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Abstract >> As the application of multirotor grows, the demands for multirotor
that can fly longer and load more are increasing. Hydrogen has a high energy
density, so it can satisfy these demands when used in multirotor. In order to de-
sign hydrogen fueled multirotor that satisfies the desired flight time and payload,
itis important to calculate the specifications of a fuel cell, battery, and hydrogen
storage system. This paper contains detailed information on various energy sys-
tems used in multirotor and fuel cell powered multirotor research trends. This
study proposed a sizing calculation method that meets the target flight time and
payload using thrust and power equations. It has been explained how the two
equations derive the particular specifications. The specifications of the multi-
rotor were derived by assuming a payload of 50 kg and a flight time of 1 hour. In
addition, the effects of the values of the fuel cell, hydrogen storage system, and
motor propeller were analyzed.
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Table 1. Fuel cell propulsion multirotor drones®
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Power [W]

Weight [kg]

Fig. 1. Power and weight of PEMFC systems

Fuelcell [MTOW [Payload| Endurance

Year Company Name R (i,(g) (hr) Hydrogen type
2015 HES HyCopter-1 200 5.2 1 2.5-4 Compressed H,
2015 EnergyOr H2Quad 400 - 6.3 0.4 2-3.75 -

2016 MMC HyDrone 1550 1,800 22 5 -2.5 Compressed H,
2016 MMC HyDrone 1800 1,800 - 5 4 Compressed H,
2017 FlightWaveSystems/IE Jupiter-H2 650 - 1.25 2-3 Compressed H,
2018 HES HyCopter 1,500 15 2.5 -3.5 Compressed H,
2019 Intelligent Energy and MetaVista LH2 multirotor 800 - - -12 Liquid H,
2019 Ballard and BFD systems H2-6 1,200 12 2 1-1.5 | Compressed H,
2019 Doosan DS-30 2,600 249 5 -2 Compressed H,
2020 Nordic Unmmaned Staaker BG-200 - 25 9 -1 Compressed H,
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Table 2. Multirotor design parameters
Design parameters Value
Payload W, (kg)
Target
Endurance teng (hr)
Weight Wec (kg)
Fuel cell Power Prc (kW)
Specific power Dy rc (kW/kg)
Weight Wi (kg)
Power Prae (kW)
Battery Specific energy Dk, bat (kWh/kg)
Degree of N
hybridization Boat (%)
Operating time toae (hr)
Weight Wi (kg)
Hydrogen storage Energy Ein (kWh)
Specific energy Dk, 2 (kWh/kg)
Weight Winotor (Kg)
Thrust Trmotor (kg_thrust)
Motor & propeller Power consume Pootor (kW)
Efficiency Numotor (kg_thrust/kW)
Weight to power .
ratio Emotor (kg_weight/kW)
Fame Weight Wk (kg)
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Design parameters Value Fig. 2. Design conditions of motor thrust and fuelcell power for
Payload 50 (kg) multirotor
Target
Endurance 1 (hr)
Fuel cell Specific power 0.583 (kW/kg) Table 4. Multirotor components weight
Specific energy 0.18 (kWh/kg)
D ¢ Components Weight (kg)
egree O 0
Battery hybridization 40 (%) Payload 50
Operating time 5 (min) Fuel cell 44.6
Hydrogen storage| Specific energy 0.9 (kWh/kg) Battery 8
Efficiency 6.5 (kg_thrust/kW) Hydrogen storage 289
Motor & propeller| Weight to power ) Motor & propeller 21.8
ratio 0.84 (kg_weight/kW) Fame 15
Fame Weight 15 (kg) Total 168.3
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Table 5. Multirotor design parameters case study

Design parameters Value Note
0.333 Liquid cooling
Fuel cell (kW/kg) 0.583 Air cooling
0.860 Air cooling
0.9 300 bar
Hydrogen storage
1.4 700 bar
(kWh/kg) —
3.8 Liquid H,
6.0 -
Motor & propeller 6.5 i
(kg_thrust/kW) -
7.0 -
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