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A Study on the Development of Safety Standard through the Risk
Assessment for Fuel Cell System Applied to UAV
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ljw@kgs.or.kr Abstract >> Fuel cell powered unmanned aerial vehicles (UAV) are globally being

developed for various application according to hydrogen roadmap. However,

Rec.eived 80 November, 2023 safety standards for hydrogen fuel cell for UAV have not been established.
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Accepted 6 February, 2024 Therefore, in this study, we derive safety data based on risk assessment to devel-
op safety standards for fuel cells for UAV. We use fault tree analysis method
which is broadly used in hydrogen facilities as a risk assessment tool. We set hy-
drogen leaks and fires as top events and derived the basic events. Safety data for
the basic events were derived by quoting overseas safety standards related to
fuel cells. The safety data will be used for developing fuel cell inspection stand-
ard according to Act on Hydrogen Economy Promotion and Hydrogen Safety
Management.
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Table 1. High pressure gas accidents for 10 years
Leak |Explosion| Fire | Heated | Total
0O, 2 8 6 6 22
NH; 33 1 - 4 38
H, 3 3 14 - 20
N 3 - - 3 6
H,COs 4 - - - 4
Cl 8 - - - 8
CH, - 5 1 1 7
C;Hs - - 2 - 2
Total 53 17 23 14 107
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Fig. 3. Schematic of fuel cell system
Table 2. Hazard identification
Hazard Standard Subject Hazard Standard Subject
Insulation Sand and dust
Dielectric strength Waterproofness
[EC62282-4-202 Insulation resistance RTCA/DO-160 Humidity
Electrical safety ASTM F3316 — Environmental ASTM F3066 -
IEC60952-1 Earth continuity IEC60952-1 Icing
Leakage current Vibration
Protect electric shock Salt fog
Flammability gas Drop
Oxidizing gas Crashing
Explosion safety | IEC60079-10-1 Ignition source Vehicle safety KAS Part 27 Impact
Fire Malfunction
Pressure Angle

Vol. 35, No. 1, February 2024

Journal of Hydrog

en and New Energy <<



£5t01%

i

fjo

60 01 MBS HEXIK| AL 924 F4y
—_—

AN 2718 A o
Makelo] wAyaeh w3t wfEle] B} ] Fu)A
Bok 2 oA A% ARl B 1ol 9l
j

L34 B2 9 3] 9 WY caseE Table 31}

HEAA] AL & 5445 s 24 FAE
= top-down 41 B85 At AMSS SHAE A
OJ5F3aL Table 304 E72F 4 += W A

A ol disliA a4 ) Hokd HAS A9
Holoz 18j3}o] Fig. 49] tree analysisE LERH
th FTA 45 S8l 74 75, 3 5 A aE
op7|she 7|2 ARIS EESIIAL I 7|2 AR
it sjef7lE B4 F6l AAE H7|ES vk

st
3. g+ Ay

3.1 7|12 AM(basic event) EE

3.1.1 288, mg, ooj=

1o
2

Fig. 4(a)= WE, 9§, w}o]Lof ]
taiA B19] AMdS U A, 9
,]

¢
1z H{HN’

Mo b

n

&Y
Ao b

N
L

S
Rl
oz

K

ol
10
)
_@_
H

%
Jo
ot

ol e |o

iy
el
1o
S
o 1%
i
o
[>
1
o
I
4z
1
=)
N
s

m
=
Hr
fl

i
b
e}
i
)
1o
ot
_IO
o
2
o

4c 1o

&

[>

o

4

N4}

é
Y2
P
RN
Hm o

Table 3. Case of fire hazard

1= 7N

Element Event
Valve, fitting, pipe Leak
Battery module, super capacitor Fire

Electrical component Ignition source

Fuel cell stack Leak
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(a) Fault tree diagram for hydrogen leakage from valve - fitting - pipe

(b) Fault tree diagram for fire at battery module or super capacitor

Fig. 4. Fault tree diagram
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Table 4. Safety data derived for each device

=4 Ealo] 9lelL 1) w2 31A)(membrane elec-
trode assembly, MEA)2] &3glof oIt =5 £AF HF
2, 2) A% M, 3) BALT AR GO BE
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£

Element Event Safety data (Standard, clause)
Leak from Internal leakage Hydrogen suitability — Non-metallic permeability (KS M ISO 4080)
valve, Pressure and thermal protection (IEC62282-4-101, 4.3)
fitting, pipe Valve internal leakage yest (ANSI Z21.21,2.4)
Temperature-humidity cycle (RTCA DO160, section 5,6)
Anti-corrosion test (ISO23551-1, 6.3)
External leakage Elastomer seal and gasket anti- corrosion test (IEC62282-4-101, 5.21)
Vibration test (RTCA DO160, Section 8)
Valve sealing test (ANSI Z21.21, 2.4)
Pressure test (IEC62282-4-101, 5.6)
Salt Spray test (RTCA DO160, section 14)
Physical damage Impact test (RTCA DO160, section7)
Fire at Membrane defect Impact&drop test(RTCA DO160, sSection 7)
battery Overpotential & overheating emergency stop (IEC62133, 8.3.4, 8.3.6)
module or Overheating BMS standard (KC62619, 8.2)
super Connector fail Vibration test (RTCA DO160, section 8)
capacitor
Leakage / Short Insulation structure and insulation strength (IEC62133, 5.2)
Electrical connector fastening force (IEC62133, 5.6)
IP code (RTCA DO160, section 10,12)
Physical deformation Compressive Test (IEC62133, 8.3.5)
Ignition at Spark Earth continuity test, grounding structure (IEC62282-4-101, 4.13)
electrical Overcurrent protecting device (IEC62282-4-101, 4.13)
component Short protection circuit (IEC62282-4-101, 4.13)
Tracking IP code (RTCA DO160, Section10,12)
Condensate removal (IEC62282-4-101, 4.12)
Electrical leakage Temperature-humidity cycle (RTCA DO160, section 5,6)
Insulation performance (IEC62282-4-101, 5.11)
Overheating Temperature rise performance (IEC62282-4-101, 5.8)
Leak from Hydrogen penetration Differential pressure test (IEC62282-2-100, 5.10)
fuel cell Material compatibility (IEC62282-2-100, 4.2)
stack Stacking defect Confidential test (TEC62282-2-100, 5.5)
Pressure Drop test (IEC62282-4-101, 5.14)
Insulation performance (IEC62282-4-101, 5.8)
Pinhole Vibration test (RTCA DO160, Section 8)
Overperssure Pressure and thermal protection (IEC62282-2-100, 5.8, 5.14)
Overheating Pressure and thermal protection (IEC62282-2-100, 5.8, 5.14)
Bolt looseness Insulation strength (IEC62282-2-100, 5.9)
Degradation of gasket and sealing |Elastomer seal and gasket anti-corrosion test (IEC 62282-4-101, 5.21)
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