Research Paper

Journal of Aerospace System Engineering
Vol.8, No.4, pp.1-6(2014)

Tilt-rotor 337 A&

o]

o

%2 74 o

o

Fol

N

33

ISSN 1976-6300

rot
oX
£
2
!

R

74

Trade-off Study of Propulsion Systems Weight Estimation
for Tilt-rotor Personal Air Vehicle

Jung-hoon Lee'

Korea Aerospace Research Institute

Abstract : This paper presents the trade-off study of conducting a survey of the weights for various kind of
propulsion systems installed in the Smart Unmanned Aerial Vehicle TR-100, a tilt-rotor vehicle, which is

developed by Korea Aecrospace Research Institute,

in order to predict the appropriate propulsion system for

present and future Personal Air Vehicle, which has single mode and vertical take-off & landing. In order to
perform the trade-off study, we set the requirements that the vehicle hovers for 1 hour with 1,000 kg
maximum take off weights. In this study, the power systems are classified engine, which uses the fossil fuel
- turboshaft engine, piston engine, diesel engine and rotary engine, and electric motor with fuelcell or Li-lon
battery. The results of trade-off study shows the power systems using fossil fuel are superior to using fuelcell
or Li-lon battery for weight of propulsion system. Also turboshaft engine is the best power system for the
aspects of system weight, and the nexts are rotary engine, piston engine, diesel engine, electric motor with

Li-Ion battery, and electric motor with fuelcell.
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Table 3 Forecasting the Growth of Specific Power
and Fuel Consumption for Fuel Cell [4]

Year 2015 2020 | 2025 | 2030 | 2035 | 2040
Specific
Power 0.6 0.7 0.9 1.1 1.4 1.7
(HP/kg)
Fuel
Consumption|0.053]0.051 [0.049]0.048]0.047|0.046
(kg/HP-h)
3.7 Li-lon Battery
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Table 4 Forecasting the Growth of Specific Power
for Li-lon Battery

0
Specific 9040
1.2
240
0.322

2025|2030

0.9
180
0.241

2035
1.1
220
0.295

20151 2020

Power
HP/kg
Wh/kg

HP-h/kg

0.8
160
0.214

0.5
100
0.134

0.7
140
0.188

3.8 Electric Motor
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Table 5 Forecasting the Growth of Electric

Motor - conservative aspect

2015
7

2020
4.7

2025
3.0

2010 | 2013

9.5

Year

Cost
($/kw)

Specific
Power
(kW/kg)
Power

Density
(kW/D

11.1

1.2 1.3 1.3 1.6 2.1

3.7 4.8 5.0 5.7 6.1

the Growth of Electric

Motor Accessory - conservative aspect

Table 6 Forecasting

Year 2010 | 2013 | 2015 | 2020 | 2025
Cost

($/kw) 19 16 12 8 5.5
Specific

Power 1.06 1.15 1.2 1.4 1.7
(kW/kg)

Power

Density 2.6 3.1 3.5 4.0 4.6
(kW/D)
Efficiency| s94 | 591 | >93 | >94 | >945
(%)
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Table 7 Forecasting the Growth of Electric Motor
& Accessory - affirmative aspect

Year 2010 | 2013 | 2015 | 2020 | 2025
Specific

Power -

Motor 2.77 | 3.00 | 3.00 | 3.69 | 4.85
(kW/kg)

Specific

Power -
Accessory 245 | 2.65 | 2.77 | 3.23 | 3.92
(kW/kg)
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Table 8 Power Systems Weight Breakdown for

Using Fossil Fuel

Turbo | - -
Piston | Diesel | Rotary
Power System —shaft - - -
Engine Engine [Engine |Engine
10- VAZ
Model PW206 520C CD300 1965
Engi- 550 X [ 284 X | 310 X | 269 X
ne Power (hp) 1 2 2 2
SFC 0.254 | 0.256 | 0.150 | 0.260
(kg/hp—hr) X 1 X 2 X 2 X 2
Transmission 83 83 83 83
Weight| Powerplant 160 362 450 260
Fuel 140 141 83 143
Total Weight (kg) 383 586 616 486

Table 9 Power Systems Weight Breakdown for Using
Fuel Cell and Li-lon Battery

Fuel Cell Li-Ion Battery
2015]12020]2025(2015(202012025

Power System

Conservative | 303 261 216 303| 261 216
Sys Motor
tem Affirmative | 383| 112| 92| 130| 112| 92
Battery 946| 814| 638|4104(2932(2565
TQtéll’i Conservative [ 12491075 854(4407(3193[2781
weight
(kg) Affirmative [1076| 926| 730(4234|3044|2657
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