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Abstract

The electric propulsion airplane can cope with global warming by reducing the use of fossil fuel and reducing airplane
cost in the long run through the efficient use of energy. For this reason, advanced aviation countries, such as the USA
and members of the European Union, are taking the lead in developing innovative technologies to realize an electric
airplane in the future. Currently, research and development are underway domestically to convert an existing two-seat
internal combustion engine airplane into an electric propulsion airplane. In this study, the KLA-100X, which was
developed by modifying the existing two-seater lightweight sports airplane KLA-100 with electric propulsion components,
is introduced. The main specifications, design characteristics, and performance of KLA-100X are explained. In addition,
the performance of the main components of the propulsion system, such as the domestically developed propulsion motor,
inverter, and battery for applying to the KLA-100X and the additionally modified control system, are explained. Finally,
the applicability of the developed major components to the electric propulsion airplane was confirmed by conducting
ground and flight tests on the KLA-100X. In addition, the possibility of expansion to system development was reviewed
based on the development of a dedicated platform for electric propulsion aircraft in the future.
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Fig. 1 Configuration of KLA-100X

(a) KLA-100 (b) KLA-100X

Fig. 2 Propulsion System of KLA-100 and KLA-100X
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KLA-100XE 71E9] KLA-1009] x5S 7Nx3%7]
w 5o B&7] Ao](6.30m), Z(10.31m), =°](2.61m),

S 195

A, Fod, mIA  FRe AR, ZFAE,
ZAEA%, d9 92 =EAAE 7|E  KLA-100Z
FdaAR,  Ar)dRorel  Jjxz  FHAR

sl = 71€ KLA-1003} 2 zto]7t Qth
KLA-100X+= FEH JIHH=E 4%
Sl AVFR Aow AFHt. AMEd
gE-ole  wEE 7 AREEEd, AW A
17.3kWh wiElE] 17, 71 F2FA A2l 8.7kWh
wiEl g 17h7 AA el F 26kWh £3F2 wiE g}
AR EATk FaE, KLA-100XE 7]¥ KLA-1009]
vl&  A7]sgd, Glass Cockpit, TAFHE FU3A
ARgstal,  FXIRE  RPM, HiE]E] Zﬂ%‘ﬂr e
A7107 dlolEl = Fig. 39 Zo] H:
Azske]  YERATE  Fig. 4= A ZEY
FPatal QJE KLA-100XE HojF1 Q)

Display Panel

for Electtic Engin

Throttle Lever

Fig. 3 Measuring Device for Electric Propulsion airplane

Fig. 4 Ground Motoring Test of KLA-100X
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2.2.1 FZX2E{(Propulsion Motor)

KLA-100X 2] FARHE B TAA
7] 2 E(permanent  magnetic  synchronous  motor,
PMSM)7}F  AE&HAT. PR, FIERHEDE:
APMI51-65)%=  oFRLEOA  65kWH  HE7]§o =
skl et

KLA-100X2] FAREHE T 15.7kgf(Z X3
17.1kgf), A&Ed 50kW@2500rpm, A=
65kW@2500rpm(Max. Smin), H| &2 4.14kW/kg(E %
41kWhkg), RAEZA  191Nm, HANEZ  248N.m,
HHEE 95%°lH, #FE-ole wiHZE A&,

A7 gl wlow Aojgtl.  KLA-100X
FAREE FYaol AgHal, =93 Fi
20KHz ©°|%, P T9<& IP6sold, 1Eln
MIL-STD-461F<} MIL-STD-810G qAxAE
WSetes AAHAeH, HAAF, FHSt, A=
e ®B3571%5S WAs vk Fig. 55 KLA-100X
FRARE] Wg-et oS WolFa k.
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(b) Internal Shape of
Propulsion Motor

(a) Appearance of
Propulsion Motor

Fig. 5 Propulsion Motor of KLA-100X

2.2.2 QI E{ (Inverter)
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=
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MIL-STD-810G 37 Q7% ¥%, s, 54,
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QT2 7, DO-160G section 222 Y] 7HE g3kl 3k
s872AE UEHIEE AAHNAUY Fig 6
INSOl A KLA-100X-& 02 7|28k SIve|(Zed: ITM
22)8 HolFal glom, Fig. 6(b)= AWEIS} FFIRE
Abele] vl AAS HolFa gt

Prop

jon Motor Battery Housing

Motor Connec

(b) Connection with Propulsion
Motor

(a) KLA-100X Inverter

Fig. 6 KLA-100X Inverter and Connection with Propulsion

Motor

2.2.3 HHE{Z|(Battery)

KLA-100X+ g F-o]& e 2] (2 v
Vspace-16F/R)E  AM&-3tth. Wi El= T%  140kgf,
AL 580VDC, F87F2 26kWholH, AW AXF
el 17.3kWh 7], 71E Fx2EA Al 8.7kWh
A7 AAEAT. @282 T A olal,  Integral
BMS #Aow  AojEw, AW wiEg ol
AxEo] QIME] AFHLS <A7FETE Fig. 7S

Fig. 7 Wiring Diagram between Batteries and Inverter
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T2 FoRAE Fig 99} 3ol
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EJv}l-&E(motor mount), XEZ# Y(motor frame),
EHZvl$E  HElZ)(battery mount bracket) L1Z]il
2
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nL$E  Z(engine mount structure)@ T F o]
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Fig. 8 Electric Engine Installation of KLA-100X

Motor Mount

Engine Mount Structure

Battery Mount Bracket

Motor Frame

Fig. 9 Major Structural Parts of Electric Engine
Mounting Frame
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Table 1 Load Conditions for Electric Engine Mounting

Frame
LCH Description
. Airplane External
No. p
° Inertia Load Direction Load
#1 4.0g up
Flight
2 2.0
# Load I down
#3 4.0g up engine operation
#4 1.5g right
Side
5 1.5 left
# Load £ ¢
#6 1.5¢g right ground contact
#7  Landing ground contact

*LC : Load Condition

AT 71E71F(ASTM F2245) 2.1.428 0] w2,
TZE Ao R 20g HOE 40g TS BEA T
Feste AA #HEEE wE A EstEss
AAE F dEF AAEH Ok = Ao st
Ak mS, <R mpRES 1 A FRES Y
2.0g, M 4.0g 3tzol <o EA(RHEA 210N.m,
z2Ay FE 1,580N)7F Al FEEE A=
stes AAT F dEF AAlFolel s o=
gtk o7lel dste  <dxlwbES 1 AA
TERES SU 152 s AAYE F UEFH
A ook gk ohRh o] dkF2 SrellA P S
4, Y dREA SFEY S5HE Aom
Edaakia=s A, BEFLE7 771
21413 we  SEsE FEASs 155
AL-g-ghch

Figure 102> AW FERZg o ot fH3tes
29 (Finite Element Model, FEM)°]t}. FEM< A4
383957), @24 38,18370(Quadd 37,823/Tri3  360),
RBE29} RBE3E AR&-3 MPC 67712 4= o] Qlth
Figure 100 YERd whe} Zo] FxIMS A%
AAzACR FF7|9 AAHE AHd nHGHA

20 wASgE,  AFAUE  ATEdE

3 E ¢(patran), W= L2 E HH(nastran) S A&} T
A% FzZY e FaFAe] AHE&® EAFEE
Table 2¢] =014 gl

Figure 11> FEMol| <QI7MH & Fo dsFx1&
etz vk FnE, Fig. 119 S171e5S Table
19 ssxd T FEIME FEA 0 dw
TxEY el 7 2 = °}
#33} #ooll ois] JERASITh LC #32 TR F(RE,
IHE, wiE e, ooy, Zed)se] WAdsts

Figure 12¥ AW Fx==Zdd9 FoFAdd o
TxAA ARE BolFa vk FxA A, AW
TZZY YL Table 19] dFF2E
LC #6014 7HE  FHok slox  FetHe=d,
HEehEE, BEZS, wEHYwEE BZle

#30] FLR3Fola, ANIELEE FRE LC #69]

Tastgoz  wotHlth. Table 32 FERHAS

Fg &, HAAFE Wgste] FarAe HAi

ehdolfrel AT stExS Aed Aolth Table

39]  AdeyE, Feyd T FHERAE

R I ek E Y, REZYALS LC

#3914 H & <kHolR 0.09, AWEE FEE LC
0

Fixed boundary condition

Fig. 10 FEM and Boundary Condition for KLA-100X
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1.36+02)
Max. principal stress : 136MPa 1.27+02]
1.18+02)
(4 1.09+02)
[ ) 9.98+01
" \—A ;
Y ¥ 9.08+01
\ \
-2 8.18+01
)| A
g 7.28+01
) a Y > 6.38+01
N p
(‘ )’ 5.48+01
- 458+01
3.68+01

(a) Motor Mount (@LC #3)

251+02
2.34+02
2.18+02]
2.01+02]
1.84+02|
1.68+02)
1.51+02)
1.34+02)
1.17+02)
1.01+02f
841+01
Max. principal stress : 251MPa 6.73+01

(b) Motor Frame (@LC #3)

4.75+01
4.43+01
/ Max. principal stress : 48MPa 4.12+01
371403 3.80+01
3.48+01

(b) LC #6 ?
3.17+01

Fig. 11 Critical Load Cases for Electric Engine 285+01
Mounting Frame 253401

N 222+01

1.90+01

1.58+01

Table 2 Material Properties of Electric Engine Mounting

1.27+01,
Frame

(c) Battery Mount Bracket (@LC #3)

. O E
Component Material (Mi’a) (GPa) u (k g9m3) Z z;z
Motor mount SS275 410 205  0.30 7850 51569
Motor frame ) 3.06+02
m SS400 410 205 030 7850 280402
bracket 255+02)
. 2.29+02]
Et‘rlfé‘tfre mount AySi4130 621 205 029 7850 vl
04,: Allowable ultimate stress 1.78+02
E: Modulus of elasticity ,* 153+07)
H POiSS,OH'S ratio Max. principal stress : 382MPa / 12707
p: density 102402

(d) Engine Mount Structure (@LC #6)

Fig. 12 Structural Analysis Results for Major Structural
Parts
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Table 3 Margin of Safety for Major Structural Parts

Critical x
Part LC No. M.S. Note
Motor mount LC#3 +1.00
Motor frame LC#3 +0.09 o
tu
Battery mount LC#3 +4.69 M.S.= (Umm XSF"*)
bracket
Engine mount
structure LC#6 +0.08

*M.S.: Margin of Safety
**QF.: Safety Factor

23 AT 2 o|gAIE
Figure 13& W849 Aol g A4 B4
wolFa gtk A% BFAYL BAA W A
2FAE AN FRN D7) 2FN B3 F
43HES S, Fo TYE 5L AT,

H1R7)e) e Fshac

KLA-100X¥ 2023.2.8 1L
a3kt KLA-100X2] %%
HgAls AR i 13T AE

G2 A
olF3 F, A B s FFE FU ATS
web &%, agn s % At #FRo
SrAsA ZAFaQtt 2ER|SAl £ IALEE 70074,
B YA ZE 78, =4S 80knot UTh Fig. 15(ay~(f)
AT, olF, &<,

AAstel  #Zgsolty. 2wnld o] %
F714l mlAIES T8 KLA-100X9 W3S
A 1 A3 vgAIES FaAg U delA
KLA-100X2] #HU] ©]F 5% (maximum take-off weight,
MTOW)S  582kgf, +8&31% 1200~1500fi, «T&%

80knot, Z = 110knot, Hl& 7HsAIZE 202~30%,
AEEe 8sE dotEda, &% nPA S £
KLA-100X ‘%5 3ot} 7fd& A&HEHo=m 33|
i A geld.

Fig. 14 Path of the Flight Test

(a) Taxiing

(b) Take-off

(c) Climbing
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(e) Descending and Runway Approach

(D) Landing AgolA sy FARE, vy 2 2E-ol
Fig. 15 Flight Test of KLA-100X e 5 3o FAES MASA ¥4d Hygxs ¢
H A7 271 5 A4 FERY 84 Ao e
3.z = ZA71F7u 7] Aol 7hed oz 7idiETt
= 7|

2 AFelAE 71E Wdrd vE@7]Ql KLA-100S

A7)1Z=A8 719 KLA-100X2  Ax st

HAFHS B3  A7)E=An 7)o Hed Fo Boolpe AQEAAAE W Ay e slva 9
FHES o AHde Az kladoxs KR Ases o S AERGHTCAN

71& yadzld wav)el KLA-1009]  dlR Eo) 20003470, General Aviatiomi§ G871 171 =8
Bl 3’ o -
S N e 65kWH SR RE 9 AF AT s
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