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The Tilt Effect on Electrochemical Performances and Safety Parameter
of a Fuel Cell System Applied to Unmanned Aerial Vehicles

JAE-UK CHOI, JONG-WOO LIM, SUNG-JOON CHOI, JUNG-WOON LEE'

Institute of Gas Safety R&D, Korea Gas Safety Corporation, 1390 Wonjung-ro, Maengdong-myeon, Eumseong 27738, Korea

TCorresponding author :
ljw@kgs.or.kr Abstract >> Unmanned aerial vehicles (UAVs) employing hydrogen fuel cells as

_ power sources have been studied in a wide range of applications. The safety
Ezsies';lzd 2213 izzfer;;;' 2020 gtandards for the hydrogen fuel cells have not been established yet. For this, it is
Accepted 28 April, 2021 necessary to identify the failures and performance degradations that may occur

during a unit cell evaluation according to the UAVS’ operation conditions. In this
study, the change of electrochemical performances and safety parameters such
as sealing and pressure differential characteristics were investigated depending
on the tile angles of the unit cell.
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Fig. 1. Fuel cell test station used in this study

Fig. 2. Tilting equipment used in this study
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- Gasket : teflon fabric
- GDL : SGL 39BC
- Size : 5 cm*5 cm (25 cmz)
- Channel : 4 channels
- Current collector : Plate type
- Relative humidity : An 100% / Ca 100%
- Output range : 0.5-0.6 V
-0CV:092V
- Operating temperature : 70C

Fig. 3. PEMFC unit cell and its specification

Table 1. Operating condition of tilting test

Parameter X-axis Y-axis Z-axis
Time (min) 20 20 20
Velocity (m/min) 6
Tilting angle (°) -18to 18
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Table 2. Operating condition for polarization curve and rated
operating condition

Parameter Value
Stoichiometry of hydrogen gas 1.5
Stoichiometry of oxygen gas 2
Relative humidity of hydrogen gas (%) 100
Relative humidity of oxygen gas (%) 100
Cell temperature (C) 70
Maximum current density (mA/cm’)* 3,000
Rated operating current (A)° 55

*Operating condition of polarization curve
°Rated operating condition

or

Test start
Rated operating condition —
* Normal state
2
J Polarization Curve B
3
J N; Purge
4 | _ .
Tilting condition
Rated operating condition 1
* Tilting State
1
Q Polarization Curve
Differential pressurising test
8 | .
Sealing test
Test end
Fig. 4. Procedure of performance tests
Angle(°
) gle(®) - 18 +18
Axis
X
Y
Z

Fig. 5. Experiment scene of tilting test
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Fig. 7. Test result of sealing test
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Fig. 9. Test result of differential pressurising test (Anode 50
kPa, Cathode 30 Kpa)

Table 3. Method of tilting test

Fuel cell test condition| Collaboration with the
(polarization curve, unmanned aerial
Rated operation) vehicle manufacturer
Operahtt.ing Direction X, Y, Z-axis
condition Time (min) 20 min/axis
Velocity (m/min) 6
Tilting angle (°) -18to 18
Test .
Fig. 4. Procedure of performance tests
procedure
* There shall be no leakage
. * The fuel cell power system shall not be
Requirement . ..
of safe adversely affected by tilt condition.
vl Parts shall not show signs of rupture, fracture,
deformation or other physical damage
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