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A Simulation Study on Efficiency Improvement and CO2 Reduction of Home Delivery Logistics by Drones:2™ Report

-Long Distance Delivery by Hybrid Drones-

Noritaka Matsuo

We performed a simulation of long-distance delivery to highlands by hybrid drones equipped with an engine generator and the delivery time and CO2

emissions were compared between drones and diesel trucks. Furthermore, comparing a series hybrid system with a parallel hybrid system, it was found

that the parallel hybrid system has better fuel economy because electric power loss of motor and generator can be reduced.
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Fig. 1 Schematic of Series Hybrid Drone (S-Hybrid)
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Fig. 3 P-Hybrid with Contra-Rotating Rotors Driven by Engine
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Fig. 4 P-Hybrid with Two Reversing Rotors Driven by Engine
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<Parameter List>

F: Force -

V: Velocity e

A: Acceleration =

R: Rotor Arm Length

H: Distance b/w Rotor Plane and G.C.

V: Vehicle Velocity G.C.: Gravity Center
G:Gravity

W: Wind Velocity Tt Thrust
A: Vehicle Acceleration  D:brag

8: Angle Db: Body Drag

a : Angle of Attack T Front.Side
m: Middle Posltion
B : Pitch Angle r: Rear Side

X,Y,Z: 3D Axes in Ground Coordinate System

Fig.5 Dynamics of Drone Flight
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Fig.7 Corresponding Operating Points at Different Altitudes
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Table-1 The Main Specification of the Drones

2050

2340

40

Specifications IP-Hybrid |S-HybridMotor

Weight(kg) 35 35 12
Vehicle Payload(kg) 30

Num. of Rotors 6

Dia.(mm) 960x2 740x6 | 720x6
Rotor 600x4

Crat Hovering 0.1

FoM(%) 80

Gear Ratio(R:E) | 0.45:1 (-)

Max. Torque(Nm) | 6 12 8
Motor Max. Power(kW) | 1.5 3.2 1.6

Max. Speed(rpm) | 6000 6000 4000

Max.Torque(Nm) | 15 30
Generator Max. Power(kW) | 6 14

Max. Speed(rpm) | 7000 7000

Gear Ratio(G:E) 1:1 (-)

Max. Torque/rpm | 28/5000~6000
Engine Max. Power/rpm 18.3/6500

Max. Speed 7000
Fuel Quantity/Species | 2.5kg/Gasoline

Type Lipo
Battery Nominal Volt.(V) 12S - 44.4V

Capacity(mAh) 9000 x2 9000x6

Initial SOC(%) 80 100

Weight(kg) 2x2 | 2x2 2x6
Inverter Efficiency(%) 90
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Fig. 8 Plane View of Hybrid Drones
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Fig.9 Engine Performance
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Fig. 11 Cruising Range and CO2 Emissions of the Drones
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Table-2 Simulation Results of Delivery Performance

Delivery Performance P- S- Diesel
Hybrid | Hybrid| Truck

Delivery Distance (km) 48 48 34
Consumed Fuel (kg) 1.89 2.13 4.03
Fuel Consumption (km/L) 18.8 16.7 |7
Consumed Energy (MJ) 84.9 95.6 174.5
Well-to-Wheel CO2 Emission (kg) | 7.3 8.2 14.3
Delivery Time (min.) 61 61 108
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Fig.16 Scatter Diagram of Engine Operation Points
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Fig. 18 Energy Loss Factors
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Table-3 Running Cost of Delivery

Transportation | Energy Cost | Maintenance | Total Running
(JPY) Cost(JPY) Cost(JPY)

P-Hybrid* 350 164 514

Truck** 607 95 702

*Battery:¥120,000/2Pack, Calendar Life:2Y(730Days), Gasoline:¥137/L
**Diesel Oil:¥125/L, Tire:¥2/km, Engine_Oil:¥0.5/km, Battery:¥0.3/km
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