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STUDY ON ELECTRIFICATION OF LIGHT HELICOPTER
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In recent years, Reduction of the environmental load has been advocated in all industries,

decarbonization is progressing as a global trend, and the aviation industry is no exception. While the
electrification of aircraft has been actively researched as well as the idea of using electric aircraft has
raised in the concept of UAM (Urban Air Mobility), which was devised as a new means of urban

transportation. However, there are major obstacles to the development of new aircraft, and it is possible
to apply to existing aircraft and bring them to market faster. It is expected that electric helicopters capable
of vertical takeoff and landing will be able to meet the demand, but there are little trial cases. In this

research, characteristics of a new electric light helicopter through conceptual design were discussed and

compared the performance and usability with the existing aircraft.
Key Words : Helicopter, Electrification, Electric Aircraft, Urban Air Mobility, Conceptual Design
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Fig. 1 Schematic of pure-electric propulsion system
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Fig. 2 Schematic of parallel hybrid propulsion system
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Fig. 3 Schematic of series hybrid propulsion system
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Table 1 Specifications of electric helicopter

Project Sikorsky Firefly Tier1 Engineering R22e
Modified Helicopter Schweizer S300 Robinson R44 Robinson R22
Gross Weight [Ib] 2150 2500 1362
Passenger 2 4 2
Motor power [HP] 190 3-phase motors 215
Battery Weight [Ib] 585 1100 365
Blades 3 2 2
Endurance [min] 15 20 36
First flight 2010 2016 -
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Fig. 5 Diagram of the hybrid electric helicopter power system
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Table 2 Specification of main rotor

Main rotor
Radius 16.5 [ft]
Chord 0.96 [ft]
Gross weight 2700 [Ib]
Rotational velocity 42.73 [rad/s]
Tip velocity 704.97 [ft/s]
Number of the blade 2 [-1
Maximum rotational velocity 54.13 [rad/s]
Maximum tip velocity 893.08 [ft/s]
Disk loading 3.16 [Ib/ft2]
Advance ratio 0.29 [-1
Solidity 0.04 [-1
Coefficient of lift 0.54 [-1
Disk area 855.30 [ft2]
Rotor coefficient of thrust 0.003 [-1
Blade loading 0.09 [-1
Aspect ratio 17.22 [-1
Profile drag coefficient of the rotor 0.01 [-1
Table 3 Specification of tail rotor
Tail rotor
Radius 25 [ft]
Chord 0.46 [ft]
Distance from center-of-gravity to tail rotor hub 19 [ft]
Rotational velocity 254 [rad/s]
Tip velocity 635 [ft/s]
Number of the blade 2 [-]
Maximum rotational velocity 357.23 [rad/s]
Maximum tip velocity 893.08 [ft/s]
Thrust due to the tail rotor 151.59 [Ib]
Solidity 0.12 [
Disk area 19.63 [ft2]
Rotor coefficient of thrust 0.01 [-]
Aspect ratio 5.45 [-]

Profile drag coefficient of the rotor 0.01 [-]
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Fig. 9 Total required power of main rotor and tail rotor

Table 4 Calculated results of required power for maximum,
minimum and hovering

Maximum Minimum Hover
Power Velocity Power Velocity Power
[hp] [kt] [hp] [k [hp]
Parasite power 238.93 150 0 0 0
Profile power 75.15 150 48.34 0 48.34
Main Rotor Induced power 176.37 2 23.87 150 175.40
224.72 2
Total power 223.88 122 127.05 61 223.74
337.95 150
Profile power 5.95 150 3.53 0 3.53
Tail Rotor Induced power 10.27 122 151 92 10.16
Total power 13.80 2 5.73 71 13.70
238.52 2
Total Main & tail total 237.33 124 132.86 61 237.44
346.02 150
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Table 5 Required energy toward operating times

Total power [KWh]

Velocity — Required Operatting time [min]

[kt] power[kKW 5 10 15 30
Hovering 0 177.06 14.75 29.51 44.26 88.53
Minimum 61 99.08 8.26 16.51 24.77 49.54

110 146.04 12.17 24.34 36.51 73.02

120 167.28 13.94 27.88 41.82 83.64

130 192.85 16.07 32.14 48.21 96.42
Maximum 140 223.00 18.58 37.17 55.75 111.50

Operatting time [h]
1 1.5 2 25 3

Hovering 0 177.06 177.06 265.59 354.12 442.65 531.17
Minimum 61 99.08 99.08 148.61 198.15 247.69 297.23

110 146.04 146.04 219.06 292.09 365.11 438.13

120 167.28 167.28 250.92 334.56 418.20 501.84

130 192.85 192.85 289.27 385.69 482.12 578.54
Maximum 140 223.00 223.00 334.50 446.00 557.50 669.00

Table 6 Electric energy of installed battery
A B D E

c F G H

Cylindrical Cylindrical Cylindrical Cylindrical Cylindrical

Battery type Prismatic Laminated Laminated
18650 18500 18650 18650 21700
Voltage \Y| 276 3.8 3.65 3.6 3.6 3.6 3.6 3.6
Electoric energy ~ [KWh] 124 05 167 0.012 0.007 0.012 0.008 0.015
Weight [ka] 15 38 87 0.045 0.035 0.048 0.045 0.068
Enerqy density [KWhikg] ~ 0.08 0.13 0.19 0.27 0.20 0.25 0.17 0.22
[kWh/L] 0.14 0.21 0.37 0.73 0.52 0.66 0.46 0.61

Equal weight of

R66 fuel [kwh] 18.43 29.33 4278 59.47 45.12 54.90 37.44 4874

Additional battery
with payload
80% payload [kwh] 25.30 40.27 58.75 81.66 61.96 75.39 51.42 66.93
60% payload [kwh] 32.18 51.22 74.72 103.86 78.80 95.88 65.40 85.12
40% payload [kwh] 39.06 62.16 90.69 126.06 95.64 116.37 79.37 103.31
20% payload [kwh] 45.93 7311 106.66 148.25 112.48 136.86 93.35 121.50

The tank filled  [kWh] 40.29 58.90 102.74 203.14 146.24 183.72 127.34 169.61
with a battery [kg] 487.43 447.67 535.21 761.34 722.39 745.86 757.98 775.65
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Table 7 Energy, weight and residue payload with tank filled

with batteries
Battery
A B C D E F G H

Thetankfiledwith 56,60 20479 31233 s3846 49950 52207 5300 55277
the battery[kg]
Electoric
energy[kWh]
Residue payload[kg] 15140 19116 10362  -12252 8356 -107.03  -11015  -136.83

40.29 58.90 102.74 203.14 146.24 183.72 127.34 169.61
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Table 8 Required power of each flight plan
Taxing @ @ ©) @
Required power [kWh] 23.01 36.05 30.21 27.28 27.42
Total power 59.06 53.22 50.29 50.43
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