LR R A7159 FARRS FAA2Y B 249 B AF 1

Efficiency Estimation on Propulsion System
of an Electric Powered UAV

II-Young Ahn*, Yong-Man Yang*, Young-Chul Ju**, SangHyuk Park*** and Jae-Sung Bae***

ABSTRACT

In the present study, we conducted the research on the high efficiency propulsion

system for the development of

long-endurance UAV with an electric

propulsion

system. For the long endurance UAYV, fair aerodynamic characteristics with the high

efficiency of the propulsion system is required because the flight power and the
duration time of the long-endurance UAV vary greatly depending on the efficiency of
the propulsion system. Therefore, in this study, the tracking program which records
the performance of motor, propeller was developed because of their wide variation in
the efficiency depending on the using condition, and records from the existing flight
test program were utilized to check the accuracy of the program we had developed.
For the development of future long-endurance solar UAV, we confirmed the applied

voltage of motor, the optimal rotation of propeller and the gear ratio of reduction gear

in order to get the highest efficiency on the propulsion system at the optimal flying

condition.
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Fig. 1 Propulsion System of Electric Powered UAVs
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2. Modeling of Propulsion Group

2.1 DC Motors Modeling

A7FY FAddrle 7EHoE FEAS
HEgz sty wEel  AFHADC Power
Source)ol] #gH RE EdAYw £t A
7] EEA A7 A Armature, )] S7IS|EZ =
Fig. 2¢} #a1, RE Q7 e AYV)S dAd9
WHEAER), Ao 982D = 71dY
o] o=z 22 o] Fd| 7537

QQm

Fig. 2 Equivalent Circuit of Electric DC Motor
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Fig. 8 Efficiency curve of DC motors

2.2 Propeller Modeling
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3.2 Aerodynamic Analysis and Flight
Test Data
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3.3 Verification of Program
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Table 1. Comparison of Flight Test Data and
Estimation Program

Efficiency Flight Test Program
ESC 95%
Motor 75%
Reduction

- 95%

Gear (4.4:1)

Propel.ler 65%
(18x13in)

Total 40% 40.6%
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3.4 Improve the Propulsion System
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Table 2. Improved the Propulsion System

Efficiency Flight Test Improved
System System
ESC 95% 95%
Motor 75% 80%
Reduction
95% (4.4:1 95% (7.7:1
Gear %o (441) (7.7:1)
Propeller 65% 80%
Total 40.6% 57.8%
4. 4 E
£ AvddE A7 5L Agets T
37 BN 29 1E FHL AW A7E 5
gkt ol we} BB S EE o|&3s

of EE AHse
Element TheoryE
Fgskat.

7y Al=He] age wel SHEAIRE AA
&S AME F AU, 3133*1@4 7314'§—r

F7A3t%al, Hybrid Blade
o] g3t ZEAHY e



e R A A7%Y FUF3Y FAN2Y 58 FH BT 47 7
™, T AT Z7] AT FA FF7] AE Meeting, 1983.
= fotd FYA = &9 FAaAdS JhAdE) 11) Sydney Goldstein, "On the Vortex
3, Yolrt HA FHA| "] FAS dtaa) ok Theory of Screw Propellers", Proc. R. Soc.
Lond. A 1929 123, doi: 10.1098/rspa.1929.0078,
F N =N published online 6 April 1929
12) Ahn, LY. Bae, ]S, and Park, SH.,,
1) Obaid Rehman Alvi, "Development of Study on 24 Hour-Continuous Flight of. a
. . Solar Powered UAV", KSAS, 2012 KSAS Spring
Solar-Powered  Aircraft for  Multipurpose Conf 20124 744,749
Application”, 51st AIAA/ASME/ASCE/AHS/ onference, SRS pp/at
ASC  Structures, Structural Dynamics, and

Materials Conference, 2010, 10.2514/6.2010-3061

2) Craig L. Nickol and Mark D. Stone, A.
R, and Shandor, M. "High Altitude Long
Endurance UAV Analysis of Alternatives and
Technology Requirements
NASA /TP-2007-214861

3) Romeo, G., G. Frulla, and E. Cestino.
"Design of a High-Altitude Long-Endurance
Vehicle
Multi-Payload and Operations." Proceedings of
the Institution of Mechanical Engineers 221.G2
2007, pp. 199~216.

4) Ahn, 1Y., Bae, ].S.,, and Park, S.H, "Study
on Flight Test of Small Solar-Powered UAV",
KSES, Proceeding of the KSES 2012 Spring
Annual Conference, 2012.3, 313-318 (6 pages)

5) Gur, O, Rosen, A. "Optimizing Electric

Development"

Solar-Powered Unmanned Air for

Propulsion Systems", AIAA, Journal of Aircraft,
2009, Vol.46: 1340-1353, 10.2514/1.41027
6) Gur, O., Rosen, A., “Optimizing Electric

Propulsion  Systems for UAV’s.” 12th
ATAA/ISSMO Multidisciplinary Analysis and
Optimization Conference, 2008,
10.2514/6.2008-5916

7)  Giorgio  Rizzon,  '"Principles  and

applications of electrical engineering', McGraw
-Hill, 2006

8) R. Krishnan, Motor
Modeling, Analysis, and Control", Prentice-Hall
, 2001

9) Adkins, C. N. and Liebeck, R. H,,
\Design of Optimum Propellers," Journal of

"Electric Drives:

Propulsion and Power, Vol. 10, No. 5,
Sept.-Oct 1994.
10) Adkins, C. N. and Liebeck, R. H,,

\Design of Optimum Propellers," AIAA Paper

83-0190, AIAA  21st Aerospace Sciences





