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ABSTRACT

The aircraft targeted in this study is a vertical take-off and landing aircraft with 4 to 5
passengers, and the propulsion system for the aircraft is a distributed hybrid propulsion system
that uses a gas turbine engine and a battery pack as the main power source to supply the
power required by multiple motors. In this study, a design/analysis platform for a hybrid
propulsion system was developed using the MATLAB/Simulink program based on the
preliminary design results. Through simulation analysis, the output characteristics and operating
range of each power source according to the mission profile were confirmed, and through this,

the feasibility of the preliminary design result was confirmed.
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Table 1. Specifications of the target aircraft.

MTOW 2,400 kg
Weight
Payload 500 kg
. 4 EA
No. of Tilt Props (4 blades)
Prop/Rotor
No. of Lift Props 2 EA
' P51 (2 blades)
Length 729 m
Airframe
Wing Span 8.66 m
Max. Power 678 kW
Cruise Power 294 kW
Performance Cruise speed 280 km/h
Mission Range 350 km
Endurance 80 min
700
Take-Off Landing
600 -
g 500
g - Transition
% ool H[C"mb — Transition
g Asas) Decel
T 2001 T
[1'4 Descent Ll
100
° 1000 2000 3000 4000 5000
Time (s)

Fig. 1 Mission profile for the target aircraft.
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Fig. 2 Propulsion system schematics.
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Fig. 3 Turboshaft engine model using MATLAB/Simulink.

2L Fig. 33 Zom FAT, 571, da
71, 7b2=3A7] BW, FEEN, w2 T, 28
AZ AojZ|2 FggTh <X Aoy A
02 o3 73E WAy $s] Anti-windup
71%0] E3H 2709 PI A7 S A&l T
HER S BHIYTRES 44 Aot

W Fe Ax Ao}

=5
o2 FAeTALL FFdok B A9, A A
o7l FHUHUY UFT Al A
da72 fYHE daFe =@ YU
E
=

|
sEHo] Fe7d8E FEsHA "ok A
A&72 Y2 EFF(heat
flow rate)o] AH=HH, Jet A A5 AYLIF
= A&t A e Ats
MATLAB/Simulink Z2121e AMgste] =



4 ol=st - UEE - HMS - BMY - UM HEE SIS

AH3 BEAZE A3 Ao]F A A
GSP(Gas Turbine Simulation) ZEI1#-& AR-&-
stod SjA gk Aol vlw HF3Ach B A
Al AM83 GSPi= NLROIA 7#st 48 7h2-F
WAl Aol Z a4 =z g#olth8]. GSPE At
g3l 7T HEAZE dx 2de Fig 49}
Zon, MATLAB/Simulink ZZ1%-& A}&3}
o T HREAZE 7 mds FI3 g4
o2 FAIA
EHEAZE <lzle] Ato]Z
AsliAe aid Ao 2 FAF(EA =71,
TAER, S/ 8ol thd 4ol Basith
OI—E— Asl B ATolAe APATFE T3 &R
I E

%““ f ﬂw AeWE 160 kW go2 2A1Y
%16}&1 AHEEFATHI,10]. BAYE de W HlolH
S MATLAB/Simulink 233} GSP X271
o HesAL w, 2+ Tz a0 A4 (plot)sh
«:Q-__,Tﬂ }H#uﬂ_@ Flg 59]. 7Lo] /\]—i]:l]jﬂ_f;]_oi
1:;] 7]_)\%/\(97] E]H]J,]. EE&HH] A%‘:.uﬂo 7L

LN J}L o rlr o
oo
A\
N
)
N
m
L
o>
o
fol
E
2

" —°.~
8
_E

_}L
™
s
o=
N
)
2
o r _|.1)1,
o
ok
=
4
N
iind

o= @*P*JEH a5 ar
z19] **74]7“(531E1tﬂ =9 160 kW)t
(F8EH &9 100 kW)olA F =

A Aghel 225 vwstgth vlw o 3=
Zt FAE A, FRAAY 25, 4E, A
& 7]+ % (corrected mass flow rate)d} FdFL
AdFH], 3AF, Y, dRFFelth 1 AH, F
209 3 AARG g AA-AA B 3
2k A7 12%9 1.1% Y-S s

Mo 4

32 WH7I% ol & HF7

B dFolxe F7AA 57 EH7(PMSG:
Permanent Magnet Synchronous Generator)<}k
toles AR7IE AAsIAT. 2dY g A&
gdoldgo 2 ARSI WHT|e de detvE =

=] man
ctrl ctrl

— 3. y5s 8
b

Intake Compressor Combustor Gas Gen. Power Exhaust
Turbine Turbine

Fig. 4 Turboshaft engine model using GSP.
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Fig. 8 PMSG, Diode Rectifier and LC Filter Models.
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Table 2. Design parameters of the motor.

Property Value

Peak Motor Power (kW) 119
Continuous Motor Power (kW) 84.8
Max. Rotational Speed (rpm) 1,900
Continuous Rotational Speed (rpm)| 1,800
Max. Motor Current (Arms) 220
Max. Torque (Nm) 600

No. of pole pairs 20

Phase resistance (m) 11

Inductance in Ld/Lq (uH) 100/100
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Fig. 13 Engine side simulation results.
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