N 265 2410 2351 63
> 3%
% 0.0537 0.1743 0.1785 0.0259
N 233 2312 2264 38
> 4%
% 0.0472 0.1673 0.1719 0.0156
> 8% N 132 2002 1969 13
0 % 0.0267 0.1448 0.1495 0.0053
Total number | g3 714 | 1 389,364 | 1,317,307 | 243,361
of data
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