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This paper describes a study of performance prediction of an electric propulsion system for
multirotor UAVs. The electric propulsion system consists of motors, propellers, batteries and
speed controllers, and significantly affects performance characteristics of the platform. The
performance of the electric propulsion system for multirotor UAVs was predicted using an
analytical model derived from the characteristics of each component, operation experiments and
statistical analyses. Ground performance tests and endurance flights were performed to verify the
reliability of the proposed performance prediction method. A quadrotor platform was designed to
demonstrate the parcel delivery service used in the endurance flight. From the result of
verification tests, it was confirmed that the proposed method has a good agreement.

KEYWORDS: Multirotor (2 E|ZE{), Unmanned aerial vehicle (£21&&7]), Electric propulsion system (H7|FX A ),
Performance prediction method (4 501 % 7|'), Hovering performance (K Xt2|H|& 4 5)

7|49 H = Rated discharge time of battery
1, = Motor no-load current
Cp = Propeller power coefficient 1,, = Current consumption of each motor
Cy = Propeller torque coefficient Liover = Total current consumption for hover flight
Cr = Propeller thrust coefficient K, = Motor torque constant
Cypay = Rated capacity of battery set K, = Motor speed constant
Cpaer = Rated capacity of one battery pack k = Peukert constant of battery
CMD = Throttle input command Ny e = Number of cells in one battery pack
D = Propeller diameter Np pack = Number of battery packs in one battery set
d = Duty rate of applied voltage N = Number of motors
FM = Figure of merit O = Torque
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Ry, = Internal resistance of battery set
R..; = Internal resistance of battery cell
R,, = Internal resistance of motor

SoC = State of charge

T = Thrust

Thover = Thrust of each rotor for hover flight
thover = Flight endurance for hover flight
Tordinary = Ordinary temperature (25°C)
Toperaiing = Operating temperature
Upemy = Back electro motive force

U,, = Applied voltage on motor

V,. = Battery open circuit voltage

V, = Battery terminal voltage

W01 = Total weight of platform

p = Air density

Q = Rotational speed (RPM)

o = Angular velocity (rad/s)
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Fig. 1 Typical configuration of an electric propulsion
system for the multirotor UAVs
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Fig. 2 Configuration of the ground performance test

equipment for an electric propulsion system
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Fig. 6 Figure of merit for sample propellers
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—| Input Data

Design Variable : Empty weight, Payload, Battery
Weight, Flight condition, ...

Component Spec. : K, R,,, Iy, Cy, Cy, Battery

capacity, ...
‘{ Performance Prediction Model }—

Propeller model

Motor model

Battery model ESC model

) 2

Calculation

Performance Characteristic
: CMD vs Thrust, Torque, Current consumption, ...

Hovering Performance
: Flight Endurance, CMD,,,,,, .-

Fig. 11 Performance prediction method diagram of
electric propulsion system for the multirotor

UAVs
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Table 1 Specification of electric propulsion systems for
the ground performance test

Item Specifications
(@ (©)
K, (RPM/V) 760 390
Motor Iy (A) 1.1 0.8
R,, (mOhm) 45 58
CipD? 2.97¢-05 4.07e-05
Prop. 5
CopD 5.71e-07 | 8.31e-07
Ni.ceir 3 5
Batt. N pack 1 1
Cacr (Ah) 3.6 8.3
(a): Pulso2826/12 motor,'” APC 13x6.5E prop
(b): DualskyXM5015 motor,'® APC 15x6E prop
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Fig. 12 Comparison of the performance prediction and
the result of the ground performance test
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Fig. 14 Throttle input command for hover flight
measured from flight test

Table 2 Specification of the test platform

Item Specifications
Empty weight (kg) 4.5
Battery weight (kg) 2.0
Payload (kg) 1.7
K, (RPM/V) 660
Motor Iy (A) 1.5
R,, (mOhm) 18
Prop. CTpD“; 2.97¢-05
CopD 5.71e-07
Ni.ceir 5
Batt. Np pack 2
Cnack (Ah) 8.3
Pulso4120/14 motor,'” APC 13x6.5E prop
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Fig. 15 Result of the hovering performance prediction
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