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A Study on the Development of Criteria for Certification of the
Military Aircraft applied Electric Propulsion System
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Abstract Recently, as global warming accelerates, international organizations are implementing exhaust
gas regulations for almost all vehicles. To solve this exhaust gas problem, electric propulsion systems
are used and are emerging. Accordingly, research on the electric propulsion systems for airplanes is
conducted regardless of whether the plane is civil and military. In this regard, the 'Act on Flight Safety
Certification for Military Aircraft’ and 'Aviation Safety Act' mention that only aircrafts with
airworthiness certification can be operated. As a technical standard for such airworthiness certification,
the military established the 'Standard Airworthiness Certification Standard for Military Aircraft’, and the
private operators are using the 'Aircraft Technical Standard'. However, the existing airworthiness
certification has been developed for the internal combustion engine propulsion systems, and it is
difficult to apply it to the electric propulsion system. Therefore, it is essential to develop technical
standards for airworthiness certification of electrically-propelled aircrafts. In this study, the current
status of the electric-powered aircrafts at home and abroad and the development trend of airworthiness
certification standards were investigated, and the characteristics of each standard were considered
through analysis. Using the data of this analysis, a Military Airworthiness Certification Criteria

development plan for the electric aircraft was presented.
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1. M2

L 2A7tA To8 A5t 7iGH w2t &
HASKEU: Furopean Union, °]3} EU), ZA|7I7F-S
717+(ICAOQ: International Civil Aviation
Organization, °]3} ICAO) 59 ZFA7|7E F4Ho=2
4 TS A% g@A A 2 3 AZ(CORSIA:
Carbon Offsetting and Reduction Scheme for
International Aviation, ©]3} CORSIA), 3t= A5t &
S AMA(CYU: Clean Sky Joint Undertaking, °]d}
CYU)T 2 viE7tA A AdS Algstar SITHll.
ol3t 9] FFoz MEL FHAAHS HQAo]
A71=Eom, oo gt sFo R H7|FH AIAR0]
AEA HeE1 irh. A7|FX AA”E viETtAvL
o] g HolT= A 7L loH, E2 Y
o SFHE Hol= 5 7|€ 7RAEE dZlEY 580
Ethe ol Slch

FEFT7] kA Qs T HE, Bt

—_

)

Wol ofshe G370 282 FAAE AU W
ofof 3w, ol 9% 7|471E0R oL FEYF

7] BEARIZVIE S WiMe EarrievE
(KAS: Korea Airworthiness Standards, ©|5} KAS)
< At 7129 AIRIFT 7129 A WarlH
FRAA A H3lslA FEEgoH, TIZE Eofofx 9]
A71&2 F5719 A A 971 F71s] wet =,
g T TS FHeE WS AL 9%
7

4YAF 71F A7 ST ek

Fom[2], 5 A7|FX AAHS J85 FF79] A
W AQE AR 2R ddErt. o]2igt Aol iyl
s17] 8 F57] A7157 AA"He] AgISTIE] &
g A7F Qs

Uk o2 ARIF7IEe] /NS 27k W EeR
A2 4= Ak AA, 371 NI Aol FHet
7loA AdE ABE 44 52 VE7EES AlY
Hgsto] AF F Agsh= WRto] Stk EA, ol
3ol F&E1 gl 71F 9 T2V 438 AR
71&S IH= Aot H8oh= weto] ItH3l.
oM A AFTE F ] HEES 1Eg A
Z7]1%& LS 98] Fig. 19] ZEAAS H8sfo] AL
£ APttt WA ml=, 4 5 =7HE T3] 271
2 A2E FHE APAS7IE MY A AR

T

e o
rR ooN oY

ol
ro

o R AR B4 B 72 B4 1Y
o, o] B8] 47| G| AthE theld 7 APAE

Civil & Military Airworthiness
Certification Criteria Analysis

Investigation of development Trend of
Electric-propelled Aircraft

Investigation & Analysis of Airworthiness
Certification Criteria for
Electric-propelled Aircraft

Present development plan of Airworthiness
Certification Criteria for military aircraft
applied electric propulsion system

Fig. 1. Process of Development of airworthiness
certification criteria for electric-propelled
aircraft
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2.1.1 28F7| BEUABIIE
+-83F7] v Q15 T HE Al 3%
ot &3 71 A Al YubH o g Aok o &
= Wy ZAR v I

71% 52 IAISHof gt} ol2gt |
AFRIF A FA QI MIL-HDBK-516C 719 ‘EZE=7T
Q1571 Part 1'0] A=, Tl 33719 74
QIES 8l BEHAFRFZ]|FHINATO: North Atlantic
Treaty Organization, ©|5} NATO), E=35} g4
(STANAG: Standardization Agreement, ©]5} STANAG)
T TRVl APRAS AAYU STANAG-4671 %
STANAG-4703 7|§to2 ' #2203 RIZ 7= Part 2, 3
7} A=JeH4, 5], Table 12 ‘EEHRIZ7IE
part 1~3'0] tigt & HE Hojsth #2495
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Table 1. Millitary Standard Airworthiness Certification

Criteria
MTOW
Airworthiness | (Maximum T Aircraft Reference
Standards Take Off ype Alrcra Document
Weight)
All Type
Part 1 ALL (No (Fixed wing, MIL-HDBK-
Limit) Rotary wing, 516C(USAF)
etc.)
150 kg < ) . _
Part 2 MTOW < leeSA‘évmg ST/-\(II\\III?\% 04;671
20,000 kg
Part 3 MTOW = Fixed wing STANAG-4703
150 kg UAS (NATO)
2.1.2 212k @Z7| 71E7IE(KAS)
FEAXAH A 19%0] ofshd F3719] AFAE E

7R (Es, E7EY) 59 WeE 1A VETE
TASfoF op, 5719 v QPHS HHsEr] Yt
71e49] 712 FEN71€e71E S AGstAnHTI. o
A9l 7]1&7]15%S B KAS Part 212 ASEAE o
I om, KAS Part 23, 25 1A 37, KAS
Part 27, 29+ A9 37 AS71ES &2 itk E
gh A Q1&E7|&91 KAS Part 33, T2 Q157]|&
ol KAS Part 357} Ut}

F57] AH AFE At 71€7]22A KAS Part 332
T 7MY Aog FAPES] lon FE AW E EylA
Z19] AA|, Agol T3t 7170 PAE] otk A
7133 A&l H8H FB7E At AIRISVES

Sle Aol

flo ok

2.2 MI7|IFZ &F7| e s
2.2.1 E-Fan(Airbus, £2)

Fig. 2. E-Fan
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ofoHAL] E-FANS 7|53 &5719] 7]
=22 pdE gkrlolth 20144 39 2EH|[Fo] A
tlom, 28 2214 &37]Q1 E-FAN 2.09] At
BXZ 510 20179 FAHE 2 oY AL S
Aotstgiet. = F7Ho] 250V 2lEo|LHE S &
Fon, AYo|FFHS 660 kg, Al & AI7HS 1
AlZko=z geA it} Fig. 2= B-Fan®] 34+ YeRdich
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2.2.2 Velis Electro(Pipistrel, ZZH|L|0})

Velis Electro= £&HYot2] Pipistrel AtollAl 7id
St 2147 E-7]1E 20204 69, A7IEFA 7] F
22 9 &5 H 7]7HEASA: European Union
Aviation Safety Agency, ©]3} EASA)OIA F2]Q15
(TC: Type Certification, ©]3} TC)& FE3FTHOI.
A E-811 A7) xS H85i o, HolS5%F
2 600 kg, Fdi&=E 181 km/holth. Aoz
F7E A A BB o =20 25 Eojglem, Night
VFR kit" A2t Alojgt ot 28§0] 7hs5tA o]l
Fig. 3< Velis Electro? @AM HojZr}

Fig. 3. Velis Electro

2.2.3 Volocity(Volocopter, S

Volocityx 59| VolocopterAZ} 7idt 591 7]
ZF7A 24 &5 Z5(UAM: Urban Air Mobility, ©]3}
UAM)OIt}. BARSEZIAARS A-83t HE|FE F4lo]
o, gEol2HEE F-&st3rt 20199 4 T3¢
ZH([EASA:  European Union Aviation Safety
Agency, ©I3t EASA)7} A% SC-VTOL-01Z Brgre
2 g Felm(10], HAHolESF 900 kg, It 28
AIZF 2080t} Fig. 4= Volocity?] dAS YERd
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Fig. 4. Volocity

2.2.4 Butterfly(SFSIA|AH!

Butterfly= ©]=2] Overair At} gH=9]
o] 3E2o2 ME F< A7|5% UAMeo]t}.
AHS 835t dERH Ho|d, wuj=
(FAA: Federal Aviation Administration,
9] FAR Part 23 Amendment 64 7|5& 2-8s}to] 7
g Jggstar Qlrt. Hi&E 322 km/h, o 28 Al
7+ 3080] 7 E3olt}k. Fig. 5= Butterfly?] 34+

i

Fig. 5. Butterfly

2.2.5 S-A1(SAIEKL, 5H=)

Rt 39 71Alo]tt, BEARSER A|AH]
g HlojH, HEZE o]Qo] $=Z|0o]
ZE7L 3712 2 4ot g4 g
< Z33} 5ol FjolEFHL

Fig. 62 S-A19] HAFE Uiehict
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2.3 HIIE 827 Bl ZHISTIE B
0] 2e3--5515](AIAA: American Institute of

Aeronautics and Astronautics, ©]3} AIAA)o|A &7F
St ‘Aerospace America, July/August 2020 25}
™ 20209 3¥ 71E A& 159 ol o] A7]13%] $220]
Z57](eVTOL:  Electric Vertical Takeoff and
Landing, °Jst eVTOL) ZAA419] 5717} vl= FAA &

ARISHAE &4 FolzkaL wokar oH11]. ERL
20209 49, v B2 eVIOL 5L HHoR

‘Agility Prime’ T2 ¥R OH, S, s U
PP 2 T2 o] 23tEo] Ql}. o= = &5,
ueE 5 TAH AR HEZ Ao eVIOLE H=7
0 =& ZsHlte || FEe A& & ¢ Sl s
ojt}. olg% 7R FF719 o= T e
o, ojg} FAlo] AFRAF 417 FlesE F71E Ae=
olgstar ik, ofof whet B AARIG7IE ek A
T7F & o]FofA 1 Qirh

ul=e] 739- 20174, FAR Part 23S A9 /A2
o, 202099& Cessna, DHC-2 &&7]°] Z&H
MagniX ZEE U557 gt SE2AE Attt
FHY] A 715K AAH] ARIRISE Al ohget
EHxA(Special Condition)& A5ttt Table 2
= A71FK FF71° F& 7het AIRISVIE ML

& 89 A Aijolrt.

g

gul

o

2.3.1 FAR Part 23 Amendment 64(FAA, O|=)
20179 FAAE FAR Part 239] 714 22 1251

o} FolE5%F 19,000 b(F 8,618 kg) ©l5t 179
F710l A8 = e, 71EY #HE AT dS
WS 7R FAA R ASHEA 3757 I
oA 6770 FFoE HF AR, FIA T



Table 2. Airworthiness Criteria of Aircraft applied Electric Propulsion System

Type Document

Conditions of Application

Summary

FAR part 23 Amend. 64

MTOW < 8,618 kg

Revised from Prescriptive requirements to

(FAA) not more than 19 Passenger Performance- based standards
Aircraft SC-VTOL is Developed based on CS-23 and
~ MTOW < 3,175 kg several criteria of CS-27.
SC-VIOLEASA) not more than 9 Passenger Electric Propulsion System has been
considered.
FAR part 33
Special Condition he o Special Condition for MagniX's Electric
(MagniX's engine) Magni 250, Magni 500 Motor (based on FAR Part 33)
(FAA)
Engine modified several criteria of ASTM

SC-E18(EASA)

Engine applied CS-23 Level 1 and
(CS-22, CS-LSA Aircraft

Specification in consideration of aircraft
characteristics

SC-E19(EASA)

Electric engine applied all aircraft

Airworthiness Criteria for Electric- Hybrid

o1°_l',

o FAIE ofz] FH& Agsto] 2 A= E0lH F
3t PGS FAISHES TSkl Y, FAR Part
33} Part 33(A1%0), 35(Z2H) 87217} HA=
FES Aol 2902 dd Bl Adls
71&2 AN FES A7 ARIFVIEe R
NstaA A7 SR AREE H85E FF7]0oe F83
= QA =121

35719 ARASE HoiA= A IS5l =
2} 7|&7]E 35 o5& gRlslof 51, olo] &3t &
2 23.2010%0] AAI=o] QUet 23.2010E wEH,
e AR s AEAR FI(ASTM: American
Society for Testing and Materials, ©]3} ASTM) &
9] AdTHAE &8 & IS Bl o} AT A
A ATHHEE AT 5= JLFE FAI=] qiok 20204
94, FAAE ASTM 20| 7]9tet A3hd dsidS &
2 ZAE 493, FAAEEAADY FF- ASTM
F3264-19(Standard  Specification for
Category Aeroplane Certification) Section 8& &
85k SITH13). SHAIRE o]= A7|SEAAe BEd Wé
= 91 A &7] 2ol A7EHAA"E B85 A
- 23.2010480] ZASH] ARGAE Y A A5
HE AT Ae a8k 9lom, ASTM F3239-19
(Standard Specification for Aircraft
Propulsion System)& #a1sto] /e AL FAsIL

ATH14].

ol

B

Normal

Electric

2.3.2 SC-VTOL(EASA, 83)

UAM, EE 5 30125 357 e 871 371

except CS-25 Aircraft Engine
Q57152 Subpart E°ll AIE|O] Qlom, old ¥ o] wiet 20199 74, A0S 3718 5 4

o

= =4
21571291 SC-VTOLS Astgtt. 712 79l 1149
F37] AFRAS71E CS-23 Amendment 58 7]5t
o2 JfgEgen, HE AlY Yo S¥xo] ofd &

CS) FH=E TAAZ AolrH15]

SC-VTOL2 UAM, eVTOL 5= tidC=Z sk= 13}
AF7IE0|BR A7|R2XA A8 7hs/d< 1Este] 7
E3lth VTOL.2400 “dol A7|F=RA|A- 0] #et
o] glow, A AFHHMOO LR 20214 44
A&l SC E-19 (Blectric/hybrid Propulsion System)S
FEofoF gttt PAIElo] Qiot. A7|1SZA T FE
o 2t
« Lift/thrust system installation (VTOL.2400/

Subpart E) @ $XA] A2 #A Z(Subpart E)Oll

A AH&El= Energyoll Higt FOg A&, W7] &

< A, A7FAAE TS 9y

9
=

lﬂ&%m

=)

flo

2.3.3 FAR part 33 Special Condition, MagniX's
Engine (FAA, 0O|=)

20204 119, FAAE MagniAte] A7]=g <l
i S5ExAS Al ASTM 71e7IE
MagniX A HJEE &85t FAR Part 330 Foh=
AEAS WS F 3270 I E A= A
o, 7]& Part 33 7|&% AF FE A= ok &
A Y TAl= PR g2 AEfolTH171.

pre)

[s]

=

=
ol
=

2.3.4 SC E-18(EASA, |8
SC E-182 EASA CS-23 Level 1 &37|(MTOW
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8,618 kg ©lst, 54 0~1%)°] H8H A7|5%A| A5
I+ =A%t EEx70]H, ASTM F3338-18(Standard
Specification for Design of Electric Propulsion

Unit for General Aviation Aircraft) 4l o8] &= &

L7 B #A 4 H8E AFES AT
[16]. FA&Q AFFS 23t 2t

5.7 » BAGZLS A8 7|22
+5.15: 1™ AF A
Eolgt 5.15.2%
2 5.15.1.2, 5.15.32 134 &S
5.15.2 1 T8EEFL AAY Y AY, AxAE, A
HA T Ay 52 Bl AaEE dSdlor 3
£ 7t AHE A
Algtatgto] Qlojof g

23 YoM E ol =5

ZI6HA] RS ASdlor 3 (N o= gt
A m3to] ghgol HPAzEF o= 5] kA
EHO| 10% oletd Al %)
5.20.3 © A7152A] HA A9 A= ke 9
gt A AlE AAE AL AT dEd AL
CS-E 440 2 #3715,
EREFAE AE 1 B ER

AR ASA s BEe 45T

5.15.3.4 : 3319

o
jus

Z

Qs

ool

NE B W15

=
O
A.

]

2.3.5 SC E-19(EASA, |3)

SC E-19% CS-25% #8712 Aat A 8719
HREE 4712479 A% A AHE 7147]%0]
tH1g). stolugls, 17|54 8719 A 47t &
7K3te] ure A712AA9 A571% WeAo] A7IHY
3, 20204 190] 48 A=tk 1 3
o] AR 712+& AH 20219 4]
9] A9 72 A AE7)E 2
zke) AAEAAS YR EMEAL
HolA|gt, 9% A H/EAAE ¢
%S ARHHE HolA m=e Zjolg Bk SC
E-199] 7t el F9 YL ohew 2t

o
=
o

[e)
T

g AA

°F 1d 3714

31t T

2.3.5.1 Subpart A. General

AV TtEOA= 2 EEx79 54, B4, 8ol
A, 718t 1A ol TEF W-go] PAIEo] Sl
SC E-19& RE |/FR171°] Z-&=)= A7133419 <
2ol H&@sk, CS-22, CS-LSA, CS-239] Level 1]
sfksie ag7lol A8 WAL Ao

624

Al=o] Qlt}, 1 o]f= CS-22% Zaolr, CS-LSAS]
Zjo|S5F 600 kg olste] AFE7171 el

A 2Elo] Aoz 7hdsly] wfio] & 53
1§57l = diidor el FES 11
Hlrk EJ, CS-22, LSAY A% AAHL

171324 2 7] 1 BAIE] 3o
, CS-23 Level 1 35719] Z¢ SC E-180]g+= 52
5 At Jeuz 2 EdxZois
goll A ALJet AoE AlgE. 2R 2 RIS
71E B35 o 4 Al AREAPE A ASHHEE
RoH, AJHEE 8 £ lths Y8

i

o
N
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2.3.5.2 Subpart B. Design and Construction

AA 4 AF BofoAs 71E A AT VIS
(CS-E: Certification Specification-Engine,
CS-B)Z 7|1%& ot W4, 4], 44 7] 5 A7154d
AAROA AT = 9l BAIE SR 4= Q=S B
o] s L s g B B Ea e ) B B R S S S A=
oA P g ARESH, 7]E HA7|T AL A4
Q] 2|7} Qlof o]F wrgdste] 7|Eo] AU E
g At SRS FolE A 5 =E B YES
Hebskal 9 F7F Y82 o2t Zrh

* Materials : A& £/447 IHH HAHS 7154
AARNEHPS:  Electric-Hybrid ~ Propulsion
System, ©|s} EHPS)9| &7 &<+ 7€ HAZL
ol B4, 7HYE AT Aol o FAl, 4
A o1 59 ZA ZFHlA AA EPE HRE
EHPS A2 ¥, 374 SE(E%)
Safety Assessment : EHPS 17 27 9 11 F&
o tigt B7H= 1L EHPS AlAEE ARk 3871
A zAre}F FEste] o]Fojxof gttt ¥HeF EHPS7H
F7] A5 IF= &€ 4%, EHPS 4 H
o[E|7} QP 7} Al AlFE|olof qttt. (%)
Static and fatigue Loads : &% &57]° Z-&5+
O 2H A= sk 371 AXAPE HolEE Al
F5H, o= EHPS A4 ¥ &5 Z|3]Af] W&ol
A= ofof gt} (F7h)
Strength : 714, &, A714 SHEA
H ZAFeANA AEe dA oRE
QIsfiof gttt Hof S22 Al
ofof stH, A= 24 A

%)

o]o

-

P
5

12T

3
o,

=
=



2.3.5.3 Subpart C. Systems and Equipment

AAE 9 ] Bol= AR, §Y, ¥z, Ash, Ao
A"l gk S gRlste Aol & el
7152 A71FA AL olQfo] sto]HB T FTUAIA
7R a2sto] JiEE 7] wizol, CS-E2] As &
AL ZZFoE IS U= AL IRlsHth
CS-E df¥] 474 2 7} W82 o2 &t

* Fuel System : EHPS7} ¥l &2
ol QIthd, ABAIARE -g 23S 2F
< HY % 7] 2204 AR AE|
o, ARS] QAWA, 1A)o] = It
o) wHEATA 2B} Bt ()
Lubrication System : & A|AHS -g XS
o5 BE HY 9 7] 27oA HgHoR A
fjof s, e FEol Widol gle & Al
€ 752 EHPS 48 WAL Qo]
g RS XAE sfjof gt} (527)
Ignition System : EHPSOIA] HSIA|AHIS AR
A9, A28 AR ST BHPS A2H(AS E
= g HSAIAT) B4 et V5o 44
SJojof s}sl, BE e 9 o7 Z7A HHo
2 A5or dk ()
EHPS Control System : EHPS A|o] A|AH2 H]
3 As B4 9 ASA 23sHA] s
A= ofoF shH, =4 7] Pl
At MIEE 7HA A= ofoF gtk 3, 4X
Eflo] & A7]% st=dofo] HEZ flsf WIEA]
F=o] & 7hett ASYHES ARESloF gtk
)]
Electrical Power Generation, Distribution
and Wirings : EHPSS] A8 T5A52 284
F5719] FARIF 710l Agsfiof gteh. 3, 9
LH A5 204 A5l 228 58S S5t
A= ofof shu, Ral &e Al A FFASl
FFS HIAA Potof gt} (57D
9 355 g uiEdg €
A4 AAHS H-8d 3719 FARIF 7% A
gafoF get. E3E, EHPS7F A7) qlxlo] dee 2
5 9 HF & AHoA oy 347t Thsste

St= A9, 1 HiEEe UAE F5otes
AAISfoF st, 18] 32 Ffof oUAE &
AlA 37101 f8lo] PSR LLE sfof Fich
&7h

Ea
Bl

ik

A
=

-0 A3)

o= T o Zﬂl

=

[

=
=
ok
=

Propulsion Battery :

=

=

625

2.3.5.4 Subpart D. Substantiation
AS Boks 245 87EE HSo] Hgt ol o
3 A= Aot WA, A, HET, 2% A, 7+

F A% 2A(RY 88, 2371 A% PelHe a7
AEe A 9 N BEU 9B avsha o

2 FHoAN= 4% HAE F=3 HAE £33 F4
s 2Ago] =Hoilrk. CS-E<t HlwsEH, WA=
ARl HIAEE A tFE =0l SC E-199} &}
o]& HQlth ol= CS-E= 95 X ¥ HEJXS o
o= A AFRIF7IECIH, SC E-19+ A7]/3lo]
Bt F3A 4 7RIS 7IE0]7] wizol ZHsHb4
of Zo]7t Qlof A7]= AR AtmHch. CS-E tfH] 4
A 9 A 71 F2 g8 ot 2k
* Durability Demonstration : EHPS Z} F3&o] %
H] 7|17t 52 WA 744 Afolo] 1A ES 45}
U AAZY olFHAFEA BojF= WA H

= MR =2
AEES AABoF T (24)

-

Teardown Inspection : WA Alglo] Eut
EHPS 7162 F-AIshH 84 Z5sh=A] Bl
FHsfiof k. HIAE A 75, 44 ®Ao]
F=A] AR gelsfiof gtk 3, SiAl HAL
HEol| £A7F HAEe] A 4871 WAL B¢
713o] astrial wHet 71 HIAES S3sjof
gk (7D

System, Equipment and Component Tests : W
T4 AW B2 A%E Ao 958 4 gl A
29 @ 7404 B9 1 A2HY ATES
nE 34 9 A5 2AA =H 7152

Z317] 9%t F7} BlAES S9sfor

o

m

|

T
o

15

il

>

n
AT

2.4 HI|FT

AERE 47
FA 3371 A
e B
A +8F35719
A5 aFaE
Part 2" &0} E9] 7]

ol E3k= AS=
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£ Hsls UYL Holx glom, I B FiZfAE 7|EY #HF VIS A 959 78R
U7t A4S ASH0R £8% ¢ JE I S NEE SA0 ASTM 59 F28Z QIPgst= FAllolth.
Agsta ek FHe A A7FH AARY AP oA E TR FA1E wrgste] T4 Qe 71EAlA
& A% e V&S NEsilen, ARYE B4 AgE 448 AT ¢ AEE AXE Jf4dstel Wt
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