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Study on Sizing Calculation Method of Fuel Cell Propulsion Multirotor
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yskim@kimm.re.kr 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

Rec.eived 15 November, 2021 density, so it can satisfy these demands when used in multirotor. In order to de-
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Accepted 16 December, 2021 Sigh 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.

Key words : Fuel cell(31 & M X|), Multirotor(2 E| Z E{), Drone(E £), Sizing(Ato| %),
Power(£ &), Weight(5 %)

.M E Stk SR yE gfsto] W FYS DA

7] S8 A AL 2 glom, o] % 4

HelBY ol B4R AG FHOR QIS B £ ol§F oA Mgl ke ofux Umet

A9 BAVE 03 /L Hgon] olo] ueh  ollsheiag wASH grechs HelAl vl Sy
B4 sjde] B ASE Fol ol gAE  oluxdoR Fuuw gk

S e AR oAU BE LAt FAS 58], ph dRAA JlEe $5E FRAA A

542
2027 The Korean Hydrogen and New Energy Society. All rights reserved.



S 2 ARgSRaA} Sk °4%L7} Tsuﬂ—l— Ak 2719
€ 72 249 F4 P79 sEdoR AMgste
= A77F Y=gl oy HelEE o] way o E
ElEEe] PR Agsi e 97 s3E
AUk HE|FEE EFEE W82 SPA ¢il, 4
oj&53} A HlFe] Thsdlthke Sl A
FE7100 vlste] A& 7HAAL Q1o ol Abedstof
oA F-g=7F AXAL ik

HE|FE = 249 Fa71l Blste] o 2 A

CESERRPERE

of

2 wato] ghgol £t

WiEl2|S 2w o) galo] A Tay v
zggog 3 A ujgele Fe oz Wrg
Qlalo] AAIZre] HIBAIZHS Shmals B o2&l

SIEF. ARAIZER) HIAAIZES: Slste] AAla 2 vl
7138 ol g3to] HElEES AR S 4
A mae} A%, olAlseke WA 2 EAL
Ay,

=)
I
=
)
)
et
Sl
2
fu
a?:

6}71 3l & o
E’Z%XV} He]
ot A=A

]
T
ol

off
JSE‘.

A Sfelsele el A
o BHL AHgs, 714 2
oA wiEe] Boe BEs g 2
A EEo] F4S sto] LAtk

HelFEE BEE s JrE 24T T
ue A 4 2
ST HIAIol 0}
S EEEEE S ED %ﬁ, ol A
2 Astol Aol S AT,

2 A Ix

Vol. 32, No. 6, December 2021

g Bol, mEl LHeio] e, £ 29, of
UA| o] AT A28 2 RAlo] JFFS u]]n]
/\]/\Eugq Z DL wE zgdo] 2 _‘J(%Ej‘%

2ol thA] JFS Fh 8ol &
wyg H]Eﬂ/\] (2 WSS S8l 9as she 0]]1:]1]
AT FoluA EHa, o] E3H AAH & B0
FF= 7 "ok webA WS S i sk ¢
e 5FE R 3l A|AH] Alo]A] AAbo] 7158

”*FJ*EH At At Rl Higt At 2
HiE g &2 AR ol 8shke AlLFe] disto] T
7F HFglom, 2o o2 ARMAE olEdh=
ElFE e $30 A" Aol AL Wl ek
T e dAEel s AE A

Putra 52 e AoFe] AA W F 457
A A Bagt Y ol T ALY M= A
Aerslgon, B 7|Wto g AMEX7| HE

A /\]/\Eﬂ_,] _,,]X—l A}O]X]O A-}Eﬂtﬂ— 2~ 31
1tk Gattio} Giulietti?= He]ZE ] 95
xRulst P 2T RS vigo weelE A
Yoz s WelgH 1 A2 Alold A
S A AEFAL) Dai S8 gFav)o] HzAYo
2 A7ARE ARESH] Y3 polymer electrolyte
membrane fuel cell (PEMFC) 7|4t A AAAA]E
A AAAsEAL A2 F=F AL e Al
L o= 2=a)5)c) Ustolind} Taccani’= HE|S
Bo) 22 A2® Aolg A B Heleel
e mzupelo] ufet wiele] A|Lwla AR u
slolB el A|AHIS] HAA oHE AXT=
Aerateiet. Apeland 572 ol &A%<} g
folHe| =2 o] gsl= WElFE | Aleld A
3l stojHe= A2 H HElFE Y A Ths
o wijE 2] AAgake] dee FEekste] vlal

o
-

il

o

o,
rE ©

o
ol ﬂllo

e oo

dr e

21’,
L3R
s

E|2E Q] A|AE Alo]d A Al e
REO2 shA, of7] 23k& Felf o9 At

& =2 A|AE0] Alo]AL AAlo]

AL BE SASET v

4y S o
OU%T
flo X
_r_,_4
m]or_.amg

o
it}
2,
J"L
M ol
FB.

Transactions of the Korean Hydrogen and New Energy Society <<



2. IBHX| HEISE AAY Y T4 Q4

7§ O
A7AA] At A=A 27 HE|FE o ek ARF
st e Elo]lnno] oA EA]
3k DS300] 2.6 kW= AR|7H2] o A=A &9
A2, Nordic unmanned (Sandnes, Norway)©]|
1 ZA ]31— Staaker BG-2000] -FAIS1E 9 kgl & 7}
==

o
o
o
ﬁCrl'(
s
%

f

A 2 GASEEOR Ml stk HlaARke] 7
9 a5 AMEIHE A9 1417014 4417F vjelo]
H[AIZES FIA, oA S AR HE S
ofZ] W= Qldte] 1241k b7to] HlAsHE A&
ol

2.2 4 HRXX| AAH
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Fig. 1. Power and weight of PEMFC systems

Fuelcell [MTOW |Payload| Endurance

Year Company Name power(W)| (ke) (}l,<g) () 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 tend (hr)
Weight Wec (kg)
Fuel cell Power Prc (kW)
Specific power Dp rc (kW/kg)
Weight Wha (kg)
Power Poa (kW)
Battery Specific energy Dk, bat (kWh/kg)
Operating time tpa (hr)
Weight Wiz (kg)
Hydrogen storage Energy Em (kWh)
Specific energy Dk, w2 (kWh/kg)
Weight Winotor (kg)
Thrust Tinotor (kg_thrust)
Power consume Protor (kW)

Motor & propeller

Efficiency Nmotor (Kg_thrust/kW)

Weight to power
ratio

Fame Weight

emotor (kg_weight/kW)

Wr (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)
Components Weight (kg)
Batte Degree of 40 (%)
i hybridization 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 28.9
Motor & propeller| Weight to power ) Motor & propeller 21.8
ratio 084 (keg_weightkW) Fame 15
Fame Weight 15 (kg) Total 168.3
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Fig. 3. Design conditions of motor thrust and fuel cell power for
multirotor (payload 50 kg to 100 kg)

\A
\4
o
_HJ
[
=
>

I0fL{R[f=

o
rr
ro
ied]

29| &8e 47 kWHOE Z75tc)
Table 39| A AFFE2 "S_EPHX].,] 28 2407
A 299 B, we zedee] 5] oot
4= oltk walA] ZF 34 _QL_/J\_.E_Q] A|2~E ALo] A
o ol §E FEA $4E Sk A 4
A QIAES] ZHE Table 5ol #7134t
SEREAB I E RS2 I S RPN
A HolE Hol7] ujRe], Se4A] A2w)
e ISPARN I X ul*vaaiu} g
A5t Ao e} vz
55 @8 wem AgdTh
i A N2RE 1Y Sl B
Qrelo] Hjol7} A7|u, oA ] 7 of
A =S 77 el = 7 LY et

AR S0 AUH DES Ak

=

[e]

B ol v >
Mg > Ho o
e

—l[‘l
34_
3
il
T
3
N OH =
=2

_l
£

——Thrust line(Endurance:1h)
- --Power line(Endurance:1h)

80 | —Thrust line(Endurance:2h)
E - - -Power line(Endurance:2h)
z 60
3 B
z -
g T -
= 4TkW AL
& 40 e -2
I e G NS PEELL S
£ F= 26 K e

20

168 kg 305kg

0 100 200 300 400
Motor thrust [kg]

Fig. 4. Design conditions of motor thrust and fuelcell power for
multirotor (endurance 1 hour to 2 hours)

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
(kWhike) 700 bar
3.8 Liquid H»
6.0 -
Motor & propeller 65
(kg_thrust/kW) -
7.0 -
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