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ABSTRACT

In this paper, we have proposed a design and verification methods of electrical system and power loads for
unmaned aeriel vehicles(UAVs) through electrical load analysis. In order to meet a UAV system requirement and
electrical system specifications, we have designed an electrical power system for efficient power supply and
distribution and have theoretically analyzed the power loads according to the power consumption and power bus
design of UAV. Using electrical system rig, the designed electrical power system has been experimentally verified.
Also, we have performed several flight tests to verify the UAV electrical system and power loads. It is concluded
that the proposed design and verification method of electrical system for UAV system.

Key Words : Electrical System(717]A]2~&l), Power Distribution System(Z i1l A]2=H), Power Load(?] -3},
Unmanned Aerial Vehicle(F-$18371), Electrical system Rig(%-2] 1)
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Fig. 1. Electrical system rig®
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Table 3. Classification standard of LRU

s, BusBAR Classificatory criterion
Primary Flight Critical Equipment
Table 1. Load baseline Essential Safety Critical Equipment
Running time faqi :
Amp Remark Non-Essential Mission aI.ld Sub Equlpl'n'ent
under 5sec over 5sec not for Flight/Safety Critical
Activation| Max Amp. | Normal Amp Normal
Amp over Table 4. Power load of bus bar
Stand
Normal Amp | Normal Amp | 5 geconds
by BusBAR Load (W)
Primary 2,764
ST 8R4 Table 29% o] gnE= Hd) Essential 5,657
AFHG 71 ARG Ur A Table 39 7] . .
2756l BAS 7} Fig. 67} 2o] BusBARER T Non-Essential(DC) 828
Balo] 228 33t} Non-Essential(AC) 7,497

Table 2. Load analysis(Sample)

Equip. Max Amp | Normal Amp BusBAR
EGI 1.5 A 14 A Primary
ADS 1.1 A 1.1 A Primary
FLAP 15.0 A 57 A Essential
Pump 150 A 123 A Essential
Heater 17.0 A 7.0 A Non-Ess.
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Table 5. Power source of mission mode

Mode

AC Gen.

DC Gen.

Battery

Eng. Run up

(0]

(0]

Standby

Takeoff

Mission

Landing

Engine Fail

X | X |O|O |~

x| O |O |0
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Table 6. AC/DC power of operation mode

Mode AC Power DC Power
(VA) (W)
Eng. Run up 1,127 8,679
Standby 0 7,633
Takeoff 0 7,351
Mission 7,497 9,249
Landing 0 6,327
Engine Fail 0 2,374

Table 7. Air vehicle total power(AC)

Fig. 8. AC generator test set

Table 8. AaC generator test result

Mode TOE?/IAI,:’Vc\)/\)Ner
Eng. Run up 13,181 VA
Standby 7,633 W
Takeoff 10,209 VA
Mission 20,342 VA
Landing 6,327 W
Engine Fail 2,374 W
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Load Voltage Data
[V, Hzl
(kW] R-N S-N T-N
Voltage 117.1 117.1 117.0
0
Frequency 400
Voltage 117.1 ‘ 117.1 ‘ 117.0
5
Frequency 400
Voltage 117 ‘ 117 ‘ 116.9
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Fig. 10. Li-lon battery test set

Fig. 9. DC generator test set
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Table 9. DC generator test result o e e
30 0 i
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Table 10. Air vehicle total power(Flight condition)

Mode Total Power | Actual Power | Result
Eng. Run up | 13,511 VA 11,083 VA Pass
Standby 7,247 W 6,134 W Pass
Takeoff 10,451 VA 8,313 VA Pass
Mission 21,673 VA 13,024 VA Pass
Landing 7,691 W 6,740 W Pass
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Table 11. Air vehicle generator power

Generator Actual Power
Max Power

Type (Max) FED

AC Generator | 40,000 VA 13,024 VA | 326 %

DC Generator 8,400 W 6,740 W 80.2 %
3.8 E
e FAEET

[0
-

i)
>
e}
o
4
o
o}
ol
Q
i~
jales
-
my)
X
nE
r>~l
o
Jr
ol
2

ojN rfT
-
(o
o
of
N,
L B
o
ey
of
o3
o
N
)
2
LY

—
ot
i
)
b}

References

[1] D. Izquierdo, R. Azcona, F. J Lopez del Cerro, C.
Fernandez, B. Delicado, “Electrical Power Distribution
System(HV270DC), for Application in More Electric
Aircraft,” Applied Power Electronics Conference and
Exposition, IEEE, CA, Feb. 21-25, 2010.

[2] Spitzer, C. R., “The All-Electric Aircraft: A Systems
View and Proposed NASA Research Programs,”
NASA Langley Research Center. Aerospace and
Electronic Systems, IEEE Transactions, Vol. AES-20,



Issue 3, pp. 261~266, May 1984.

[3] Lester F. Faleiro,” Trends Towards a More Electrical
Aircraft,” Proc. ICAS 2006.

[4] M. Howse, “All Electric Aircraft,” Power Engineer,
Vol. 17, pp. 35-37, 2003.

[5] David Blanding, ”Subsystem Design and Integration
for The More Electric Aircraft,” Proc. ICAS 2006.

[6] Rosero, J.A.; Ortega, J.A.; Aldabas, E.; Romeral, L.

More Aircraft,”
Aerospace and Electronic Systems Magazine, IEEE
Volume 22, Issue 3, March 2007.

[7] M. David Kankam “A Servey of Power Electronics

36th
Intersociety Energy Conversion Engineering Conference
Cosponsored by the ASME, IEEE, AIChE, ANS,
SAE, and AIAA Savannah, Georgia, July 29-August
2, 2001.

[8] H. C. Woo, Y. T. Kim, “A Study on the Simulation
Test Method of Unmanned Aerial Vehicle Electrical
System,” Avionics Systems Symposium Korea 2015,

“Moving Towards a Electric

Applications in  Aerospace Technologies,”

7] A7IAEE AA B A

KSAS, 129-138, July 2015.

[91 H. C. Woo, Y. T. Kim, “Electrical System of
Unmanned Aerial Vehicle,” Intellectual
Property Office, Patent Number : 10-1719480, March
2017.

[10] E. H. J. Pallet, “Aircraft Electrical System,” Third
Edition, Pearson, Prentice Hall. 1991.

[11] Miguel A. Maldonado et al., “Power Management

Korean

and Distribution System for a More-Electric Aircraft
(MADMEL) - Program Status,” Intersociety Energy
Conversion Engineering Conf., pp. 274-279, August
1997.

[12] Emadi, K.; Ehsani, M.; “Aircraft Power Systems:
Technology, State of the Art, and Future Trends,”
Aerospace and Electronic Systems Magazine, IEEE
Volume 15, Issue 1, Jan. 2000.

[13] MIL-STD-704F “Aircraft Electric
Characteristics,” Department of Defense, 2004.

[14] MIL-E-7061F “Aircraft Electric Load and Power
Source Capacity,” Department of Defense, 1976.

Power

S TALE 7|4 8hE] 2] A)21E Al53(2018W 10Y) /683



