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A Evaluation on the Effect of Vibration for the Application of PEMFC Stack
to Unmanned Aircraft
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TCorresponding author :
wooni@kgs.or.kr Abstract >> Recently, research is being conducted to use a fuel cell as a power

_ source of unmanned aircraft. However, safety standards about applying fuel
Ez\iies'zzd ;%':2;’;";2:"2(2)2;8 cells to unmanned aircraft are insufficient. In this paper, to improve the safety of
Accepted 30 December, 2018 the fuel cells for unmanned aircraft is experimentally studied. For this reason,

standards for safety of fuel cells were analyzed. And influence of vibration among
the evaluation items related to the safety of the fuel cell for unmanned aircraft
was discussed. In order to, at constant intervals, vibration was applied to the fuel
cell, then the performance was measured, the measurement items were gas
tightness, polarization curve, frequency response analysis (FRA). A total of 220
hours was experimented at 20 hour intervals. the result of vibration test, gas
leakage rate was a maximum of -0.04826 kPa/min and Polarization curve
reached a maximum of 1.0103 times of the initial value, the charge transfer re-
sistance reached a maximum of 1.0104 times of the initial value. This research
indicate that performance of fuel cell is affected by vibration and this study is ex-
pected to contribute to the safety of fuel cell for unmanned aircraft.
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Table 1. Standard related to fuel cells safetye'”)

Nation Standard
IEC 62282-5-1: 2007
IEC
Portable fuel cell power systems - safety
ANSI/CSA America FC3: 2004
America | American national standard for portable fuel

cell power systems
JIS C 8823: 2008
Japan Testing methods for small polymer electrolyte
fuel cell power systems
KS CIEC 62282-7-1: 2013
Fuel cell technologies-Part 7-1: single cell test
methods for polymer electrolyte fuel cell
(PEFC)
KS CIEC 62282-4-101: 2014
Fuel cell technologies — Part 4-101: fuel cell
power systems for propulsion other than road

Korea

vehicles and auxiliary power units
(APU)-Safety of electrically powered
industrial trucks

KS W 9001: 2018
Unmanned aircraft systems — Design for UAV

Table 2. Summary of standard assessments list for fuel cells®""

Component Assessments list
- Leakage test for liquid fueled
- Pressure test
Fuel - Flammable gas concentration test
. - Component temperatures
processing
- Storage temperatures
- Stress corrosion cracking
- Protection against mechanical hazards
- Physical environment
Oxidant - Operating conditions leakage test
processing | - Pressure test
- Protection against mechanical hazards
Water - Leakage test
processing - Pressure test
- Surface temperatures
Heat P
. - Component temperatures
processing o
- Stability performance
- Insulating material
Power control .
. - Earthing test
equipment .
- Leakage current at operating temperature
Automatic - Abnormal operation
control - Shut down
equipment - Protection against electric shock
- Stabili - Free drop test
Fuel cell . ty . P
- Vibration - Wind test
module
- Impact test - Strength test
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Fig. 1. Photograph of test fuel cell, (a) front-view, (b) top-view,
(c) cathode-view, (d) anode-view
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Table 3. Operational conditions for polarization curve
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Table 4. Operational conditions for FRA

Parameters Value Parameters Value

Relative humidity of hydrogen 100% Relative humidity of hydrogen 100%

Relative humidity of air 100% Relative humidity of air 100%
Stoichiometry of hydrogen 1.5 Flow rate of hydrogen 53 Scem
Stoichiometry of air 2 Flow rate of air 170 Sccm

Hydrogen inlet humidifier temperature 60C Hydrogen inlet humidifier temperature 60C

Air inlet humidifier temperature 60C Air inlet humidifier temperature 60C

Cell temperature 60C Cell temperature 60C

Hydrogen outlet pressure 0 psi Hydrogen outlet pressure 0 psi

Air outlet pressure 0 psi Air outlet pressure 0 psi
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