1052 FEBIR T S i

= ii7 5 3C DOL:http: /fx.doi.org/10.5139 JKS AS .2011.39.11.1052
24 R E Holn= 75N 2
AY EAwst A& oA

Power Characteristic Variation Simulation of
Hybrid Electric Propulsion System for Small UAV

Bo-Hwa Lee*, Poomin Park**, Chuntaek Kim**, Sooseok Yang** and Seokmin Ahn**

ABSTRACT

It is conducted that power characteristic variation simulation of electric propulsion system
that uses fuel cells, solar cells and a battery as power sources. Combining each power
source, 400W electric propulsion system have been modeled and verified. In result, without
active control logic, it is confirmed that battery’s power response is faster than other power
sources at starting and transient condition, fuel cell and solar cell are a major electrical
power during cruise condition. After completing flight, SOC is 24.2% at the winter solstice
and is 93% at the summer solstice, It is revealed that active power control for sustaining
proper SOC is necessary as a securing the system safety and effective power distribution.
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a2 1. Electric propulsion system concept
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X 2. Fuel cell parameter data
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a8 5. Fuelcell model verification
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a8 8. Transient results

1500 100 5o

1400-]
1300 [—Psw]
1200
1100 140
1000+
900 N
800
700 —+30
600 — s

500 ‘\
400
300

Sys. Power [W]
SOC [%] , Battery voltage [V]

T T T T T T T T T T T 70 20
0 20 40 60 80 100 120 140 160 180 200 220 240
Time [sec.]

&l 9. Transient results

2235 °~+23,5 °Alolo A WM3lsl= Bl ko] 2
ol1, wE -180 ~ 180 °7}A 15 T = WH3}ls}
T 3% F9 Alztelth

ARG A eFF Z=e ®Wsle 1% 10
I Zon 1247 st et FAY W] HFF 4
=9 zto]E 400 W/m?e] tolzt lth.

18 8, 994 004 240%7MA] RE|QTAH
73 §-o o]o] 4AIZF 308 FQF 420 WE
b rg 49 29 1039 2] HUdF A=
£ Hg3te HIHAZEE AAPHE
slo wet Al xEe Y HE 4L
Al Ae 4z I" 11, 129 2o 7]
AZAAZ FFHE F4 4Hhe B
F1 atm, 021 atmo.2 H|d 2 FIhoA &
75'3}@ 7M1 AE. FAE HIFAAZEE
o] A Z¥o| 8 WE o} HIE]Z 9} AmAX
o A ‘E%% %a% ﬂdt}

3] AAA HO 178 W &9

. o
o fr
¥

offt e

Jﬁﬁﬁ

_1\.(

LR N D ST N S

Summer solstice
800 —s— Equinox
—— Winter solstice

200

Solar radiation [W/n’]
8
o

100

O+ttt
2 4 6 8 10 12 14 16 18 20 22 24
Time of Day [hr]

a8 10. Final solar radiation



i R 2 T B Rt

1058 ol B3} . upRl
1005 &
1400 —+—FC_capal[—+—V/ bat é‘;
2 0] =50 —Po a0 &y
- 1000 O‘%D
5 g0l LIORG
: o
2 0] \\ ZOQ\’?E
w400 ]
> 10
5 s
0 1 1 I I I I 0 0 n
—+—P_sc || — M. cument
z ol |, P 0 =
S]] [P <
5 304 0 2
z ] ) g
Qé 100~<::,:1—0——0—0—0—0—¢—4_._H20 5]
07 5
Q 1004 103
v -200 ! ! ! ! . . . ! 0 >
100 105 10 115 120 125 130 135 140 145
Time of Day [hr]
a8 11. Transient results at the winter
solstice
105
1400] &5
Z 1] T T L L)y
= 100 —+-S0C_[—P syl & O‘ED
§ sndl o ngg
& . \4920’?“‘ b
4 404 = 2
2, Py 2
N 20 8m
0 I I | | 0 0(/)
—+—P_sc | —M.curent
2 gl | P %
S ol | =P 0 S
2 g:h’—"—HV—HHHr—b—b—HV—*‘ 16 %
L,
= ] "3
B e -
-100] 4 2
S B
100 105 110 15 120 125 130 135 140 145
Time of Day [hr]
a8 12. Transient results at the summer
solstice
< HE= gy Ay FH4E sk vy &
S Ao = 2 F5F A F FFAGLe
E2E HEFAANZREY 285 5 AEsta U
A ARAAY 29S¢ F2 A 549
SHAY] A9 BT FF A 200 WE 92 F38
TR thetel wE s FAHAAA WYY 5
A2 FAT 5 Utk FAY AL w AL
= gAY HlEEe & 49 Zo FA ] H]F|
sx0] A4S BGUARRE 469% T EE of
e 5 A

g0 ol M2 o

e, °
fo & X
4 o i fo

¥ 4. Used energy portion

ol A x| vl= =2 S|

B 2T 39.6 %
59.9 %

05 %

HEHXA|

G

X 5. Remained energy comparison

ol L4X| H|E SX

SHX|

19.2 %
16.0 %
242 %

36.7 %
86.4 %
93.0 %

HAZMX| capacity
Min.SOC
Final.SOC

s £o}¢l HiE 2| 2R E Fe
3k g A e
i lo}i ook stk & 5
Hges & HjElglel sOC
Has|EE, 5X9 A$ dEZe 242%F
v FAZ S tiulsted W Al xHEe
safety® %7} o3He & F Uk
olo] wlzl A9 A4 HlEE] SOCE 93%<
FAZ SOC 30%E FASHHAA HlE
g A dEdoz AgsA =5 o
O9E AA AFLEHA] w3
2 ARHAA Y FAAHFFEAZE 29UF
ol = Huh uEhA ulg Al ZF g

=
=
&4 Yt 2oge &

=1 rlo
[o
fu
e

3o (WO AN b i
30,
|o
=t

B ATE 557 A2l Agw A4

o] AlEFolHoZ THAAY Y] % APdA
TEA, 2t Agd 9 Axyge 2dy 9 AF
< Y. AEHold A 7 HAEdEe
A2 A4d3 ZAEES g 3da, oHe A
HYUES ZAY3t Passive ZJ%MM Al 2~El S
T3l Hdr1e 875 Y Ayl gt A
EHoldS Sty 7 HHELdEY &Y EA
H3lE Yolr Tt

I A% B 55 A glol= uHiE
2o A$ o2 Agda vl &3 8] &
S o BE3 2H S RsFE AHYeR
93-S sy, d5dA g HIFAA=E 39
oAl = MHS FFotH, HdELE B &



B39 & A 11 %%, 2011, 11 428 F7E dolBs A7) Ay EAAUE A B oA 1059
= +xo] FYPHE &2l AT Engineering of Photovoltaic Systems,” Artes

A 0404 2 F 24 087 44T 8
laol T AEHIHS FAT AW, F
18 ShA W ElREAZRE oF 469% %
& 2] Ls} o] A7 Bk HFAAG} ARA
Aol 2RO RE HYo] JFrFHEE W
AL SEA N s Ssdnh
Folzl M@ ZEsHof
de S0CE Mmd An FAeL MY
ulshel Axwle) ohdy ns} We

s
X to 1 do 4o

o

o
4>
X0,
2
)
o

N
02(:2
ng
£
o
2

ot rjt off & Q ut
N N
L
fin)
o
X
ol
o)
o2
>
<

) o]ii} EIa=R u] ool:z,:/\
718 5%’1/\17\‘5“01] w3t
&5t FA 5t

2) Lorenzo, E,

“BEAV2 73214
AF,” A353]
<t 3], 2010, pp.816~819.

1994, “Solar  Electricity

e

Graficas Gala, S.L., Spain

3) Anca D. Hansen, Poul Sgrensen, Lars H.
Hansen and Henrik Bindner, 2000, “Models for
have Stand-Alone statement System,” National
Risg Laboratory, Roskilde

4) P. Buasri and Z. M. Salameh, “An
Electrical Circuit Model for A Proton Exchange
Membrane Fuel Cell,” IEEE 2006:1-4244-0493-2.

5) Dongjing, Lee and Li Wang, “Dynamic
and Steady-State Performance of PEM Fuel
Cells under Various Loading Conditions,” IEEE
2007: 1-4244-1298-6

6) Xu Qingshan, Wang Nianchu, Katsuhiro
Ichiyanagi, Kazuto Yukita, 2008, “PEM Fuel
Cell Modeling and Parameter Influences of
Performance Evaluation.” DRPT2008

7) Manwell, J.F. & McGowan, J.G., 1993,
“Lead acid battery storage model for hybrid
energy systems,” Solar Energy, 50(5), pp.399~405

8) Manwell, J.F. & McGowan, J.G., 1994,
“Extension of the Kinetic Battery Model for
Wind/Hybrid Power Systems,” In Proceedings
of EWEC, pp.284~289



