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#ATVAL. BEELAEDIBLRICINIITS

o HLEEEE, INFTHAIELTCFRPEEIMILTWEN, CFRPEMMIRICLTY-MRICE
£ ATEREL

Aca P 4 4 0 0 0 0 ]Zhéﬁﬂéttsilbetr%’ﬁt%ﬁ@UﬂMJb%ﬁ&FEﬁ T2 Tl
ity TR LTNSEHBN3
Airbus FR 3 0 1 1 0 1 . —

*INLOEFEDHE % - Google patentlZHEWTICFRP - [Recycled] - [Airplane |02 TICE &L TWAHEFEFE2018ELUIEIH LU ERNFHLTVWEEDS S, BBFE
(CEIEDRVMVFTFE AL TV EER\EED
**ZE [$Priority dateR—2A

HFF) Google Patent, ZENFIEREYIER NRI 31
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WREFENVYF | CFRTP

CFRTPO;ERANEATWSH, BEREBHOFRACPREETIREORE (LS REEDILERH
KEhTWh3, éi DB TR BEREEOEMRARBA TCOEMMENERTES

=LY FEFEFLRE

17

rLYFEE

MRREORAT-Y
« BICEAMLSNTEY, FFAoREIS2018F LISHZE THBL TS

Eﬁnﬁﬁ%(DT b4

oo
%;E = 11 « 20145 ([T 7 NAHN'AZ50XWBACFRTP%Fuselage clipD—Ri@&M & L THRAT %%
24k . BIKEMAOFERNMEATNS
FLYR o ZOH T, ARERT-VELTUL BERRMIEDER V. CFRTPEE TIEZDHECK
DI REERDIL A (B (BB EREADOE B IL KD RSN TS
« BH, CFRTPOUTM VI E S TE. BALENSOEFFAMAINZEIVAERBICZ N E
2018 2019 2020 2021 2022 2023* 'fhElJETJ ‘“355
Boeing (US) LEOMEHEESFA - £FER
, - TEENLEHAZERZL. MEOEM(Airbus/Boeing) IS DIFEFARN % L)
foray Industries () . Ff, BRRENSOBHARBN S, YFHRMICEI2 A AL EOBULENERTS
Airbus (FR) 5
/\% Teijin Limited (JP) m%@ﬁﬁnﬂﬁ%ibﬁ {E £+ 7 52 B S Bh )
}*ul;-‘JF‘ itsabishi Heavy Industries, Lic. 0P + BoeingIFERNAIBENRIVICH L THBEREHI#EZERITIHREZ, 202205

Japan Aerospace Exploration Agency (JP)
Kawasaki Heavy Industries, Ltd. (JP)
RTX Corporation (US)

Subaru Corporation (JP)

Cannon Ergos: ZZLZ T NV AR TUT )L & H R THEE

o BE@EMEADBERILALWSE S TE. ATC Manufacturingld, 202352 A Boeingtt
ECFRTPICRI S 3 RAAZ MRS (B737E RN DI RA)

+ Collins Aerospace®t. AFP (Automated fiber placement) O;ERAICLZEEBHENL
(&Y, @i REMZEEADCFRTPERA%Z2018EI 3N H1EEL TS
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CFRTP

BoeingFEZEMIENRIVICH L THE kFRiHH#EZEATSHERE. 20225F 5 Cannon Ergos®
ZECETENVARNTUT I EHETHEE

o £

Boeing, Cannon Ergos, Mitsubishi Chemical Advanced Materials wr

FrFEE

2022

w14

* Recycled Carbon Fiber (rCF)
* Kyrontex® Material

R&D D4

FETIRICHEIZRFMMBERZYOEUEBHMABICKY, BEEDH!
B AR DA NEHIRL. LR FMEDR EEZERIEIENT
XS]

S

* Boeingl32022558 . CFRTPZfHE A LIz ZZ#n % = MR B2 /T
WOELE[CEE R RMEETN ATtz Rl REERT 5L
. EEMEELEX-H-DCannon Ergost DR EEFBLE

o ZO7O0YIVMORIFERBEICIE. StERERILINUN-Y TS/ V7-TH
3= FTENVANTUTI (MCAM) £E5

« Cannon Ergosld. FREDEAEBREEBEZRET. BE, RE

o ZOEEIF. MCAMOFTZEMKyrontexzEB LIV A R UA=)L - X%
WORAEICERINTE

* Kyrontex® Material C{EFSN AR KRGV R VI RICIE, K
U7k (PA)  RUI-FIA3F (PE)  RUTIZLIYILI7AE

(PPS) IRUI-FII-TITbY (PEEK)  RUTU-LI-TIVYT
b (PAEK) HEN'SHS
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MERAFELLYE | CMC

GE[Z. 20204, IVIY

BEHISILERN ‘i%

—l—
[—]

IEJ

BAEf RIS DDOCMCRIEBMEE T UGEIXT Y IV ER—1Y T TTTXIC

NCEEiaNEE>Y)

393

335

bl YRR

. 312 ey  HERERORT-Y
e % o . BEICRIRBMLANTHY. B ARKIZ20184 1200~ 4004 RETBLTS
2k 167 HEEFROT-Y
FLYE - BFE(. SIC SIC CMCOFBMBIETY IV ADEHICEIT ZHRBIRNED
2018 2019 2020 2021 2022 2023
RTX Corporation (US) 661
Rolls Royce (UK) 329
General Electric (US) 313 DEDOHERETR . £EE R
Safran (FR) [l 248 - TENLGFAERZL. MEKOEMYTierZEB MY F31 VY-S5 0FFL BN Z )
Boci « HABEEIHVP=ZETI X, BLENBEERTFEZLMALTVSEHLONS
oeing (US) | 39
P
B I Corporation () |28 LEOFRBSHE : EHFRMSHE
Mitsubishi Heavy |, * GEld, 20205, IVYVEREBEKICS DNCMCRERREFEH LI GEIXTY YV ER-1
Industries, Ltd. (P) JITTTXICHEET B2 E QK (SIC/SIC CMCEF]A)
Toray Industries (JP) | 21 « &7, Pratt & Whitneyt, CMCELERZZTI7/VAA321 XLREADPW1000GIY IV DT
Honeywell (US) |13 TIL-FICTEEHITZEDRITHHS
Hitachi Ltd (JP) | 12
Others | 25
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WMREAFEMVEF | CMC

GERY1YhIVIUTOSIC SiC CMCER SRS T SERFTFAREHE, 20205, TYIVH
BEPEIRICSDODCMCER R EERALEGEIXT Y I YBN— 1V JTTTIXICEE SN

A\\J ]

Recent R&D activity

GE (CMC&5-EYva137IF)

/N
BR% GE & Safran (9-RI7YIVIY)
RS 2019
R&DD4FE SiC/SiC CMC
o JIYPIVIVTCMCOERIT. BEBHERDE £, BEHAADER.
MAEDOR E(CDEAS
o GEF JIYRIVIVOEBEICBWT, BEDOERE L[REIZKIELS E
FEER
o CMCHIVIVITICEBICHEEINDE, IVIYDHESH25% 18
L. BREHERIBED 0% BET B EHAFSN TS
« INBOY-EYVITTRIE. CEMAIY5-FYat)l (GEEY ISV DI
= FHEIV) b*EE?ZaLEAPG—frg‘ﬁyl:ﬁﬁﬁénza
o 2018FXTIC. GEZANAAM, TIIIT M, /=ANOZA1F M. 75
INVINCCMCEEM R %2583
o TII\NNHLETE, GEEYIIVIFRAA-RNVEDIVESRIIL, BAER
N-iRUhBCMCRRIZBEZERZELTNS
-+ 20205, IVIVEIREBEIRICSDOOCMCER R (1D DIABERRA Y & e
F=34F = 12DTI5-34F = HPTAT-I1I13VREI X, R t :
HPTAF-T29159K) EEALEGEIXTYIYHR-1 VI TT7XIC L § :
B — 5
'I:E'Fﬁ-) GE HP Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 35
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BRI PBATICLIRIER
KM ZEEBIEDER

E/IV7 X R PO 5300)

EU European Union Clean Hydrogen | 2019-2040 | Hydrogena | 400/ 1-0O Hydrogen EERFMEADRE
Partnership ircraft (¥65EM) Tank KRITE Y AT LD E
under Grant
Agreement No
826247

United Innovate UK, Hydrogen 2023-2025 | Hydrogena | 435A %KV K Hydrogen Tan | 7K&RETE - GOV TS

Kingdom United Kingdom's | storage and ircraft (¥98012FH) k 1FI-VHER

innovation agency | distribution
supply chain
Collaborative
R&D

United UK "Guilt-free” 2023 Hydrogen 2187800 ARk Hydorogen MEEROD_MLikHR

Kingdom Government zero-emission aircraft (383185,0004 M) | aircraft all HEH EHIR
flights

United UK Government guilt-free zero- | 2022-24 Hydrogen #0%88,280 AR/ | Hydorogen fnZZ DRt R =1L

Kingdom emission flights aircraft aircraft all xybh-P0-I3vv3aviE

FXRolls-Royce M7k 14
BEIVIYDRREIIE
Germany Federal Ministry The LuFo Klima | 2022 - 2025 | Hydrogen 45205 1-0 (5918 | Hydrogen fuel | RITH LU _EHERTE
for Economic Affai airplane 80007 ) cell RCOKREFMDEER
rs EREHEBROZIE
and Climate Action
(BMWK)
France Future Program (PI | HyPERION 2020 - 2035 | Hydrogena | - Hydorogen PR 22 (T 7k SR HE
A) ircraft aircraft all Y 1-Y3V O
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BAHFICHITBBUTICLEZIRR

IK SR AN ZE B E DBUR

E/TV7

AR AN ZE

FOE 3530

United states Defense Advanced | Experimental 2023 Hydrogen TTERAXR Hydrogen Tank Boeing#t [C & BHRIEK R
Research Projects Spaceplane aircraft (#98118650073 BARLS > DB
Agency (DARPA) Program M)
United states U.S. Department of | Investing in 2023 Hydrogen | #4%84,800/5F | Hydorogen J) -k z=EEDTO
Energy (DOE) America aircraft IV (K751 aircraft all JIT M, —RELT
M) DKRETRRA Y TS DEE
fii
United states Department of REEACH 2021 - NMTUYE | 4508USHIL Hydrogen fuel GEICKBN\ATUy FHEHE
Energy - 2024 HEmZEE | H7EM) cell IVIVOTONI1TH
Advanced Researc Eid
h Projects Agency-
Energy (ARPA-E)
Australia Australian Renewab | AMSL Aero, Project | 2023 - Hydrogen | AUD 1086/ F | Hydrogen fuel AMSL AeroD7k FZ K
leEnergy Agency (A | Vertiia— A 2025 aircraft W ( B ERDeVTOLF
RENA) Renewable X%

Hydrogen Air

Transport System
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BAHFICHITBBUTICLEZIRR

BRI

E/IV7

. BEMLEZEDBER

HRMME

FOE 35 3010)

United Energy Electric Aviation 2019 GEE 3SR =A3,500/KM) | HEE-Y- mAEREET-Y-. I
States U.S. Department Programs % 17, BERBYAT LD
of Energy - (ASCEND It
Advanced Research | and REEACH)
Projects Agency
United Aerospace Technolo | ACCEL 2021 iz s N/A BENY¥VVJY | ACCEL (BENFFIVIY
Kingdom gy Institute, Depart AT L ATLREHETIOVIIN) A
ment for Business, EZ7
Energy & Industrial
Strategy and
Innovate UK
United Stat | The Biden Administr | The United States | 2021 - BEMEESM USD281& (fth# 8 | UFILMAYNY | KERICEIZESHTLY
es ation National Blueprint | 2030 =D TYU- TAITERTEVFIOLA
for VBB ERRE DGR
Lithium Batteries -
Bipartisan
Infrastructure Law
United The US Department | Pioneering 2023~3 | 100AFYYARAD | H&3,0007KML | Fim/N\vTY- BREFEORTiHDFER L
States of Energy Railroad, Oceanic FEE EHMZE (33187,5007 M) B L TA4fE L LD E
and Plane DIERK. BENMMZERED
ELectrification LCOSHT JU-mrm k£
(PROPEL-1K)
programme
Europe European Union HELENA project 2022 - BEIMER 8004 1-0 (1277 | £@EFENYTU- | ZL2THIRIF-MES
2026 1#1781734160M) SUHNBEOSVEE

HEM (bt E M)
IZ0lE
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ENBICHI BRI LBEE
 BEMLEEDEUR

BRI

E/IV7 X SR AT X R BT
France French Governm | France 2030 2023 Voltaero® 560/ 10 (6 INMTUYRE | Cassio familyDBIH X 1B
ent investment Cassio family 84,9605 M) FHEEI AT
fund (RK12AZE I
)
Canada Government of Governments 2021 U-J3FIVAY-IN | fEBhEfEE ¢ NMTUYRE | Pratt & WhitneyDBE R 1
Quebec of Quebec and TOy Tk #830A AT | BIHEEVRT
Government of Canada driving b (KI9fEM) L
Canada recovery for AIERRER K
Quebec's 7,000 0745 F
aerospace b (K758
sector M)
United Department REEACH 2021-2024 | N TUYRHEERT | 450 KMV @4 | IMTUYRE | GELKBZNATUYRHEETY
States of Energy - ok 895005 M) BHEIAT | IVOTOMNATRHEE
Advanced Resea L
rch
Projects Agency-
Energy (ARPA-E)
Germany Ministry Structural 2021 -2027 | MIUyRHEtERT | - I\MTYYRE | Rolls-RoyceZ#he Liz/\ 17
for Economic Aff | Strengthening o BHEEYAT | UYMNEEY AT AEEDORK
airs Act L

Labour
and Energy Bran
denburg

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 40




BRI PBATICLIRIER
BE{L-MNRCEEOBIR

E/IVU7 ke X SR A ZERE X R BT
United States | U.S Air Force Ceramics Research Grant 2023 izt ek 1,000 KL Ceramic matrix ERSLEEREAMRE
composite FubeLiEmtEIIvy -k
YA KL DRFE
Singapore Singapore Govern | Advanced Manufacturing | 2021 TR SO Jurong Innovation | Additive 3DTUITAVIOREEER
ment Training Academy (Amta), District: 3@k )L manufacturing
Jurong Innovation District (3271EM)
(JID)
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EEATI1-)V. TR

RETER
Task1 : Azt - ElmmORREFHBZRITICREIAMN I EBRO S
Task1 : EYFEDH
Task1-1: EIANICET BRE BT T H IR RE

Task1-2: A AREZECHTEXIMFAFE L FHR A LB AE

Task1 1V 1R

Task2 : finZeil - RO LT EE - ERIZECH TAREBHFMDEA (LI E
VAN
DNT

Task3 : AZZHE - 208 QOBIHIRAICRE A CORBBIHE -1 ITZOERER
A

Task4 : EINACHITSMZEHE - FlmamOBRIFF AN (LR SFEL - BAFAFEB RO

Az
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ERNCETZRIBEHZMFFFHBERNARE AFTYVYU-

SEFHKRELEEEMOFFARINAZEE, HALEOFITFARELZVOE. YUFILTAY
jti. CFRP, CFRTP

2%V

- SE YN VN HSET N FI%#(2018-20235F) 1SRN E Top31h%(2018-2023 5
RN EERSR = BRI N op ( )
2018 2022 Top1 Top2 p Top1 Top2
KEBET VY 28 |i| BE= )07 . l 66 == 48 L= Boeing(86) | BE=General Electric(68) . l Airbus(48)
oo
KRR e 25ty 88 |£| == gH =00 BB Airbus(179) | B Boeing(101) || W Safran(96)
T~ ) S~ e = A= (L B8 13 2] . 2 .
AERRET VIV IC S0 R) 4 BE= (@] 4 == o BEE= General Electric(30) —= Honeywell(7) BEE= Pratt & Whitney(6)
— R — —
- e — ,
MMTYY FEBIEEY AT L 6 Iil = s =57 || B ozs == Rolls Royce(57) | ==General Electric(35) || I Safran(29)
; 21 sy . L = .
BEHERT-- 5 T B E B= BEE N | Airbus(19) | == Boeing(16) || B Safran(12)
TN EBEE 16 Iil = o BB [e]n [ = rx ez WM Safran(20) | BEE= Boeing(14)
148
1eEEM lﬂl ] = s BE s [0 |E= Boeing(170) HE safran(131) |} [l Airbus(129)
EEhL
. 67
UFILAAY B B | E= [e]n N E>) | =5 Boeing(6s) Il Il Airbus(s1) [ @ | GS Yuasa(27)
— — —
79 E—
BRI TIFIT-5- |i| ] Bl = [ HN Safran(100) —= Boeing(69). i Airbus(35)
. . 537 ST — s>
AYR-5—-TIN-5- 2| o =24 B H s ==, 0N Safran(519) —= Boeing(513) == Rolls Royce(349)
S L] E
BEIVIRL-5- (FICAF-5-) 23 lil B= g B ZES 70 == Rolls Royce(69) N | Safran(60) === General Electric(24)
— —
405 e g e . . Mitsubishi
187 L =
CFRP ] =88 @4 i EBE= Boeing(@34) I Il Airbus(235) EHeavy )
17
zﬁm.g CFRTP I (@] 39 |E= s I = Boeing(27) Toray22) Il M Airbus(18)
- 167 335 | e sy (N = sy = ,
CcMC ] = 1032 == 329 254 L = RTX(661) == Rolls Royce(329)] ===General Electric(313)
635 S 2]
AM 27 | o =2 B B She7 (Ee= RTX(852) = General Electric(676) Il Ml Safran(627)
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EPSHCBU S REF IS HENRAE  BEA
TFEHROOEM-Tierl- AR EOIEH 7 -T2 INE - R

B NS0, TELMEMOEM, IVIYVOEM, Tierl Zp@EA-N—. BLUTEHAARDE L L TR
B INSUADODZEICDVNTIE, Task1-2 CE M OEMIERATZLRICEELRHONDZDELXLYI 7Y, i T IEREEISREEIUS

Gk B3 r S
IR Airbus
= H I &ERT
KE Boeing
Aircraft OEM KE Lockheed Martin SES Ll
hFs Bombardier A BA
oft (T39I Emb
zZofts (I59)V) mbraer BA S| ¥
KE General Electric
i il
KE Rolls Royce A% AR
Engine OEM 3+ £y n
KE RTX Corporation* Bl i
KE Pratt & Whitney* B 772
KE United Technologies* HA{X | BHA YYTAZT
KE Northrop Grumman A SN
KE Raytheon*
- =[N I-IR-ATY
I3V Safran
e Honeywell =[N SUBARU
Tier1
15997 Leonard EES SEET®
EgE| BAE Systems
B JINEE T %
KE General Dynamics
KE Spirit Bk JAXA
KE Collins Aerospace EFS HI

}120204E CUnited Technologies&RaytheonM & LR, Pratt & Whitney. United Technology. Raytheon®
EEBHHNEET B0, ZNHIERTX CorporationD$FEFE LTHIY b
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ERNCET B RIBEHZRITRF HH BRI E

REAEH

TROLSICKMZEICVY-FI-F2REL. FFIEHRES - B8

R EF

FSpa=it

WEERFRD-F

RERFD-F

IKFBRET VT ("hydrogen”)(*fuel tank")("aircraft") ("KE"CBRET VT ("R ZE i
b/ &34 WARIE ("fuel cell") (“aircraft") ("BARLE L") (TS
=41 80 @("Vaporizer") ("hydrogen”) (“aircraft”) and @("Vaporizers") WA= /L Doy fu W g
xeds ("hydrogen") ("aircraft") (RUALER") (5" (EH)
INMTUY R EENHEEYZT I ("hybrid propulsion system") (“aircraft") ("INATUY FHEEE") ("R ZEHE")
EHHERT-5- ("electric") ("propulsion motor") (“aircraft") ("BR") ("HEET-Y-") ("IREERL
- T @("flywheel") ("energy storage") (“aircraft") OCITFRA=)L") ("R =) (" E ")
I NEEREE @(“fiywheel") ("battery") (‘aircraft’) @(IFAIA-I) CTHRILA-FR) (R
g E bt @ ("insulation”) (“aircraft”) (“electric propulsion”) Keyword 1: ("#&#&") ("EXHEE") (")
Ak @: ("insulating material") ("aircraft") Keyword 2: ("BrE#4") ("fZeik")
Rt UFILAAVEM ("lithium-ion battery") (“aircraft") ("UFULAAVEM") ("R
("Electro Hydrostatic Actuator")("Aircraft") ("BR") (CRETIFII-F") ("M
- N o ("Electro Backup Hydrostatic Actuator")("Aircraft") ("BR") (RETIFII- ) ("IN ITYTY (FRZERE")
BEMASIF1L-5 ("EHA")("Aircraft”) ("EHA") ("fRZHE")
("EBHA")("Aircraft") ("EBHA")("finZ=4")
AIN=5—-TIN-5- ("Inverter") ("Aircraft") & ("Converter") ("Aircraft") (MY N=5")("finZe ("IVI=5") ("frzEg)
JIRL-5- (FIRY-5-) ("engine") ("starter-generator") ("electric") (“aircraft") ("IVIU") ("starter-generator") ("EBR") ("FRZEHE")
CFRP (B RMHEHICTTRF YY) o oty Calrcraft) & (carbon oer | (e s T5AF0) CZHE) & (MM AT BIEMIAE) (Fi2)
%g}g ) S)jl;RTP (RIS MM R AL TTAT ("carbon fiber reinforced thermoplastic") (“aircraft") ("ER SRl s L BRI BB PR AE ) ("
CMC ("ceramic matrix composite") (“aircraft") ("EIIVIR") (EEME") ("R
AM ("additive manufacturing") ("aircraft") ("THNSE") ("AZE
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ERAN CH T RRERRITS TR AR
Vi &~t SEVL)

=7

- BEEOERTKRIRICIFFOREBAEMLTEY, 2022F (2136114, 20235F(C[32023F11 A B2 T16145OBEERFFFI RS
(N QA

- REEFHERNZ VD IBoeing. KtV TGE. Airbus. Rolls Royse

- BARMBEQ. NBELZENG, RUD OB ERFFT 2L

Year (Total) Country (Patent Published) Company (Total/Top 10)**

161
Boeing (US)
us 126 General Electric (US)
Airbus (FR)
ep Rolls Royce (UK)
RTX Corporation (US)
y Safran (FR)
JP Pratt & Whitney (US)
33 32 Kawasaki Heavy Industries, Ltd. (JP)
28 26
CA 10 Toray Industries (JP)
Teijin Limited (JP)

2018 2019 2020 2021 2022 2023
Others

Note: *2023 data is till 15t November **The top 10 ranking has been derived based on the total from 2018 to 2023
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. MI 46



ERAN CH T RRERRITS TR AR
Vi &~t SEVL)

o RFFHEZMEC L TEZ VWOKE T, 2F013-48112EZ2 H5HTNS

Year by Country (Patent Published Country)

161

63

61

22

33 32 ; 4

28 26
R i o (O )
bmin) R, = e
4 6 1 2 =2 2 2 2 I

2018 2019 2020 2021 2022 2023*

us cA M Ep DE FR ce M. r B Tw B AU BR cN B8 wo

Note: * 2023 data is till 15" November
Source: Google Patents Database Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 47



ERAN CH T RRERRITS TR AR
Vi &~t SEVL)

Trend Review

« BEI0FETOILYFTIE PAUNBZECLHFEN LA
« EiT2023F TR BRI (IIVAAFUR) NoDHFENT AUNOHEICIESELTEMLTND

Year by Country (Patent Assigner Country)

161
30

28 26 33

= :

—3 =3 > 3 —f—>5-3 w - 5
2018 2019 2020 2021 2022 2023*

B us FR M UK Jp M BR

Note: * 2023 data is till 15" November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 48



ERNCET B RIBEHZRITRF HH BRI E

&3y S

* BoeinglC&BFFF AFEBNREZ L

« 85T, 20235 T, Boeingkl. GE, Aribus, Rolls Roce, RTXIC& B4 EF AN AZ
o BARMPEE, BERCRERSFTARBONR-ACEAEN

Company by Year

Top 10 Companies

Boeing (US)

General Electric (US)
Airbus (FR)

Rolls Royce (UK)

RTX Corporation (US)
Safran (FR)

Pratt & Whitney (US)
Kawasaki Heavy Industries, Ltd. (JP)
Toray Industries (JP)
Teijin Limited (JP)
Others

Note: * 2023 data is till 15t November

Source: Google Patents Database

18 117 A 5o

A 4 T
PN 6 BENTRNN s PE
2 I R /5
2E0 0 BN o4 P
20 AN 5 EE
6 17

I 2018
I.1 1 35 B 2019
g1 4 2020
1i1 2, B 2021

2022

!310 B 2023+
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EPISHCBI PR R AT AR R A

=7

2022 (CIF1554A B RE, 2023£E(C132023F 11 A A C220F 0B ER M ARSI TNS
20195FEN 5, AT AREBNIEMLTNS

RIS HARBNZ L RZETAirbus, FEL\TBoeing. Safran. Rolls Royse

HABZEE, IHID5E, RUMBEFORE ESFE AR

FFOREFT T H L TR AT H R ST Bl 0D B4 5 2K B OBERFFHEEH (Top10)

179

General Electric (US)
107
97

JP
69
BAE Systems (UK)

CA ' 18 IHI Corporation (JP)

RTX Corporation (US)

220
Airbus (FR)
us 289 Boeing (US)
Safran (FR)
155
Ep 181 Rolls Royce (UK)
121

Honeywell (US)

Toray Industries (JP)

2018 2019 2020 2021 2022 2023 Others

Note: *2023 data is till 151" November,
Source: Google Patents Database Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 50



ERNCET B RIBEHZRITRF HH BRI E

o SSEHFHEEMIEELTZVOEKE. BRI (EP)

Trend Review

97

38

14 )
792

.
522

Year by Country (Patent Published Country)

| 1 1
Y. .3-551
19 BT O
g 10 /1 E—
2018 2019
us cA I eP

Note: *2023 data is till 15t November,

Source: Google Patents Database

DE M ES

2020

FR G MM BE I NL M P

220
81
155
51
107
2
34 B
13 >
2 — =
—%—g—1
8 4 29
3
-
9 7 15

2021 2022 2023*
cN BB au BB KR BR B wo
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EPISHCBI PR R AT AR R A

Trend Review

« BEIOETOIYFTR. TAUN-TFVABRICEBZHEN %L IO Y FER#FELTWNS

Year by Country (Patent Assigner Country)

97
88
69
o
32 41
32
14| T
11 -8_5-/1 6 13
2018 2019 2020 2021 2022 2023*

R us Il uK Jp M BR IT

Note: *2023 data is till 15t November,
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 52



EANCHEFZREFHRMT ST HEIRRRAE

* AribusDHFEHN =EZ L
« ET2023% (3. Aribus, Safran, GE. Rolls Royce, RTX Corporation' A E & HH BRI EHIEL TS
o BARBEM. IH-EULHIBEETREFELRLTVNS

Company by Year (Top 10)

Airbus (FR) 21 53 179
Boeing (US) 23 15 @ o1
Safran (FR) 17 15 25 96
Rolls Royce (UK) 14 20 29 77
General Electric (US) 9 13 74
RTX Corporation (US) 6 7 5 55
Honeywell (US) EII:. 17 51 36
2018
BAE Systems (UK) 3 2123 B 2019
IHI Corporation (JP) III 1115 2020
| Bl 2021
Toray Industries (JP) |4 n 1113 2022
Il 2023+
Others 9 Il 1 67

Note: *2023 data is till 15t November,
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 53



IS SR SRS LR
KEMEHIVIY (KL

Overall Trend

o 20225 (134 R, 20234 (C(32023F12 B B A C294 ORI ES A ARINTNS
o 2022F A5, FEFORBN LRERICES

- REFIFHOREBNZWEELGE, $EL\ THoneywell, Pratt&Whitney

o HARDERD. KHINME, FRBEZEIEMEOREERTFE N

Year (Total) Country (Patent Published) Company (Total)**

28

General Electric (US)

us 24
Honeywell (US)
Pratt & Whitney (US)
EP 10 RTX Corporation (US)
13 Kawasaki Heavy Industries, Ltd. (JP)
p . . Rolls Royce (UK)
Sumitomo Precision Products (JP)
4 4 Airbus (FR)

2 } CA .

- . Boeing (US)

2018 2019 2020 2021 2022 2023*

Note: *2023 data is till 6t December **20185E ~2023F DN
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. MI 54



IS SR SRS LR
KEMEHIVIY (KL

Trend Review

o« FFEFHFRSSHIEE LTE VORKE. BN (EP)

Year by Country (Patent Published Country)

13

4 4
3

1 2
Ci— 1 2 2 4
2 I 1 H

2018 2019 2020 2021 2022
us Il er Il )P I AU cN B wo

Note: *2023 data is till 6" December
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 55



EIWﬂl:a*ib‘éi;%iﬁ?ﬁﬂi‘iﬂﬁ%ﬁH:'lﬁE%iREEJE
KEMZBIVYY (SLE)

o TAUNBRECLBFFALRAIREAREL

Year by Country (Patent Assigner Country)

28

2018 2019 2020 2021 2022 2023*

M us Jp M uK FR

Note: *2023 data is till 6" December
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 56



EANCHEFZREFHRMT ST HEIRRRAE
KEREBIVIY (SIE)

© GEQHRBHIRES L)
« EiR2023F (LR EEREFFARBEMELTVSERIICHS

s I, -0
Honeywell (US) 2 2 7
Pratt & Whitney (US) | 3 [ EEIl ¢

RTX Corporation (US) 3

General Electric (US)

Kawasaki Heavy Industries, Ltd. (JP) - 3

Rolls Royce (UK) |1 2

Sumitomo Precision Products (JP) 1 2018
M 2019
Airbus (FR) 1 2020
Il 2021
Boeing (US) 1 2022
Il 2023+

Note: *2023 data is till 6t December **20185E ~2023F DN
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 57
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BRI 2 EIE I TS B R A
INTUY RHEEY AT L

Overall Trend

o ERQSERTREFARELRIIIBILTEY, 20224F [CE545 DA RSN TS
* 2023%[C[320234F11 A B R To04FDBIERFRF I AFSN TS

- BEEFHEHNZ VDR EIRolls Royce, HtL\VTGE, Safran, RTX Corporation

o BARBEMQ. JINGEILEIMEOBRER T HFE

Year (Total) Country (Patent Published) Company (Total)

Rolls Royce (UK)
General Electric (US)

us 76
Safran (FR)
RTX Corporation (US)
EP 49 Pratt & Whitney (US)
31 Airbus (FR)
Boeing (US)

Leonardo (IT)

Kawasaki Heavy Industries (JP)

Lockheed Martin (US)

no
N
—
o
i .
-
~

Embraer (FR)
2018 2019 2020 2021 2022 2023

Others

Note: *2023 data is till 10t November **20185E~2023F D
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. MI 59



BRI 2 EIE I TS B R A
INTUY RHEEY AT L

Trend Review

o SRS LT VOEKE. BRI (EP)

Year by Country (Patent Published Country)

19

=2

) S

10

1
5
3
h—
2018 2019 2020 2021 2022 2023*
us cA M ep DE M ES FR GB M JP cN B wo

Note: *2023 data is till 10t November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 60



BRI 2 EIE I TS B R A
INTUY RHEEY AT L

Trend Review

o TAUBBE - BINEENRZEDORFHEZLEBELTNS

Year by Country (Patent Assigner Country)

24

m
; ;
2018 2019 2020 2021 2022 2023*
Il us UK Il FR B0 0 T BR

Note: *2023 data is till 10t November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 61



BRI 2 EIE I TS B R A
INTUY RHEEY AT L

* Rolls RoyceDFFF AN =EZ L)

* Rolls Roycex &% T, ZOMHEEFDZ \EE, 2022F AN 5D F LRSS MERNERTES

o AARDEEL.JINBEIEN, 2018FETANGH4EDEHFIARHINTNS

Company by Year (Top 10)**

Rolls Royce (UK) 6
General Electric (US) 6 6 | 9
Safran (FR) 5 11

Pratt & Whitney (US) |1 5 I 12
Airbus (FR) 4 Ho
Boeing (US) 6
Leonardo (IT) | 3 5
Kawasaki Heavy Industries (JP) 1 4

Embraer (BR) 2
Lockheed Martin (US) i1 2
Others 3

Note: *2023 data is till 10t November **20184 ~2023ED#H

Source: Google Patents Database

I VI =

I -
I
RTX Corporation (US) |5 o IETEEN -

2018 M 2021
M 2019 2022
2020 M 2023+
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EIPRISHC ST IR R T A R A
EEHEET-5-

=7

20224E(CIF21EN B EFE, 2023 E(C(32023FE11 A B2 C20FDO B EFFNA BEESN TWS
202152 AH'5. FEFLREAEMLTNS

BT HEHD S W2 T Airbus, it TBoeing. Safran. Rolls Royce

HARDZEG., IGETTEN 26, JAXADME., YV IAZTHIMEOBEESFE2 N5

FFOREFT T H L FFET Hh 5t B Bl OB E S R 3K

B OBERFFHEEH (Top10)

RTX Corporation (US)

Sinfonia (JP)

Embraer (BR)

Airbus (FR)
US 20 Boeing (US)
Safran (FR)
Rolls Royce (UK)
= EP 13 General Electric (US)
Kawasaki Heavy Industries, Ltd. (JP)
Jp - 7 Japan Aerospace Exploration Agency (JP)
| II -

2018 2019 2020 2021 2022 2023* BAE Systems (UK)

Note: *2023 data is till 10t November,
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. MI 63



ERNCET B RIBEHZRITRF HH BRI E

EEHEE-5-

o BRI, KETORFEFHEN %)

Trend Review

iwm

Year by Country (Patent Published Country)

2018

Note: *2023 data is till 10t November,

Source: Google Patents Database

21
20
3
9
13
3 6
9
2 1 4
1
5
1 1
1-- —— 5 ;
2
2019 2020 2021 2022 2023*

us

cA M EpP DE M ES FR cB M )P CN
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BEHEET--

Trend Review

o BRUNBZE, KREDEICLZRFFHEN S W

Year by Country (Patent Assigner Country)

20
10
13
9

4

5 6 5 4 9
4

1 2
. . 1 1
1 .
2018 2019 2020 2021 2022 2023*

R us [l uk Jp M BR

Note: *2023 data is till 10t November,
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 65



EANCHEFZREFHRMT ST HEIRRRAE
BT

« AirbusOEFFARBIEREZ L
o BHARDEE., JIIBEITEN20204F - 23F., JAXAD2021EYYIAZTH2022F (LR EF A\

Company by Year

Airbus (FR) 5 6 }B
Boeing (US) 2 6 16
Safran (FR) | 6 4 12
Rolls Royce (UK) 1 10
General Electric (US) 2 1 E

Kawasaki Heavy Industries, Ltd. (JP) [ 1 2

Japan Aerospace Exploration Agency (JP) - 1

2018

RTX Corporation (US) 1 B 2019
Sinfonia (JP) 1 2020

Il 2021

Embraer (BR) 1 5022

BAE Systems (UK) 1 2023

Note: *2023 data is till 10t November,
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 66



EIPRISHC ST IR R T A R A
IIAR1-VEEEBRE

Overall Trend

« 20224EICI32414. 20234F(C(32023FE 1M AR T27HOBEERSFIARIN TS
« 2018EFENS, R4 [CRAEFFARBHDEMERICHS

- REIFEFHEERN 2 W ZIIRTX Corporation, i\ CSafran, Boeing

« BARDERG, FTTAIDNTE., BUNSE. IHIDAE, JIAXAD 25 DB EF 2 N B

Year (Total) Country (Patent Published) Company (Total)

RTX Corporation (US)

27 Safran (FR)

23 24 us 44 Boeing (US)

21 Rolls Royce (UK)

Airbus (FR)

16 16 CA 2 General Electric (US)
Nabtesco (JP)

EP - 23 Toray Industries (JP)

IHI Corporation (JP)

BAE Systems (UK)

Ip - 20 Pratt & Whitney (US)

Japan Aerospace Exploration Agency (JP
2018 2019 2020 2021 2022 2023 P P P gency UP)

Others

Note: *2023 data is till 17" November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. MI 67
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M-V EEERE

Trend Review

o« FFEFHFRSSHIEE LTE VOFKE. HWTERM (EP)

Year by Country (Patent Published Country)

23

21

16 16

—
~ PN w1 o
AEA
—
o - w w oo IN
—

5
1
1

2018 2019 2020 2021 2022 2023*
us cA I EpP DE M Es FR N BN N G IL CN B wo

Note: *2023 data is till 17" November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 68



EIRAICB PRBHRATIS S R R AT
IIMRM -V EEERE

Trend Review

« 2018FEIAFBARLEDFFFHEBERN S I LEDD., EiRTIEKELENELORFFFEHELTNS

Year by Country (Patent Assigner Country)

6

e 1

5
16
5
2 -
- 5

: n_-

2018 2019 2020 2021 2022 2023*

B us FR M )P uk I BR IT

Note: *2023 data is till 17" November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 69



ERNCET B RIBEHZRITRF HH BRI E

IFAMM - EEERE

* RTX Corporation® HFEHN RE % L)

o BFICRTXH2023FEDHBEMM’MEODZHEL LEATEE LTS
« HARMEE, 2018FETAICRALLDOEHEHELTVNS

Company by Year

RTX Corporation (US)
Safran (FR)

Boeing (US)

Rolls Royce (UK)
Airbus (FR)

General Electric (US)
Nabtesco (JP)

Toray Industries (JP)
IHI Corporation (JP)
BAE Systems (UK)
Pratt & Whitney (US)
Japan Aerospace Exploration Agency (JP)
Others

Note: *2023 data is till 17th November

Source: Google Patents Database

H 33 I 7
.
HEE 8 el 4
4 312
3 3 HEM 10
2 0 2 Bs

2 N
M 2 s
Kl 4
B 2 3
113

1 ¢
11 e 6

2018 M 2021
M 2019 2022
2020 M 2023+
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EANCEHT SIRIBR RS ET BRI R E
VFILA 1Y Bt

1FEFORE. 2018FELIEE 4 EINLTWS

=7

20224EICIX6 74N HHEE, 20234E(C152023F 11 B B S C46E DR EESFFI SN TS

RO AREBN Z W E(IBoeing. HtL\TAirbus. GS17H, Rolls Royce
HADZEE GSA7Y. HIREMD ZL0%FEAH

FFOREFT T H L

67

46 46

23

2018 2019 2020 2021 2022 2023*

Source: Google Patents Database

JP

us

EP

CA

FFET Hh 5t B Bl OB E S R 3K

B OBERFFHEEH (Top10)

Boeing (US)

76 Airbus (FR)
GS Yuasa Corporation (JP)

76 Rolls Royce (UK)

Hitachi Ltd (JP)
General Electric (US)
Safran (FR)

BAE Systems (UK)
Honeywell (US)

RTX Corporation (US)
Others

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 71



ERNCET B RIBEHZRITRF HH BRI E

VFILAAYES

o KE. BAE BRINTOHREHNZ L

Trend Review

35
10
23
8 =
——i1-1

Year by Country (Patent Published Country)

52
46

13

12
_ 6
19
: 3

2018 2019

us cA M ep

Note: * 2023 data is till 10t November

Source: Google Patents Database

DE M ES

2020 2021

FR GB

13
“
4
2 = |
15
13
1
6

RU Il p B8 AU I KR

21

46

12

5

1

8

2022 2023*

BR cN B wo EA
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ERNCET B RIBEHZRITRF HH BRI E

VFILAAYES

Trend Review

o KEPE AARDEICLZHEN S HLTRUNEE

23
 m

Year by Country (Patent Assigner Country)

46
35

24
15
9 9
3 4

52

6
2

. 4

6
3
4

18

7
1
17
17
1

2018

Note: * 2023 data is till 10t November

Source: Google Patents Database

15
9 1
2019 2020 2021 2022 2023*
B us Jp M FR UK
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ERNCET B RIBEHZRITRF HH BRI E

VFILAAYES

* Boeing®DHFEHHN RES L

* BoeingZ & T HFEHDZ V\RETE, 2021FEI AN OFaF A BEAF(CIE N
o BADEICELTE. EREOM Y RERE

Company by Year

Top 10 Companies

Boeing (US)

Airbus (FR)

GS Yuasa Corporation (JP)
Rolls Royce (UK)
Hitachi Ltd (JP)
General Electric (US)
Safran (FR)

BAE Systems (UK)
Honeywell (US)

RTX Corporation (US)
Others

Note: * 2023 data is till 10t November

Source: Google Patents Database

9 | 11 16| 16
6 N 8 | 15 IV -
BN 7
3 10 4 PE
EN 4 B 4 B
| 3 10 20l 2> RE
(2 N 1N 1Rk
20 4 [E
11 3 E
fli2 6
H27EAaE : Ao

7 [

2018

B 2019
2020

M 2021
2022

M 2023+
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EIRAICB PRBHRATIS S R R AT
1VN-5 IYN-5

Overall Trend

o 20224E(CI35374H R, 20234 (C(%2023FE 11 A B S C5 71O BER A ARSI TV

. FERFARIE. 500 RIR TR
- REFFFLRENZ VL EESafran, Hil\TBoeing. Rolls Royce. Airbus
o BAR{MEG, BIIRERM324. ANIVD 4652 L2F

Year (Total) Country (Patent Published) Company (Total/Top 10)**

571
537
us 912
486
464 476
EP 506
323
383

CA F49

Note: *2023 data is till 22nd November **The top 10 ranking has been derived based on the total from 2018 to 2023

Source: Google Patents Database

2018 2019 2020 2021 2022 2023

Safran (FR) 519

Boeing (US) 513
Rolls Royce (UK)

Airbus (FR)

General Electric (US)
RTX Corporation (US)
Honeywell (US)

Hitachi Ltd (JP)

BAE Systems (UK)
Subaru Corporation (JP)

Others

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 75



EIRAICB PRBHRATIS S R R AT
1YN-5 JVN-5

Trend Review

o BRINL SRE. BATOHRENZ L

Year by Country (Patent Published Country)

571
537
486
464 476
. 210
4
123 =
: 157
323 10
13
3 & =10 \1
12 1 4
55 39 ’ 14
__ ffj D 21
2018 2019 2020 2021
us M kP DE RU GB I Au M KR BR IL

cA Il ces M B FR Il )P BB TW cN B8 wo

Note: *2023 data is till 22" November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 76



EIRAICB PRBHRATIS S R R AT
1YN-5 JVN-5

Trend Review

o KE. BN BAREECLZHENS L

Year by Country (Patent Assigner Country)

571

537
476
24
218 °
200

139 151

486
464

148 126 137

- -

46/1 - iﬂ=/2__ﬂ69 a | n_11 | E_ﬂ _B”Z1

2018 2019 2020 2021 2022 2023

B us FR M UK o T BR M ca

Note: *2023 data is till 22" November

Source: Google Patents Database Copyright (C) Nomura Research Institute, Ltd. All rights reserved.
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EANCHEFZREFHRMT ST HEIRRRAE
1IN-5 AVIN-5

« Bt BFECRSCHBEMERCELFERN

Company by Year (Top 10)**

Safran (FR)

Boeing (US)

Rolls Royce (UK)
Airbus (FR)

General Electric (US)

RTX Corporation (US)

|24 fH 22 BEPIN o4 [EE

BAE Systems (UK) ] 65
¥

Honeywell (JP)

Hitachi Ltd (JP)

I 2018 M 2021
B 2019 2022

Others 70 o7 HEGEE >~ 2020 Il 2023+

Note: *2023 data is till 22"d November, **The top 10 ranking has been derived based on the total from 2018 to 2023
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 78
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EIPRSH B B B R A R R A
JIxb-5 (. BERIT-5-Y1RL-5)

Overall Trend

° 2022%F(2(3491%, 20234 (3202312 A B = C46MF DBIERFEF A RSN TS

- FFARBIE2018FEN R4 ICIEHN{ETR

- REEFFORED % \EEFRolls-Royce, L\ TSafran, General Electric. Pratt & Whitney
o BARDEG, IHPAE, IIGETE. YVIrZTHZNZh25% 0

Year (Total) Country (Patent Published) Company (Total)**

Rolls Royce (UK)
Safran (FR)
us 93 General Electric (US)

49
46
42 42
Pratt & Whitney (US)
33 RTX Corporation (US)
EP 58 Airbus (FR)
Boeing (US)
23
Honeywell (US)
JP I 9 IHI Corporation (JP)
Kawasaki Heavy Industries, Ltd. (JP)
Embraer (BR)
CA ' 8 Northrop Grumman (US)
Sinfonia (JP)

2018 2019 2020 2021 2022 2023*

Others

Note: *2023 data is till 15t December **20184F ~2023 DA
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 79



EIPRSH B B B R A R R A
JIxb-9 (B BERFT-F-IIXL-5)

o BN, KETOHFENS L

Trend Review

Year by Country (Patent Published Country)

49
46
42 42
21
33 16 12
29
11 1
23
4 1 11
- 2
: ; B
2 1
8 =1
m 8 7
2 3 +
2018 2019 2020 2021 2022

us cA M Ep

Note: *2023 data is till 15t December

Source: Google Patents Database

DE WM ES FR

GB

ru M )P BR cN B8 wo
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EIPRSH B B B R A R R A
JIxb-9 (B BERFT-F-IIXL-5)

Trend Review

o KE. BRMNBECLZHENZ L

Year by Country (Patent Assigner Country)

49
23 11
17
14 e
15 20
i
2 3 3 1
2018 2019 2020 2021 2022 2023*

Note: *2023 data is till 15t December

Source: Google Patents Database

FR I UK

Jp M BR CA
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EIPRSH B B B R A R R A
JIxb-9 (B BERFT-F-IIXL-5)

* Rolls-Royce, SafranDFFEFARBIREL L HODZELIIIFREDENENTNSIKA
o BARMBECEALTUL IHLIIBEIZE, YV IAZT7HBEREORTE AR

Company by Year

Rolls Royce (UK) 5

Safran (FR) 14 8 |

General Electric (US) 4 9 6P
Pratt & Whitney (US) 6 5 M 23
RTX Corporation (US) e 5 Eipe

Airbus (FR) 3EA1 11

Boeing (US) 21 10
Honeywell (US) 1010EM 8

IHI Corporation (JP) fl4
Kawasaki Heavy Industries, Ltd. (JP)
Embraer (BR)
Northrop Grumman (US)
Sinfonia (JP)

Others | 4

Note: *2023 data is till 15t December

17 [
I <0

2018

M 2019
2020

M 2021
2022

I 2023

Source: Google Patents Database Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 82



EIANCH T RIREF BT H BRI A A E
FBEEWMRXTIF1I-Y- (EMA : Electro-mechanical actuator)

Overall Trend

 2022%FE[(3491%, 20234 (C(32023FE 11 A R R 38 ORI ERF A AFHSIN TS
« BEFORBIE2019FIC504 AR CIBMLZER. FEREEL

- REFFLRAELZ W EZE(ESafran, Kl TBoeing. Airbus, RTX Corporation
o BARMBEG FITAINMME. NIGETENIHORFELRH

Year (Total) Country (Patent Published) Company (Total/Top 10)**

53 Safran (FR) 100
49 ,
48

Us 71 Boeing (US)
42 Airbus (FR)
38 RTX Corporation (US)
33 EP 56 Nabtesco (JP)
Rolls Royce (UK)
Embraer (BR)

JP 25
Honeywell (US)
Lockheed Martin (US)
CA 11 Kawasaki Heavy Industries, Ltd. (JP)
Others

2018 2019 2020 2021 2022 2023*

Note: *2023 data is till 27t November **The top 10 ranking has been derived based on the total from 2018 to 2023
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 83



EIANCH T RIREF BT H BRI A A E
FBENEMXTIF1I-9- (EMA : Electro-mechanical actuator)

Trend Review

o BN RETOHENZ W

Year by Country (Patent Published Country)

53
48 49
42
15 38
33 12
4 3 13
:
~—2- 1 L
6 8 1
2 5
2
B —— re—pe
10 5
8 1
EENFEEEE 2 EEEFEE 3 _n__l
2018 2019 2020 2021 2022 2023*

us cA M EpP DE M ES FR GB Il p I8 AU IL BR cN B8 wo

Note: *2023 data is till 27" November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 84



EIANCH T RIREF BT H BRI A A E
FBENEMXTIF1I-9- (EMA : Electro-mechanical actuator)

Trend Review

o KE. BINEZECLZHBEENZ L

Year by Country (Patent Assigner Country)

38

17

21
13 16
_+ Zw = -ﬂ +_

2018 2019 2020 2021 2022 2023*

M rr us Il P uk I BR cA BT

Note: *2023 data is till 27" November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. N-{l 85



ERNCET B RIBEHZRITRF HH BRI E

FBENEMXTIF1I-9- (EMA : Electro-mechanical actuator)

« Safran, BoeingDRFEF A BIEAREIZZ L
o BARGHECELTUI, FITAINMG. BLUIBETHEN3GOFTE LM

Company by Year (Top 10 Companies)**

Safran (FR) 19 20 16 100
Boeing (US) 11 12 Il 0
Airbus (FR) 1 6 | 5 35
RTX Corporation (US) /E 6 6 24
Nabtesco (JP) 1 ANN] ©
Rolls Royce (UK) 122 5
Embraer (BR) |2 | 4
Honeywell (US) 3 2018
M 2019
Lockheed Martin (US) B3} 1 3 2020
. . Il 2021
Kawasaki Heavy Industries, Ltd. (JP) -t 3
Y 11 2022
others EFE2] s Il 2023+

1 1
Note: *2023 data is till 27t November **The top 10 ranking has been derived based on the total from 2018 to 2023

Source: Google Patents Database

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 86



EPISHCBI PR R AT AR R A
ke

Overall Trend

o 20224E(CI131481%. 20234 (2132023 F11 B B =148 OB ER FF A AR TS
o S OBARNIE2020FE LR, (FIFHE (L

- REEFORENZWREIBoeing, Hil)\TSafran, Airbus, GE

o BARDER. BIZBMERMNSAME, S EETEN2E, L2040 2 20

Year (Total) Country (Patent Published) Company (Total/Top 10)**

156 Boeing (US) 170
144 148 148 .
S FR
us 227 afran (FR)
Airbus (FR)
119

109 General Electric (US)
JP 164 Hitachi Ltd (JP)
Rolls Royce (UK)
RTX Corporation (US)

EP 123
Mitsubishi Heavy Industries, Ltd. (JP)
BAE Systems (UK)
CA [o9 Honeywell (US)
Toray Industries (JP)

2018 2019 2020 2021 2022 2023*
Others

Note: *2023 data is till 22"d November **The top 10 ranking has been derived based on the total from 2018 to 2023
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 87



EPISHCBI PR R AT AR R A
ke

Trend Review

o KE. BN, BARTOHRENZ L

Year by Country (Patent Published Country)

156

144 148 148

119 39 = 48

14 -

26

23

5

15

5
!!8 1
B

2018 2019 2020 2021 2022 2023*
us cA I EpP DE M ES FR GB M e I )p BN Au I KR B TW BR cN B8 wo

Note: *2023 data is 22"¢ November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 88
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EPISHCBI PR R AT AR R A
ke

Trend Review

o KE. BN BAREECLZHENS L

Year by Country (Patent Assigner Country)

156
144 148 148
119 54
109
35
59
4
39 34 > 48
. -
EN
10 12 15 15 15
__E _n _n 5
2018 2019 2020 2021 2022 2023*

uk Il ca IT

Note: *2023 data is till 22" November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 89



ERNCET B RIBEHZRITRF HH BRI E

TR M

o BT RRRENM00Z B R 331 TIE B ETHR08~ 404 IR DRI AFINTNS

Company by Year (Top 10)**

Boeing (US)

Safran (FR)

Airbus (FR)

General Electric (US)
Hitachi Ltd (JP)

Rolls Royce (UK)

RTX Corporation (US)
Mitsubishi Heavy Industries, Ltd. (JP)
BAE Systems (UK)
Honeywell (US)
Toray Industries (JP)
Others

Note: *2023 data is till 22"d November **The top 10 ranking has been derived based on the total from 2018 to 2023

Source: Google Patents Database

32 29 IEE 170
26 17 T 131
19 18 EE -
6 [P 12 B 65
11N 10 B4
N s g8 HEEM 50
11 6 A 40
2| 7 A 2
| 2018
7 7822 M 2019
3g20 2020
M 2021
29 s B 20 2022
10 24 YA o5 Il 2023+

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 90



BRI BT 2RSS S R R A
e RM (SIC, EEHHEECREDBZED)

Overall Trend

o 20224E(C133444. 20234 (2132023 FE11 A B 2 T3 OREEE A AT TWS
o $FEFOREII2018FELIBE, WINMERIZHS

- REFFIFLRAEN SV ELGE, #tlL\TRolls-Royce, Boeing. Safran

« BARDBEG, H, ZEETE, HIBEMIPZNZNHEOEFE LR

Year (Total) Country (Patent Published) Company (Total)**

General Electric (US)

Rolls Royce (UK)

34
31

us 36

Boeing (US)
25
Safran (FR)
EP 27

Airbus (FR)
Honeywell (US)
11 JP - 16 IHI Corporation (JP)
RTX Corporation (US)
4 > A 5 Mitsubishi Heavy Industries, Ltd. (JP)
l Hitachi Ltd (JP)

2018 2019 2020 2021 2022 2023*

Note: *2023 data is till 22" November **20184~2023 FE DA
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. MI 91



ERHCE T 3B ATS F  ER R
B EM (FIC. BEHEEICREDHZED)

o KE. BN, BARTOHRENZ L

Trend Review

Year by Country (Patent Published Country)

34
31
11
25
13
1
10
5
#1-
3
3
1 th- 2
2 3 1
1 2 2 I
2018 2019 2021 2022 2023*

us cA M Ep

Note: *2023 data is till 22" November

Source: Google Patents Database

cB I kKR B TW cN B8 wo

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 92



ERHCE T 3B ATS F  ER R
B EM (FIC. BEHEEICREDHZED)

Trend Review

o KE. BINEZECLZHBEENZ L

Year by Country (Patent Assigner Country)

5
2
2018 2019 2020 2021 2022 2023*

I us

JP

Note: *2023 data is till 22" November
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 93



ERNCET B RIBEHZRITRF HH BRI E

e EM (S, EEHEECREADBZED)

* GE. Rolles RoyceDHFaF A BEAHFICAE L)
o B EB2021FELUBRICRESFF LFEHEMELTNS

Trend Review

Company by Year

General Electric (US)

Rolls Royce (UK) 3

Boeing (US) 3

Safran (FR)
Airbus (FR)
Honeywell (US) 2 3
IHI Corporation (JP) . 1
RTX Corporation (US) 1

Mitsubishi Heavy Industries, Ltd. (JP) 1

Hitachi Ltd (JP) _ 1

Note: *2023 data is till 22" November

Source: Google Patents Database

2018

M 2019
2020

M 2021
2022

Il 2023+

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 94
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BN CH T 2 RIEF LM AR R RAE
Carbon fiber reinforced plastics (CFRP)

Overall Trend

« 20224E(C13405¢%. 2023£EIC(32023F12 A B = T228 OB ER A NS TS

o FFEFBAENS2018FE LARF250FIZE THERR . 20224 (34004 R & K EIENN

- REFEFLOREN S VR EEBoeing, Tl TAirbus

o FZEHEOEMZERRLCE . BARLENZLDEHFEZLRLTEY.. MHIB52¢4, ANIVA 7644, BELA 70, IHIHD 484, KHID 30 & #:<

Year (Total) Country (Patent Published) Company (Total/Top 10)**

Boeing (US) 834

405
Airbus (FR)
JP 488
Mitsubishi Heavy Industries, Ltd. (JP)
287 Subaru Corporation (JP)
249 us
220 228 Toray Industries (JP)

IHI Corporation (JP)

410
EP - 254 Kawasaki Heavy Industries, Ltd. (JP)

Rolls Royce (UK)

CA F 24 Hitachi Ltd (JP)

Japan Aerospace Exploration Agency (JP)

187

2018 2019 2020 2021 2022 2023

Others

Note: *2023 data is till 8t December **The top 10 ranking has been derived based on the total from 2018 to 2023
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. MI 96



BN CH T 2 RIEF LM AR R RAE
Carbon fiber reinforced plastics (CFRP)

Trend Review

o KE. BN, BARTOHRENZL

Year by Country (Patent Published Country)

405
9%
287
249
228
187 67
44 5
=14 ¥
- : 1
72
2
1 20 1 1 28
0 B T — 2 o 15 10
2018 2019 2020 2021 2022 2023+

us cA B ep M ss DE RU FR GB BENL HH)r PN Au BB T™W B KR CN BR I WO

Note: *2023 data is till 8" December
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 97



BN CH T 2 RIEF LM AR R RAE
Carbon fiber reinforced plastics (CFRP)

Trend Review

* BoeingDFFFHEENZ L\ 2th, KEBENZ )
« 85T, BABGEE—EREDR T LORMEHET

Year by Country (Patent Assigner Country)

405
273
220 228
187
118 110
75
68 83 6 88 68
r
. mm . :
2018 2019 2020 2021 2022 2023

B us Jp M FR uk Il ca BR

Note: *2023 data is till 8" December
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 98



BN CH T 2 RIEF LM AR R RAE
Carbon fiber reinforced plastics (CFRP)

* Boeing. AirbusDFFEFAFEEDEFICREN
o 2018FLUETHBE, B EERFFARAL-FICRERZELIT AL

Company by Year (Top 10)**

Boeing (US)

Airbus (FR)

Mitsubishi Heavy Industries, Ltd. (JP)

Subaru Corporation (JP)

Toray Industries (JP)

IHI Corporation (JP)

Kawasaki Heavy Industries, Ltd. (JP)

Rolls Royce (UK)

Hitachi Ltd (JP)

Japan Aerospace Exploration Agency (JP)

Others

l16[14] 76

14 9 8

@lml 70
\

10712 10

4] «s

3587

i 30
N

2261

1318[29
N
134

lslia

4731
7] 22
2625

]16]@ 57

l‘1036

117 148 117 269 107 834

18 22 IEYl 152

2018 M 2021
M 2019 2022
2020 M 2023+

Note: *2023 data is till 8t December **The top 10 ranking has been derived based on the total from 2018 to 2023

Source: Google Patents Database

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 99



BN B PRIEF TSI ER R AT
Carbon fiber reinforced thermo plastics (CFRTP)

Overall Trend

o 20224E(C13171%. 20234 IC(32023F12 A B = TI5EOREER I AN TVS

o B ORIZ2018ELIFISHIEE TR

- REFFFLREEN S VR EEBoeing, FTLVTEL. Airbus

s MZEHOEMZRR<E. HEARLENZLDFFELRLTEY, HUH 22, FAD7EH., MHIDSHE

Year (Total) Country (Patent Published) Company (Total)**

17 Boeing (US)

15 15 15 Toray Industries (JP)
Airbus (FR)

Teijin Limited (JP)

Mitsubishi Heavy Industries, Ltd. (JP)

Japan Aerospace Exploration Agency (JP)

Kawasaki Heavy Industries, Ltd. (JP)

RTX Corporation (US)

2018 2019 2020 2021 2022 2023*

Subaru Corporation (JP)

Note: *2023 data is till 8" December **20185E~2023FEDHAF
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 100



BN B PRIEF TSI ER R AT
Carbon fiber reinforced thermo plastics (CFRTP)

Trend Review

o KREL BRI BERLCEGTZFEFLFNZ W

Year by Country (Patent Published Country)

17

2018 2019 2020 2021 2022 2023*

us Il EP DE Bl Es BN BB LU 0 FR M JP CN BR I wo

Note: *2023 data is till 8" December
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. MI 101



BN B PRIEF TSI ER R AT
Carbon fiber reinforced thermo plastics (CFRTP)

Trend Review

o BAKE BINERICEZRFFARAN SN

Year by Country (Patent Assigner Country)

2018 2019 2020 2021 2022 2023*

Note: *2023 data is till 8" December
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 102



BN B PRIEF TSI ER R AT
Carbon fiber reinforced thermo plastics (CFRTP)

Trend Review

o FFHEBEHENL VEETE, BELLIFTARAAE-FIREBENEEL —EREORFLRBEN-AMEN TS

Company by Year**

Boeing (US) 6 5 27
Toray Industries (JP) 6 2 22
Airbus (FR) 1K 8 18
Teijin Limited (JP) 2 17
Mitsubishi Heavy Industries, Ltd. (JP) 5

Japan Aerospace Exploration Agency (JP) 1 2

Kawasaki Heavy Industries, Ltd. (JP) 2
RTX Corporation (US) 1 2018 [l 2021
Bl 2019 [ 2022
Subaru Corporation (JP) 1 2020 M 2023*

Note: *2023 data is till 8t December **20185E ~2023F DN
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 103



ElAN CH I BIRE BT T H IR E
Ceramic matrix composites (CMC)

Overall Trend

o 20224E(1333544., 20234E(C(£20234F11 A B = T2834-DEE I AR TV

o BEFABIEIE2018E L BEIENER (CH>T=ED D, 2020FEZB3H'5(5300~ 4001412 E THERS

. BEHIFORMNSZVEERTX, HLTRolls-Royce, GE, Safran

o BHARMSERD. IHIN28H. ZEETEN 254, BULHF211%F, B I 8EMI2E0OREERTFE L/

Year (Total) Country (Patent Published) Company (Total/Top 10)**

303 RTX Corporation (US) 661

Rolls Royce (UK)
335 us 937
312 General Electric (US)

283
Safran (FR)

EP 349 .
224 Boeing (US)
167 IHI Corporation (JP)
JP I 93 Mitsubishi Heavy Industries, Ltd. (JP)
Toray Industries (JP)

CA || 15 Honeywell (US)

Hitachi Ltd (JP)

2018 2019 2020 2021 2022 2023

Others

Note: *2023 data is till 21t November **The top 10 ranking has been derived based on the total from 2018 to 2023
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. MI 104



ElAN CH I BIRE BT T H IR E
Ceramic matrix composites (CMC)

« RETOHRENZ, HWTEN., BA

Trend Review

224
167

114
83

40

1e 13 E.Tzl
%551 S

Year by Country (Patent Published Country)

312

197

393

227

95

335

283

188
128

2 5
1

2018 2019

us cA I EpP

Note: *2023 data is till 215t November

Source: Google Patents Database

= 28 19
IECEN ¢ o = | e—
1 1 31
34 36
_B _ﬂ #1-—%-_9
2020 2021 2022 2023*
RU Fo FR Ge Ml ) BN Aau B ™Ww M KR CN BR I WO

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 105



ElAN CH I BIRE BT T H IR E
Ceramic matrix composites (CMC)

Trend Review

o KREPECLBEFFNEELTSL HWTERINESE

Year by Country (Patent Assigner Country)

393
335
312
283
258
224
172 225
185
N
34
:
22 23 17 11 12 14
2018 2019 2020 2021 2022 2023*
B us Uk Il FR JP

Note: *2023 data is till 21t November

Source: Google Patents Database

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 106



ElAN CH I BIRE BT T H IR E
Ceramic matrix composites (CMC)

« HEEHOZ LRTXTIE, 2020 LUIEOAFEEFNZ
.+ ZNLULORETIE, 2018 TIN5 F 30U LD A RBINTNG

Company by Year (Top 10)**

RTX Corporation (US) 108 153 114 661
Rolls Royce (UK) 88 “ 41 329
General Electric (US) 57 65 313

Safran (FR) 34 56 248

Boeing (US) ﬁ\a 39

562
IHI Corporation (JP) ]7[5] 28
334
Mitsubishi Heavy Industries, Ltd. (JP) mu&‘%
4 éll 331

Toray Industries (JP) IH\N
4232

Honeywell (US) M

1124

Hitachi Ltd (JP) gltz 2018 M 2021
431 B 2019 2022
Others |15@25 2020 M 2023+

324

Note: *2023 data is till 215t November **The top 10 ranking has been derived based on the total from 2018 to 2023

Source: Google Patents Database Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 107



ERNCEREFR TSI R R AL
Additive manufacturing (AM)

Overall Trend

« 20224E(136354%. 20234EIC(£20234F12 A B 5 T6064DEERFFFA ABSN TS
o $FEFORENII2020FE LUFZ60014- 12 E THER

- REESFORENZWEZELRTX Corporation, L) CGE, Safran, Boeing

« BARGEDHTEERNI2640OREFTFE LR

Year (Total) Country (Patent Published) Company (Total/Top 10)**

RTX Corporation (US)

623 635

595 606 General Electric (US)

us 1,471
Safran (FR)

497
Boeing (US)
Honeywell (US)
287

Rolls Royce (UK)
P . 201 BAE Systems (UK)
Pratt & Whitney (US)
ca 62 Hitachi Ltd (JP)
Others

2018 2019 2020 2021 2022 2023*

852

Note: *2023 data is till 5t December **The top 10 ranking has been derived based on the total from 2018 to 2023
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 108



ERNCEREFR TSI R R AL
Additive manufacturing (AM)

Trend Review

o KRE. BRMNTOREFARNZ W

Year by Country (Patent Published Country)

635
595 623 606
497
255 276 "
280
251 14 12 9
136
2_
2= 7
80 39 /4
76 /13 5 /3
Py e
1 = - 2
2 = 0 IR
+
2020 2021 2022 2023

us cA M Ep DE M ES FR GB rRU [l B I NL se Il P BN AU I KR BR cN B8 wo

Note: *2023 data is till 5t December
Source: Google Patents Database Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. M| 109



ERNCET B RIBEHZRITRF HH BRI E

Additive manufacturing (AM)

o KE. BINBZECLZEFFAFNZ N

Trend Review

Year by Country (Patent Assigner Country)

595

139

635
623 606

178

140 175

Note: *2023 data is till 5t December

Source: Google Patents Database

I us

2020

FR M UK

P Z wowyne 0 O ETERUN

2021 2022 2023*

T CA

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. N-{l 110



ERNCEREFR TSI R R AL
Additive manufacturing (AM)

Trend Review

« HEREOZVRTX, GE. Safrantt., FFEFHBN-A[CAEHBEEEFELAL

Company by Year (Top 10)**

RTX Corporation (US) 152 191

4

General Electric (US) 100 97

Safran (FR) 109 _

Boeing (US)

Airbus (FR) 30 N 21 EEEN 164

Honeywell (US) W 30 22 pdd 131

Rolls Royce (UK) 22 13 105
5
BAE Systems (UK) 1281087 7 68
416

Pratt & Whitney (US)

18
Hitachi Ltd (JP) HI;‘IS 2526
Others m I1SE 7 18 15 93

Note: *2023 data is till 5t December **The top 10 ranking has been derived based on the total from 2018 to 2023

Source: Google Patents Database

11

169 123 123 852

155

2018

M 2019
2020

M 2021
2022

Il 2023+

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 111
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EEAISOEM LY RS

ZRMICEALTEFLARMOZV\3EEEY I 7Y, 2018 FE LI FICARSINT=HEFIBRD 5. 1FEFIC
BIZEELFMEREL. ZO8FONRE-I) =551

B SHBARIRFNEENMETEIN. M REROEEB S ICAELET N ESEZ R EIN TV ERRFAETEOTRELTVNS

B ARFEETE HERCEET M ENREVORELBEERIT. NIV FEBHEE I AT L, BEHERT-5-. UFILIAVEM)
B 2L AOMISFEERMOFPFIR - IV IZTICEREOTREVLD. SN BRABETHIRICEBNLE

xR EF XF RELAT Task1- 1 RIEIT R
KE=BRRLY VY Hydrogen fuel tank v

K==t PARIEH  Fuel cell v
KEMEBET VI ($5IC. heat exchanger (EA3ZiEEs) ) v
v
v

Ty FEENHEXE S AT L Hybrid Electric Propulsion System
EENHEER T4 — Electric propulsion motors
A - EEERE

fe xR

UFILAAYEM lithium-ion battery v
2E{ARE A all solid-state battery*
BERERTIF1I-5-
BB T IF1I-5-

AYN=5—- TIN5~

BENIX VI VAT L

FRP (fi#ts1tT52F YY)

CFRP (B ZRHHERI1LTIATF YY)

BhEL - B2l CFRTP (BARTZB Mk RAHERILTIAF YY)
CMC (Ceramic Matrix Composites)

AM (Additive Manufacturing)

*2EFRBMICEL USRS DBV RALLE

BHL

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 113



IKERREIT VD
ST 3]

o M—IYJEHEM. EEM., MRELCESEEC—AHT. GEFE#HRE, SVEE, EXBRILYOHEHEEL
o IVNAREAH. EEFCEHLTNS

General Electric

Corrosion-resistance | 14 Compatibility | 117 Pressure | 19
Conductivity |17 Thermal Management [ ]9 Weight [ 8
Flammability [ 16 Nitrogen Oxide Emissions | ]9 Positioning | 18

Heat-tolerance [ 15 Fuel Flow | 18 Volume | 17
Weight [ 13 Power Density [ |5 Thermal Management [ |7
St.re.ngth P Flammability |5 leakage [ 16
EfflCl.er.mcy 12 Vaporization [_]3 Strength [ 15
Az(:z;z(i g z Power Distribution | ]| 3 Heat—tolera.n.ce 14
pressure [ 1 Leakage [ ]3 Flammability | 14
Weight ]2 Secondary Power Source 12
Volume []2 Water flow and discharge []1
Engine Stalling [ ]2 Vaporization [] 1
Heat-tolerance |[] 1 Travel Distance []1
Data Insufficiency [] 1 Longevity []1
Fuel Flow []1

Efficiency [] 1
Compatibility []1

* S T B A '
1 DO CREGRINREL RO 05! Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 114



IKERREIT VD

WEHRAEZE (E-7)05EE) (1/2)

s FFEFEECMEFEEXELBIEEEENRICLTVNS
* BoeinglFMZEFHLOT Y MIMTOR A EE O T2 L <LH

General Electric

Aircraft
Any Vehicle
Main usage* Aerospace

General

Rocket

*One patent with multiple uses

6
INE
]2

1] 1

Aircraft
Any Vehicle

| 52

[ 15

Aircraft
Any Vehicle
Rotorcraft

UAV

| 32
s
I
] 1

NRI 115

Copyright (C) Nomura Research Institute, Ltd. All rights reserved.



Hydrogen Fuel Tank

WEHRAE (E-7)05EE) (2/2)

« BB FICEARTRERGFESHEBELTNS
o IN-AVJ3%LD%EFELRFHLTNS

General Electric

Any Vehicle ] 13 Any Vehicle Train
fastening components 7 UAVs :| 3 Laborat | 1
equipment [ 17 aporaton

Helicopters [] 3
civil structures 7 Automobile | 1

Hypersonic Vehicles [|2
wind turbines 6 P ) |
Wind Turbine [ 4 Industrial Assets [ 1

Satellite and any vehicle 4

power plant construction
& operation 14
mining operations 4

metal fabrication 14

Fuel transport [ 14

fuel storage |_14

Other usage* chemical processing [ 14
Vehicle Components [ ]2
Fighter Jet [_]2
Biomedical applications [ ]2

Any Vehicle | 1

**absorption and catalyst processes | ]2
scientific []1
military []1
electronics and medical industries [] 1
electronic []1
Commercial []1
Automotive |1

Communication systems 11

aerospace []1

*One patent with multiple uses
**QOr to produce magnetorheological fluids and composites Copyright (C) Nomura Research Institute, Ltd. All rights reserved. NRI 116



IKFEMZEBTIYIY ($FIC, heat exchanger (E4ATHEER) )

R R E

« GEIE. BREL AR, MABE. EDICEAT 25T 2 2 <AL TS

s RTXEIVIV

Hae. B2, NT-VR-IAVPOFFETEEE

o ITVNRR[EHT, BEL ME/ REORBELICERZENTWNS

General Electric

Fuel/Fluid Flow

Combustion

Pressure

Power Management
Compatibility

Failure Prevention/Protection
Phase Properties

Volume

Regenerative Heating

Engine Performance

Weight

Strength

Storage

Power Density

High-speed Operations

Heat Mismatch

Flammability
Emissions/Contrails Reduction
Efficiency

Aerodynamic Performance

|16

| 16

I V!
113
112
110
17
15

15

15

14

14

14

14

14

14

14

14

11

11

* 1 DO EF CHEEBEIMTREEF OE0HY

Engine Performance

Weight

Power Management
Alternative Fuels
Regenerative Heating
Fuel/Fluid Flow
Emissions/Contrails Reduction
Aerodynamic Performance
Storage

Failure Prevention/Protection
Volume

Pressure

Positioning

Heat Mismatch

| Efficiency

“HHL

[y
NN

}1
}1
}1

—_— }‘_I

Weight

Fuel/Fluid Flow

Thermal Management
Heat Mismatch

Phase Properties

Failure Prevention/Protection
Alternative Fuels

Storage

Power Management
Compatibility

Size

Pressure

Positioning

Fuel Consumption

Engine Performance
Emissions/Contrails Reduction
Aerodynamic Performance
Volume

Ram Air

Propulsion

Noise

High-speed Operations
Flammability

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 117

13

101
9 1]
71
61
51
51

4]

3]

3]

3]

2]

[21]

[2]

[2]

[2]

[2]

[2]

Exl
Exl
Ex
Ex
Ex

N
1



IKFEMZEBTIYIY ($FIC, heat exchanger (E4ATHEER) )
WREE (E-2)VGE)

o ERRICEELEBMEE P OCHFERRLTNS

General Electric
90

Aircraft ] )
Any Vehicle [17 iz e | 66 Aircraft | 47
Rotary Machines {12 Spacecraft []2
Turbine Engine [ 1
Spacecraft [l 1 Powerplant :|4 Liquid Hydrogen Tanks |] 2
Main usage* ships 1 .
Hypersonic Vehicles [ 1 Autonomous ] 1 Engines :|2
Hovercraft | 1 Underwater Vehicle .
. Military ] 1
Engines [ 1
Drone [I1 Fuel Cell ]1
Automobiles [ 1
Any Vehicle ] 1
Any Vehicle ] 57 .
Stationary Power Generation Systems [14 Aeronautical ] 1
Residential Applications [14
Commercial Applications [14
Aircraft [14 .
Other Mobile Applications [13 Any Vehicle | 7
Non-mobile Industrial 33 © o .
Wind Turbine [ 2 Mzt | 4 Aircraft |5
Power Generation 2 .
Other Turboshaft I 1 . Trains :l 1
i Turboprop f11 Any Engine |3 Spacecraft [ |1
usage Turbojet I 1 P
Turbofan Enginem [11 . .
Supersonic Vehicles [I 1 Industrial Generator | 3 Helicopters :l 1
Power Generation Turbines I 1 Drones 1
Power [11 :l
Oil and Gas I 1 Automobiles 1
Non-vehicle Systems I 1
Industrial Applications [ 1
Compressors [11
Any Thermal Management System [l 1

*One patent with multiple uses
P P Copyright (C) Nomura Research Institute, Ltd. All rights reserved. N-{l 118



MRt
1 it e

o SEL

e, WELE - RENTHRI-TVE

. Airbus N Boeig N Safran

Efficiency [ ]

Heat Exchange & Cooling
Failure Prevention/Protection
Weight

Positioning

Fuel/Fluid Flow

Storage

Propulsion

Power Management

Size

Operational Reliability
Fuel Extraction & Delivery
Stability

Pressure

Power Density

Volume

Requirement of Oxidizer
Electric Current/
Voltage Imbalance
De-icing

124
I Y
117
115
110
18

18

17

15

15

15

14

14

13

12

12

12

12

* 1 DO EF CHEEBEIMTREEF OE0HY

35 Efficiency
Weight

Fuel/Fluid Flow

Failure Prevention/Protection
Strength

Power Management

Fuel consumption

Operational Reliability

Size

Flammability

Electric Current/Voltage Imbalance
Thermal Management

Storage

Power Density

Positioning

Particulates Removal

Heat Exchange & Cooling
Compatibility

112 Efficiency | 13__ |
I [ Weight [ 11__]
e Failure Prevention/Protection |9 ]
16 Positioning | _7_ ]
15 Operational Reliability 7]
s Heat Exchange & Cooling |_6_]
14 Fuel Consumption [ 5_]
13 Volume [ 4]

]2 Electric Current/Voltage Imbalance 4]

12 Size | 3]

12 Propulsion [42

71 Power Management |42

1 Fuel/Fluid Flow [{2

71 Storage [}1

11 Stability [}1

11 Pressure [}1

11 De-icing [}1

1 Conductivity []
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MKt
MERAZ (E-7)1BE)

- BB METFTH, i ATEE AVITY- BEEMLE, O FICEARRBEFEZCHELTVS

Aircraft
Rotorcraft
UAV
VTOL

Main usage*

Any Vehicle

General

Other Vehicles

VTOL

Spacecraft

Rotorcraft

Aircraft

Spacecraft Vehicles

Motor Vehicles

Other usage* Mobile Platform
General

Drones etc.

Air Vehicle

Aeronautical and
Military Devices

*One patent with multiple uses

| 116 Aircraft

15
[14

| 14

]2
12
]2
12
[ 11
BE
[ 11
BE
[ 11
[ ]1

[ ]1

Spacecraft
Electric Aerial Vehicle
Aerospace Vehicle

Any Vehicle

Spacecraft

Watercraft

Satellites

Agricultural or Construction Vehicles
UAV

Submarines and Passenger
Space Vehicles

Rotorcraft

Marine Vehicles

Land Vehicles

Aircraft

Ships

Rockets

Helicopters

Trucks

Terrestrial Vehicles
Submarines

Space Launch Vehicles
Missiles

Electric Vehicles (Industrial trucks)
High-altitude Balloons
Helicopter

Flying Car

eVTOL

Electric Vehicles (Cars)
Automobiles

Automobiles

Electric Vehicles (Trains)
Passenger Vehicles

Other Vehicles and Structures
Aerospace Vehicles

| 35 Aircraft

13
12
[ 1
] 1

| 48

vioL |_]4

Aeronautics :l 2

Rotorcraft ] 1

19

I_|I_|L|LILIL|I_|I_|L|LILIL|I_|I_|L|LILI|_||_||_|

NN N G A W W G A (U QT i

NN

Hélicoptors etc.
Other Vehicles
Helicoptors
VTOL etc.
Others Vehicles
Aviation

Aircraft Turbine
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NMITVYFHEED AT I
BT ERE

o HPERL IE/ARE IS INTICE>TREBILFBEHDVEDTHS
« Iz, Rolles RoycetSafranld, 31K m _Ex BRYE LIFFFNZ L)

Rolls Royce General Electric

Efficiency

Failure Prevention/Protection
Compatibility

Electric Current/Voltage Imbalance
Thermal Management

Power Management

Noise

Aerodynamic Performance
Weight

Size

Thrust

Stability

Positioning

Fuel Consumption

Vibrations

Particulates Reduction/Removal
Operational Reliability
Operating Reliability

Heat

|14 Failure Prevention/Protection

I b
I b &
110
17
16
16
15
14

14

13

12

12

12

11

11

111

11

Charge Estimation/Correction
Compatibility
Energy Management

Efficiency

11

* 1 DO EF CHEEBEIMTREEF OE0HY

| Efficiency

| Failure Prevention/Protection

Weight
Compeatibility

Fuel Consumption

Electric Current/
Voltage Imbalance

Noise

Aerodynamic Performance
Thermal Management
Stability

Particulates Removal

Operational Reliability
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IMITVYREED AT Iy
HEAR (C-ILEE)

o EARCRZAEEMEERITOBERNHOLTHY, —FVTOLPFEHAZODRRER DRFFERRLTNS

Rolls Royce General Electric

Aircraft |45 Aircraft | 20 Aircraft | 35
VTOL :IZ Rotorcrafts 5
Electric Vehicles :I 2 VTOL :l 3
. Marine ] ! . . Hybrid Aerial Vehicles :| 1
Main usage* Hybrid Vehicles | |2
EPUs ]1
VTOL :I 1
Automotive ]1
Aerospace ]1
Other Vehicles 3

Watercraft

Tilt Rotor Aircraft

Other

]

]
T Rotorcraft |1 None None

]

]

]

Power Generators
Power Aircraft

Fixed Wing Airplanes

*One patent with multiple uses
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HEAHEE-5-
Kot iReE

B8, BHEE, MERLENFERT-TYE

Weight | 17 Failure Prevention/Protection 8 Failure Prevention/Protection | |5
Power Management 5 Weight 5 Aerodynamic Performance 5
Failure Prevention/Protection 4 Power Management 3 Power Management 2
Volume [___]3 Electric Current/ .
Aerod i< Perf — Voltage Imbalance 13 Weight [ ]1
erodynamic Performance 3 Efficiency 13 Efficiency 11
Thermal Management | ]2 Thermal Management | |1
Electric Current/Voltage Imbalance 2
Efficiency 2

* 1 DR BT REE D5 05Y NRI 123
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EBHET-5-
MERAZ (E-7)1BE)

o Ftt&B. VIOL, STOL, FO-V, FELL, thDHEFICERF A gE TR 2 2 AL TS

Aircraft

|11

Any Vehicle | |1
Drones | |1
General | |2

sto | ]1
UAvs | 1

Main usage*

Any Vehicle |4

VTOL 1

Other usage*

*One patent with multiple uses

Aircraft

Spacecraft :l 1

Any Vehicle
Automobiles

Industrial Trucks
Non-vehicle Applications

Trains

| 16

|3
I P
I P
I
I P

Aircraft

| 11

VTOL

Any Vehicle

|3

|2
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DFILAAYVEM lithium-ion battery
P it R eE

+ BoeingtAirbust t. ¥ (CEAT 25572 L < FH
« Xz, Boeingt GSA 7Y (S FERL LRI T 35552 Z <N
o 5. IPNAE FIVYEZIUIITANDVFILAAYNYTU-ER DR FE < RLTNS

Failure Prevention/Protection | 17 Failure Prevention/Protection 8 | Tire Monitoring 18 |
o Charge Estimation/Correction 8 | Efficiency [ 7 ]
Efficiency 8
Compatibility |4 Energy Management [ 6 |
Operational Reliability 6 Energy Management | 3] Weight [ 5
Energy Management 6 Efficiency | 2 Positioning [ 4]
Operational Reliability | 3]
Thermal Management 5
Thermal Management [2]
Positioning :|4 Failure Prevention/Protection |11
Weight :I 3 Electric Current/Voltage Imbalance |1
Charge Estimation/Correction :[
Stability | |2 1
Size {]1
Electric Current/Voltage Imbalance :I 1

* S T B A '
1 DD EF CRBINREE R DT OBY Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 125



DFILAAYVEM lithium-ion battery
WRAE (E-7)EE)

* Boeingld, O AR BVLES BEIE, FHEAELGE, MO T CEARIRELFTFEARALTVS
o IT7NZAE MEEBRCIA, FEAEORFFEVOONMFELTNS

Aircraft | 29 Aircraft | | 17 izt | 35
Unmanned Marine Vehicles 4 Spacecraft 7

General |__|4
Trains [ ]2
Subways [ ]2
Buses :| 2
Automobile []2

Main usage*
Watercraft [] 1

vToL []1
Spacecraft []1
Space Systems :| 1
Ship []1
Rotorcrafts :|1
Land Vehicles [] 1

Other Vehicles |5 Other Vechicles 8

General 17
Other Large Vehicles 3

Aircraft 2
Other ircraft [ ] Others :|1
usage* Other Motorized Vehicles 1

Other Electric Vehicles 1
General 1

*One patent with multiple uses
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EHEAT Y1), TAY
A E G R
Task1 : Azt - ElmmORREFHBZRITICREIAMN I EBRO S
Task1 : EYFEDH
Task1-1 : BRI T 2R EF AT H KA R

Task1-2: A AEECHITEHIMBEFE LB S L BSKXIMRE

Task1 1V 1R

Task2 : finZeil - RO LT EE - ERIZECH TAREBHFMDEA (LI E
VAN
DNT

Task3 : AZZHE - 208 QOBIHIRAICRE A CORBBIHE -1 ITZOERER
A

Task4 : EINACHITSMZEHE - FlmamOBRIFF AN (LR SFEL - BAFAFEB RO

Az
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KBTIV D
fZZHOEM, TYY OEMIMER MK RRTHET Y ) DBISEHLE, Bk ®, TOVIIIR-RT
HRASELE

o] 1o gy RS EE S
¥5RNE | Airbus France YAT o BREKREMRRIET DMERDTHDIERKRETEI VI ERMFE (YATLLAID)
1 - ARBRIOFACIEBHIT, 20265F ~28FEI3DOMITEEMBERIET
Boeing United YAT s - FHAOEEGMEIIIAIVIDRFEEHE (YATLLAI)
o States o A IRVE-BEHIERBICEVNKRZEHRLTZOLEGEE
x General Electric United YAT I\ o REISYIPMZEAORAKET Y IR EHE
Eﬁ States
F Collins Aerospace United B (YR | o BREKRIVIAOFHULWARTERTSAF Y IO R EH#E
§r‘j1] States | 74 C WBTRIA-, MEHEOERELELTIS
0
HyPoint United YAT I\ « BRITOMEFHABKRI VI EBLTIS%DEEHIRZRIRT ZRREHER
States KRIVIERFEHR
REFMEE | Gloyer-Taylor United YAT I\  Hypoint& E#L T IRER IOV b
®.2A Laboratories (GTL) States
=01
SR ZE
European Union Spain 2019- KBz (£ | 400/51-0 EERAMEERADREKZITBYATLD
2030 ERFAH) (#965(2M) B
Innovate UK, United Kingdom's United 2023- &SR 435 5ERVE | KREFE-#HEOY T FI-VHER
innovation agency Kingdom 2025 (#9801EM)
Defense Advanced Research United 2023 KSRz N/A BoeingftIC LAIRIERIRELY VU DFEFE
Projects Agency (DARPA) States
U.S. Department of Energy (DOE) | United 2023 7K SR ZE #0%84,800 M | JU-VKREEEQTOIIY MEKE, ZDOFT
States (F75EM) KRETEA VTS DEEAE
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KRBTV

finZHEOEM/ERmA-N—-[C LB AR FEFHENMERAE | Hydrogen Tank

# | % RS Mgy HREE BE SHE
1 | Boeing Airplane United 2022 o JYATLURITOMRRAFEZHEE : 512, ARFEAOREKER | - FHRACHRELLE
States HITDFRF-RIECE R ZE< BMITAATITD
o BAEMMEOISIAAIVIDRAIEICHRIIL. 2O KIEBLE R EE FFEHEE, SEK
fiZE 5 BF AR (AR EIE RIMZEHAADEA
o ZOIVIEFHEBISGKETEINEBOED . KERMEE(ICEHER ZIRET
TEHeLTWB
o COEEMBIFAATIIE. ERDEBRIVIIZEERI0% D
BREERELTUD
« B787TOMREKICEAINTVRLSR, KETHEREEMEEL
BUE L CERERD, COFEAMITIFNINTVRELTWS
2 | Airbus Airplane France 2022 YATLURNITORREREHEE | T7NRE RAKRERE |« REKRERRIL
ETBIFROMEMEDT=HOD, (ERKRFTFEYI Y I EFHEFR I3 EDANZE R
2026 N52028 FEDMDEZBIEYT DI=HD. (EIRKFR
TIVADFTIRERIYDT =AY, kTSI VI DR B %1E TRV ERF
5P0-I3vyavERtEYY- (ZEDC) %KL «  2026F~28%C5
TU-XV 3K EBEDRREEELIFDAriane GroupttH LU DEFBE BT
Airbus Defence and SpacettD¥LRITEL, TV MIEEBEIC El
B9 2RBEEIF ORENER
SISV R CELESN, RIAKROARLEITII-IVERYI X
ETL-AvTELEENS
3 | General OEM United 2022 IATLUNIVTOR R EHAE : GEF AR NSV T PRZER o KENIYIVMZEHE
Electric States FORFAEKZRT VIR REHEE FO#&EKZI T
KIRNF-ENSRBIEEITUY-FaHE BB A
EIAMDEAMEIEELET FO-FEAWT, 20%¥073 4 (kg)
DBRAEKREEWR TEIEET Y IEHRE, 8, Hird?
ZDYVIE KBNS YT AICE60~120% 075 A, MZEHAICIE
200~1000F¥0J 5 LADA R E(CHRATEEL LTS
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KRBTV

finZHEOEM/ERmA-N—-[C LB AR FEFHENMERAE | Hydrogen Tank

# foF TESE | g MREE BE SHE
4 | Collins Tier1 United 2023 o BBmULANITOMEREFEZHEE | RIEKRIVIAD |« BREKKRIVIADFHL
Aerospace States FLWAART BB TS AF v I i i o R 5 WEVAJEBIE TS AF W I %
o R, REROITY MARIN GRS Rl RE LT xR THE
U=V RBEDKRIRBIADEITZBIETCOCOLIH2TYS | « BLEIRIF-, Wisk
OJ17 hEHesE MOEREEERLTNS
- BFOVIVACE ERIEKRI VRO LW AT
TIAFYIHMa AR EHEE
o BIETRIFHEE0% BB, BhERFmE DR
BE50%FEHET B ENAIBEICHEBEL TS
5 | HyPoint/Glo | Airplane United 2022 IATLURNI TOMRRAFEZHAE RITOMZEFHARIE
yer-Taylor States HyPoint(d, TRY—IN&Hm & T2700 Y~ T15-H BRIV ELBLTTS %MD

Laboratories
(GTL)

2Rt (GTL) ¢HERBET, MERAKREFBIEMICBNT
B BRERERKET VI EFHF
NBDOIVIET 5771 MEHEE SR ZDME O
BINSESNTHY, IRITOMEFTEHBBERI VI &
LB LT75% DEEHBZEZERK LTS
NLOYVIIE BEIDBEREE DY 17 ZELT
WNOBNZENTA RSN, ERREICEVNTIN-5T0
FIATURITHREESNT=C ¢RI TRL (Technology
Readiness Level) 6+[23ELTL3

RRLEIVIIE, RE24X=FV, BE1.2X-MLT,
BEEEADINM2¥0, AN-MPEZET1T-VINEED
BAIAVIR-RYMEINZ 2L, FEEF67kgITET BN
150kg EDKERZITR T BIENTES

BEHIREXRTI8BE
ERERKRIVIERH
Frp
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KRR TV
BT IC KB H R FRMADZIEEH | Hydrogen Tank

X SR fi 22
1 | European Union EU 2019- | /NBUfiZE ik 4005 1-0 | EERRAMZERE | o EUR. RAEKREFEYAT LA ERAMZEEICHEMA
2030 (BRAR4ANZE NDRIEKE L=HOTOITY MHEAVEN]AD, BEIBBIEENE
) FEYATLAD | « OKWHRAKIEM Y AT A, BIUREKRITEADY Y
BE 71233 L TR $AMT . IIEKFRI VI DIRINF -2

E%m LESEMERRCERTIHRNETOIIIH
o PRIEMEBRERITEYAT AR EFOMEEDR
ATV EBAPEDEINZREE

2 | Innovate UK, United 2023- | KFEANZEHE A35 53R | KERETE - # « Innovate UK, EEZEREBALTI/R-Y3y-70
United Kingdom's | Kingdom | 2025 vk mod T34 JTI MR KA AR M EHRETS
innovation FI-VHER « Future Economy Net Zero Programme®— & LT,
agency KRBEOHKEBLERZHTS

o BESNKRER - HIEYATLELUBEEY T34
FI-VEREIHLVWAEERREIBILN B/

3 | Defense United 2023 KRR ZE N/A Boeing#t(C&? | + Department of DefenseDFF 2 FARILREI TH B
Advanced States TR RIS Defense Advanced Research Projects Agency
Research Projects VPIOLEE: S (DARPA) (3. 7K RETELFA DIRIERIARL T > I DB
Agency (DARPA) RESEN-1VJHCIRH

4 | US. Department | United 2023 KRRz #%84,800 | JU-Uk3%&kE | - DOE[ MZEHFEESH. JU-VKREEDTOVIY
of Energy (DOE)  States AR (8 EoJOIITh MR ICE S ZIR

75/8F) HE (—Bel |« BRI GEVY-FE KBS YT PMZEEAOEIR
TOGETOY1Y bOREKRT VI A ERFET B1HIC. DOENLE
~ADFEED) EEHERTTNB(IEEHF29075 K PV HISE
F))
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BAFLE

MDA REMEIRBALUL N RZEEDT A R
BhEZA

TICERI, BURTFE. AR AR EIET 5120 D

okl 1 Mgy FFEEE FE
ERAEH ZeroAvia United YAT I * ZeroAviald, KRERBEITVIVERELE19ARYDOR ZI228 RO HRITEENE
/Powe cell Kingdom o 2025F X TICIOHEME - ERREEMZB LTS
Airbus Europe IAT s o ITVNAL 2035FEXTICKFREZIFNIREL T2 HARVORBIMEMETIZIIRATEIL
£ELTVS
H2Fly Germany VAT I BIFKREBNIRETDAANEYHY AR ZEO M O/10Y MRITZENE
Universal United YAT s Hv218RIED T A MRITICEETh
Hydrogen States o REMREBTRITLUZRKOMER L BoTNS
GKN Aerospace United YAT I + GKNIPOAAR-RIFH2GEARTOYIV hOIESEIEIEZ#5
Kingdom o HUSA/NRMZEERTOKRIEEATLORFZENELTNS
o S JIRBHEOBEICSHN T EREEADHRETHFINTNS
HEBEE. S | Cummins United B am o IVIVA-H-OCummins(d, HFFOKRIVI VEEMEBDLR-HY4 (H2FlyRd
AEH States F) ([CRARIE bR iRt
Hyundai Motor Korea il - BRESHEIIN-TIE RLOHTWOISY FEELT, BEIMZE/NT- M1V ORERAIC
Group KRR B AT LEHEE
X AZE
UK Government United Kingdom 2023 k&N ZE #%88,280 ARV F(#9 iz ORtxFLERY M- E0- I3y
Bhfinze 16012F) ER (MREBEESOVIVFOF &R
)
B Australian Renewable Energy Australia 2023-2025 | eVTOL 543G 5 bEI (K568 AMSL Artott DeVTOLRFE DX &
% Agency (ARENA) M)
iE Federal Ministry for Economic Affairs | Germany 2022-25 KEY-Y3FI 45207 1-0 (K708 | RATELUH EHBRER TOXKBRMOR
and Climate Action Jryh )] HERAHROZIE
Department of Energy - United states 2021~ IMTUYRHEERT | 45073USKIL (F9748 GEIC&B/N\1TUYFHEET Y IV TORI AT
Advanced Research Projects 2024 ZoH )] %
Agency-Energy (ARPA-E)
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ﬂn, EHEOEM/ER A -N—[CL 2R RFHAREMRE | MEE

o 3 TESE | hig RRE #BE S5
1| ZeroAvia OEM United 2023 o YATLUANINTORFEEFEEHEE  ZeroAviald, KEXEHIVIV%E
Kingdom  ZeroAviald, KKRBEN IV IVEBEHLE1IAE BEHEHLUE1IAEYDRIVZT228
VORIV ZI228 BN HI I TEENE BIMEDHIRITZENE
o S 2025F X TICCORMZEH>TEZERIRZE | o 2025F X TICCOIAMTEE> T
BT BIHIC, FREERI RS R (CM T TR ZR B HEIREIEM T B2, FREER]
FKICEWHEATWS BERIE R ICA (T TR 2R R ICER
o MARIE (L, PowerCellMoFAE, S535(C YHEATWLS
5,000{E D7k BRI E it E 2024 FEN O A FR A
7}';5
o MMZEFRENST T LA T, TELan=100kw
BARIE b 2w % N-AIZLT=300kWD X —/V—
97 -EIJ1-) 16 BEET0.5GWDRAKIE %z
MATEFE
2 | Airbus OEM Europe Since o YATLUNINTOMTRAFEEHEE o I7NRIF. 2035FXTICkEE
2020 o IT7NAL, 2035FFXTICKFZENRETHHRE B NRETREHRDRREMZE
VORBMEMEHIHICRATEIEZERLT BEMIGICIRATEIEEERL
AV w3
« IB7E. 4DMZEROeSOI IV M SEIFHMBAL Y
izt R, KRZHE - HIGITEIIVATLZE
ZfFELTWS
- BMEEHOSE. ERIXNF-EEYHL. 70
NIV IV ERITBRE-I-ICBENEHIGTEE
BNHEEIATLEEN NIRET D
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AR Bt
AZEHOEM/ERmX—N—-(C L3RR A ERE | MH Eit

TRSE | g RS
3 | H2Fly OEM Germany | 2023 o YATLUNITOR R FEZHEE o RISKRZEENIRET 4N
o BRIFKEZENNIRET B4NFTEYHYARMEHEDH A FYHYAMRZEHED /(O b
D10y bRITEEE RITZEEN

o« ZAORZTZONYRIICEWTEEINTZOT AL,
CO2%HEH T BT < - REEBEDAEERITE AT BEIC
TRAMRRIE Y AT LD AT RE M EE T

o ESAEDSIBIERIFBOBRIAKKEICUIVEZSIE
T, ke B 222 TR (IET T E DRI

o FRONYTU-FERELL MAEBTERT-Y-%2E
X E)

o VaAbYIIMIKERELYT-%FZL. BREIE
MR T, RIEKBIVITERBETEFTE

4 | GKN OEM United Since o JATLUNINTORREFEZHE * GKNIZOANR-AIZ
Aerospace Kingdom | 2021 « GKNIZOAR-A(E, H2GEARTOYS LDFESETEIES H2GEARTOY17 hDREHEAE
#HHoTW\B EiEE#S

* H2GEAR[, REZM R LI HHEEMERMAEOIRYE |« EstA/ N ARz T DK
AT, /NI R ZE R A (T DK FEHEE D AT LADR REEVATLORFEEZR
EEMELTHY, SURKEOBE O IGT 2 REIHE MELTEY., JURFEORE

ANDYLRESHAFIN TS XTI BARBELBEADIL
o PZEFEEMHER (ATI) H5M2,7005R/ KD RIEEEAIFINTWS

xiEE GKNITOAR-ALZD/-rF-NEDRIZED

EERMICKY, H2GEARIZ, /KFREMKIEMZEL T
BXUCEHL, CO2EHFH T BB EICEN%E
AT SRR EMR VAT LAORRICEREHTT

W%
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AR Rt
MZZHOEM/EBmX —N—(C &AM RRABERE | MAHE:

# foF EESFE | RRE | HE B
5 | Universal OEM United 2023 o YATLULANTOMRTRAFEZHE - Huya8BRIEEDT AMRITIC
Hydrogen States o KEMEEMEE)IRETEY Y1858 B IO, IRTE. KBARLE M
(Lightning McClean) DBRRITICATA CRITULERARDMZERH
TAMRITIET YV b ME-TALI1ITITHN, 15 HoTW

SEORITCEES,50071—MIZELE
COFRITICEY., Fvy 18RI II /K BB E TR
TLERARDMZEE Y, Zero aviaDILZT
2288 % L [a]o7
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ﬂn, JI‘%OEM/"BnnX N-ICELBMERFAEBMRAE | KARIE

-H_! (I:lBI:lI:I l//\“}l/)

1o XS i3k RREE BE
1 | Powercell E8@mX-H— | Europe | 2022 « 20224, PowerCelll3ZeroAviak MigEZF T L. 2024FE N5 PowerCelll3.,
2028 FEMREC A< EH5,000EDMZE AEE S FRMEE HyFlyer 170914 ~
it (PEM) BARIZSv I HERFEL. BFEERMATEILE (ZH1FBZeroaviad
RIE LT, 600kW7K 3= E XU\
«  PowerCelllZ. HyFlyer 17OY1%7 MIH1FBZeroavia®600kW7K T-rLAVD—EBEL
RESNT-FAVO—EEL T, (ERPEMARIEBOEEY S T, (ERPEMBRRIE
IV -E13oTNBS MOEBEYTS51V-&
« 20234, PowerCelllFEUMClean Aviation Joint Undertaking® oW
—EBTHBNewbornFOVIVMISIN, $hK, BE. EEFHE
L7z LL\300kWHARIE AT v I AR TS
. Newborn(d. \NRII)L - I7OAR-ANEE S 38,3005 1-00
TOYIT LT, 2026528~ ~258E&ENT T-DY-J3F Ui ZE
ERFICIMWOKERRE EBHEE VAT LE# RT3,
2 | Cummins EBERA=HA— | United | 2021 o 2021F., MMYYabkyy VR ZEE T, Cummins AV AIFH2FLYZO
States «  HHEORKEMEFERLAATEYORITHEDLR-HYAN R IN JIJb T, Um
I University, DLR,
o EMRIE. MEEE1SMWETKEUMLTEIENATEET, |mA40 Diehl Aerospace,
ADFEEZ2,000kmDEEBER ChIX CE B L RNT: Pipistrel G &1L
TCo
3 | Plugpower EBeaX=N— | United | 2021 |+ 20214 . Plugpowerft(dUniversal Hydrogent i#L. & 20214,
States BYU-Y3t U= #nEh HRE L TGRETSN -, EERICE Plugpowertt (&
1T RIBEIR2MW K SR IARIEE IR -ADHEE D AT LEFFE., Universal
&, FREELT: Hydrogen& {21

20234, Plugpowerld. Rt DProGen/k =K E &
#L7-Universal HydrogenfRE#A' K- TV bVDI5Y
b HDYTAEBRE B THBRRITEI T RELLE
40NFEYDIRE R B E3,50071—k (MSL) [TELL,
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AR it
Airbusl32023FEICKFERE BRI AT AR EMPE-I-FEHESUEHEYATL)DT AN
hu. ZIWVHAULARINTHB1.2MWISEL L FKR

54 Aerostack(Airubus® B &S 4t Airbus&ElringKlinger&MJV)
FFEE 2023
o KEBMREBIYATLARRIE LTI -ERELIHEIATL)D
R&D DS TAMIBZI L. ZIWHAURIVTHB1.2MWISELILE FE
; o REMZEEAICERFEINZBHEROHRLL U INFXTTRE
BABED

* Airbus($20205F 108 . ZEROefiiZZ#EN TR IHELE Y AT LD OEER
E1RBKFR AR EMERF T B8, ElringKlingerttEDEFH S
Aerostack%z% 3L

« 2023F6A(C1.2MWOAKIE LY AT LA, 2023FE108 ICTMWD/N
D-kLAYDT AN ERIH

o 2023F K, KERBEBTHHTCTATY - RYFDETRE-Y-ICE
NEWIGT BT AT

o RERIE. FMYOAYRTILY (Ottobrunn) (C#HBE-Aircraft
System House (EAS) TfThnf:

o Sk BMRIEMHEEY AT LAIZZEROeDVINFE-AINRITTANS
FYbTA=L (Airbush*'BLE LR AIMA380, MSNOOT) (CHEH S
nN3¥ 7€

o YATLDOH EFHERATTHN. 20264 (CA380 CHRITRERD E
SN2 E

(A
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MREFEIVF | EEH

ZeroAviald, 2023FE1AICFIVZTI228DKFBET/INT-FL 1Y ABERRITEHHTENE, SEIMET.
NEXYRBEDMZEMEICILKIZETEZHRKLTS

Recent R&D activity

ZeroAvia

2023

R&D D4

ZeroAviald. ZEEOIVYIAINAZET/KEMRBIEBIV Y VERE
FHUE19AFEYDDornier 2287 AMY FEEDT A MRITOEHEIZ AL
Ih
ZeroAvialdZ =, 20kWODHTPEMIARIE AT YT DHERT AT\
TILLARIVT25kW/kgDHE A UARIVEEIELzE KR

S 2EMT, EAEE3kW/kgU EDHE N ZEEZERT 5 RIAH T,
INICKYKERRIE (L1000 AT L LD KRB ZEHEC+ 51300
D-%FIEITBRLICHD

S

2023F 18, ZeroAvial3 19 AFEY DDornier 228F-J3F ViR E
BIOKBRERIVIVEIELBEH L TAMNRITZITO
E5—HDIVIVIE, Honeywel DTPE-331H#EIET Y IV THoT,
ZeroAviald, 2025 F X CICRAEIREEM I 31=60(C. KFRBENT
VIVDFREERIREAE R ICA T TERYED E R

Xl 2027 FE X CICAHEEERE 700V 1)L D40~ 80F DA 22 % ciu&
IREHDKREBHNT-MAVERFETZ5TEEHD
KEIHE(Z2~5mWDZA2000/\T— LAV EERL., RIAKETHR
7L NBIBEIAKFEHAZEFERT S

U Ao A0 1 Y Qg WL bl s 3

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 139



WMREFRNLVF | RS
Universal Hydrogenld., 2023F3 B [CXH7Y MROKZREIE

=X, BHE. MAE

X4 Universal Hydrogen
FFE 2023
« 2023%3 8. Universal Hydrogenld. X7y ROk FE KB
R&DDAE EREH LYY Y180 BRI ERITIE:
; o NI-MAVIERINEE-Y-LNT-ILJ 0= R(E. magniX
HAMEEELTEmagni650ESHEEI Y N TH B,
« 2023#9A. FAA(LUniversal HydrogenlZ KBATR725REHED X
EICEAI 2B AR RBEZIELL
 F7=. FAA[ZUniversal Hydrogen(C3x$L. ATR72EEDKFZTI Y IV
NDERHREFIRET DD L ELRFRAEELEZ TE HTZG-1 Issue
B Paperz®1TL1=
o 2023F9 A LARE, AZN-YILKREFAARR, RATEH—REHETE
IRLEHICEECHALTNSG
o RIAKEERRIETEV-IIFIIREENRELAICTMT 2T
ETH5
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Recent R&D activity




AR Rt
FEMZEHELOEM/EBmA-N-[CL AN R FABFRE | ARIE

# | ¥ tESE Hiisg FFE B N
1 | Cummins | IYIYX-=H— | United 2021 . JZTAI/’\J[/IG)H[‘#LE%%E?EL . HRYOKEIVIVE
States . FRUODKBIVIVEEMEEDLR-HY4ICARIE T ZEREDLR-HY4AIZ KA
/HJHTTI’HEﬁJ—( RIE MR iz iR ft
. ZH%FaﬁOJEﬁ%ﬁﬂ_%?‘TE?E%I@EEIjJ
‘:E}:'iéﬁ ’E—?E|“.%/\IZI’J’/1|$'J5"7L\E@%”F’;73&0)5‘61_
MEEFBINTNS
2 | Hyundai EEJE: Korea 2023 o YATLURIVTOMRTRRFZHELE - BRBEEIIN-TI.
Motor - WRBEBEIIN-TIE, ALOHTWOT IV FZEBUT, FEHOHTWOI SV R
Group BEMZEND-FAVORBACKERRELYAT BLT, EBEMMMZE/ND-
LEfa MoAYVDOHERRICKE
« BEEZEELLTIZ. Dovetail Electric Aviationh'dY. [+t (% MRIEMY AT LEHG
WRBEBEOEREEL T, Y-LVREDMEREEY
O-ITIvYaVOEBHEECEIRT L ZERILTNDS
+ DovetailttMlron Bird test rigl&. I CICESHE-F-¢
BEENT-ILY OZJADTAMIEIIL TS
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BHC 55 L IAOTEHO | IS

i3k Wk | FE FEAR
Z2h%
1 | UK Government | United 2022- KM | FSEE RZeinmp | - EEBFL. "guilt-free” zero-emission flights& LT, finZ2 4
Kingdom 24 LN 8,280 | kFEILERY Ot RFLERYN-PO-TIYY3VERICAT LSRRV EA
B8 | Uk h-¥0-I3v EHEHE
Z2 i YIVERK o —EQAZIYTT4T. MBUKE. BEEHN-t -2y TE@LUTK

RIMEEORFEEZIELTND
. Aerospace Technology Institute (ATl) FOJ5L%&®BLT, 7k
R -2BHRITEMIC, 2022FEN60D3EMTEERED6E
8500 FOBMFEENEIY L Tons:
« S5 KKRICEEBEIZOE. TE3M4. #%88,2807 (%
%ﬁ1501ﬁP%) KV REeHEND
Rolls-Royce 14.8E AR  RIFKFZHAT-LY DB
BB EROEMEYTIATL-T-FT I FvOREH
* Rolls-Royce 36.6 BAMRYE : FEKFRARI-EVD
FERMERENT-TIT-XTIFvORRH
* Rolls-Royce 314B ARV 1 KEHRT-EVREORKRE
KBRS AT LD DI AT FAF

2 | Australian Rene | Australia 2023- eVTOL | 543/A% | AMSL Arto o A-ARSUTDOFEPZEAMSL Aerott(E. KEZENSIRET S
wable Energy 2025 FIL (395 | #mevTOL BXREBEHERE (eVIOL) MZEMERAETZ:H. A-AFSY
Agency =) FROXIE THAERBEIRIF-F (ARENA) 15543A% R (93507
(ARENA) KE) ORREEXIEEZZITNS
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BT (C &5 L EZIRMADSIR A | KARE

Federal Ministry | Germany 2022- K#=U- | 4,520 2023F N5 « The Federal Ministry for Economic Affairs and Climate
for Economic 25 var)y | 1-0 FRINIR Action (BMWK) (&, 2025F £Tl24,5205 1-0% =L, 7K
Affairs and Jrvhk THELUH L RU-I3aFNIIV O RRE[CERTIRETS
Climate Action AERIERT | o ZOEZE. BMWKOMZERAR TOY I LILuFo KlimalD—ERE
(BMWK) DYIE=5T00) LT. German Aerospace Centre (DLR) ICEIYETENS
DEEAERA |+ LuFo KlimaffiZZHAR 0T 5 L2022 F(ZERIZEN., P YDA
=105 ZEEROLEPHAFEEZZIEL, VI A-FZ1- IO
% FFICERVEATWNS
+ DLRICIRHEN 2R E L. LuFo KlimaPIDUpLift H2 Aviation/
ZITFID—IRTHY, 2023 FEN5FHBEINZFEDRITHELY
e EABRBIR COKRREMOBIAERHRICERZHTT
Wa
Department of | United 2021~ | \{J | 4508US | GEICL3B/\1 GE Aerospaceld. /NEETOMATIVIVERFEDTESH,
Energy - states 2024 Uy ke | Bb TUw N ARPA-E (Advanced Research Projects Agency-
Advanced Rese R Z2 IVIvDS Energy) 1'545075 K RILOBIE %R (T 1
PICIMRISSE e OR947R8 |+ ARPA-ETOVIZ FOHIRIIG2021EN52024F £ TTHA,
?r?jrncyEARPA- £ Z@\\I‘/’)“/\(i\ FEft Al BE M AR (SAF) ZE)IRET
5 BARY-EY [RGB B RER ST S

GEMFLYCLEENTOJ S LD—EBTHZIDII-A2F0I1Y
bME. SAFDEF IR A -EENICERT IMEEKIRIC
M LS REMNICCOFEEZERPOICTEILEHTE
LT3
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KEMEBATIYIY

Rolls RoycehM K FEMZEMT Y VY DRFTREFEICHKIN, £z, T7/NA-GE-Safran', 2020F (X FLE
DRITHERZEIELT. AREARTOI I M et

o] ToE 3 i3k ST
ERANEH Rolls Royce, =B o United o BERBREGHAN-BAIRNF-BEOKFEZSHHREETEZIIVIT
easylet Kingdom VIVDOEFR DM _EEER(CRKTh
- EBERFTIYI VI, Rolls-Royce AE 2100-A regional aircraft engine
ZBGELIEED
o 12U, 2023F 11 A, B EMGEL THRRBEREZERIT2ED0. 3
FZRICIIBSOR RIS, HEESAFFAICELETELLR
=
Airbus,GE,Safran IAT A France/United « GE Passport jet engineZ &K BRI XTSI E BT DIHABEES.
states/France B AT L, S AT LR R EHEAE
« 2020 PLEEORTHERFRZ B 5L T RARZHEE

g S SRz

% UK Government United 2022-24 KEfEME, BB $%E8,280 ARy | » MZEHEODEKRF/LERYN-PO-IIvYIVE

i= Kingdo fin 22 1 N FXRolls-Royce DK RIABEL Y IV DFEF X 1B
m
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KREMEERIVIY
fnZHEOEM/EBmA-N—-IC &2 R AR ENMERAE | Hydrogen Aircraft Engine

# X

1

Rolls Royce,
easylet

TESHE
Tier1

Hiizy

United
Kingdom

FRE | HB=E

2022

i (IVIY) LRI TOREHEFEEHRE

INREBRETDMEMET Y IV DT AN ]
ROMEERCTIIEHFRIOEHF BT

Rolls-Royce AE 2100-A regional aircraft engine%

SUELIZED

IKFZ20UENH200UE X THEMEL. MZEHEDKARL
VIR CEDERRmAILT D

IVIVE DIy MARIORDYICIDEHEK R
ERRBESE S

TAMCERINETY-UKEE BRMNEEIRILF -
tr5- (EMEC) hofftfasn, REA-IZ-#EBIC
HBEMECOMEER CEAPENBREDBEERTEEIXRIL

F-2FRALTERINTE

T

. BERERHN-BEHIR
V¥ -BROKEEB IR
FBIVIYRIVI YD)
DEBR(CFIN

Airbus/GE/
Safran

OEM/
Tier1

France/Uni
ted
states/Fra
nce

2022

YATLUNRIVTORTEBFe %

I7/NAECFM International (GE&SafranDBHRE
) ($2022F 1 B2, KEREMEIE T EMERT VY
YOAEBRMETHHEREK
BEF-LAICBIFBGEIVOANR-AEY TSV -IT7957
NIVIVADIVIZTET TICT00 ANEFBR BBRICAK
K

IR7E. GE Passport jet engineZ & {A&/KFZ BRI
JGSH B0 DABEES . ARV AT A, SIEY AT LR
REHEE

SR DA EMEICINZ . RITS SV b IA-LICHEL
FEACRETEENTZEEH P ZOT A XAELTL
% m

« 2020FRHLEEDORITHRF R ZRIEL I RARE

HEXEE

o 2020 F A HEEORITHER
FiaxEIEL TR %%
HEXE
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KEMEEAIVIY
BUAFIC &2 H IR MADZIREH | Hydrogen Aircraft Engine

# | Organization Country Overview
1 | UK Government | United 2022- | k&Ml | ¥R FZetmit | - EEBUFE. “guilt-free” zero-emission flights& LT, finZE#
Kingdom 24 ZEHE, 82805 | kFIbLERY Otk FRILERY NP0 I3V Y IVERKICAIT L EHRERY A
B8 | Yk k-P0-I3v EHEHE
ZE VIAVIER o —EQIZYTT4T. MBUKE. EEEHN-tF -2y TEELUTK

RO FEZIELTNS
« Aerospace Technology Institute (ATI) 0735 L%&LT, K
& EBEIRITEAMNIC. 2022F N 5D3FF TEERED6E
8500 MY FOBUIFE AR KON
- O5.KKRICEEEBETZ0DE. T34, #%88,28070 (&8
#1508 M) RV EEHND
* Rolls-Royce 14.8B AR/  EIKKFZARI-EVDH
BB BEROMEY TVATL-T-XT I Fv O
« Rolls-Royce 36.6 BAMYE | RIAKKARI-LVD
FERMEFEENT-TIVE-T-XTIFr DR
+ Rolls-Royce 314B ARV 1 KEHRT-EVAHDRKRE
KRR AT LD DT FF
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KRICBEIER FEBN M

[&E )k FinZ=HEEE

530012

TRL8-9

5T HAENEORIFOEN BRI

70917 b/ERER S

MEER B I3 AN Al
BAEER M N R A EELE ViR o BALZEEM
TRU- T foeg GTL Hypointil IH &M A IR Y £ B3 I E T MERRRICARIS
KETYY N N Stirweld FSW (BERILRIES) ZEALETNIZVLARREKRI V&R HI RIAKBEITEI VT
KRENSYIPMEE A ORAKFZI VIR ERFE T2 TOVII T E, KA
IRSRIREL T N GE OTOVIVME KIRIVF-E (DOE) 754, 770R FILOESREEZTS JAXA ;%ﬁ kel
59 1601=YT7FIDVEDITRENTNS
Rollls Royce, easylet, UK FEESolihullOFER TR LABMERT AN e, NS0T AN, i Tk E TR T
w7 N N Government's Aerospace HEICBITBKRIRBELY I VMO R (LR X ARE BRI KRR TV JAXA %:T\] wE
Technology Institute TLADKREFCERZE LTS
- — x MZE MK SRIARL D X
T}‘%%’Z - - )H%EI% 7_'L\0)T§$
. TIT7NAREHRT, K@ T-RT7Y (WET) #HEfffeTIvb-TUR RIyhZ-
AEfE | amsms | 0| T MTU Aero Engines OF¥T-R5-KI7Y (GTF) IYIVOBBEDEIIRIMATIS AT Aok
BWRIVY (51t ERBEEILE i 3475 .92 () B 5
7 #® S U793y TV B ORRBRETE AR R IEE Y 2T AR
e H Reaction Engines T, O-JVA- D1 A4 £ 2020 [CIR 6% Rk
H2GEAR KEBHEBESD, YIU-VaFIUMEERE T ORKKEZHEE YT LD
TRL4-5 20355 (GKN ) HKEBIET
aerospace 2025F R ETICH E RERICKBRAMETETE
SREENTEMRERE (HTPEM) ZMAW\/:Turbo Air-Cooled
o ARICKY FRMCEEFORBERZC1%EE L. 3000W/kgDHE N
YATh | TRL5-6 20254 HyPoint E (System) . 1250Wh/kgDIRNF-BEEFHOBKELEEE (RS - -
21K TRIRLALOTONI1TDOH)
[&Z] 2023FZANGOM B, HEERITZEET
TRL5-6 N HEAVEN 2022 F £ TICAZZHEHEE A DOOKWIR DK EBith IR E B e T
TRL3-6 i FLHYSAFE H B 15kw ~60kwDEI1- VUK E it E AV R 2B FIR(EPU)DE
(Safran) it TRL6ZBEIZE LTS
BASF Environmental 20234 (CZeroAviatt IR EBIZEAER (MEA) &HHRT38210% L.
EREE | A N Catalyst and Metal ZeroAviatt OB SO ATHEE (HT-PEM) AR RS w7 BRI - -
Solutions (ECMS) MEAD I HEIT I,
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NMTVYRHEEY AT A
NIV RHEEI AT AR ELTHAEREZEDBDIZOEM, Tierl, I7/NAE, FEFA-H-LE
ExEDHS

o p | 1 g P& E B
ERNES) Airbus FR VAT « 20105NSBESLUNATUYE %Eﬂ#ﬁﬁﬁm CHEDRAFEEHEE
+  Safran¥STMicroelectronicsiE |, ZLDFEEDT 1TV A%EHEE
Safran FR B am + Daher, Airbus, Safran (&, \ Uy FHEEM TR IIEECOPUlse DRI R TEE
.+ KA H ERBRICEMINLTEY, 2023 F & FICNITVY FEBHEICLZMRITETIFE
Collins us #Bam « HEHTHIRTXON\ATVY FEEIMZEROTEY AN -5, I-0Y/XOSWITCHTOISLRDOAATY MROT
Aerpspace/Pratt & IIVDRRE L IE
ey « TAMCRHHOFOBREIROBENR RN The Grid |2{£F
GE Aviation/ us VAT L +  NASA-GE-Boeing®F-LAld, 2026 F £ TICANTY MENATUY FEENHED AT LD L35 - RiTHEREE
Boeing/ i MY 2H0T0I17M20215108 ICFsE
NASA o AATYME VVFFORIMRON TV FERHEEY AT LAO B BEEAEM OB E RS T CERTZHR
HOHERIZELT)
Rolls-Royce UK BR e o 20224, TV FEBRITAICERNCHREINNRART-EY QR A OBRFHR
Honeywell us g o WHOAHATYRIIRL-F (FEBH) (I, FLYING WHALES QUEBECIC K> TEEMHIXAICERETaNf, FHlw
TV FEBRITALCAOTOB IREL TIRAENTVS
VoltAero FR VAT +  Cassio STAMY L TIWNATVYFE-FTREISADMERESLY20%. TV EBENE-FTIZ100 % ELHEH
BEER
HEFBEEE, | STMicroelectron | - B am o ITPRRE, FEEA-N-DSTMicroelectronicsld, FFRONITUYE - NT-fEEPTTLEEMEREICRAIR
o VNE] ics B, SYMENTRELGNT-ILIFOZI A% YR- M 2R R G H 02 E i
BEREH Mgk ;3 X R ZERE FE FEBR
I3V ABHT. BPIDZY A French 2023 Cassio family (& 5605 1-0 (K99f2M) Cassio familyDBAF X 1B
K12AZEY)
NFIBAT. TRYTINBUAT Canada 2021 U=-I3F)VAEY-IRNT | FBIEHREE  1830ANF IRV (99EM) Pratt & WhitneyDBEF 3 i%
Oy 7 BAEHEE ¢ 97,0008 0FF R (W75/8M)
Department of Energy- United states 2021~ IMTUYRHEMZ | 4508USHL GO7/EM) GEIZEB/\TUY RHEET Y Y
Advanced Research Projects Agency- 2024 14 YOTONI1 TR
Energy (ARPA-E)
Ministry for Economic Affairs Germany 2021~ IMITUYRHEEMmZE | B Rolls-RoyceZ B¢ Liz/\ Ty
Labour and Energy Brandenburg 2027 1% NV RT LEEZE DAL
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INTVYRHEES AT I

MERFEEMRAE | \MITVYFEEY AT L

#  DoF ESFE | Hulg FRRE BE ST
1 | Airbus OEM France | 2010 o YATLUNNTHRRRFEEZHAE - EFE, BLE- BRIV | » Safran®
SEENT-N\-RARE, SEFIFHIVR-RVEFHELE. STMicroelectronics
RERINMTVY BB HEY AT LERF BE, ZLDEEDT
« 2010ENSEBESLUNI TV FEENHEEM EHED R R & HE AT AL HEE
"
2 | Safran Tier 1 France | 2019 o EBRMUNNTHERFEZHE | iIBE- BRIV SEEIR |« Daher, Airbus and
IN=FAZE Safran (X, \MTUyEF
« 20194F, Daher, Airbus and Safran (&, \1 77U FHEXEERRZE FHE JEE fiy 22 1 52 SIE A
M2 ST MEEcoPulse DRI F TR 1E EcoPulseDBAF T&E
+ EcoPulsel&. DaherDfitZEZ# S5y IA-LEN-RICLTHEY, %
FEOA>TERBIN6EOKEREHAIAY-B&Ue-T0 | « FiH(IHh EEER(IC
NI%Efw (YI5MER) (FEIHLTHY, 2023
o HEEYATLILIE Y-RITRL-5- (JRI-EVTERENT S FBREIINTUYRE
REH) HIUHMEEE) cNyTU-vT (T7NANMH SHEEICKBIRITE
f8) O2D0ERMEEINTNS T5F%E
o OT-FXTIFYDOHRLICE BERYEI-JDREEH T
BERENODEEESIEE - BRIV ESEER/N\-FA
(WITNEYIIVNRE) H*HD
3 | Collins Tier 1 United | 2022 o BBRUNIWTHERFEEHELE . \NMTUYNEBEIVATL-BL | « RIXONTUYLEE)
Aerospace/ States VBRVATLADEE R REMF  ABREHE DT EY AR -
Pratt & « 20224 |(C. Collins Aerospace. Pratt & Whitney. De -, 3-0v/0D
Whitney Havilland Aircraft of Canada“&#L. \ 17Uy FEE)HEE SWITCHZOJ5 LF
(Subsydia Y AT L\%EDe Havilland Dash 8-1007R1T = SEEE(CHE & DAHTYMROIY Y
ry of RTX) « 3B[C, 20234, Collins Aerospaceld, AU/ NOYTTA-F YDTAMITTUYE]
(25,0008 P& U TR LR LImDEBEN Y AT LT zEA
[The Grid] &/ B8

“FREL. BHNHERTEE (UTRER)
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INTVYRHEES AT I

MERFEEMRAE | \MITVYFEEY AT L

# | £ RS Hiisk HHEE BE B
4 | Boeing/ Engine United | 2021~ | « JATLAULNITHERAHEZHE o XATYME YILFEORI
NASA OEM States « NASA-GE-Boeing®F-LAl, 2026 FEFXTICAATYMENITUYE MEDNTUY FESHERE
BEHEEYATLAOM ERER - RITHBREERT 2H0DT0I1Y VAT LD H 38 e S 22
FE20214 107 ICBAA BOSERETTERITS
« NASA®Electric Aircraft Testbed (NEAT) HEZX CRIESNFID HARDOFHERICR LN
TAME BIRENERITREBLCEI2IVR-RV b DR BIE %
Rl REREEONTVYFESRITICRILEELGNMILA
b= Eiork
5 | GE Aviation | Engine United | 2021~ | « EBRUANITHEREFEZMEE (B2Ht-5. J1kL-5, VN~ « GEOFIFIZHEEIATLA
OEM States - KB, HIEYATLLE, B4 OEBREXFRELEEER) (EXH T MEROFEH AT EE
« NASA-Boeing&E#L, XHTYMRNMTUY FNEENHEE Y AT L% ho. BKVTIEENT 3
BEUEISOMATOII) M BIERENZERD
© GEQYATLIZAATY MROFEEBH AIEEN D, HKVTIEENT B
BRERENEIFOIET, SENGERENAIBECEZEIN TV
6 | Rolls-Royce | Engine United | 2022~ | « EBEULANIV TR ZHEE « 2022%F, MTVYFEEIR
OEM Kingdo e 2022%F, )MITVYFEBBRITRICFERICREFEIN/NEART-E TRICERICRARINT/N
m I RV DRARIIRBEIC AL Th BIARI-EVN, G DA
o DIVIVIE BEFEARZEHHTHUVNRBER T ZA LT RHERIBE(C A Th
FFencTng
o MHRELTUZ 7-N\V-I7-EEUT1 (UAM) BLT19EXTO]
1-F-HAROEFEEREERE (eVIOL) IIXEB)EREE
BiERE (eSTOL) #H'EEND
o ABRPOHRI-EVE. RREBNICE. AUITH-, FBHEN S5
& (APU) | BFEIHIGICERATESAEEMENHS
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NMITVYFHEED AT I
MEMAEBRARE | \MIVYFEEIZTLA

# | % tESE Hiisk HHEE BE S
7 | Honeywell Tier 1 United | 2023 - BB@RULANTHRBAREZEE (M JVYFEBHEIATLAIC o HBHOXATYIIIRL-F
States HEINBZIMWIRDIIRL - DRAFEEHLE) (REH) (3. FLYING
« Honeywell DFAFELEIIRL-Y (KEH) FBEHEE -HEN WHALES QUEBECIZ&oT
=< MOy MEL BERTMZEEOHEE Y AT LAVIRIEVAT AL BEEYEERICEETINE,
DFEECELTNS FLWNTVy FEBRIT
« MEFHESIUOHLETTVT-2av(CEF2NTVy FESHELEIC FRLCAGOTOENRELT
FRAIXRB, BWHABE (~8kW/kg) E3hE (~97%) &% RREINTWS
El:
8 | VoltAero Others France | 2023 o YATLUNITHREBAHEZHE, H1tE. 5V ADRoyanT « Cassio STAMY (T, T

VoltAeroMCassio STARY Fi%HF, EEH/N\1TVYR/INT-k
LAY & rl sE IR KL E B Z 1R 5E
S BRHEFELTVWAEMAKIT TR
+ Casio330 : 4-5 AFEYD/N\1T U RHEHE M 221
(330KW)
« Casio480 : 6 ATYD/N\ITVUY FHEERTZEHE (480KW)
+ Casio600 : 10A-12 AFEYD/N\1T )y FHEE M Z2 4
(600KW)
1522 NS LT=48 B Oparallel hybrid designz&sHc &Y., RIT70
T71IVEIYVAVEHIIELT. REeERANGTEFTER/N1T
Uy RE TG AT BE

WINATVY RE-FTIERY
JADMEELY20%. TV
BENE-FTIZ100%1E\HE
HEZER
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INTVYRHEES AT I
MARABRRE GEMEEEEREBR) | NMTVYFEEY AT A

#  DE TENE iz FRRE BE S
1 | STMicroele | Semiconduc | — 2023 o MRZHEEOEBLICAEIFETIRNYEF vy TEEER |« ITFNRE FRONATUYER-
ctronics tor MEORN mZIEBI BRI, IV NALEE NI)—fR DO BHMZE

o kIETA4E (SIQ) PRUEAVIL (GaN) D&HKE BECARRI R, KUEHERT
DA RNV RF vy THEEEF, YUIVDOESEREFED BERND-ILIFOIZI A%
HERE LN TEN BRI EEZRED Bik-b9 358, NT-ILJk

o NG BICEH . BEK. SREENERS OZJADHRREFETH AT S
NBT7TVT—23avICBVNT, U/IEL KU &Y 2 Ok i
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« Safran Electrical & Powerh* B % 2ENGINeUS™ A
N-FEKE-F-E. \NMITUYE/ EBENHEI AT L
[CERETSNTL\S

[E-Y-OEFES

1 V%R EBET BHE
« ENGINeUS™ finZEEBN -5 — 1 ERADHEMAH
PARSHTII-NAONT-RYR, BHLEH, RE,

HEE, CHEREEENBEOMBEICKY, FHLWEEY
T4 TR ITA-LPNATUY R - TRz REL T
%, INBDE-Y-3. SR BEIHEEDHDO S
HAZREZHBA TN,

o FRZEBEA-N-5%
(VoltAero. Aura Aero,

Bye Aerospace.
Diamond Aircraft. &
U'CAE) N'EEh N7
Dy D EENE-
S —[CENGINeUS%EIR

- BEIEIFICEY MRS
FREBEEETIVICEY,
2026FEMHI3 £ 1,000
BoE-5Y-z2&iEL. B
K[KELUN1TUY R ZE
miBCEIETEFE
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EHHEET-5-

fZEEOEM/ERmA-N—-IC LM RFHFBRAE | & HEE-5-
T TENE biichEl FFEE Bz S
3 | Collins Tier 1 United | 2022 s IMWEHE-Y-OEREHRRZERE  IMWEHE-Y-OEREAR
Aerospace States - BEOBEIT-Y-ICLEA, HDIF4E. BREEMRLTEY, TIYh-TUR-
BEF2EOARYITHY, BE(CEHD YR Z-DRELEEHROE
EE IvIvEEEEN \MITUYRE

o« TIYRTUR R I-DRELEERD FIEEIATLERS
KORIVIVERESN, \NMTUYRE
FHEEIATLERS

- BAEFERINTWAEFHEOU-I3F)-
A-INTOVT-IVIVE LB LT, BRI
KMN30%NHELCOBHEDHF%E

BrRyELTWLWS
4 | Wright Electric | ZDfth United | 2021 « RTE. 2030FEFMMFEDNSTO-RT 14 | « IMWIRE-Y-DEERICHKIN
States (186/%. MKLEERES00NTI) DEFE |« 5. 50~100 AFEYMEHEBD
HEHE 1.5MWIRE-T-DT A2 B89
e EREFECOTOIIIRTI-I-J1YhE
IJIYMTYIALIRELTNG

o ITIC. IMWERE-Y-IZTANEHTHY.
5. 50~100 A VM ZZHER D
15MWHRE-Y-DT A2 B LTS

o 2021 (I EERERERRIAL, h—TVY
7ATDTARNY FZEFERLT2023FE (LR
T ERZRR T BETE
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BEEET-5-
AZZHOEM/EBmX—N—C L3R AAERFAE | BEENHEET-5-

1o 3 TENE biichEl FRE BIE 51

5  MIT and Z0fth United 2023 o VUF1-tyyIRKE (MIT) OFAiTHE o CDE-Y-FEELBRTH
Mitsubishi States/Ja F-Lh IMWIROEENE-F-%FF ST TAREN, IRTED/NE T
Heavy pan o E-5-tBEETIZNI-ILIMOZJRIEFIVN ZBIVIVICEERTEHESEIDH
Industries JEhOBRE ZH1ALEETIMWERDE

o HRF-LIEF. IOT-F-ZN\VvTU-PRAKIE NEFETEDIENEESN
WO&IBEBREEAEDE 2B RRL W3
FERLEY. EROITY IV IV EBHED
BUMTVYRHEEY AT LICERLEYTSZ
CERE

« ZOTOVITMDARIY-[E=FEET

6 | Kite Magnetics | ZDfth Australia | 2022 « MERDETEH., eVIOL, eSTOL, mEE |« EKROEITEER., eVTOL,
and Monash BELRE, SRIXLEBEMERAEICELE eSTOL, mmERERL, &X
University 120KWOEENHEETI =Y (EPU) ZFAF SERBENMEHEREICEL

« ZMI1ZYHE. Monash University& DL[F] F=120KWDEBHEET = +

FRICKVEFFTEES LTz Aeroperm* X £ (EPU) ZRA%
MM EEN-ZICLTWS (Aeroperm(3, 7E
WITAEBY N YIARDT ) AT =)L DiE &
o3 F/FERETYINTUTIV)

o U-I3fREKESTIY KRB DM ZEER
(FICHEAMEILARLTEY XNV ICEEIE-
Y-BHORBREEZHA A RERZ
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BEEET-5-
AZZHOEM/EBmX—N—C L3R AAERFAE | BEENHEET-5-

#  1oFE LESE | M AEE #©E B
1 TYY- Carparts | Japan | 2022 « 2020FEZAN'5HoneywellE FE[E] T, eVTOLX-A-0 | + Honeywellk DI [EFAF
Liliunm@FICE-F-ZiRH (C&Y. Lilium Jet
o O-9-(AT-9-DEROBTRERETCHNTROEE (eVTOL) mlFIc, S
(EISI7IVIRERICE>THY, BBROEE, BEIAN, 94%075 L, H73100%
EY(LBBIEDO R BEENMECRZEL TS O7vk (kW) Det-5-
Ehedt
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EHHEET-5-

BFICE B HEZRITADZIEES | BEIHEET-F-

FEBR

Department
of Energy -
Advanced
Research
Projects
Agency -
ASCEND

United
States

2019~

MERM | FRE
=

MER | RBK
BEM | 3,5007
221K KR

- REED
t-5-. b1
j\\ ﬁ%iiy
AT LD

o KIXNF-EBE. EBMEETOYILEHE
« ASCEND¢REEACHE(LTHIGNZZDTOT I AL, FREHEEDD

DHFHEHIRT 3FEI IADEBEIMEYV1-Y3VEEHH
JIrEERELTWS

« ASCENDIZEA3,5005 FJL. REEACHICEA2,0005 R)LD

XEERE

« ASCENDIIHEEREBHT-Y-. P17 BVEEIYAT LD

EICBESEBE, REEACH[EA-RY Z1- FIIVERERE D
EZIXRNF-EMEEHEROEHICERTZI 2 BTEL
TWw5s

o INSO1ZYT7FIE REMEEOSYIRIF-ZEDRL

BENE-T-LNT-bLAY - IATLORBEMITHN T ZED T,
MREEELTEES,5007 FILAEIYHTHNTWS

« TOU5LD—EELT, Wright ElectriclZ657 RILAHBh SN

TWws
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BINIXIVIVATLA
BENIFXY VIV ATLDORFEL, WheeltugFRoN=TL-V—-(CL>TESHSNTLWEDHIRIR

k] 1oES gy B
ERRNEH Safran France/US | « ZFNFA320[CHEH I 25TEZED CW-EDD., REERET 1 b TOBEITTEF
Honeywell CHIMTESNETEN F LEIC
Wheeltug us o 2021F AV FDANNAAITY M, WheelTuge DIZ#EEF K
« WheeltugDFF I 3V AT LEB737ICHAALIE T, IF¥ IV TEOMEIEE S
ZHIRT 322 BIELTLS
Rolls Royce United « 500557 (400kw) DEEINT-bLAYVERFOIRINF-ITEBMEEEHLEE
Kingdom ) ESIVIDY SN L LIV S {85

X R ZE R
Department for United 2021 fiZe N/A ACCEL (BENWI*XYVIIYATLEFETOIIIN)
Business, Energy & Kingdom NOEZ7
Industrial

Strategy/Innovate UK
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BENIXIVI VAT

fnZZHEOEM/EBmMA-N—-C &P RHRERRAE | EBNTXIVIVATLA
o3 CENE | M Mg | ME B
1 | Safran Tier 1 France/US | 2013 o FttIE. 2013FE6 B DNUMZEYI-TEENI V-V - FF IV T - IR | o HHFA320(IHEET S
Honeywell 7L (EGTS) OTEVAR~-Yav%E Tk STEZED TWEEDD,
o LA YIS5VRITNAAR0BUMEICBENIF VI VAT LEEHE RIERED 1R COREHE
9A5tEZF I [ERRBF L HIMTSNGT
o ZORTEF. ITPNANZOTOVIV MRS 313516272 EAY R k(S
(C&3
2 | Wheeltug Others us 2021 « WheelTugDE-Taxi¥AT Lld, MIZEMEDAPUZBI NIRE TS/ - | « AVEDRIMAAITY M,
M= BEOE-YT-LRBEBTHS WheelTugD Y AT L%
o MYTIVIVEFERE S ICMEMDIFI VT LT - TR E ] B737ICHAAIAL LT,
BEICT BT, K. MKl BERZETNTES XV TEDAREE &
o 2021F, 1YFOAIMAITY M, WheelTugtt LR HEEZ R & BEHIRTEICEB S
« @413, WheelTug#B737ICHEAALIE T, ¥V T QAR LTW3
HEBEEZHIRTSILEEELTNS
« WheelTugtt (34001 DE EREHERT S
3 | Rolls Royce | Tier1 United 2021 « 202138, O-VAODMADFRAE I 2BERITEIIESN YTV | « 50057 (400kw) O
Kingdom VAT LEFRUEIF IV TR OT ANIRTH BEINT-bLA Y ERHT
« 50057 (400kw) OBEENNT-FAVERFOIRIF-EFEIR DIXIF BTz
EsE BELEESITI VT
« ACCELE&FIIONEIOTOIII bOMD/N-MF—(C1E B YATLIZEBIFIVYT
F-¢3Y0-5-DA-H1- t%éYASAtﬁn/“ﬁ!ﬂﬁéﬁ“O) BRI
Electroflighthi*&%Nn3
- FOYIIMDESD¥ 5 (L. Department for Business, Energy
&Industrlal Strategy® & U/ N=RUKE R T, 22 F BT
ZeFT (Aerospace Technology Institute : ATI) h'BiE#HEEN
TL\ZD
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BHIXIVIVATLA
ERFICE B HZBZMADKIREN | BENTFIVIVATL

HRi | FHE
%

1 | Department United 2021 fif 22 N/A ACCEL (B®)Y | « ACCELELAfTIBONTZOTOVIVbOMf/N-FF—ICIE, EE
for Business, | Kingdom *IVIIAT I E-45—-0Vb0-5-A-N—-THBYASAV I ZH EEHED
Energy & MFEIOIIY Electroflighth* & %13
Industrial b ADXIE - JOY17bOEZDH 5L, Department for Business,
Strategy/Inno Energy & Industrial Strategy& KU1/ R-~UKE R T, Mt
vate UK ZEFEFEMAZEAT (Aerospace Technology Institute :

AT) hoiR#EENTNS
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CFRP

fZEEOEM (I RIERAFE SN HEKRCCFRPZFEEH L TL\BH T, Boeingld, CFRPOUY A
IV ERmDERZLER,

Company Year

© 2008FLUBE, =1V T787RU-LI1F—IC(3. AED(ZIF50% % HHZEEM (CFRPYPZDHEODE
EMEED) MEAINTWS
Boein s ZMOHT. 2018F LM%, ﬁ—f)ﬁ‘(&ﬁ@')ﬂ’fﬂ)b%i‘i (ELG Carbon Fiber. 38 Gen2 Carbon) &
/Genngarbon 124U, 7T7TTXOE BELE R RU-LAF1 Y OELESI YD SRBILDREEAMEVT 1L TN 2008~
o 2023%F(CIK. IT-TEVAR -1 (777-200I9ATVTYER-LYY) T, EMEDENRIVICELE
REMHEZL0% .. NMMABKOERINSIESNT-BEE60 % {E A LIt Al A/ \R) & S R AY (LB
A

s 201745, I7)\AIZXA350 XWBICCFRPZ{EFR T 3L FK&x
Airbus s BEO¥NULEEEDZREKETED EAN-ETHN-2ELAFYLEN R ZBHEESHRITHES 2017~
nctna
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CFRP

UH1J)VCFRPICEET 24555 N 2
2&@%@1&1& I‘ib n'b\-C‘gé

%W TR MEEOEME AXEENZL, HFEETOH

R REOEE
Boeing us 15 6 1 4 4 0 |« BEAOUTMIIMOERY., MAELERICHIEMOERICET M TRAEEHE
o N-HRVITFAN-UBAIITE, M ITBUEAENL SEH P REE L EE LT
TBAL A% JP 1 0 3 0 8 0 FEHAE,
« RERBHEANMRIVEHONZD ., FHFANTHREEDS K1'HD.
o CRRPYP VTV SEIRIF-CU T A SN R ZfkHEE B VR R Y-
=ZE8R JP 11 2 4 3 1 1 Zigft
. PMERMIEISELTHY., CFRP-CFRTPARILM ELTHIBTES
Ubez—%—txyl\\ L 5o T 1% N -
s JP 6 5 1 0 0 0 22t e DCFRPZ ERARIZFISERLTNS
BiEAVFSCR— _
Ny JP 6 0 1 0 5 0
. MZEHPBENEOFERFHADCFRPPImMEEL T2 RL S, REMMEEZIVUEL
=ZFTIhN JP 6 0 0 2 1 3 o [FEfHEOHIEE>TEROE—ERMAICINIL, BEEERLANTHREMEEE., N
#TVAL. BENELREDIPRICIII S,
o HLEEEE, INFTHAIELTCFRPEEIMILTWEN, CFRPEMMIRICLTY-MRICE
Aca JP 4 4 0 0 0 0 9 SIANERIL,
. jxhéﬁﬂéttsil,mbbtri%it%ﬁOJUﬂ«ron%%EF%ﬁ IRTE I8 (3 CEiRL,
¥BEMELTEYHLTWSERBNS
Airbus FR 3 0 1 1 0 1 -

*INHLDEZEDHE % - Google patentlZHWTICFRP] -

(CREEDLRWFFTFZ AL TWAIREZBRWZED
**ZE [$Priority dateR—2A

HFF) Google Patent, ZENFIEREYIER

[Recycled] - [Airplane |02 TIZE R LTWR5FF22018 FE LURE3 U E AL TWRZEDS 5, BHHE
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CFRP
[£E]CFRPx YY1V C2018 E LB EF 2 AL W31

B ABH, BNR-JERERBYEFARYRERDIV-ZVJBERLIVEVEICEEI M E

The Boeing Company 4 1 3 2 10

= Z= 8RR £4E, Mitsubishi Paper Mills Ltd 2 4 2 1 9
TBAL R 4L, Asahi Kasei Corp, - I74N=-UH 1)L TE KA 4L,
Carbon Fiber Recycle Kogyo Co Ltd 7
A c a k=&, Aca Co Ltd 4
Ub e =XV MRS 4
FE1VFS ci-)LT1YJ Ak =4, Toyo Ink Sc Holdings Co Ltd 4
StO| =SS FAID|AL 4
Boeing Co 1 2
=ETINHRASH 3
=Z TNk =4, Mitsubishi Chemical Corp 2 1
BER 3
9T Labs Ag 1 1
Elda Entwicklungsgesellschaft Mbh 1 1
AL0Y#EH =%, Omron Corp 2
PR SRR =4t 2
HBAL Bk A& #E, Asahi Kasei Corp 2
FEEEMK N =1L, Ube Ind Ltd 1 1
KA EM KRR P E RN A 2
HAEHA/7vYI1-RL-3, Inoac Corp 1 1
£iE X, 554 iE 2
=HEHRASHT 2
—FHREKASH 1 1
IR 2
Kb Ak am TR =4, Sekisui Plastics Co Ltd 1 1
WEEF T HEHAS4t, Futaba Corp 2
BIFEAVXS c = ITAVTARA 4L, F-I-D5-H%A S+ 1 1
Bz {bpiiR = &4, Hitachi Chemical Co Ltd 2
V= RNGI 1 1
(= w1 ey o 1 1
T2 9| AL ZHEIOf O] K| 1 1

NINININININININININININININNINININDND W W W W NDMNDMNDMNY

*TNLDIFEDIE A% - Google patentlZHB WV TICFRP] - [Recycled] - [Airplane |02 TICE R LTWB45:F 22018 FELUE2H L ERBIL TV %055, BAHE
(CREEDRWVFFZ AL TVWSIREZBR\ZED
**£E [Priority dateX—2A
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CFRTP

CFRTPO;ERANEATWRED ., BERBHBIEOTAMETINTNS, /=, Automated Fiber
PlacementDEA [CEREEMRUE2 B UL EHBIREAOERBEERIIN TS

Company Year
g;’ﬁ:‘"& Eraos Mitsubishi | | 20225 A =1~ JltCannon Ergost 71U, CFRTPIC&BMZ %% PIffl& (R LOBE LB
Char e e R FAE T SRR AR O HABREE T LR K 2022~
Materials « FOY17 b T, Mitsubishi Chemical Advanced Materials (MCAM) #'BE5
« 2023%F2A. ATC Manufacturingldii—1 7ok 4 BEAVR B I E A M B m ORI ZNEES
Boeing, Lice sk 2023~
ATC Manufacturing « ZOEHRILKICKY. ATC Manufacturingl3ZR7E. 737, 767, 787, 777, TTTX%E., ik-A VI W R
RELTVEZORMMZEEN T RELD
Airbus
EconCore, « 20234, I7/\VAIZEconCore, the Technical University of Denmark (DTU). Fraunhofer& #[&] T,
The Technical University hermoplastic honeycomb sandwich compositesE\—A& LTz 77/NA320 F DFTLLVRE(CEL L 2023~
of Denmark (DTU) YATAFTINEIT-ERFEPTHRILEREK
Fraunhofer
« 2018%. Collins AerospaceldCFRTP production programMD R BEMEZIEZR LIRS, 20214 (2135 Y
F-Y-NT5AT1v7-IVR-%VY (DTC) 2B
« AFP (automated fiber placement) Z{FE>TRKERAFVEIEY, \YMERMEXT Y TRRFL. Ih
bOER A& B
Collins Aerospace - BEEHEBIVALIONELENTHY ., BEBBMLOESHIHY, ELROYII7IIILEX 2018~
M&ICAEHE CEMBRIC, JPAT-ZHKT L TR ELTEIRTES
o SHB2FEMTIRL (BMTEmMLAIL) 628157
o FFCAETSHEU EISETIAIREMDH I E R REMEECHEINIEERE[CEXSTESL
LTW%

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 179



CFRTP
CFRTPOYUTA7IVICEALTE. BARLEICSIIMAERF N EITLTVWEEHENS

) F
e eI

2018 2019 2020 2021 2022 2023

CFRPYFU TSI EI R
F-TUHM I SNT-Rk RiHEEZ AW
= Z= 5K JP 7 6 1 =ik R S — MR Gt
WA Z AL TEY, CFRP:
CFRTPRE# LM ELTHIFATES

BHRFOEEL T RRREHE,
BAEREORX FMEZERLEHE

HARE P 4 1 2 L T A DAL A
DHREREHE,
B b0 -7 it SRR
PV ; ; FEAL. MEDODE (LE5Z5)

TEEAVWTERELLHRM I XTT
JIHANT ZRF

*TNHLDEZEDHE % © Google patentlZB W\ Tl carbon fiber reinforced thermoplastic] - [Recycled] - [Airplane D2 TICE KR L TWA5FEF 22018 FE L2 L L
FALTWSEEDISE, FRHEICEEDR VR T2 AL TV BREERVED

**ZE [$Priority dateR—2A

HAT) Google Patent, BELFIEREYIERK

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 180



CFRTP
[£E]CFRTPxUY M7V 018 E LIRS EF e NBIL CLW\3 %

B ABH, BNR-JERERBYEFARYRERDIV-ZVJBERLIVEVEICEEI M E

ek L B 42 Y
HaEt 13 5 4 4 5 32

= Z 8RR S 4L, Mitsubishi Paper Mills Ltd 6 1
HOCEEKRA R 1 2 1
NETERA S 3
Al-Carbon Co., Ltd. 1
GM Global Technology Operations LLC 1
Mantis Composites Inc. 1
PAN-RUBKA &4 1
J5ALy TR &4t 1
YIWRA ARI%) T4 RUV-X I-IRAI-, TIIII- 1
YANSGTIhI A &4 1
FEREEMR R &1, Ube Ind Ltd 1
EAIRM R ARERAF 1
FAKA R, Teijin Ltd 1
# K 1H, Akihiro Tsuchida, HX +H, kXt H 1L, Saimu
Corp 1
¥ K £ H, Akihiro Tsuchida, =H R, Tsuchida Yasuo, £ H
X F, Tsuchida Fumiko, 58 #K#B3E, Koga Itsumi 1
REEBAMREH AR E 1
AR NBHIZEZHAER, E-FO-VikX &4, FX
2T 1
MR TIRIE TS B 1
MECHSH LSt S e 1

TN TR F R B RN T 1

JENE W JPUNEE W U W U i [PUNEK W UENE W (U ) |UREE W) U ) S WS 06 I I "R EN |

—_

_ |

RN\ RN W PSS §

*INHLDEZEDHE % © Google patentlZ&W\ Tl carbon fiber reinforced thermoplastic] - [Recycled] - Airplane] D2 TIZE & LTV 355542018 F LR
M ERARLTVWREREDISL, BAREICREEDGVETFZLARULTWS IR EEZRVEED

**ZE [IPriority dateN—2

HAT) Google Patent, BELFIEREYIERK
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CFRTP

BoeingFEZEMIENRIVICH L THE kFRiHH#EZEATSHERE. 20225F 5 Cannon Ergos®
ZECETENVARNTUT I EHETHEE

o £

Boeing, Cannon Ergos, Mitsubishi Chemical Advanced Materials

FrFEE

2022

w14

* Recycled Carbon Fiber (rCF)
* Kyrontex® Material

R&D D4

FETIRICEIZREMMBEREZYOEIEBHMRBICKY, BREEDH!
B B IANDERL. SERF DR EZERIEIENTES

S

* Boeingl32022558 . CFRTPZfHE A LIz ZZ#n % = MR B2 /T
WOELE[CEE R RMEETN ATtz Rl REERT 5L
. EEMEELEX-H-DCannon Ergost DR EEFBLE

o ZO7O0YIVMORIFERBEICIE. StERERILINUN-Y TS/ V7-TH
3= FTENVANTUTI (MCAM) £E5

« Cannon Ergosld. FREDEAEBREEBEZRET. BE, RE

o ZOEEIF. MCAMOFTZEMKyrontexzEB LIV A R UA=)L - X%
WORAEICERINTE

* Kyrontex® Material C{EFSN AR KRGV R VI RICIE, K
U7k (PA)  RUI-FIA3F (PE)  RUTIZLIYILI7AE

(PPS) IRUI-FII-TITbY (PEEK)  RUTU-LI-TIVYT
b (PAEK) HEN'SHS

e - L
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CFRTP

ATC Manufacturingld., 202342 A Boeingtt * CFRTPICRI 9 2 REAZZH§HRE ., B737L L\ (X
DMSVWERMZEEEIRELTNS

Recent R&D activity

X4 Boeing, ATC Manufacturing
FFEE 2023
ey e Various thermoplastic composite components
ATC Manufacturingld, ¥t algetE. JAME, BE[CEREZE
R&DDFHE &, REAER AR TER 100 B LD AT BT SAFY IR
ZEELTNS
2023528 ATCNZ2779Fv UV T RiN-1 VT4 & REAZR K & ffhs
= L. BT S ER e D BEHE EZHZHE R LT

ORI RV T DR Rz, 737, 767, 787, 777, T77XD%

ETNERNRELTVS
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CMC

IVIIANDCMC (%(b*s.c SiC CMC) DB EICEIT AT REFAEDEA TS, B7T77XP, A321
XLREDMZEKET Y I IANDEEINFE BTN TNS

Company Year

« RABTAHR, UIIVIMME. I3V U8EE (SIC/SICNRUWIR) hbRaECMCY-EY a5
Ik

o INBMY-EYY15R(E. CFM International (GEEHISVOITEHEIV) HElETS

GE (for CMC turbine LEAPY—-RT7 /u@ﬂéntb\é__

o 2018F X TIC. GEFIANAA M, TIDIT M., J-ANOTAF M PINIMICCMCEEML =
ireu e, e avAl e 2019~
12 G el {97 e « PINNHATIE, GEEYTIFVIENippon Carbon&MIVZEEZIZL. Nippon Carbonh*5CMC
S, FERIEEERE
« 2020%F., IVIVERBEBEAEIISDOCMCERGR (1D YT -31F - 120705 -

F4F— HPTAT=I1Y139RE ) XV, HPTAT-I2Y139K) & HLIEGEIXTI VI V%
h—1 y7‘777x1:¢§$£\ SiC/SiC CMC%#F] FH

« F-35EEBRHLICERINBF135TY I VRAIFICCMCEER ANV ZBEICRLEL TV
o 2016FE (LA EERFIBLIPurePower¥ 7—-r45-hJ7Y (GTF) IVIVIIDOVWT, RIEHRT
VIVTIE, CMCEERTBEFETCHDELTNS

Pratt & Whitney o 2021FEBHEICFT KEAYIAINZTMA-ILAINY FIZ60,000F A T4 OCMCHT 32 B F i 2016~
B
« INHLODHEER TRFEINABCMCIE, I7/VAA321 XLREHOPW1000GIY 7Y FIL-RT

TEI-93LNREFEINTNS

« 20224 3R7E. Safran Herakles[dM88I VI Y TCMCY-EVY VI DREREITOCL\BEHFHEE
Safran (DGADEEIRHEDEL) 2022~
o IhEIFBIIC, Silvercrest engine CCMCEL) XL DR EEBITH TS
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CMC

GE[ZYTYrIVIYTDSIC-SIC CMCERICEAT 2 RRAFEZHE, 2020F. IVIVE

N = v

Jm A

BEKRIC5DDCMCERSRZEERULIEGEIXTI Y I YD N—A VT TTTXICIEE SN

Recent R&D activity

GE (CMC&AY-EYYa137hk)
GE & Safran (-hJ7IVIY)

FRE

2019

#1%

SiC/SiC CMC

T3

o JIYRIVIVTCMCOERIT. BEIEDE L. BEHHADER.
AEDRE ECDHAS

o GE[F. YVIYRIVIVOREICBWT, BEOERAE L[R2 KEE E
REER

« CMCH'IVIYYVITIIEBIFEEINGE, IV IYDHETIH25% &
L. REHREENM0% ET ZEHFIN TS

« INBOF-EYV1TTIRIE. CFMAYA-FYaFrl (GEEY IS VDI
EHEIV) HNEETBLEAPT-RNI7YIERINS

o 2018FEXTIZ. GEFANAAM, TIIIT7 M. J-AAOZAF M., 75
NNINCCMCEEM S %R

o TIINVHLETE, GEEYISVIZBAA-RNIEDIVESZIIL. BAER
H-RUhBCMCREIEEERZELTNS
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ERlE Title 14, Aeronautics and Space, of the Code of Federal Regulations

&ERI-F 14 CFR

Chapter | — Federal Aviation Administration, Department of Transportation

Subchapter C — Aircraft, Part 25 — Airworthiness Standards: Transport Category Airplanes

Subpart F — Equipment, Electrical Systems and Equipment

§ 25.1351 General

b) Generating system. The generating system includes electrical power sources, main power busses, transmission cables, and associated
control, regulation, and protective devices. It must be designed so that—

1) Power sources function properly when independent and when connected in combination;

2) No failure or malfunction of any power source can create a hazard or impair the ability of remaining sources to supply essential
loads;

3) The system voltage and frequency (as applicable) at the terminals of all essential load equipment can be maintained within the
limits for which the equipment is designed, during any probable operating condition; and

4) System transients due to switching, fault clearing, or other causes do not make essential loads inoperative, and do not cause a
smoke or fire hazard.

5) There are means accessible, in flight, to appropriate crewmembers for the individual and collective disconnection of the
electrical power sources from the system.

6) There are means to indicate to appropriate crewmembers the generating system quantities essential for the safe operation of
the system, such as the voltage and current supplied by each generator.

c) External power. If provisions are made for connecting external power to the airplane, and that external power can be electrically
connected to equipment other than that used for engine starting, means must be provided to ensure that no external power supply
having a reverse polarity, or a reverse phase sequence, can supply power to the airplane's electrical system.

d) Operation without normal electrical power. It must be shown by analysis, tests, or both, that the airplane can be operated safely in VFR
conditions, for a period of not less than five minutes, with the normal electrical power (electrical power sources excluding the battery)
inoperative, with critical type fuel (from the standpoint of flameout and restart capability), and with the airplane initially at the maximum
certificated altitude. Parts of the electrical system may remain on if—

1) A single malfunction, including a wire bundle or junction box fire, cannot result in loss of both the part turned off and the part
turned on; and
2) The parts turned on are electrically and mechanically isolated from the parts turned off.
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B4 Title 14, Aeronautics and Space, of the Code of Federal Regulations
ERI-F 14 CFR

a)
b)

@)

Chapter | — Federal Aviation Administration, Department of Transportation

Subchapter C - Aircraft, Part 25 — Airworthiness Standards: Transport Category Airplanes
Subpart E — Powerplant, Powerplant Controls and Accessories

§ 25.1165 Engine ignition systems

Each battery ignition system must be supplemented by a generator that is automatically available as an alternate source of
electrical energy to allow continued engine operation if any battery becomes depleted.
The capacity of batteries and generators must be large enough to meet the simultaneous demands of the engine ignition
system and the greatest demands of any electrical system components that draw electrical energy from the same source.
The design of the engine ignition system must account for—

1) The condition of an inoperative generator;

2) The condition of a completely depleted battery with the generator running at its normal operating speed; and

3) The condition of a completely depleted battery with the generator operating at idling speed, if there is only one battery.
Magneto ground wiring (for separate ignition circuits) that lies on the engine side of the fire wall, must be installed, located, or
protected, to minimize the probability of simultaneous failure of two or more wires as a result of mechanical damage, electrical
faults, or other cause.
No ground wire for any engine may be routed through a fire zone of another engine unless each part of that wire within that
zone is fireproof.
Each ignition system must be independent of any electrical circuit, not used for assisting, controlling, or analyzing the operation
of that system.
There must be means to warn appropriate flight crewmembers if the malfunctioning of any part of the electrical system is
causing the continuous discharge of any battery necessary for engine ignition.
Each engine ignition system of a turbine powered airplane must be considered an essential electrical load.
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ERlE Title 14, Aeronautics and Space, of the Code of Federal Regulations

&ERI-F 14 CFR

Chapter | — Federal Aviation Administration, Department of Transportation
Subchapter C - Aircraft, Part 25 — Airworthiness Standards: Transport Category Airplanes
Subpart H - Electrical Wiring Interconnection Systems (EWIS)
§ 25.1703 Function and installation: EWIS
a) Each EWIS component installed in any area of the aircraft must:
) Be of a kind and design appropriate to its intended function.
2) Beinstalled according to limitations specified for the EWIS components.
) Perform the function for which it was intended without degrading the airworthiness of the airplane.
4) Be designed and installed in a way that will minimize mechanical strain.
b) Selection of wires must take into account known characteristics of the wire in relation to each installation and application to
minimize the risk of wire damage, including any arc tracking phenomena.
c) The design and installation of the main power cables (including generator cables) in the fuselage must allow for a reasonable
degree of deformation and stretching without failure.
d) EWIS components located in areas of known moisture accumulation must be protected to minimize any hazardous effects due to
moisture.
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BERlE Guidance on Testing and Installation of Rechargeable Lithium Battery and Battery Systems on Aircraft
&1 1-F AC No: 20-184

PURPOSE

This AC provides an acceptable means to show compliance to the airworthiness requirements for installed rechargeable lithium battery and
battery systems on aircraft using standards provided in RTCA, Inc., documents RTCA DO-347 and RTCA DO-311. This AC provides guidance
on how to obtain installation approval for installed rechargeable lithium battery and battery systems on aircraft. The guidance in this AC is
intended for manufacturers, installers, maintenance personnel, and users of installed rechargeable lithium batteries and battery systems on
aircraft. As with all advisory material, this AC is not mandatory and does not constitute a regulation. It is issued for guidance purposes and
to outline a means of compliance with applicable airworthiness requirements.

SCOPE

Chapter 2 of this AC applies to the certification of installed lithium batteries on aircraft approved under Title 14 of the Code of Federal
Regulations (14 CFR) parts 23, 25, 27, and 29 per:

* Type certificates (TC),

* Amended type certificates (ATC),

» Supplemental type certificates (STC)

* Amended supplemental type certificates (ASTC), and

* Parts manufacturer approvals (PMA)

BACKGROUND

The proposed use of lithium batteries for equipment and systems on aircraft prompted the FAA to review the adequacy of its guidance. Our
review indicates the existing guidance does not adequately address failure, operational, and maintenance characteristics of lithium batteries
that could affect the safety and reliability of aircraft lithium battery installations. At present, there is limited in-service experience with the
use of installed rechargeable lithium battery technology in applications on aircraft. However, users of this technology from aircraft
operators to personal computer users, wireless telephone manufacturers, and the electric vehicle industry have noted safety problems with
lithium batteries. These known potential safety problems may result from overcharging, over-discharging, internal cell defects and
flammability of cell components. In general, lithium batteries are significantly more susceptible to internal cell failures that can result in self-
sustaining increases in temperature and pressure (that is, thermal runaway) than existing nickel-cadmium or lead-acid batteries. The
following are examples of the possible failures of lithium batteries. These possible failures are mitigated by following the tests and
validation stipulated by MOC in Appendix E and F. AR 213
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ERlE Non-Rechargeable Lithium Cells and Batteries

ER1-F TSO-C142b

PURPOSE

This technical standard order (TSO) is for manufacturers applying for a TSO authorization (TSOA) or letter of TSO design approval (LODA).
In it, we (the Federal Aviation Administration, (FAA)) tell you what minimum performance standards (MPS) your non-rechargeable lithium
cells and batteries must meet for approval and identification with the applicable TSO marking

APPLICABILITY

This TSO affects new applications submitted after its effective date.

a. TSO-C142a will also remain effective until September 26, 2018. After this date, we will no longer accept applications for TSO-C142a.

b. Non-rechargeable lithium cells and batteries approved under a previous TSOA may still be manufactured under the provisions of its
original approval.

c. This TSO is not applicable to coin or button cells containing less than 2 Watt-hours (Wh) of capacity that is compliant to the
requirements UL 1642 and the UN transport Regulations

REQUIREMENTS

New models of non-rechargeable lithium cells and batteries identified and manufactured on or after the effective date of this TSO must
meet the requirements in RTCA document RTCA/DO-227A, Minimum Operational Performance Standards for Non-Rechargeable Lithium
Batteries, dated September 21, 2017, Section 1.0 and 2.0, and as amended per Appendix 1 of this TSO.

APPLICATION DATA REQUIREMENTS

You must give the FAA Aircraft Certification Office (ACO) manager responsible for your facility a statement of conformance, as specified in
14 CFR § 21.603(a) (1) and one copy each of the following technical data to support your design and production approval. LODA applicants
must submit the same data (excluding paragraph 5.f) through their civil aviation authority.
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BERlE Rechargeable Lithium Batteries and Battery Systems

ER1-F TSO-C179b

PURPOSE

This technical standard order (TSO) is for manufacturers applying for a TSO authorization (TSOA) or TSO letter of design approval (LODA).
In it, we (the Federal Aviation Administration, (FAA)) tell you what minimum performance standards (MPS) your rechargeable lithium cells,
lithium batteries and battery systems must meet for approval and identification with the applicable TSO marking.

APPLICABILITY

This TSO affects new applications submitted after its effective date.

a. TSO-C179a will also remain effective until September 23, 2018. After this date, we will no longer accept applications for TSO-C179a.

b. Rechargeable lithium cells, lithium batteries and battery systems approved under a previous TSOA may still be manufactured under the
provisions of its original approval.

REQUIREMENTS

New models of rechargeable lithium cells and lithium batteries and battery systems identified and manufactured on or after the effective
date of this TSO must meet the MPS qualification and documentation requirements in section 1 and section 2 of RTCA document, DO-
311A, Minimum Operational Performance Standards for Rechargeable Lithium Batteries and Battery Systems, dated December 19, 2017.
The FAA did not acknowledge Appendix C of DO-311A for this TSO. Section 1.4.1 and section 1.4.2 of RTCA/DO-311A lists the energy
categories and venting categories. Testing will be based on these categories and must be identified as such in paragraph 4 of this TSO.

APPLICATION DATA REQUIREMENTS

You must give the FAA Aircraft Certification Office (ACO) manager responsible for your facility a statement of conformance, as specified in
14 CFR § 21.603(a)(1) and one copy each of the following technical data to support your design and production approval. LODA applicants
must submit the same data (excluding paragraph 5.g) through their civil aviation authority.
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CHAPTER Ill - SUBSTANTIVE REQUIREMENTS

SECTION | - AIRWORTHINESS AND ENVIRONMENTAL PROTECTION

Article 9 - Essential requirements

1

28

Aircraft referred to in points (a) and (b) of Article 2(1), other than unmanned aircraft, and their engines, propellers, parts and non-installed equipment shall comply with the essential
requirements for airworthiness set out in Annex Il to this Regulation

As regards noise and emissions, those aircraft and their engines, propellers, parts and non-installed equipment shall comply with the environmental protection requirements
contained in Amendment 13 to Volume |, in Amendment 10 to Velume II, and in Amendment 1 to Volume Il, all as applicable on 1 January 2021, of Annex 16 to the Chicage Convention.

The essential requirements for environmental compatibility set out in Annex lll to this Regulation shall apply to products, parts and non-installed equipment to the extent that the
provisions of the Chicago Convention referred to in the first subparagraph of this paragraph do not contain environmental protection requirements.

Organisations involved in the design, production and maintenance of products referred to in points (a) and (b) of Article 2(1) shall comply with point 8 of Annex Il to this Regulation.
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o Annex! This Subpart establishes the procedure relating to the approval of parts and appliances.

[21.A.303 Compliance with applicable requirements
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The showing of compliance of parts and appliances to be installed in a type-certificated product shall be made:

(@) in conjunction with the type-certification procedures of Subpart B, D or E for the product in which it is to be installed; or
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Initial Airworthiness

CS-CCD Cabin Crew Data

ral Acceptable Means of Compliance
of Products, Parts and

planes and Powered Sailplanes
rmal, Utility, Aerobatic and Commuter CS-Definitions on Definitions and Abbreviations
C5-E Engines

) European Technical Standard Orders

rthiness specifications for

CS-31HB Hot Air Balloons

TGB Tethereq

Engine Emissions and Fuel venting
aft Noise ator Data
Communications, Navigation Standard Changes and Standard Repairs

Light Ae!

CS-VLR Very Light Rotorcraft
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1AZHE O PREERBICEW T, HEMSSURBERMOEDOFRAELESFE (AMO) BLUHI1IVRER
(GM) #8833,

CS-25 (KA (ZHFBAMCOHF!
2.EUEZA#FAI

3 MEMSLVRER

EE‘:Eggéﬁ‘éﬁﬂu 1 The disconnect means required by CS 25.1351(b)(5) should be accessible to the appropriate flight-crew members in their normal seated positions.

3%

The power source controls should be considered as cockpit controls and therefore also comply with CS 25.777.

3 It may not be necessary to provide disconnection controls for all power sources, for example RAT generators or engine control dedicated generators. Where it is necessary to isolate
the alternate power source when normal generator power is restored, such isolation should be possible.

4. Certification

Specifications on 20032701

Each source of electrical supply (e.g. generators and batteries) should be provided with means to give the flight crew immediate warning of the failure of its output. These warning means

are additional to the system indication requirements of CS 25.1351(b)(6). For multiphase systems the warning should also indicate the loss of any phase.

5.5ERREREEF
EBR-H19 V&R

1 Provision should be made to ensure adequate electrical supplies to those services, which are necessary to complete the flight and make a safe landing in the event of a failure of all
normal generated electrical power. All components and wiring of the alternate supplies should be physically and electrically segregated from the normal system and be such that no
single failure, including the effects of fire, the cutting of a cable bundle, the loss of a junction box or control panel, will affect both normal and alternate supplies.

%]

When ensuring the adequacy of electrical supplies relative to alternate power source duration and integrity, special consideration should be given to aeroplanes such as those with fly-

q by-wire, for which the total loss of electrical supplies could result in an immediate loss of control.
6. European Technical

S dard Ord 3 In considering the services which should remain available following the loss of the normal generated electrical power systems, consideration should be given to the role and flight
tandar rders L . ) . . . - ) ’
conditions of the aeroplane and the possible duration of flight time to reach an airfield and make a safe landing.
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B BRABIITOMZERE. IV, BB HEEICHET SEBMREHCETSIERERMT 3. HITOETSO

(European Technical Standing Order) FBRIZ&HET3,
Domains > Aircraft & products > ETSO

2. EUEFRFAI
URL: https://www.easa.europa.eu/en/domains/aircraft-products/etso

IRITOETSOYARCZEI T BURL: https://www.easa.europa.eu/en/domains/aircraft-products/etso/list-of-current-etso

3.MEMSLUEEER
SEICRET 38 AHRE]

< EASA Pro Q  Search £ Apps v ) Login +8, Register
4. Certification 4 The Agency [ Newsroom & Events (3 Domains i3 Regulations | Document Library © Can We Help You?
Specifications
Home Domains Aircraft & products
Domains ETSO

SEZIATRE £ 2
S-WQEJ-EK&JE [=] $ ~ Aerodromes ETSO Authorisations are issued in accordance with Part 21, Section A, Subpart O of Commission Regulation (EC) No 748/2012 and

Eg * ﬁ’f’;‘/xﬁ*ﬂ- . CS-ETSO. % Downloads

~ § Air Operations

v & Air Traffic Management U Related Content
Hanageme Please use the applicant portal for the application for an ETSO Authorisation.

PrAcartaproducts If the application is accepted, the applicant will receive an acceptance mail with further instructions how to provide documents to
6‘ European Technical Aircraft certification the Agency and with the contact details of the Project Certification Manager (PCM) of the project.

Standard Orders _
Use of Form 34 was discontinued, as the applicant portal provides a standardized way to provide the information in an
electronically readable format. Use of Form 35 was discontinued, as the DDP contains all the necessary information provided by

Form 35 in the past.

The list of deviations from CS-ETSO (accepted, consulted and rejected) can be found on the Product Certification Consultations

7 ﬁgu%{* page. For deviations processed before the 1st of January 2013 consult the summaries of approved and rejected deviations
5

provided in the download section.
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URL: https://www.easa.europa.eu/en/consultation-type/special-condition
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System - Issue 01

4. Certification

Specifications 12 Apr 2021
WITH COMMENTS Consultation Type: Special Condition ssue: 01 Deadline for comment:
S.EFARIRELESTF
- 15V 2&R . ,
The initial deadline for comments of 06/03/2020 was extended to 10/04/2020 and further extended to 19/06/2020.
6. European Technical Downloads

Standard Orders
Final Special Condition SC E-19 - Electric / Hybrid Propulsion System - Issue 01

Proposed Special Condition : Electric / Hybrid Propulsion System
CRD for Final Special Condition SC E-19 - Electric / Hybrid Propulsion System - Issue 01

RV IESES

Final Special Condition SC E-19 - Electric / Hybrid Propulsion

Login or register to stay informed

Downloads

Contact Person

Get notified via email alerts
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Easy Access Rules for Airworthiness and Environmental Certification

Regulation (EU) No 748/2012, Annex |
Section A — Technical Requirements
Subpart D — Changes to Type-Certificates and Restricted Type-Certificates

GM 21.A.101 Establishing the certification basis of changed aeronautical products

Appendix A to GM 21.A.101 Classification of design changes

The following tables of ‘substantial’, ‘significant’, and 'not significant’ changes are adopted by the FAA, Agéncia Nacional de Aviagdo
Civil (ANAC), the European Aviation Safety Agency (EASA), and Transport Canada Civil Aviation (TCCA) through international
collaboration. The classification may change due to cumulative effects and/or combinations of individual changes.

Table A-6. Examples of Not Significant Changes for Large Aeroplanes (CS-25)

Example  Description of Is there a change to  Is there a change to Have the assumptions Notes
change the general the principles of used for certification

configuration? construction? been invalidated?
21.A.101(b) (1) (i) 21.A.101(b) (1) (i) 21.A.101(b) (1) (ii)

1. Alternate engine |No No No It is not significant so long as there
installation or is less than a 10 per cent increase
hush kit at same in thrust or there is not a change
position. to the principles of propulsion. A

change to position to
accommodate a different engine
size could influence aeroplane
performance and handling
qualities and result in a significant
change.
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Easy Access Rules for Airworthiness and Environmental Certification

Regulation (EU) No 748/2012, Annex |
Section A — Technical Requirements
Subpart D — Changes to Type-Certificates and Restricted Type-Certificates

GM 21.A.101 Establishing the certification basis of changed aeronautical products

Appendix A to GM 21.A.101 Classification of design changes

The following tables of ‘substantial’, ‘significant’, and 'not significant’ changes are adopted by the FAA, Agéncia Nacional de Aviagdo
Civil (ANAC), the European Aviation Safety Agency (EASA), and Transport Canada Civil Aviation (TCCA) through international
collaboration. The classification may change due to cumulative effects and/or combinations of individual changes.

A.1.3 Table A-3 contains examples of changes that are 'not significant’ for small aeroplanes (CS-23).

Example  Description of Is there a change to  Is there a changeto  Have the assumptions Notes
change the general the principles of used for certification

configuration? construction? been invalidated?
21.A.101(b)(1)(i) 21.A.101(b)(1)(i) 21.A.101(b)(1)(ii)

26. Replace generator | No No No Not an aeroplane-level change
with alternator
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Bl Easy Access Rules for Airworthiness and Environmental Certification
Regulation (EU) No 748/2012, Annex |

&RI-F Section A — Technical Requirements

Subpart D — Changes to Type-Certificates and Restricted Type-Certificates

GM 21.A.101 Establishing the certification basis of changed aeronautical products

Appendix A to GM 21.A.101 Classification of design changes

The following tables of ‘substantial’, ‘significant’, and 'not significant’ changes are adopted by the FAA, Agéncia Nacional de Aviagdo
Civil (ANAC), the European Aviation Safety Agency (EASA), and Transport Canada Civil Aviation (TCCA) through international
collaboration. The classification may change due to cumulative effects and/or combinations of individual changes.

A4.2 Table A-11 contains examples of changes that are ‘significant’ for engines (CS-E).

Example  Description of Is there a change to Is there a change to Have the assumptions Notes
change the general the principles of used for certification
configuration? construction? been invalidated?
21.A.101(b)(1)(i) 21.A.101(b)(1)(i) 21.A.101(b)(1)(ii)
5. A change to the |No No No Change is associated with other
gas generator changes that would affect engine
(core, turbine/ thrust/power and operating
compressor/ limitations, and have affected the
combustor) in dynamic behaviour of the engine,
conjunction with foreign object ingestion behaviour
changes to (birds, hail storm, rain, ice shed),
approved induction system icing capabilities.
operating Assumptions used for certification
limitations. may no longer be valid.
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Easy Access Rules for Airworthiness and Environmental Certification

Regulation (EU) No 748/2012, Annex |
Section B — Procedures for Competent Authorities

Subpart B — Type-Certificates and Restricted Type-Certificates

AMC 21.B.100(a) and 21.A.15(b)(6) Level of involvement (Lol) in a certification project for a type certificate (TC), a major change to
a TC, a supplemental type certificate (STC), a major repair design or European technical standard order (ETSO) authorisation for

an auxiliary power unit (APU)
3.2.2. Novelty

For the purpose of risk class determination, the following simplification has been made: a CDI may be either novel or non-novel.

Whether or not a CDI is novel is based on the extent to which the respective elements of the certification project, as well as the
related requirement or means of compliance, are new/novel to either the industry as a whole, or to the applicant, including their

subcontractors, or from an EASA panel perspective.

The determination that a CDI is novel may be driven by the use of new technology, new operations, new kind of installations, the use

of new requirements or the use of new means of compliance.

When an applicant utilises a type of technology for the first time, or when that applicant is relatively unfamiliar with the technology,
this technology is considered to be ‘novel’, even if other applicants may be already familiar with it. This also means that a type of

technology may no longer be novel for one applicant, while it may still be novel for other applicants.

The following list includes some examples:

- the introduction of a new threat (e.g. new threats regarding fire, fuel, hydrogen, energy storage devices, etc.) or a new

prevention/detection/mitigation method;
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Certification Specifications for Normal-Category Aeroplanes (CS-23) — Amendment 6

CS-23 — Amendment 6
AMC & GM to CS-23 —Issue 4

AMC1 23.2325 Fire protection

AMCT1 23.2500 General requirements on systems and equipment function

AMCT1 23.2505 General requirements on equipment installation

AMCT1 23.2525 System power generation, storage, and distribution

ASTM F44 published standards for showing compliance for electrical systems that are installed on aeroplanes with electric or hybrid-
electric propulsion systems. EASA has not yet accepted F3316-19; however, EASA would take into consideration applications from
applicants that use this standard as the basis for the development of their means of compliance subject to agreement with EASA.
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Certification Specifications for Normal-Category Aeroplanes (CS-23) — Amendment 6

Sk I- R

CS-23 — Amendment 6
AMC & GM to CS-23 —Issue 4

AMC1 23.2325 Fire protection

AMC1 23.2400 Powerplant installation

AMCT1 23.2405 Power or thrust control systems

AMC1 23.2410 Powerplant installation hazard assessment

AMC1 23.2415 Powerplant installation ice protection

AMC1 23.2425 Powerplant operational characteristics

AMCT1 23.2430 Powerplant installation, energy storage and distribution systems
AMCT1 23.2435 Powerplant installation support systems

AMC1 23.2440 Powerplant installation fire protection

AMCT1 23.2500 General requirements on systems and equipment function
AMCT1 23.2505 General requirements on equipment installation

AMC1 23.2525 System power generation, storage, and distribution

ASTM F44 published standards for showing compliance for electric propulsion systems. EASA has not yet accepted F3239-19;

however, EASA would take into consideration applications from applicants that use this standard as the basis for the development of

their means of compliance subject to agreement with EASA.

or

ASTM F44 published standards for showing compliance for electrical systems that are installed on aeroplanes with electric or hybrid-

electric propulsion systems. EASA has not yet accepted F3316-19; however, EASA would take into consideration applications from
applicants that use this standard as the basis for the development of their means of compliance subject to agreement with EASA.
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B4 Certification Specifications for Normal-Category Aeroplanes (CS-23)
ER1-F CS-23

Powerplant Controls and Accessories
CS 23.1163 Powerplant accessories
a) Each engine mounted accessory must —
1) Be approved for mounting on the engine involved and use the provisions on the engines for mounting; or
2) Have torque limiting means on all accessory drives in order to prevent the torque limits established for those drives from
being exceeded; and
3) In addition to sub-paragraphs (a)(1) or (a)(2) , be sealed to prevent contamination of the engine oil system and the
accessory system.
b) Electrical equipment subject to arcing or sparking must be installed to minimise the probability of contact with any flammable
fluids or vapours that might be present in a free state.
c) Each generator rated at or more than 6 kilowatts must be designed and installed to minimise the probability of a fire hazard in
the event it malfunctions.
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Certification Specifications for Normal-Category Aeroplanes (CS-23)

CS-23

Powerplant Controls and Accessories
CS 23.1165 Engine ignition systems

a)
b)

o)

d)

e)

Each battery ignition system must be supplemented by a generator that is automatically available as an alternate source of
electrical energy to allow continued engine operation if any battery becomes depleted.
The capacity of batteries and generators must be large enough to meet the simultaneous demands of the engine ignition
system and the greatest demands of any electrical system components that draw from the same source.
The design of the engine ignition system must account for —

1) The condition of an inoperative generator;

2) The condition of a completely depleted battery with the generator running at its normal operating speed; and

3) The condition of a completely depleted battery with the generator operating at idling speed if there is only one battery.
There must be means to warn appropriate crew members if malfunctioning of any part of the electrical system is causing the
continuous discharge of any battery used for engine ignition.
Each turbine engine ignition system must be independent of any electrical circuit that is not used for assisting, controlling or
analysing the operation of that system.
In addition, for commuter category aeroplanes, each turbopropeller ignition system must be an essential electrical load
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Certification Specifications for Normal-Category Aeroplanes (CS-23)

CS-23

Electrical Systems and Equipment
CS 23.1351 General
c) Generating system. There must be at least one generator/alternator if the electrical system supplies power to load circuits

essential for safe operation. In addition —

1)

d) Instruments. A means must exist to indicate to appropriate flight-crew members the electric power system quantities essential for
safe operation.

1)

2)

Each generator/alternator must be able to deliver its continuous rated power, or such power as is limited by its
regulation system;

Generator/alternator voltage control equipment must be able to dependably regulate the generator/alternator output
within rated limits;

Automatic means must be provided to prevent either damage to any alternator/generator, or adverse effects on the
aeroplane electrical system, due to reverse current. A means must also be provided to disconnect each
generator/alternator from the battery and the other generators/alternators.

There must be a means to give immediate warning to the flightcrew of a failure of any generator/alternator; and
Each generator/alternator must have an overvoltage control designed and installed to prevent damage to the electrical
system, or to equipment supplied by the electrical system, that could result if that generator/alternator were to develop
an overvoltage condition.

For normal, utility, and aerobatic category aeroplanes with direct current systems, an ammeter that can be switched into
each generator feeder may be used and, if only one generator exists, the ammeter may be in the battery feeder.

For commuter category aeroplanes, the essential electric power system quantities include the voltage and current
supplied by each generator.
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Certification Specifications for Normal-Category Aeroplanes (CS-23)

CS-23

Electrical Systems and Equipment
CS 23.1365 Electric cables and equipment

e) Main power cables (including generator cables) must be designed to allow a reasonable degree of deformation and stretching

without failure and must —
1) Be separated from flammable fluid lines; or

2) (2) Be shrouded by means of electrically insulated flexible conduit or equivalent, which is in addition to the normal cable

insulations.
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B4 Certification Specifications for Large Aeroplanes (CS-25)
ER1-F CS-25

Subpart B - Flight

Performance

CS 25.101 General

a) Unless otherwise prescribed, aeroplanes must meet the applicable performance requirements of this Subpart for ambient
atmospheric conditions and still air.

b) The performance, as affected by engine power or thrust, must be based on the following relative humidities:

1) 80%, at and below standard temperatures; and
2) 34%, at and above standard temperatures plus 10°C (50°F). Between these two temperatures, the relative humidity must
vary linearly.

c) The performance must correspond to the propulsive thrust available under the particular ambient atmospheric conditions, the
particular flight condition, and the relative humidity specified in sub-paragraph (b) of this paragraph. The available propulsive
thrust must correspond to engine power or thrust, not exceeding the approved power or thrust, less —

1) Installation losses; and
2) The power or equivalent thrust absorbed by the accessories and services appropriate to the particular ambient
atmospheric conditions and the particular flight condition. (See AMCs No 1 and No 2 to CS 25.101(c).)

AMC No. 2 to CS 25.101(c) General

1 GENERAL - CS 25.101

1.1 Explanation - Propulsion System Behaviour. CS 25.101(c) requires that aeroplane “performance must correspond to the
propulsive thrust available under the particular ambient atmospheric conditions, the particular flight condition, . .."” The propulsion
system’s (i.e., turbine engines and propellers, where appropriate) installed performance characteristics are primarily a function of
engine power setting, airspeed, propeller efficiency (where applicable), altitude, and ambient temperature. The effects of each of
these variables must be determined in order to establish the thrust available for aeroplane performance calculations.
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CS-25

Subpart F — Equipment

General

CS 25.1309 Equipment, systems and installations
AMC 25.1309 System Design and Analysis

e) The requirements of CS 25.1309 are generally applicable to engine, propeller, and propulsion system installations. The specific

applicability and exceptions are stated in CS 25.901(c).
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B4 Certification Specifications for Large Aeroplanes (CS-25)
ER1-F CS-25

Subpart F — Equipment
Electrical Systems and Equipment
CS 25.1351 General
b) Generating system. The generating system includes electrical power sources, main power busses, transmission cables, and
associated control, regulation, and protective devices. It must be designed so that —
1) Power sources function properly when independent and when connected in combination;
2) No failure or malfunction of any power source can create a hazard or impair the ability of remaining sources to supply
essential loads;
3) The system voltage and frequency (as applicable) at the terminals of all essential load equipment can be maintained
within the limits for which the equipment is designed, during any probable operating condition;
4) System transients due to switching, fault clearing, or other causes do not make essential loads inoperative, and do not
cause a smoke or fire hazard;
5) There are means accessible where necessary, in flight, to appropriate crew members for the individual and rapid
disconnection of each electrical power source (see AMC 25.1351(b)(5)); and
6) There are means to indicate to appropriate crew members the generating system quantities essential for the safe
operation of the system, such as the voltage and current supplied by each generator (see AMC 25.1351(b)(6)).

AMC 25.1351(b)(6) Generating System

Each source of electrical supply (e.g. generators and batteries) should be provided with means to give the flight crew immediate
warning of the failure of its output. These warning means are additional to the system indication requirements of CS 25.1351(b)(6).
For multiphase systems the warning should also indicate the loss of any phase.
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B4 Certification Specifications for Large Aeroplanes (CS-25)
ER1-F CS-25

Subpart H - Electrical Wiring Interconnection Systems
CS 25.1703 Function and Installation; EWIS
a) Each EWIS component installed in any area of the aeroplane must:
) Be of a kind and design appropriate to its intended function.
2) Beinstalled according to limitations specified for the EWIS components.
) Function properly when installed.
4) Be designed and installed in a way that will minimise mechanical strain.
b) The selection of wires must take into account known characteristics of the wire in relation to each particular installation and
application in order to minimise the risk of wire damage, including any arc tracking phenomena.
c) The design and installation of the main power cables, including generator cables, in the fuselage must allow for a reasonable
degree of deformation and stretching without failure.
d) EWIS components located in areas of known moisture accumulation must be adequately protected to minimise any hazardous
effect due to moisture.
e) EWIS modifications to the original type design must be designed and installed to the same standards used by the original
aeroplane manufacturer or other equivalent standards acceptable to the Agency
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B4 Certification Specifications for Engines (CS-E)
ER1-F CS-E

Subpart A — General

Performance

AMC E 80 Equipment

3) The provision of a weak link in the drive or the specification of a weak link in the equipment will normally be an acceptable
means of limiting excessive torque. However for some equipment which might be included under CS-E 20(c) (e.g. a high output
electrical generator) a weak link might not provide an adequate safeguard against damage to the Engine from overheating and
break-up of the equipment. In such a case other means of disconnect would need to be provided or specified in order to permit
disengagement of the equipment with the Engine running.
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B European Technical Standard Orders (ETSO)

X R{ZE Safran Electrical & Power Chatou SA

Approval Number Date of last issue = Description Part Number(s) ETSO Standards DDP Reference
EASA.210.672, REV. B 08.02.2023 DC Starter Generator G3666-220 Amendment A, G3666-220 C56A
Amendment AB, G3666-220 Amendment
ABC<(>,<)>G3666-230 Amendment A,
G3666-230 AmendmentAB, G3666
Amendment ABC,G3666-230 Amendment
ABCE, G3666-230Amendment ABCEF
EASA.210.10063642, 07.02.2023 DC Starter Generator P/N: G3666-400 Amendment A, C56B A1
REV. A G3666-400 Amendment B, G3666-400
Amendment C
F.0.032 08.02.2001 DC Starter Generator G3570-(xxx)DC Starter Generator Y42-167 OF
18/10/00
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B European Technical Standard Orders (ETSO)
X RIZE Safran Electrical & Power UK Limited

Approval Number Date of last issue = Description Part Number(s) ETSO Standards DDP Reference

EASA.210.10063642, 28.07.2004 DC Starter Generator 30086-01130V Brushless DC Generator C56A 1627
REV. A

EASA.210.127, REV. A 28.07.2004 DC Starter Generator 23091-00430V DC Starter Generator C56A 1633
EASA.210.128, REV. B 17.02.2006 DC Starter Generator 23081-()30V DC Starter Generator C56A 1650
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BRlZ European Technical Standard Orders (ETSO)

X RIBZE Aviation Products Inc.

Approval Number Date of last issue = Description Part Number(s) ETSO Standards DDP Reference

EASA.IM.210.10033092 21.12.2010 ESI-2000 Electronic Standby 9200-32500-(XX)(Y)(2) C10B5 0030-32548-01
Instrument with Lithium lon 9230-32501-() C1135
Battery CaD 1
C3D 1
C46A 1
c4c2
ceD
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BRlZ European Technical Standard Orders (ETSO)

X RIBZE Mid-Continent Instrument Co., Inc.

Approval Number Date of last issue = Description Part Number(s) ETSO Standards DDP Reference

EASA.IM.210.10048085 11.02.2014 TB17 / 17 Amp Hour Lithium- 6430017-() C179A DDP-TB17
lon Battery

EASA.IM.210.10050184 12.08.2014 TB44 Advanced Lithium-lon 6430044-() C179A DDP-TB44
Battery OTHER
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B European Technical Standard Orders (ETSO)
XY R Safran Aerosystems

Approval Number Date of last issue = Description Part Number(s) ETSO Standards DDP Reference

EASA.210.10058629 04.07.2016 TANK WALL // Crashworthy P/N: 1060200 C80 DT-00007925
tank wall for fuel cells

EASA.210.10059794 17.10.2016 TANK WALL // Crashworthy P/N: 1060201 Cc80 DT-00007926
tank wall for fuel cells

EASA.210.10059795 17.10.2016 TANK WALL // Crashworthy P/N: 1060202 Cc80 DT-00007927
tank wall for fuel cells

EASA.210.10064530 31.01.2018 TANK WALL // Crashworthy P/N: 1060204 Cc80 DT-00010957

tank wall for fuel cells
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FIZIE, magniXHBRALEESIIY IV ICEET BSpecial ConditionsT(E, L TFTDELS(C14CFROD—
B (ALYIDKED) #SBLTVNE—AT, 1WofMELERHZRELTVNREEEINS

Special Conditions LT3, BEF LR &EEZS R, [HINKIE
BEERXN-ATRH N 155
TNSHE
EILEEL L BRSNS

BROMRH T 555

Special Conditions: magniX USA, Inc., magni250 and
magni500 Model Engines

AR HZEFO TS LI
BEQOLOILREIRBROEINAS (LB, HEIXTICEEET ZNPRMOAR, SLURIERIRORFIEEESFLENES

EFITVS
EOYS

A Proposed Rule by the Federal Aviation Administration on 11/18/2020 \‘ v
= AGENCY:

. e .. . PDF
Federal Aviation Adminisiration (FAA), DOT.

Publication Date:

Printed version:

11/19/2020
ACTION:
.‘ Agencies:
Notice of proposed special conditions. Department of Transportation
Federal Aviation Administration
=
SUMMARY: o=
Send commenis on or before
= This action proposes special eonditions for magniX USA, Inc. (magniX), December 21, 2020.

magniz;o and magnizoo model engines that operate using electrical technology
installed on the aireraft for use as an aircraft engine. These engines have a novel TEZEEL
or unusual design feature when compared to the state of technology envisioned

in the airworthiness standards applicable to aircraft engines. The design feature G LEILELD

& 3

is the use of an electric motor, controller, and high-voltage systems as the

[j

. . . . . . 85 FR 73644
primary source of propulsion for an aireraft. The applicable airworthiness

regulations do not contain adequate or appropriate safety standards for this Page:
design feature. These proposed special conditions
CFR:

14 GFR 33

) Start Printed Page 73645

contain the additional safety standards that the Administrator considers

Comments Close:

Document Type:

Document Citation:

73644-73655 (12 pages)

Agency/Docket Numbers:

Dockef No. FAA-2020-0894

necessary to establish a level of safety equivalent to that established by the
existing airworthiness standards.

Document Number:

2020-23434
DATES:

Send comments on or before December 21, 2020.

URL:

MNotice Mo. 33-19-01-5C

— [T

R % ©

& D

B

Type Certification Basis

Under the provisions of 14 CFR 21.17(a)(1), generally, magniX must show that
magnizso and magnizoo model engines meet the applicable provisions of part
33 in effect on the date of application for a type certificate.

If the Administrator finds that the applicable airworthiness regulations ( e.g.,14
CFR part 33) do not contain adeguate or appropriate safety standards for the
magniz5o and magnizoo model engines because of a novel or unusual design

feature, special conditions may be preseribed under the provisions of § 21.16.

Special conditions are initially applicable to the model for which they are issued.
Should the type certificate for that model be amended later to include any other
engine model that incorporates the same novel or unusual design feature, these

special conditions would also apply to the other engine model under § 21.101.

In addition to the applicable airworthiness regulations and special conditions,
the magni25o and magnisoo model engines must comply with the noise
certification requirements of 14 CFR. part 36.

The FAA issues special conditions, as defined in 14 CFR 11.1g, in accordance with
11.38, and they become part of the type certification basis under § 21.17(a)(2).

Novel or Unusual Design Features

The magniz5o and magnisoo model engines will incorporate the following novel
or unusual design features:

An electrie motor, controller, and high-voltage systems that are used as the
primary source of propulsion for an aireraft.

https://www.federalregister.gov/documents/2020/11/19/2020-23434/special-conditions-magnix-usa-inc-magni250-and-magni500-model-engines
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Special Conditions: magniX USA, Inc., magni350 and magni650 Model Engines; Electric Engine

Airworthiness Standards

Final Special Conditions: 33-022-SC

APPLICANT
magnix USA, Inc.

SUMMARY

These special conditions are issued for the magniX USA, Inc., (magniX), magni350 and magni650 model engines, which operate using
electrical technology installed on the aircraft for use as an aircraft engine. These engines have a novel or unusual design feature
when compared to the state of technology envisioned in the airworthiness standards applicable to aircraft engines. This design
feature is an electric motor, controller, and high-voltage systems as the primary source of propulsion for an aircraft. The

applicable airworthiness regulations do not contain adequate or appropriate safety standards for this design feature. These special
conditions contain the additional safety standards that the Administrator considers necessary to establish a level of safety equivalent

to that established by the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

The magni350 and magni650 model engines will incorporate the following novel or unusual design feature:
An electric motor, controller, and high-voltage systems is used as the primary source of propulsion for an aircraft.

DATES
Effective October 27, 2021.
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magniXHi&E FHUZ_ BENTYYY (magni350 & magni650) [CE89 3Special ConditionsTld. X
TO&SIC14CFROPart 21£33 (ALY ‘J“(DQEEID zBHBLTV3

The Special Conditions

&2T. MagniX USA, Inc.(BLF. magniX)®magni350% U'magni650ET VIV I VORI K FRIFOERED—EFE LT, AdministratorbFAICRESNHERRIC
FEV AT ORRISRGEFRITS 5, BEBEEER EARRAE (14 CFR) N=F21051 MVAITRE SNERA FIELESF LETNIEESE N,

1. Applicability
Unless otherwise noted in these special conditions, the design must comply with the airworthiness standards for aircraft engines set forth in 14 CFR part 33, except those airworthiness standards

specifically and explicitly applicable only to reciprocating and turbine aircraft engines.

14 CFR Part 33 Developed for Aircraft Engines That Operate Using Aviation Fuel

14CFR Part 33 MZEMARIZERLTEMES ZMEEIY IV DOIHICHEFAINEMBEIY IV E, MEMCHEENE S X MM AT LAEHFENT 30TV
F-REFMATZ, N-F330RBEEZII-CLY-IVIVELOLYTO-IVIVE MEBEEIRIF-RELVTUERT 3, 14CFRIN-F33DFRICEWTFAAL'EA
FUEHEMIE, BERCREZZBELTARY AT LAEBLTIRIF-Z4E KL, TORIPY I MIET7 VR EQHEERE B (CEY FoN Vv I MEEIERSE 3150
BEMREE R DEERERESTEIETH D, N-F330REIF. INSOIVIVOEEETEYD, BMEPRESCERT B ENLREREERITIEOTH S,
IVIVDHEOMEE. ET. EAME TV IVA-H-HZ 1%%1///(Dux.ﬁrt%udﬁﬂ%?Za?ifhtfiflu*UDL\U%O INHDFAMTICIE. 1LZF0, 2R,
BV AT LD D> TS, 20718, 14CFR/N-F33DBEFEDI VI VAEHIE, ABNCETRIANDNIEER, 8. 3ANADIVR-RYNCEIMEIZERL
BRRLDIRBEY AT LRFE D, (LF R, Y, BERAICERINZREDARESEEY EFTVS, magniXEOEX IV IV BEFH T2 LU\, FAADIRTEDATZEH
IVIVDMZEERELETHS14 CFR part 33131964F(ZEND(FB[4], FAARINODTTZE R EZ MR ZERLTEET MBI IVICEDINTNS, L
L. magniX magn|350 BKU magni6s50 ETINIVIVE., WY AT LERENT 310 CMZERRIORDY ICERIRINF-REFERT 5. i T2 LVERETH
HERHOTWS, BRIVIVIE WIRYAT LSRG ZLFR. Y. BRI BENMERMFICIoEINS, ZDT8. 14 CFR part 33I21&, magniX magni35068 &
magn|650:ETJI/I‘/)/@iﬁ*ﬁff’\bb\nx#%f’ﬁkﬂ?’%ﬁ@]@?ﬁé%—%h‘ FNTUVEL,

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2021-19926-0000000000.0001?modalOpened=true

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 271



Task2 : MZEH - BiEmOREEE - ERMFEELCEIIRBEARMTOEACLZILER T | FAA

magniXHEALEEEIYIY (magni350 & magni650) [CE8F 3BSpecial ConditionsTld.
ASTM F3338-18 (ALY I DKEN) m#ﬁﬁgﬁﬁﬁﬂfbtmé

Background

On April 18, 20 19,[1:| magniX applied for a type certificate for its magni350 and magni650 model electric engines.[z] The FAA has not previously type certificated an engine that primarily uses
electrical technology for propulsion of the aireraft. Electric propulsion technology is substantially different from the technology used in previously certificated aircraft engines that operate using

aviation fuel; therefore, these engines introduce new safety concerns that need to be addressed in the certification basis.

As noted in the Notice of Proposed Special Conditions, the FAA used technical criteria from ASTM F3338-18, Standard Specification for Design of Electric Propulsion Units for General Aviation
Aircraﬁ,[S] along with engine information from magniX and other information, to develop these special conditions. These special conditions establish a level of safety that is equivalent to the level of

safety required by title 14, Code of Federal Regulations (14 CFR) part 33.

SHBINERE-FXWEE | ASTM F3338-18 Standard Specification for Design of Electric Propulsion Units for
General Aviation Aircraft

ERREIEEZ{EEHR ASTM

ALiv-bOSEEFR BEML (VY RHEE/BENHET-Y—-/I TR L—F)
- [ASTM]

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2021-19926-0000000000.0001?modalOpened=true
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Peregrlnel;r xREXVFIVABMZAELZIEEONTEREEDMZZREEAZEREELL

X RELA AP B & Bl i UFILAAYNYTU-
B4 Special Conditions: Peregrine; Installed Rechargeable Lithium Batteries
&RI-F Final Special Conditions: 25-806-SC

APPLICANT
Peregrine

SUMMARY

These special conditions are issued for a supplemental type certificate to install rechargeable lithium batteries in the Emergency Exit
Light (EEL) power supply on certain transport category airplanes. These airplanes, as modified by Peregrine, will have a novel or
unusual design feature when compared to the state of technology envisioned in the airworthiness standards for transport category
airplanes. This design feature is the installation of an EEL power supply that contains rechargeable lithium batteries. The applicable
airworthiness regulations do not contain adequate or appropriate safety standards for this design feature. These special conditions
contain the additional safety standards that the Administrator considers necessary to establish a level of safety equivalent to that
established by the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES
The airplanes with STC no. STO1086DE will incorporate the following novel or unusual design feature:
The installation of an EEL power supply that contains rechargeable lithium batteries.

DATES
This action is effective on Peregrine on January 26, 2022.
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Peregrlneﬁ“ RAULERERYFILNYTY-FIEEORBAICEI I 5Special ConditionsTld, AT D
&3IC14CFRDPart 25 (7rl/ JDKRE) #BBLTNS

Accordingly, pursuant to the authority delegated to me by the Administrator, the following special conditions are issued as part of the type certification basis for airplane models listed on the

approved model list of supplemental type certificate no. STo1086DE, as modified by Peregrine.
BIE25-12308525.135355(b)(1)1'5(4). FIEUBIDBIEDEE25.13535()(NN'BA)DHEDYIC, ERERXVFIABRDOFREICSVNT, LUTHRHONS !
1. Be designed to maintain safe cell temperatures and pressures under all foreseeable operating conditions to prevent fire and explosion.

2. Be designed to prevent the occurrence of self-sustaining, uncontrollable increases in temperature or pressure, and automatically control the charge rate of each cell to protect against adverse

operating conditions, such as cell imbalance, back charging, overcharging and overheating.
3. Not emit explosive or toxic gases, either in normal operation or as a result of its failure that may accumulate in hazardous quantities within the airplane.
4.5525.863%NEHEHmLIIL,

5. Not damage surrounding structure or adjacent systems, equipment, or electrical wiring from corrosive fluids or gases that may escape in such a way as to cause a major or more-severe failure

condition.

6. Have provisions to prevent any hazardous effect on airplane structure or systems caused by the maximum amount of heat it can generate due to any failure of it or its individual cells.
7. Have a failure sensing and warning system to alert the flight crew if its failure affects safe operation of the airplane.

8. Have a monitoring and warning feature that alerts the flighterew when its charge state falls below acceptable levels if its function is required for safe operation of the airplane.

0. Have a means to automatically disconnect from its charging source in the event of an over-temperature condition, cell failure or battery failure.

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2022-01443-0000000000.0001?modalOpened=true
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Peregrineli\ True Blue Power(TB40 main ship rechargeable lithium battery¥& & (-3x3 9 3 i
ZEAEBAZREELL
X R NyTY- EIPEI UFILAAYNYTY-
Brl4 Special Conditions: Peregrine, Textron Aviation Model 400A Airplane; Rechargeable Lithium Batteries
ER0-F Final Special Conditions: 25-814-SC

APPLICANT
Peregrine

SUMMARY

These special conditions are issued for the Textron Aviation (Textron) Model 400A airplane. This airplane, as modified by Peregrine,
will have a novel or unusual design feature when compared to the state of technology envisioned in the airworthiness standards for
transport category airplanes. This design feature is a main ship rechargeable lithium battery. The applicable airworthiness
regulations do not contain adequate or appropriate safety standards for this design feature. These special conditions contain the
additional safety standards that the Administrator considers necessary to establish a level of safety equivalent to that established by
the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES
The Textron Model 400A airplane will incorporate the following novel or unusual design features:
Installation of True Blue Power TB40 main ship rechargeable lithium battery.

DATES
This action is effective on Peregrine on April 6, 2022.
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Peregrlneﬁ“ ALEFZRERXUFILNYTY- (True Blue Power TB40) [CBJ9 BSpecial
Conditions Cld. LI FD&S5IC14CFRMDPart 11, 21, 25, 34, 36 (ALY IDKH) #SBLTVS

/ /10

Type Certification Basis

EFFRAE (14 CFR) 21.101DBEICEDIE, Peregrinett(d. ZEZDA00ATEA, FAAR A B LUZLATORIEERE, B IIAAZENO.AT16SWICEHINT
WAIRBIOEARIE, $-REERFRICEMRERRANZS EHEIMEL VAL RIBINERSE,

BRINAMIZEMERRR (B 0 14 CFR part 25) A TR (ARG ET L ORI 8HIZ, Peregrine Model 400ARITHEICK L CGEYI G REEEZEATVE
W& AdministratorAM BT LB E . B21.165R0OBEICEDVWTHERIZRGIRESINS,

Special conditions are initially applicable to the model for which they are issued. Should the applicant apply for a supplemental type certificate to modify any other model included on the same tvpe

certificate to incorporate the same novel or unusual design feature, these special conditions would also apply to the other model under § 21.101.

BRSN BT AR B L4 RIS ICANZ T, Textron 400AZUHE(L, 14 CFR part 34DEARINY FEBERIIVY IV EH, $KT14 CFR part 36DER T LRI B4 (L4
WUBEINEESERN,

FAAIZ. 211.38%(CHELN 14 CFR 11.19[CERINBEFRIZEEFITL. ZNOEEFE21.101R(CE DR A BHOERD—ER L3,

Novel or Unusual Design Features

The Textron Model 400A airplane will incorporate the following novel or unusual design features:

Installation of True Blue Power TB40 main ship rechargeable lithium battery.

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2022-07255-0000000000.0001?modalOpened=true
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Peregrlnel;r RERVFILBMEREBLEEFRAT VN1t itia R EDMIZERRZEREELE

X RELA AP B & Bl i UFILAAYNYTU-
B4 Special Conditions: Peregrine; Installed Rechargeable Lithium Batteries
&RI-F Final Special Conditions: 25-815-SC

APPLICANT
Peregrine

SUMMARY

These special conditions are issued for a supplemental type certificate to install rechargeable lithium batteries in an electronic
standby instrument on certain transport category airplanes. These airplanes, as modified by Peregrine, will have a novel or unusual
design feature when compared to the state of technology envisioned in the airworthiness standards for transport category airplanes.
This design feature is the installation of an electronic standby instrument supply that contains rechargeable lithium batteries. The
applicable airworthiness regulations do not contain adequate or appropriate safety standards for this design feature. These special
conditions contain the additional safety standards that the Administrator considers necessary to establish a level of safety equivalent
to that established by the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES
The airplanes with STC no. STO1985WI will incorporate the following novel or unusual design feature:
The installation of an electronic standby instrument containing a rechargeable lithium-ion battery.

DATES
This action is effective on Peregrine on April 6, 2022.
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Peregrlneﬁ“ ALERERUFILNYTI-Z2EHLEFATVNM15H23EHGRE CBIT BSpecial
Conditions (3. L,{‘Fwotol._14CFRa)Part 1, 21, 25, 34,36 (ALYIDXRED) E=SHEBLTNS

Type Certification Basis

EIMAEF 145 (14 CFR) FE21.101LDEE (CEDE, Peregrinett(d. STC No.STO1985WI[C KW E B HESN -4 (T, FAAMNEELELEIOEEERKRE,
BMEBOZRXAASICRHINROBRRE. FLEE EEE%E(Cﬁi‘bt;i@ﬁﬁ*ﬁi%%|3%}%%,ﬁ%tL’Cb\égt’éméﬁb‘nli&bnb\o

BRAINAMIZEMERRR] (14 CFR part 25) A, #T#RH BV FFERR L ET EOREOREHIC, BYIE EESATLENEAdministratorM BT LIz I5 A, 521.16
ZORECEDIE, BRIZHEMREINSD,

Special conditions are initially applicable to the airplane model for which they are issued. Should the applicant apply for an STC to modify any other model included on the same type certificate to

incorporate the same novel or unusual design feature, these special conditions would also apply to the other model under § 21.101.

BRAINAMEHER BB LOCREBISAFCIIZ T, STC No.STO1985WIIC KU EUE SN MBS, BRAINAME RSSO ZRMATINZ T, 14 CFR part 34014
BINYMSEUHERIIYVYaVvEH, B5TUC14 CFR part 36 DS EAEHICEE LARITNIZESREL,

FAAIZ. 3811.382&(CHELN, 14 CFR 11.19[CE RSN BHFRIREEFHITL. ZNHEEFE21.1015(CE DB KB ERO—ER L L3,

Discussion

FEAUTFILEML, 5525.13535DERFR(CEIL T, XD RO EE TREFT IR LIRGT LOKHTHEEHBIND, CORDT LIS, RE, BXHE
DIEERADBH N EREINTVBE YT - AFIVLARBEA BB PIEA B BME ARSI REIETEDKERIE. ERFME. RTFEHERD, 60Ny T3,
XNV T - VOYA XEBEISHT LML AR EIRATEIE T, BB AT AR VIR —- LRIVEEA TS, NyTU-- NV ITATINSO IV EEEICHEE
b, MEEE- M FET B0, MERGEDMB ORET LORENHELLS,

BFRISF3. 7. 8IXBEATH B, 1585 H413. 5525.8635DAI A RIAEH N BN FTERUFILABBORE (CERINAIEEAREICLTNS, TT7Y3225.863(3.
MDY AT LD DRI RAEDTRNICISINB A EEE D HAMEHEDEICEAIN S, TERUFIVLABHIEL, ATRERABTHIBHERESA TS,

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2022-07254-0000000000.0001?modalOpened=true
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Dassaultld. Model Falcon 6XEnZZECIEFHITBIERERVFILIMAY E MO Z=EEEREEL

XF SREXAMT NyTY- BEEHB R UFILAAYNYTY-
BR£ Special Conditions: Dassault Aviation Model Falcon 6X Airplanes; Non-Rechargeable Lithium-lon Battery
i Installations
ERa-k Final Special Conditions: 25-815-SC
APPLICANT
Dassault
SUMMARY

These amended special conditions are issued for non-rechargeable lithium-ion battery installations on the Dassault Aviation
(Dassault) Model Falcon 6X airplane. Non-rechargeable lithium-ion batteries are a novel or unusual design feature when compared
to the state of technology envisioned in the airworthiness standards for transport-category airplanes. The applicable airworthiness
regulations do not contain adequate or appropriate safety standards for this design feature. These special conditions contain the
additional safety standards that the Administrator considers necessary to establish a level of safety equivalent to that established by
the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

The Dassault Model Falcon 6X airplane will incorporate the following novel or unusual design feature: Installation of non-
rechargeable lithium-ion batteries.

For the purpose of these special conditions, the FAA refers to a battery and battery system as a battery. A battery system consists of
the battery and any protective, monitoring, and alerting circuitry or hardware inside or outside of the battery. It also includes vents
(where necessary) and packaging.

DATES
This action is effective on Dassault on March 9, 2022.
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Dassaultb“ModeI Falcon 6XFRITHEICHESLIYFILINYTY-ICEAT 5Special ConditionsTld,
LIFD&SIC14CFRDPart 11, 21, 25, 34, 36 (ALY IDKED) ZSHBBLTVS

Type Certification Basis
14 CFR 21170 E [CEDE, Dassaultld 7L IV 6X A IE25-1H525-146(C &> TBRIESN /N~ F25DBARE LML VB L ERSBINFEESEN,

Administratort’, BRINZMHZEIERRR (14 CFR part 25) A AR FZIIFHREEET EOREORHIC. FvY-ET N I7I IVeXEIC L G AR LS
ATVGEWEHIRTLTSSE . '“'“21 16z<0)$‘ﬁﬂi(;%’3l,\’(¢—n”:| BEHEMREIND,

Special conditions are initially applicable to the airplane model for which they are issued. Should the tvpe certificate for that model be amended later to include anv other model that incorporates the

same novel or unusual dezsign feature, these special conditions would alzo apply to the other model under § 21.101.

HEAINZME MR R OERIRECMZ T, FyY-ET I I7IVIV6XEE(L. 14 CFR part 34QARINY MR UHERIIvYavEMS, K U14 CFR part 36005 = 5k AA
EHICEELEINEESEN,

FAAIZ. 311.38%(CHELN, 14 CFR 11.19([CE RSN BHFRIREEFRITL. ZNOEFE2117RICEDIZR R IRRORMO—ERE 1D,

Discussion

FAAIL, 196552 A (T, 14 CFR part 25% % L1zCAR 4bDFEIEQ—IRE LT, REMZEARAI (CAR) 4b.625(d) Do#nEnT TU-OMZEEAD Ny T U-DE&HEE
BIZREDEFNZEH L, COBMEIER, EARICCAR 4bDN\YTUEHES WNRZSENDT, B|IE. 525.135350(b) (N5 ICRESNTWNS, IEREAUFY
LAAVE L, INGOBANBLALSNIZE EICE RSN OIRNET BLHHN DRI THD, FFRBAUF VLAY Ny TU-(F, SESFHNYTU—- IO
YA XPREICH UMM ERA T3 T MBI AT LACEWIRTY - LRVEEAT S, N7 - NV IRTINGO UV EREICERT 5L, MET-F
RETHLY, AEBLLOMBDOR LORBIHEICHS,

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2022-04935-0000000000.0001?modalOpened=true
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Textron Aviationld. Standby Attitude ModulelC&FN3FZEERVFULAIAY EithDIBHICH(T
Bifif 22 SERAZ R EE LT,

el - B UFI LAY T

BR£ Special Conditions: StandardAero Business Aviation Services, LLC, Textron Aviation Inc. Model BAe.125
T Series 800A/800B and Hawker 800/800XP Airplanes; Rechargeable Lithium Batteries and Battery Systems

ERa-k Final Special Conditions: 25-826-SC

APPLICANT
Textron Aviation Inc.

SUMMARY

These special conditions are issued for the Textron Aviation Inc., (Textron) Model BAe.125 Series 800A/800B and Hawker 800/800XP
airplanes. These airplanes, as modified by StandardAero Business Aviation Services, LLC, will have a novel or unusual design feature
when compared to the state of technology envisioned in the airworthiness standards for transport-category airplanes. This design
feature is a rechargeable lithium-ion battery contained in the Standby Attitude Module (SAM). The applicable airworthiness
regulations do not contain adequate or appropriate safety standards for this design feature. These special conditions contain the
additional safety standards that the Administrator considers necessary to establish a level of safety equivalent to that established by
the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

The Textron Model BAe.125 Series 800A/800B and Hawker 800/800XP airplanes will incorporate the following novel or unusual
design feature:

Installation of a rechargeable lithium-ion battery contained in the SAM.

DATES
This action is effective on StandardAero Business Aviation Services, LLC on July 25, 2022.
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Type Certification Basis
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Hawker 800/800XPEUHEN, FAAN G B LI-UBIORIEZRKRE, AR ERBENO. ASEUICEREHINRBOBARIA, F-EEEHREFHICEVLERBRZS | S
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Textronft #4BAe. 1253 1—X800A/800BH LU Hawker 800/800XPIEAINAMIZZIEFR A (5] : 14 CFR part 25) ', FRFTRARRZET EORFHICEY, &
URREEEEZEATVEVNEKEERRLZRENMHIMLEES. B21.16R0REICEIE, FRIERGMEEINS,

FrRl &M E. BACRTEINLRRAISEREINDS, BRFEEN. ACEXZARECEINIMBORREZEEL, RLHRIERBLER LOFBERMADHIC
AHAAEOMERFETIBE. INSORRIZRMAR 21101RICEDE OB AICEERINS,

BRAINZMEMESSOEFRIZEECINZ T, Textron Model BAe.1253/U—X800A/800B$H &' Hawker 800/800XPAZE (3. 14 CFR part 34DBEINY FELUHER
I3vYavEH, B5UC14 CFR part 360D H LB EHICEMLBINERSEN,

FAAIL, 8511.385ICHELN, 14 CFR 11.19ICE RIN BRI HFEHITL. ZN6IEE21.101KICE DB A O ERD— B 15,
Discussion

FEBEBRUFVAEME, 14 CFR 25.1353DFHICEIL T, BxhT I O EE CRETH X BB EHIRRE L #BENS, COEDNYT Y-S, IRTE, BHXHFEOM
EEADBENEARINTWE YT ARIVLAFTERANYTY-PIFTERXNYTU-LIREELD FEOKER ., ERSIE, RFFMEERFD, INGONYT

U=PNYTU=-IAT LS SXEEBNYTU—- OV A XPEEICH LML AR EIRA T3 T, MBI ATACEVWIRILF—- LRIVEEA TS, NyTU-- /(Y
TJATINSOTIVEREICERT 2L, BT\ FET . MEBLLOMB DK LORBILEICLES,

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2022-15837-0000000000.0001?modalOpened=true
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XJ REXAMT NyTY- BEEHB R UFILAAYINYTY-
ERlL Spe;cial Co.nditions: Aerospace Qu‘ali‘.cy Research and Development, Textron Avigtion Inc. Model 680A
T Latitude Airplane; Rechargeable Lithium Batteries and Battery Systems Installations
ERa-k Final Special Conditions: 25-834-SC

APPLICANT
Textron Aviation Inc.

SUMMARY

These special conditions are issued for the Textron Aviation Inc. (Textron) Model 680A Latitude airplane, as modified by Aerospace
Quality Research and Development (AQRD). These airplanes will have a novel or unusual design feature when compared to the state
of technology envisioned in the airworthiness standards for transport-category airplanes. This design feature is the installation of
two rechargeable lithium batteries and battery system that will replace two nickel-cadmium batteries previously installed on the
airplane. The applicable airworthiness regulations do not contain adequate or appropriate safety standards for this design feature.
These special conditions contain the additional safety standards that the Administrator considers necessary to establish a level of
safety equivalent to that established by the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

The Textron Model 680A Latitude airplane, as modified by AQRD, will incorporate the following novel or unusual design feature:
installation of two rechargeable lithium batteries and battery system to replace two nickel-cadmium batteries previously
installed on the airplane.

DATES
This action is effective on AQRD on October 6, 2022.
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Type Certification Basis
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HERINAM 2 ER R ERFRISAFCINZ T, Textron Model 680A Latitude airplaneld. 14 CFR part 34D#ARINY FEFERARICEE T 2EKREFIE, H&UM4 CFR
part 36MEREAEAAICRAT 2 ERBIECEMLETNIZESRL,

FAAIL. 5511.385:(CHEL), 14 CFR 11.19[CEEINB RIS B EFKITL. ZNBIEE21.101R(CE DR A IABOERO—EB L2,

Discussion

FTERVFILAEBELUOEM VAT AL, 14 CFR 25.1353 OEHICEAL T, BxhT IV -OM B TEF R EF LIS H AR TELETH DI EEZIBN TV, ZOFED
NyTU—-(F, RE. BEANT IV -MEBEADQBEN A ZINTVWBI YT - ARITLATERNYTU-VITERNYTU-L BEASKER S, BFEOWESE., EA

by

B, RTEMEEOTVS, INSONYTU-PNYT Y- VAT AR, SEXFHNYTU-- 2OY A XOEECH LML AR ERAT 3L T MERYATALEL

IRNF--LRIVEBAT S, KT NYTARTINSD U ERE[CHR S 5L MEEE-FARET B0, EBLREDIME QT LORBNVEILS,

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2022-21663-0000000000.0001?modalOpened=true
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BR£ Special Conditions: Blackhawk Aerospace Technologies, Textron Model 500 Series Airplanes;
T Rechargeable Lithium Batteries and Battery System Installations

ERa-k Final Special Conditions: 25-817-SC

APPLICANT
Textron Aviation Inc.

SUMMARY

These special conditions are issued for the Textron Model 500/550/5550/560/560XL/560XLS airplanes. These airplanes, as modified
by Blackhawk Aerospace Technologies (Blackhawk), will have a novel or unusual design feature when compared to the state of
technology envisioned in the airworthiness standards for transport-category airplanes. This design feature is electronic Gl 275
Standby Instruments containing rechargeable lithium-ion batteries. The applicable airworthiness regulations do not contain
adequate or appropriate safety standards for this design feature. These special conditions contain the additional safety standards
that the Administrator considers necessary to establish a level of safety equivalent to that established by the existing airworthiness
standards.

NOVEL OR UNUSUAL DESIGN FEATURES
The Textron Model 500 series airplanes will incorporate the following novel or unusual design feature:
Electronic Gl 275 Standby Instruments containing rechargeable lithium-ion batteries.

DATES
This action is effective on Blackhawk on April 3, 2023.

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 285



Task2 : fiZH - RiemOTE£EE - ESRECE I RIBHZMOBALLSIZE DT | FAA

Textron AV|at|on7fJ“‘ RAULERERUFVANYTU-Z2EHEEFAY NI HREECRETS
Special ConditionsTld. L,{—FUJJS')LMCFRG)Part 11, 21, 25, 34,36 (ALYIDKREN) =SHR

Type Certification Basis
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Discussion
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URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2023-06729-0000000000.0001?modalOpened=true
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AEEAZEREELL
XF SREXAM NyTY- B & Bl i UFILAAYNYTU-
ERlE Special Conditions: Aptoz EHF; Non-Rechargeable Lithium Batteries and Battery System Installations
&RI-F Final Special Conditions: 25-827-SC

APPLICANT
Aptoz

SUMMARY

These special conditions are issued for a supplemental type certificate (STC) to install non-rechargeable lithium batteries and battery
systems on certain transport-category airplanes. The airplanes, as modified by Aptoz EHF (Aptoz), will have a novel or unusual design
feature when compared to the state of technology envisioned in the airworthiness standards for transport-category airplanes. This
design feature is non-rechargeable lithium batteries and battery system in emergency locator transmitters (ELTs). The applicable
airworthiness regulations do not contain adequate or appropriate safety standards for this design feature. These special conditions
contain the additional safety standards that the Administrator considers necessary to establish a level of safety equivalent to that
established by the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

The airplanes listed in the FAA STC STO0030IB approved model list (AML) will incorporate the following novel or unusual design
feature:

Non-rechargeable lithium batteries and battery systems installed in ELTs.

DATES
This action is effective on Aptoz on November 15, 2022.
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Type Certification Basis
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WHICSTCZEHFET 2HmE. INOOFFRIZRMAE. B21101RICETE, OECEEAINS,

EHINAME MG LOHEFRISEAICINZ T, STC no.STO0030IB(S, 14 CFR part 34QBREINY S LUHERIIVYaVEH, BHUNI14 CFR part 36DERFEAEH |
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Discussion
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RETEHH. AEBLREDMB DK LORBENHECLES,

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2022-24773-0000000000.0001?modalOpened=true
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S s Special Conditions: Airbus SAS Model A320 and A321 Series Airplanes; Rechargeable Lithium Batteries
Bl :
and Battery System Installations
ERa-k Final Special Conditions: 25-837-SC

APPLICANT
Airbus SAS

l

SUMMARY

These special conditions are issued for the Airbus SAS (Airbus) Model A320-251N, —252N, -253N, —271N, -272N, and -273N; and
Model A321-25T1NX, —252NX, —253NX, —271NX, and —272NX airplanes. These airplanes will have a novel or unusual design feature
when compared to the state of technology envisioned in the airworthiness standards for transport-category airplanes. This design
feature is a mini emergency power supply unit containing rechargeable lithium-ion batteries. The applicable airworthiness
regulations do not contain adequate or appropriate safety standards for this design feature. These special conditions contain the
additional safety standards that the Administrator considers necessary to establish a level of safety equivalent to that established by
the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

The Airbus Model A320-251N, —-252N, -253N, 271N, 272N, and -273N; and Model A321-25T1NX, —252NX, —253NX, —271NX, and -
272NX airplanes will incorporate the following novel or unusual design feature Mini Emergency Power Supply Unit containing
rechargeable lithium-ion batteries.

DATES
This action is effective on Airbus on June 8, 2023.
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Discussion
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NWVEEAT S, NyTYU—- N TARTINGO I EREICEE TS 2&. BT FET 0. MEBLLOMB DK EOREN L EICE S,

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCFINAL-2023-12278-0000000000.0001?modalOpened=true

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 290



FAA

Special Conditions (Proposed)

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 291



U'mac

X SR BT

BRl4

ERI-F

Task2 : finZe
magniX USA[Z, ERE-5-. IV r0-5-. BEREVATLZHE
ni500IY YYD ZEEAZ LR

FlRmOREEE - EMREICEIRIBEMBMOEALLEL

HEERT-5- BE AR

TE51h | FAA

&R ELTERT dmagni2506 &

BEHHERT-5-

Special Conditions: magniX USA, Inc., magni250 and magni500 Model Engines

Proposed Special Conditions: 33-19-01-SC

APPLICANT
magnix USA, Inc.

SUMMARY

This action proposes special conditions for magniX USA, Inc. (magniX), magni250 and magni500 model engines that operate using
electrical technology installed on the aircraft for use as an aircraft engine. These engines have a novel or unusual design feature
when compared to the state of technology envisioned in the airworthiness standards applicable to aircraft engines. The design
feature is the use of an electric motor, controller, and high-voltage systems as the primary source of propulsion for an aircraft.

The applicable airworthiness regulations do not contain adequate or appropriate safety standards for this design feature. These
proposed special conditions contain the additional safety standards that the Administrator considers necessary to establish a level of

safety equivalent to that established by the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

The magni250 and magni500 model engines will incorporate the following novel or unusual design features:
An electric motor, controller, and high-voltage systems is used as the primary source of propulsion for an aircraft.

DATES
Send comments on or before December 21, 2020.
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Special Conditions: magniX USA, Inc., magni250 and

magni500 Model Engines

A Proposed Rule by the Federal Aviation Administration on 11/19/2020 \‘ v
—
= AGENCY: Printed version:
oG 5o o POF
Federal Aviation Administration (FAA), DOT.
. Publication Date:
1111942020
ACTION:
.‘ Agencies:
Notice of proposed special conditions. Department of Transportation
Federal Aviation Administration
=
SUMMARY: [Llz=s
Send comments on or before
= This action proposes special conditions for magniX USA, Inc. (magniX), December 21, 2020.
W . . - c -
magniz5o and magnizoo model engines that operate using electrical technology Comments Close:
|: installed on the aireraft for use as an aircraft engine. These engines have a novel e
or unusual design feature when compared to the state of technology envisioned Document Type:
E in the airworthiness standards applicable to aircraft engines. The design feature Proposed Rule
is the use of an electric motor, controller, and high-voltage systems as the L DEIET T
- . 5 - - g . 85 FR 73644
D primary source of propulsion for an aircraft. The applicable airworthiness
s regulations do not contain adeguate or appropriate safety standards for this Page:
%) ; ) I b 73644-73655 (12 pages)
""" design feature. These proposed special conditions
CFR:
| Start Printed Page 73645 14 CFR 33

contain the additional safety standards that the Administrator considers
necessary to establish a level of safety equivalent to that established by the
existing airworthiness standards.

DATES:

Send comments on or before December 21, 2020.

URL:

Agency/Docket Numbers:
Docket Mo. FAA-2020-0394
Motice No. 33-18-01-SC

Document Number:
2020-23434
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Type Certification Basis

14 CFR 21.17(a)(1) DR EICKY. —ﬂxﬂﬁlcmagnixlimagnizsot
magni500ET VDIV I VAR EFRAD R EE B (LA XN ER/N-F330
BRARELEHELTWAILERIBINEESE,

Administratortt, FRE = F4F AR EOEFHICEY., BASN
B2 MR E (3: 14 CFR JN—F 33) L.mangSOBctOmagniSOO
%TJI/GJI/‘/“/(:ﬁ‘g*Zai‘rjt)Jf REBEENSSENTVENEHIETL

A B2116K0DBTEICE VWU BRERENEESNZEBEE
75‘373'50

Special conditions are initially applicable to the model for which they are issued.
Should the type certificate for that model be amended later to include any other
engine model that incorporates the same novel or unusnal design feature, these

special conditions would also apply to the other engine model under § 21.101.

BRASN B Z R H &R RACINZ T magni250&
magni500ET VIV I V(14 CFR part 36DER S FRAE 14 (CHEHL
LERFNEESAEWN,

FAAIZ. 5511.3852(CHE0 T, 14 CFR 11.19ICE RSN B 455 & 4-%
FITL. ZN5IEE21.175%@) Q) CE IR X RO ERO—ER L 11
%,

Novel or Unusual Design Features

The magni250 and magnigoo model engines will incorporate the following novel
or unusual design features:

An eleetric motor, controller, and high-voltage systems that are used as the
primary source of propulsion for an aircraft.

https://www.federalregister.gov/documents/2020/11/19/2020-23434/special-conditions-magnix-usa-inc-magni250-and-magni500-model-engines
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Background

On June 4, 2019, magniX applied for a tvpe certificate for its magni250 and
magni5z00 model electric engines. The FAA has not previously type certificated
an engine that uses electrical technology for propulsion of the aircraft. Electric
propulsion technology is substantially different from the technology used in
previously certificated turbine and reciprocating engines; therefore, these
engines introduce new safety concerns that need to be addressed in the

certification basis.

There iz a growing interest within the aviation industry to utilize electric
propulsion technology. As a result, international agencies and industry
stakeholders formed a new committee under ASTM International Committee
F30 to identify the appropriate technical criteria for aircraft engines using
electrical technology that has not been previously certificated for aircraft
propulsion systems. ASTM International, formerly known as American Society
for Testing and Materials, is an international standards organization that
develops and publishes voluntary consensus technical standards for a wide range
of materials, products, systems, and services. ASTM International published
ASTM F3338—18, Standard Specification for Design of Electric Propulsion Units
for General Aviation Aircraft, in December 2018.[) The FAA used the technical
criteria from the ASTM standard and engine information from magniX to
develop special conditions to establish an equivalent level of safety to that

required by title 14, Code of Federal Regulations (14 CFR) part 33.

SHEINERE-FWEE | ASTM F3338-18 Standard Specification for Design of Electric Propulsion Units for General

Aviation Aircraft

REE#£{CHEFEZR ASTM

ALi- OB E B R (\MTUyLHEE/B

. [ASTM]

BEEE-5-/JIRL-5)

URL:

https://www.federalregister.gov/documents/2020/11/19/2020-23434/special-conditions-magnix-usa-inc-magni250-and-magni500-model-engines
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Special Conditions: General Electric Company, GE9X Engine Models; Endurance Test Special Conditions
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Proposed Special Conditions: 33-17-02-SC

APPLICANT
General Electric

SUMMARY

This action proposes special conditions for the General Electric turbofan engine models GE9X-105B1A, -105B1A1, -105B1A2, -
105B1A3, -102B1A, -102B1A1, -102B1A2, -102B1A3, and -93B1A. These engine models will be referred to as "GE9X" in these special

conditions. The engines will have a novel or unusual design features associated with the engine design. The applicable

airworthiness regulations do not contain adequate or appropriate safety standards for this design feature. These proposed special
conditions contain the additional safety standards that the Administrator considers necessary to establish a level of safety equivalent

to that established by the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

The GE9X engine models will incorporate the following novel or unusual design features: Technological advances that reduce noise
and emissions while improving fuel efficiency and increasing thrust, when compared to previous similar certificated GE engine

models. The GE9X series engine type design incorporates new technologies such that it cannot run the endurance test conditions
prescribed in § 33.87 without significant test-enabling modifications, making the test vehicle non-representative of the proposed
type design. The modifications needed to run the § 33.87 endurance test have become increasingly complex over time, and
reconciling the test results to the proposed type design has also become increasingly difficult. For past certifications, GE has shown
that the proposed engine design, as modified, still represented the durability and operating characteristics of the intended type
design but the modifications needed to the GE9X engine model to run the § 33.87 endurance test cannot be reconciled and would

affect the test outcome.

DATES
Send your comments on or before August 10, 2017.
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Type Certification Basis GE9X/U —ALVIYDRAFECIFIMAEYIATN TS, HERE
ATREICT ARIBARBUEZITH RGN [F, B33.87RICREINTMARERSE

ERAE (Title 14, Code of Federal Regulations. 14 CFR) £521.17 HERTIEZNTES, ABREMEIRBINLEARTERERTEZE O

ZOMEICEDIE, GEF. GEIXTYIVETIABIE33-1h'533-34(Ck0 TRV, $33.875=0MARREZEIET HICHELILES. KEORE
THRESNEN-F3BOBARELHEL VB EERIBINIEESEL, BWEEEICETETTERMCE->TETHY, ABREREB AR REELGIES

JEEFTHXITRECB>TE TS,

WAHAINAM R ERBY, FFREEIEHRGERST EOBEICKY, GEIXT

VIVET IR UGBTI RZ 2 E#EEZEATNVEWEFAADR IR LIS A,

F2116EDREICEIVUSIRENMRESNS,
BEOREECDOWNT, GEF BRESNFEIVIVERAMEESNTELTE. B
MEn R KR ETOM AN EEEEERLTNBIEERLED, 5533.87
x@ﬂﬂﬁﬂ%ﬁ’&%ﬁ‘ﬁ?ét&)kaXI/JJ%ET)I/(;M\E&TI“IE(IJTW’Cé

BRI, SOCRTINLCIVIYYRRIGERINS, Z0IVIY-EF 9, ABRERICEEE*S5IBAREMENH S,

JVORAIBAEHNRIEBESN, R—FEFEELO. %ﬁ%ﬁimﬁ%ﬁﬂeﬁéﬁ

H EOBEMEREMAALBOIYYY - ETINBISNSE, 1R G

(£, F21101LICEDE, oIV YY-EFIICEEREINS,

Discussion
INBDREBINFRIEGF, BITOE3387XDMAHBRTERINT
BAINZE RN EESLCEFRIEEADBEEICIR, GEIX IVIVE WBIVIVLANELUIVR-RY ARV ORI EEIRIE T BTHICHERSE
TIVIE, 14 CFR part 34 DARINY MBLUBER IV VIV EHICES HERWT 3, FralsMFCE, RITOFE33.87RDMARBRTE RSN A
BiInEHnsain, I BREL I7TVU-F, PO HUBREI VAT LADEIENEENS,

FAA(L. 5511.385(HED T, 14 CFR 11.19[CE &R SN 45 RIS HEFITL.

ZNHSIFE21.17(@)QRQ)FKICE IR K FADERD—EBL 12, ) — .
BLEOLAIVE, B R (CPA) [LEYRESNIEAR/NARFVRE,

IvINEELYRIM Y, BLUREMBEAI I NEETOIY Y Y RERE
[C&VIRfEEND, MR T, BITOFE33.87X0ORBKATI1- IV CILREET
Hofz. FUCErFIRHERE (XTI 28 INDBkEE RIBEICT BT=0IC, e A
The GE9X engine models will incorporate the following novel or unusual design INEICEET AREARE RSN, CORBERBR TR, BB (CEENLRR
2 FOMBENELCRNZENERBREINTNS,

Novel or Unusual Design Features

features: Technological advances that reduce noise and emissions while
improving fuel [ efficiency and increasing thrust, when compared to previous

similar certificated GE engine models.

URL:
https://www.federalregister.gov/documents/2017/06/26/2017-13210/special-conditions-general-electric-company-ge9x-engine-models-endurance-test-special-conditions
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Special Conditions: Lufthansa Tecknik AG, Airbus Models A319-133 and A321-200 Series Airplanes;
Supercapacitor Systems and Installation

ERa-k Proposed Special Conditions: 25-22-02-SC

APPLICANT
Airbus

SUMMARY

This action proposes special conditions for the Airbus Model A319-133 and A321-200 series airplanes. This airplane, as modified by
Lufthansa Tecknik AG (Lufthansa), will have a novel or unusual design feature when compared to the state of technology envisioned
in the airworthiness standards for transport category airplanes. This design feature is the installation of an uninterruptible power
supply (UPS) system based on supercapacitor technology. The current airworthiness regulations do not contain adequate or
appropriate safety standards for this design feature. These proposed special conditions contain the additional safety standards that
the Administrator considers necessary to establish a level of safety equivalent to that established by the existing airworthiness
standards.

NOVEL OR UNUSUAL DESIGN FEATURES
The Airbus Model A319-133 and A321-200 series airplanes will incorporate the following novel or unusual design features:
This design feature for this installation of a UPS system is based on supercapacitor technology.

DATES
Send comments on or before July 17, 2023.
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Type Certification Basis

Under the provisions of title 14, Code of Federal Regulations (14 CFR) 21.101, Lufthansa must show that the Model A319—133 and A321—200 series airplanes, as changed, continue to meet the
applicable provisions of the regulations listed in Type Certificate No. A28NM or the applicable regulations in effect on the date of application for the change, except for earlier amendments as agreed

upon by the FAA,

Administratort®, BAINAMZEHEARR] (B : 14 CFR part 25) A, FREIIFHRB R EORHHO6H. T7/NAA319-133BEB KUA321-2008# U - X(C
DNWCHYIGREEELEATNVRVNHIMTLSE., B21.165R0OREICE ISR LGRENEEINS,

Special conditions are initially applicable to the model for which they are issued. Should the applicant apply for a supplemental type certificate to modify any other model included on the same type

certificate to incorporate the same novel or unusual design feature, these special conditions would also apply to the other model under § 21.101.

BRSNS R MRS SRS ECIZ T, I7NAETIVA319-1338KTUA321-2007 Y- A (L, 14 CFR part 3J4DBBINY B LUBERIIV VIV EH, LU
14 CFR part 36DERE AERAE A (CERLBZINILESE,

FAAIZ. 211.38%(CHELN 14 CFR 11.19([CE R INBEFRIZEEFKITL. ZNOEEFE21.101R(CE DR K BAORMO—ERE K3,

Discussion

Currently, there are no regulatory or industry standards for supercapacitors and their installation on transport category airplanes. Supercapacitors are used to provide power to non-eszential cabin
equipment when the normal power source is interrupted for a short period of time. In this design, the supercapacitor UPS system will allow connected equipment to be provided back-up power if
normal electrical power source is interrupted and remain operational such as during power transfers as well as provide transient voltage surge suppression should harmful high voltage transients

occur. The UPS is only used for systems not critical to continued safe flight and landing.

RS t313, 5525.8635 D AT A TRIABS N EHD A-N-Fv NV DR ELBAINBILEREICLTWS, 737258633, MZEHY AT LN SORIKAME R IA
D/NICSSENBATREEDH I ZHEEIBISEA SN, A-\—Fv/\VF (L AIRIERETHIBERREELHENH 5,

URL:
https://drs.faa.gov/browse/excelExternalWindow/FR-SCPROPOSED-2023-11682-0000000.0001?modalOpened=true
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ERlE Special Conditions: Kestrel Aircraft Company, Model K-350 Turboprop, Lithium Batteries

ERa-F Proposed Special Conditions: 23-15-01-SC

APPLICANT
Kestrel Aircraft Company

SUMMARY

This action proposes special conditions for the Kestrel Aircraft Company, Model K-350 Turboprop airplane. This airplane will have a
novel or unusual design feature associated with the installation of a rechargeable lithium battery. The applicable airworthiness
regulations do not contain adequate or appropriate safety standards for this design feature. These proposed special conditions
contain the additional safety standards that the Administrator considers necessary to establish a level of safety equivalent to that
established by the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES
The K-350 will incorporate the following novel or unusual design feature: Installation of a rechargeable lithium battery as the Main
or Engine Start aircraft battery.

DATES
Send your comments on or before December 21, 2015.
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URL:

Type Certification Basis

14CFR21.17MREICE T E, Kestrel Aircraftit (&, K-3500 K IE23-10'5
23-62([C&o THRESN /- F23DEAREE L TVNRI L ERSETNIE
B,

Administratorh®, BAINAMFZ2ERRAI(14 CFR part 23)(3. FARE(34F
TRARERET EDEFBICEY, K-3500 BB E 2R EEEATNENEHIRTLE
BAIR. FB2116ZDREICEINTEILZENME TSNS,

FRIREE ROICHKITINEEREREING, Z0EOR A RSN
‘ICBIESN, R—&fk i"‘EM@xﬁ%ﬁiUi%ﬁ%&ux::JrJ:U)ﬁT%IE‘FHE’%ﬁ/V
e OBENBINSNTHE. TR, F21.1015R(CETE, thoiE
(CEBAIND,

HERIN AT EHER S E 4RI SRACINZ T K-350(414 CFR part 34D#A%
NYRHERIZIYYaVEH. 14 CFR part 3605 E sERAEH(CHERLL AT

NIEEST| FAAX1972EDERSZEHETHDANEI2-57406115%(CEDE,

HREOZ L HEORELRTLEINEESE,

FAA(Z. 5511.3855(HE2 T, 14 CFR 11.19ICE FHSN B4R S Z F1T L.
FNBI3521.175(a) ) ICE KB A SEFDRMD —ER L 153,

Novel or Unusual Design Features

The K—350 will incorporate the following novel or unusual design feature:

Installation of a rechargeable lithium battery as the Main or Engine Start aircraft

battery.

1. Overcharging: In general, lithium batteries are significantly more susceptible

to internal failures that can result in self-sustaining increases in temperature and

pressure ( i.e., thermal runawayv) than the nickel-cadmium or lead-acid
counterparts. This iz especially true for overcharging which causes heating and
destabilization of the components of the cell, leading to the formation (by
plating) of highly unstable metallic lithium. The metallic lithium may ignite,
resulting in a fire or explosion. Finally, the severity of thermal runaway due to

overcharging increases with increasing battery capacity and phvsical size.

2. Over-discharging: Discharge of some tvpes of lithium battery cells beyond a
certain voltage (typically 2.4 volts) can cause corrosion of the electrodes of the
cell, resulting in loss of battery capacity that cannot be reversed by recharging.
This loss of capacity may not be detected by the simple voltage measurements
commonly available to flight crews as a means of checking battery status, which

is a problem shared with nickel-cadmium batteries. [

3. Flammability of Cell Components: Unlike nickel-cadmium and lead-acid
batteries, some tvpes of lithium batteries use liquid electrolytes that are
flammable. The electrolyte may serve as a source of fuel for an external fire, if

there is a breach of the battery container.

DFIL-NyTU-OFEBRICEF2IN6OMEIR. REMZEICEFEIN560
NyTU-DOERICBRSEIENEEEDTHS, IRESNEFRIZEDOB L,
K-350(CH5 &SN B3UFILNYTY-DE P ETT e i E AL, 5B
23.1309% 8L UEE23.601RDEKICHELN, INSONYTU-DEBEHNERE
FREBTERVED TRV EZRIETEIETH S,

https://www.federalregister.gov/documents/2015/11/04/2015-28125/special-conditions-kestrel-aircraft-company-model-k-350-turboprop-lithium-batteries
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Az previously mentioned, Kestrel Aircraft Company proposes to utilize a
rechargeable lithium Main Battery on their new Model K—350 turboprop
airplane. At the Kestrel Preliminary Type Certification Board Meeting it was
brought to the attention of the FAA that the Lithium battery used in the K-350
will be qualified to RTCA standards DO—311, titled Minimum Operational

Performance Standards for Rechargeable Lithium Battery Systems. Additionally,

on July 18, 2013, Kestrel advised the Civil Aviation Contingency Operations
(CACO) that the battery will have Technical Standard Order Authorization for
TSO C—-179a, titled Permanently Installed Rechargeable Lithium Cells, Batteries
and Battery Systems. Finally, Kestrel plans to use the same manufacturer for

both the lithium battery and the battery controller.

(11} In showing compliance with the proposed special conditions herein,
paragraphs (e)(1) through (e)(8), and the RTCA document, Minimum
Operational Performance Standards for Rechargeable Lithium Battery Systems,
DO-311, may be used. The list of planned DO-311 tests should be documented in
the certification or compliance plan and agreed to by the CACO. Alternate
methods of compliance other than DO—2311 tests must be coordinated with the

directorate and CACO.

SHRINERL-FiiE#E | RTCA DO-311 Minimum Operational Performance Standards for Rechargeable Lithium

Battery Systems

ERtEE{CEE4# RTCA

AKLR-FOSEEFR BEM (EFICN\NyTU-ICEEETEED) [RTCA]

URL:

https://www.federalregister.gov/documents/2015/11/04/2015-28125/special-conditions-kestrel-aircraft-company-model-k-350-turboprop-lithium-batteries
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ERlE Special Conditions: Honda Aircraft Company, Model HA-420 HondaJet, Lithium-lon Batteries

ERa-F Proposed Special Conditions: 23-15-03-SC

APPLICANT
Honda Aircraft Company

SUMMARY

This action proposes special conditions for the Honda Aircraft Company, Model HA-420 airplane. This airplane will have a novel or
unusual design feature associated with the installation of lithium-ion (Li-ion) batteries. The applicable airworthiness regulations do
not contain adequate or appropriate safety standards for this design feature. These proposed special conditions contain the
additional safety standards that the Administrator considers necessary to establish a level of safety equivalent to that established by
the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

The HA-420 will incorporate the following novel or unusual design feature: The installation of Li-ion batteries. The current
regulatory requirements for part 23 airplanes do not contain adequate requirements for the application of Li-ion batteries in
airborne applications. This type of battery possesses certain failure, operational characteristics, and maintenance requirements that
differ significantly from that of the nickel cadmium and lead acid rechargeable batteries currently approved in other normal, utility,
acrobatic, and commuter category airplanes.

DATES
Send your comments on or before May 4, 2015.
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Type Certification Basis Discussion

14CFR21.170IREICETE, Honda Aircraft Companyld, HA-4204'3E #23.1353RERT, —WAMZENAO/N\YTY-OBYFFISERING/ -1
23-11523-62% CICEVHBUESN /(- M 230 BARECEAL TN BT L E 218LU23DMZHEFRAL, 14 CFR/T-H23%HIE LIEBHED—RELT,
FERINEESEN, REMERA (CAR3) NOIRELEEDTHS, 23.1353 THESND/NY

TU-OEHF. RENLBRMTNEGEZEINT 5B CARDEFES
BREDTHD, MEECHIFZZYT V- DEIVA(NI-Cad)\vTU-DFERA

Administratorf, $TH £ SR E R EOBHICEY, ZUTEMEY DM N T U-D XK PEIEICEID S FHROE LY, Exn7T ]

$BI (14 CFR /8= 23) [C HA-420 OB B R EENASENTNENE $ Y-z n/\yTU-E4 (LB 2R HIEFE A Th N, ThoDR AN

WLz E. 21 165RK0OREICEIVWUFRIRREMREINS, ($5523.1353% (OB LV (g)[CHEMAEN. Ni-Cad/\wTYU-DFRE (CDHEA
3,

FRI ML RAICHKITINERRCBRINSG, Z0EEDOIR A EAEN
BIEESN, [— it(;t*ﬂkl@%ﬁ%ﬁitliﬁ%@iﬁ.:‘l‘i@#—*r%ﬁi%ﬂ%ﬂ_\/u
EORBABIMENISEE. FRIREE. F21.101R(CEDE, oE
[CEEAINS,

The proposed use of Li-ion batteries on the HA—420 airplane has prompted the

FAA to review the adequacy of the existing battery regulations with respect to

WRAIN AT 22 AR R & RIS ICIIZ T, HA-420(314 CFR part 34014 that chemistry. As the result of this review, the FAA has determined that the
BINYREHERIIYYaVEH. 14 CFR part 36DB S EAEHCEE LA
FNEES5T, FAAILRHEI2-574D1T7 37611, "Noise Control Act of ] o - , S
1972 "ZEDOE HEINBYTHBREOREE B IRFNIEESEL maintenance characteristics of Li-ion batteries that could affect safety of the

battery installation of the HA—420 airplane electrical power supply.

existing regulations do not adequately address several failure, operational, and

FAAIL. 211.3825(1E5C. 14 CFR 11190 E SNSRI ST 1TL. The introduction of Li-ion batteries into aircraft raises some concern about
ZN5IEEE21.17(a)(2)ICE D<A K EFFAD R LD —ER £ 1B, associated battery/cell monitoring systems and how these may affect utilization
of an otherwise “good” battery as an energy source to the electrical system when
monitoring components fail. Associated battery/cell monitoring systems ( i.e.,
Novel or Unusual DeSig n Features temperature, state of charge, etc.) should be evaluated/tested with respect the
The HA—420 will incorporate the following novel or unusual design feature: The expected extremes in the aircraft operating environment.

installation of Li-ion batteries.

URL:
https://www.federalregister.gov/documents/2015/04/14/2015-08586/special-conditions-honda-aircraft-company-model-ha-420-hondajet-lithium-ion-batteries
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Additionally, the Radio Technical Commission for Aeronautics (RTCA), in a joint
effort with the FAA and industry, has released RTCA/DO-311, Minimum
Operational Performance Standards for Rechargeable Lithium Battery Systems,
which gained much of its text directly from previous Li-ion special conditions.
Honda Aircraft Company proposes to use DO-311 as the primary methodology
for assuring the battery will perform its intended functions safely as installed in
the HA—420 airplane and as the basis for test and qualification of the battery.
This Special Condition incorporates applicable portions of DO—311.

SHRINERL-FiiE#E | RTCA DO-311 Minimum Operational Performance Standards for Rechargeable Lithium
Battery Systems

ERtEE{CEE4# RTCA

AUN-+DSEEFR BE GECN\YTU-[CEETZED) [RTCA]

URL:
https://www.federalregister.gov/documents/2015/04/14/2015-08586/special-conditions-honda-aircraft-company-model-ha-420-hondajet-lithium-ion-batteries

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 304



Task2 : fiZH - RiemOTE£EE - ESRECE I RIBHZMOBALLSIZE DT | FAA

Finoff Aviationld. MAZE#EDXIYN\YTU-XERIVIVREBANYTY-LEBZ3FEERUFILNY
TU-DEFICOWTMIZEEAZREELE
POE S0 NwTH— EpEREIT UFILAAVINYTY -

ERl4 Special Conditions: Pilatus Aircraft, Ltd., Model PC-12, PC-12/ 45, and PC-12/47 Airplanes, Lithium
T Batteries

ERa-k Proposed Special Conditions: 23-16-02-SC

APPLICANT
Finnoff Aviation

SUMMARY

This action proposes special conditions for the Pilatus Aircraft, Ltd., Model PC-12, PC-12/45, and PC-12/47 airplanes. This airplane as
modified by Finnoff Aviation will have a novel or unusual design feature associated with the installation of a rechargeable lithium
battery. The applicable airworthiness regulations do not contain adequate or appropriate safety standards for this design feature.
These proposed special conditions contain the additional safety standards that the Administrator considers necessary to establish a
level of safety equivalent to that established by the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES
The Model PC-12, PC-12/45, and PC-12/47 airplanes will incorporate the following novel or unusual design feature: Installation of a
rechargeable lithium battery as the main or engine start aircraft battery.

DATES
Send your comments on or before October 11, 2016.
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Type Certification Basis

F21.1015 DR E (CEDE, Finnoff Aviationl&. 7 IVPC-12, PC-12/45.

PC-12/47THE B BRI A IR EATSEVE(EEEHFER (CEAER
FACSBELTHEMAAENEHES | SHEEHEL VBRI ERIHED
H3.

Administratorh', BRI A2 E] (14CFR/N-~23) A FR T
TRIFERET EDISBIIC LY, PC-128Y4, PC-12/45848%, PC-12/47BH(2D
WCBYIRLZEEEZSATVEVWCHIBLES G, £21.1650REICE
DWUFRIRRENRESNS,

BRI, BRCRTEINEERCERSING, BFEEN. RURREE
BAEICEENZMOREAEZEEL, B—ZEIEUOFR I35 R
s EOEEERFADESIC, B ERAZEO/HERBEITIHE. Fal%
HE 21 101LICEDE, OB A (CHERAINS,

WRINAM 2 MR R EAFRIEEICINZ T, ETIVPC-12, PC-12/45. PC-
12/47DFAFTHEIL. 14 CFR part 34DAERINY FEBERAAEME, 14 CFR
part 36MERE LA EF(CEMLETNERSE,

FAA(L. 5511.385&(HED T, 14 CFR 11.19[CEERIN BRI EEFKITL.
ZNBIEE21.101SRICE DR R S FRORMO—ER L 1B,

URL:
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RUFILNYTYU—ICEET BSpecial ConditionsTld, LATD

UFILNYTU-DERCEEITNSORBRER. RMMEICEFRUFILINY
TU-OEARAICBREZRANMZEDTHD, COFRSEEOBHIE. ETI
PC-12, PC-12/45, PC-12/47(CUF I LNy TY %589 2RO E A
CEEELETL, 5523.130955523.601FDEXKEBY. ThbD/N\YyT

J-DEHN LT EEEN B W EERITTEIETHD,

In summary, the lithium battery installation will consider the following items:

(a) The flammable fluid fire protection requirement is § 23.863. In the past, this
rule was not applied to batteries of normal, utility, acrobatic, and commuter
category airplanes since the electrolytes utilized in Ni-Cd and lead-acid batteries

are not flammable.

(b) New Instructions for Continuous Airworthiness that include maintenance
requirements to ensure that batteries used as spares have been maintained in an
appropriate state of charge and installed lithium batteries have been sufficiently
charged at appropriate intervals. These instructions must also deseribe proper

repairs, if allowed, and battery part number configuration control.

(c) The applicant must conduct a system safety assessment for the failure
condition classification of a failure of the battery charging and monitoring
funetionality (per Advisory Circular AC 23.1309-1E [21), and develop mitigation
to preclude anv adverse safety effects. Mitigation may include software, Airborne
Electronic Hardware (AEH) or a combination of software and hardware, which
should be developed to the appropriate Design Assurance Level(s) (DALSs).
respectively (per Advisory Circular AC 20-115C [3]and Advisory Circular AC 20-
152 [4] ).

https://www.federalregister.gov/documents/2016/08/24/2016-20273/special-conditions-pilatus-aircraft-ltd-model-pc-12-pc-1245-and-pc-1247-airplanes-lithium-batteries
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(11) In showing compliance with the proposed special conditions herein,
paragraphs (1) through (8), and the RTCA document, Minimum Operational
Performance Standards for Rechargeable Lithium Battery Systems, DO-311, may
be used. The list of planned DO-311 tests should be documented in the
certification or compliance plan and agreed to by the Denver ACO. Alternate
methods of compliance other than DO-311 tests must be coordinated with the

directorate and Denver ACO.

SHRINERL-FiiE#E | RTCA DO-311 Minimum Operational Performance Standards for Rechargeable Lithium
Battery Systems

EMEELEHEHA RTCA
AKLR-FOSEEFR BEM (EFICN\NyTU-ICEEETEED) [RTCA]
URL:

https://www.federalregister.gov/documents/2016/08/24/2016-20273/special-conditions-pilatus-aircraft-ltd-model-pc-12-pc-1245-and-pc-1247-airplanes-lithium-batteries
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s s Special Conditions: Gulfstream Aerospace Corporation, Gulfstream GVI Airplane; Non-Rechargeable
Erl re )
Lithium Battery Installations
ERa-k Proposed Special Conditions: 25-15-09-SC

APPLICANT
Gulfstream Aerospace Corporation

SUMMARY

This action proposes special conditions for the Gulfstream Aerospace Corporation GVI airplane. This airplane will have a novel or
unusual design feature when compared to the state of technology envisioned in the airworthiness standards for transport-category
airplanes. This design feature is non-rechargeable lithium battery systems. The applicable airworthiness regulations do not contain
adequate or appropriate safety standards for this design feature. These proposed special conditions contain the additional safety
standards that the Administrator considers necessary to establish a level of safety equivalent to that established by the existing
airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

A battery system consists of the battery and any protective, monitoring and alerting circuitry or hardware inside or outside of the
battery and venting capability where necessary. For the purpose of these special conditions, we refer to a battery and battery system
as a battery. The Gulfstream GVI will incorporate non-rechargeable lithium batteries, which are novel or unusual design features.

DATES
Send your comments on or before January 4, 2016.
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Type Certification Basis FAAIZ, 5511.385(CHEDT, 14 CFR 11.19(CE BINBEFBIRAFEFITL.
EFBARAIE (Title 14, Code of Federal Regulations, 14CFR) £21.101 TNGEH21101RICEDCEAGADIRIO —FE BB,
FOBECEDIE, Gulfstreamit (S, B EERLVRETEROREET
(Y5 ERTA, BSELHAEE S T00015ATICEBMSN TLSRADEASIE, Novel or Unusual Design Features
FEEFAANSELELUBIOBIELRE, ZEHRFERICEMEERARAIZS] o . o
EXHLLTWBIEETRIRINEES AN, RIS FRRECZEHIN TS A battery system congists of the battery and any protective, monitoring and
AT, —ARRYIC "FRABGRELEAE "IN TWS, B GIRRE RS alerting circuitry or hardware inside or outside of the battery and venting
TOOOTSATICEEFSN TSR AL, BUIE25-17"525-120, 25-122, 25-124, capability where necessary. For the purpose of these special conditions, we refer
(25‘ ; 32'2:%15) L ?46:5%3;2(;%% E\ffi ji(\D 1;};':0':;% /?542151;&% ﬁﬁi[éé\?; L'%E ﬁf to a battery and battery system as a battery. The Gulfstream GVI will incorporate
© =5
ZAMICETAMEESINTS, non-rechargeable lithium batteries, which are novel or unusual design features.

Discussion

4 (3. 1965528 (214 CFR part 25%#E L=CAR 4bOBEED—ERE
LT, @EnT JU-MEHEADNYTU-DEEICEET 2R TOMR A%, Civil
Air Regulations (CAR) 4b.625(d)'5E H LTz, TRTEEE25.13535(b)(1)H

HEAHINDMEER BB LRI EECMZ T, AIVIAN-L-ET I GVI 5(b)@)IZHBNYTU-DEMHL, EARKICCARDEENSS MEZEEDT
RITHEL, 14 CFR /8=t 34 ODRBINY b LTHES ARG, LU 14 H3. FERBAUVFILMAVE . INSOBHL B LESNESCEE
CFR /\—h 36 DRSS PEMICHEMT ZNENH D, SNERMORIRN ST BEFFN DR THD. CNHEDNYTU-(E, SFE

FRNYTI— IOV A XEEECH LML R ER AT BT, iz
BWOATLCBVWIRIF - LR EEA TS, NyTU--KyIRTINL0T
WERE(CHR T 5L, BT FARETED. AEBLREDMB DK

BRSNS Z AR (14 CFR part 25) 7 %‘ﬁ*ﬂit(iﬁ%?&m‘fid) LORENANEICES,

FEOEHIC. HIVIAN-L-ET)V GIV R L TCEY G R EEE S

TOBWCEBEN LIS, 521 167&0)*%&(;%’)%##3'J“1¢73‘¥E

EIN3,
i \ INSOEFRIEMFIE. BIE25-11305525.13535&(b)(1)N'5(b) (@) DIHYIC,
BRI L, B8, BITINEANIARN-L-ET)L GVI B (ITERAIN TRIDFERERVFIABMOZREIDEAIND, (EIELIE25-1130F
%, YZEBEBORAIAEHNRIEBEIN, RA—FELOFRELEL 25.1353%(b)(1)D'5(b)(4)[E. ZDMBOEBDREICES I EHESEAINS,

ﬁ%@ux.:‘I'J:O)ﬁ@’&‘?ﬂ&’%:&/uﬂ&@’f%ﬁh‘l_ﬁﬂént Fe HBLME,

BECERFAEZICERICEFN WA OEEMEESN., B—OFREEL

BRI ERET EOREEEAAATIE S, INSORFRISMIE. 211015

upt =S i

! 92, HORBIEBASNS. These proposed special conditions contain the additional safetv standards that
the Administrator considers necessary to establish a level of safety equivalent to

that established by the existing airworthiness standards.
URL:

https://www.federalregister.gov/documents/2015/11/20/2015-29626/special-conditions-gulfstream-aerospace-corporation- ) ) )
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BR £ Special Conditions: The Boeing Company, Boeing 767-2C Airplane; Non-Rechargeable Lithium Battery
o Installations

ERa-k Proposed Special Conditions: 25-16-01-SC

APPLICANT
Boeing

SUMMARY

This action proposes special conditions for the Boeing Model 767-2C airplane. This airplane will have a novel or unusual design
feature when compared to the state of technology envisioned in the airworthiness standards for transport-category airplanes. This
design feature is non-rechargeable lithium battery systems. The applicable airworthiness regulations do not contain adequate or
appropriate safety standards for this design feature. These proposed special conditions contain the additional safety standards that
the Administrator considers necessary to establish a level of safety equivalent to that established by the existing airworthiness
standards.

NOVEL OR UNUSUAL DESIGN FEATURES

A battery system consists of the battery and any protective, monitoring and alerting circuitry or hardware inside or outside of the
battery and venting capability where necessary. For the purpose of these special conditions, we refer to a battery and battery system
as a battery. The Model 767-2C airplane will incorporate non-rechargeable lithium batteries, which are novel or unusual design
features.

DATES
Send your comments on or before March 14, 2016.
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Type Certification Basis
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W3, K EAEZENo AINMIE. CORITHEET IV OFRIERID T2 R
EELLICEH NS,
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CFRIN-F34DREINY FEBERAADELE, $XTU14 CFRIN-F36MDERE AL
BEGICERLEINERSEN,

'r"*ﬁ%b\ BAINBTZE R AI(14 CFRIN-R25) (CIE. FREL 4550

RERET E OB EOEDIC. ETIVT67-2CHRZEEHEIC T 2@t A S B D
BENTOVERNEHBTLIESE(CE, FB21.165K0REICE IV TERILE
HIMEESND,

FRIRMAE, 9, BITSNERERISERINS, 2AFREILL. BL
ﬁ:‘t'EEﬂil_ﬂﬂiiﬂﬁén?b\éﬂtd)i‘tb“ EUHRELEEELRE
L ORBERFALIOCEESNIIGE . INCOKRIZRAE(E. 521.101
EICEDIE oK [CEBASND,

Discussion

F4 (£, 196552 81214 CFR part 25%#|E L1=CAR 4bDBIEIED—IR
ELT EENTIU-EEADON YT -DEHICEI T 2IRTORA%Civil
Air Regulations (CAR) 4b.625(d)N*6&E H L1z, IRTESE25.13535(b)(1)H
5L CHBNYTU-DEHF, EARWCCARDEHN LT WMRXZEDT
H3, FRBERVFVAAVEME INOOEGHNERbENEECE
BENFEHMORRNOT 2LEFDDRHTH D, INEONYTU-(F, &
FEEBNYTY—- T OY A REEECH LML AR A RA T 5L T,
T AT ACEWIRILF - LRIVEEAT B, NyTU—- Ny IR TINS
OUNEREICERT 2L, MET-MRETZED. RERLEOME D
FEt LORENABEITLED,

FAAIL, 525.8635D I AMERIBA N EHNFER BRI FILEBOK
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INHOEFRIEMIF. BRIE25-123MF525.13535(b)(1)D'5(b)(4) D HY
[C. IRTOFEXREXVFILAEMDRE ICEAINS, (EIESKIE25-1230D
#525.135355(b)(1)N'5(b)(4) (&, ZDMBDEMDIREICF5 | SHEIEHIN
50

These proposed special conditions contain the additional safety standards that
the Administrator considers necessary to establish a level of safety equivalent to

that established by the existing airworthiness standards.

URL:
https://www.federalregister.gov/documents/2016/01/27/2016-01582/special-conditions-the-boeing-company-boeing-767-2c-
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BR £ Special Conditions: The Boeing Company, Boeing Model 737-8 Airplane; Non-Rechargeable Lithium
T Battery Installations

ERa-k Proposed Special Conditions: 25-16-02-SC

APPLICANT
Boeing

SUMMARY

This action proposes special conditions for the Boeing Model 737-8 airplane. This airplane will have a novel or unusual design feature
when compared to the state of technology envisioned in the airworthiness standards for transport-category airplanes. This design
feature is non-rechargeable lithium battery systems. The applicable airworthiness regulations do not contain adequate or
appropriate safety standards for this design feature. These proposed special conditions contain the additional safety standards that
the Administrator considers necessary to establish a level of safety equivalent to that established by the existing airworthiness
standards.

NOVEL OR UNUSUAL DESIGN FEATURES

A battery system consists of the battery and any protective, monitoring and alerting circuitry or hardware inside or outside of the
battery and venting capability where necessary. For the purpose of these special conditions, we refer to a battery and battery system
as a battery. The Model 737-8 airplane will incorporate non-rechargeable lithium batteries, which are novel or unusual design
features.

DATES
Send your comments on or before March 28, 2016.
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Special Conditions (Proposed) - DRS_25-16-02-S.html

Details

Notice Number:
25-16-02-5C

Document Type:
Special Conditions (Proposed)

Docket Number:
FAA-20155758

Subject:

Special Conditions: The Boeing Company, Bosing
Madel 737-8 Airplane: Non-Rechargeable Lithium
Battery Installations Show less

CFR/\-+Z88:/(-h25

CFR Subpart/Appendix Reference:
CFR Section Reference:

AB Reference:

CAR Reference:

Exemption Reference:

SFAR Reference:

Status:
Current

Make:
Boeing

Model:

Applicant:
Boeing

Office of Primary Responsibility:

URL:

@ Copy URL & Print/Save as PDF @ Feedback

PROPOSED SPECIAL CONDITIONS: 25-16-02-SC

CITATION: [Federal Register Volume 81, Number 28 (Thursday, February 11, 2016)]

PAGE NUMBER: [Pages 7249-7251]

DOCKETNUMBER: FAA-20155758

NOTICE: 25-16-02-SC

ACTION: Notice of proposed special conditions.

DATES: Send your comments on or before March 28, 2018

SUMMARY: This action proposes special conditions for the Boeing Model 737-8 airplane This airplane will have a novel or unusual design feature when compared to the state of technology
envisioned in the airworthiness standards for transport-category airplanes. This design feature is non-rechargeable lithium battery systems. The applicable airworthiness regulations do not contain
adequate or appropriate safety standards for this design feature. These proposed special conditions contain the additional safety standards that the Administrator considers necessary to establish a
level of safety equivalent to that established by the existing airworthiness standards

ADDRESSES:

FOR FURTHER INFORMATION CONTACT:

SUPPLEMENTARY INFORMATION:

THE PROPOSED SPECIAL CONDITIONS:

FOOTFR- Issned in Renton Washinatnn nn Fehriarv 4 2018 s

https://drs.faa.gov/browse/excelExternalWindow/469984A572422F3286257F56004F550D.0001?modalOpened=true
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Special Conditions: AmSafe; Non-Rechargeable Lithium Battery Installations

Proposed Special Conditions: 25-17-01-SC

APPLICANT
AmSafe

SUMMARY

This action proposes special conditions for a supplemental type certificate for installing an inflatable restraint system with non-
rechargeable lithium batteries on seats in certain transport category airplanes. These airplanes, as modified by AmSafe, will have a

novel or unusual design feature when compared to the state of technology envisioned in the airworthiness standards for transport
category airplanes. This design feature is a non-rechargeable lithium battery. The applicable airworthiness regulations do not

contain adequate or appropriate safety standards for this design feature. These proposed special conditions contain the additional
safety standards that the Administrator considers necessary to establish a level of safety equivalent to that established by the

existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

STC no. STO2152LA is for the installation of an inflatable restraint system that incorporates non-rechargeable lithium batteries,

which are a novel or unusual design feature. For the purpose of these special conditions, we refer to a battery and battery system as
a battery. A battery system consists of the battery and any protective, monitoring, and alerting circuitry or hardware inside or outside

of the battery. It also includes vents (where necessary) and packaging.

DATES
Send your comments on or before April 17, 2017.

Copyright (C) Nomura Research Institute, Ltd. All rights reserved.
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Discussion
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URL:
https://www.federalregister.gov/documents/2017/03/17/2017-05198/special-conditions-amsafe-non-rechargeable-lithium-battery-installations
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BR £ Special Conditions: Voyageur Aerotech Inc., Bombardier DHC-8-100, DHC-8-200, DHC-8-300 and DHC-
T 8-400 Series Airplanes; Installed Rechargeable Lithium Batteries

ERa-k Proposed Special Conditions: 25-19-09-SC

APPLICANT
Voyageur Aerotech Inc.

SUMMARY

This action proposes special conditions for the Bombardier Model No. DHC-8-100, DHC-8-200, DHC-8-300, and DHC-8-400 series
airplanes. These airplanes, as modified by Voyageur Aerotech Inc. (Voyageur), will have novel or unusual design feature when compared to
the state of technology envisioned in the airworthiness standards for transport category airplanes. This design feature is a rechargeable
lithium battery pack inside the Emergency Backup Power Supply. The applicable airworthiness regulations do not contain adequate or
appropriate safety standards for this design feature. These proposed special conditions contain the additional safety standards that the
Administrator considers necessary to establish a level of safety equivalent to that established by the existing airworthiness standards.

NOVEL OR UNUSUAL DESIGN FEATURES

The Bombardier Model DHC-8-100, DHC-8-200, DHC-8-300, and DHC-8-400 series airplanes will incorporate the following novel or

unusual design feature: The installation of a rechargeable lithium battery pack inside the Emergency Backup Power Supply. Known uses

of rechargeable and non-rechargeable lithium batteries on airplanes include:

* Flightdeck and avionics systems such as displays, global positioning systems, cockpit voice recorders, flight data recorders, underwater-
locator-beacons, navigation computers, integrated avionics computers, satellite network/communication systems, communication
management units, and remote monitor electronic line replaceable units;

+ Cabin safety, entertainment and communications equipment including emergency locator transmitters, life rafts, escape slides, seat belt
air bags, cabin management systems, Ethernet switches, routers and media servers, wireless systems, internet/in-flight entertainment
systems, satellite televisions, remotes and handsets; and

» Systems in cargo areas including door controls, sensors, video surveillance equipment and security systems.

DATES
Send comments on or before September 5, 2019.
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%o NITU—- NYINTINED I ERE [CERT DL, MET-FIFEET
316, AEBELRYOMB O LOBRENHECH S,

INSOKRIRAE R, FEOERERVENEEKL. RERAVFILABBK
UZ05 %w%mwikﬁﬁﬂif HJJ‘FC?“%B(D'C&S%TJ‘ BRFEER.
NODEFRISHICINZA T, ZET2HEICE. 525.13015%, 525.1309%

KU525.1709% D EHE B LIRINILBSE, fﬁ?‘i?d)ﬁﬁ‘&%ﬁb‘b\

FERXUFILAEMDEY/EHREIRREIRIFICH M\B(DUIM\J
PRENTNS, BEEE(L, 5525.1309%(CEE LtL\&t&EEﬁ%
EhOEGIEPCZOLSBHENFKLETZHH |¢73\&55¢§*Emuw
NIEESEW,

BEEND-Y-N-AN-VRERXVFILAB DR ELXIRETIHE
HEER. TEXVFILABHORREEADESERT LRI, 5
25.903%(d)(MADBEEERI=HIC, O-F-N-ANMILBEMADIEEET
ELAEFNEESEN,

INHOFERIZM(E, BIE25-123M525.13535%(b)(1)W'B(4) Xz [FLAFTD
BIEDEE25.13535(c)(NA'B@)DRDYIC, IATOFEXUFILE RO
REIDERAINS, NSRRI, OEHOREICOVTIIEISHEE R
THs.

URL:
https://www.federalregister.gov/documents/2019/07/22/2019-15478/special-conditions-voyageur-aerotech-inc-bombardier-dhc-8-100-dhc-8-200-dhc-8-300-and-dhc-8-400
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. MM TV REENEE YT A
. HERT-5-

« NyTU-

Final Special Condition SC E-19 - Electric / Hybrid Propulsion System - Issue 01

Final Special Condition ref. SC-F25.1353-01 on Non-rechargeable Lithium Battery Installations

SCE-19

SC-F25.1353-01

SUBJECT
Electric / Hybrid Propulsion System

DATE
07/04/2021

IDENTIFICATION OF ISSUE

This Special Condition has been developed to support Applications received by the Agency
for the certification of Electric and / or Hybrid Propulsion Systems powered by propulsion
batteries and / or fuel.

These EHPS are intended to be certified:

- as part of an aircraft

or

- as an engine product and dedicated to a known intended aircraft application.

The certification specifications that are usually applicable to aircraft engines dedicated to
CS-23, CS-25, CS-27, CS-29, and airships are contained in CS-E amendment 6. However, this
certification specification considers neither Electric and / or Hybrid Propulsion Systems nor
engines intended for new product architectures such as VTOL aircrafts. Innovative EHPS and
aircraft architectures bring new challenges such as new interfaces, new interactions, or new
functions.

It is considered challenging at this stage to provide a generic set of requirements for an

SUBJECT
Non-rechargeable Lithium Battery Installations

DATE
07/04/2021

REQUIREMENTS INCL. AMENDMENTS
CS 25.1353(c) at Amendment 18

IDENTIFICATION OF ISSUE

Applicants propose to install electrical components containing non-rechargeable lithium batteries.
Recent experience (reference FAA Airworthiness Directives 2013-15-07 and 2013-18-09) has shown
that non-rechargeable lithium batteries and battery systems have design features or identified hazards
that may lead to the development of unsafe conditions. As the related certification specifications do
not contain adequate or appropriate safety standards, in application of point 21.B.75 of Part-21, EASA
shall prescribe special conditions containing safety standards necessary in order to establish a level of
safety equivalent to that of the applicable certification specifications.

As the proposed installation is a novel and unusual design feature, the applicable airworthiness codes
JAR/CS 25 do not provide adequate safety standards. The current requirements governing the
installation of batteries in Large Aeroplanes are covered under CS 25.1353(c). The content of CS
25.1353(c) do not adequately address several failure, operational, and maintenance characteristics of

EHPS that could encompass all possibilities.

These are the reasons why this Special Condition provides the certification requirements for
an Electric and / or Hybrid Propulsion System when the intended aircraft application is
identified. This ensures consistency between the certification requirements of the aircraft
and those of the EHPS and therefore would contribute to a proper integration of the
propulsion system in the aircraft.

This Special Condition is articulated so as to provide objective based certification
requirements which are independent of the propulsion system design or architecture. The
type of technology used in the propulsion system will be addressed in the Means of
Compliance. Means of Compliance will depend on the type of EHPS that is considered and
on the type of aircraft on which the EHPS is intended to be integrated

Li-Batteries that could affect safety and reliability of those battery installations.

Past events involving a non-rechargeable lithium battery system in emergency locator transmitter (ELT)
installations have identified unanticipated failure modes associated with non-rechargeable lithium
battery installations. These may include over-discharging, cell imbalance, external short circuit, internal
short circuit, and flammability of cell components among other possibilities. Non-rechargeable lithium
batteries, in design and Operation, are different than nickel-cadmium and lead-acid non-rechargeable
batteries. While the non-rechargeable lithium battery concept is not itself novel, higher energy levels
are being introduced into aircraft systems by adopting new chemical composition in various battery
cell sizes and construction. Interconnection of these cells in battery packs introduces failure modes that
require unique design considerations, such as provisions for thermal management.
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EASAIZ, CS-23, CS-25, CS-27, CS-29[CEAINBZT7TVr—y3vEYiR-rd3BE/NTUYE
HEED AT LICEITE. m¥EDSpecial ConditionzFHFRLI:

« JMIVYREBENHEEY AT e o . /\'rjUJF‘ SN HEE Y AT L

WEI -y P . EBEHHERT-I-
ERl4 Final Special Condition SC E-19 - Electric / Hybrid Propulsion System - Issue 01

&HI1-k SC E-19
SUBJECT
Electric / Hybrid Propulsion System

DATE
07/04/2021

IDENTIFICATION OF ISSUE

This Special Condition has been developed to support Applications received by the Agency for the certification of Electric and / or Hybrid
Propulsion Systems powered by propulsion batteries and / or fuel.

These EHPS are intended to be certified:

- as part of an aircraft

or

- as an engine product and dedicated to a known intended aircraft application.

The certification specifications that are usually applicable to aircraft engines dedicated to CS-23, CS-25, CS-27, CS-29, and airships are contained in
CS-E amendment 6. However, this certification specification considers neither Electric and / or Hybrid Propulsion Systems nor engines intended for
new product architectures such as VTOL aircrafts. Innovative EHPS and aircraft architectures bring new challenges such as new interfaces, new
interactions, or new functions.

It is considered challenging at this stage to provide a generic set of requirements for an EHPS that could encompass all possibilities.

These are the reasons why this Special Condition provides the certification requirements for an Electric and / or Hybrid Propulsion System when
the intended aircraft application is identified. This ensures consistency between the certification requirements of the aircraft and those of the EHPS
and therefore would contribute to a proper integration of the propulsion system in the aircraft.

This Special Condition is articulated so as to provide objective based certification requirements which are independent of the propulsion system
design or architecture. The type of technology used in the propulsion system will be addressed in the Means of Compliance. Means of Compliance
will depend on the type of EHPS that is considered and on the type of aircraft on which the EHPS is intended to be integrated

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 320



Task2 : N2t - KiEmOREEE EMREICETSRIEHZITOEALLK

ZE 451 | EASA

EASADSIN\A T Uy FEFHIHEEE Y AT LICEI T BSpecial ConditionsTld, LLFD&L5I1ZCS-23, CS-25,
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SUBPART A - GENERAL

EHPS.10 Scope

The purpose of this special conditions is to provide the certification requirements for an Electric and / or Hybrid
Propulsion System when the intended aircraft application has already been identified.

REFBIRAE. HOWZBER,/IMTVYRHEEYAT L (LT, EHPSERER) (CEASN., B A -8 A2
ORITICHERBN WA/ BHERIGEEFERT 210, BERBLUORSERBHRLERING, L
LCS-22, CS-LSA. CS-23 LAJL 1 B VFR BLUEARATHEERRL,

CS-25 ZEHDIHE . ORI R FBYLHFHEH THTINEENDLT 5, EHPSIIOWTREREZRSNT
WL,

Even if the EHPS contributes to the lift production in some intended aircraft applications like VTOL, the function
of control of the lift to ensure the aircraft sustentation, control and manoeuvrability, is an aircraft function and it
should be covered by the intended aircraft application certification basis.

Exclusions from the scope of the SC E-19:

EHPS for which no intended aircraft application is identified is outside of the scope of this Special Condition.

As the Type-certification basis for C5-22, CS-LSA, CS-23 Level 1 Day VFR and Light UAS do not systematically
provide safety objectives but instead only provide reliability objectives, EHPS that are dedicated to these
applications are considered outside the scope of this Special Condition.

EHPS that are not used to produce lift/thrust/power in flight are outside of the scope of this Special Condition.
For example, electric motors that drive wheels for taxiing are outside of the scope and should be considered as
part of the landing gear system.

Any design that includes the use of hydrogen, whether used to feed fuel cells or combustion engines is considered,
at this stage, to be outside the scope of this Special Condition. These designs require further work and research
before defining the associated certification requirements.

Propellers are also outside of the scope of this Special Condition as the certification specifications for propellers
are already provided in CS-P.

Aircraft Rotors providing lift are also outside of the scope of this Special Condition.

Additional certification requirements beyond this Special Condition will need to be satisfied at the aircraft level
in order to safely integrate an EHPS into a manned or unmanned aircraft and these are outside of the scope of
this Special Condition.

URL:

Associated Interpretative Material / Means of Compliance

The following notes about Means of Compliance are published for awareness only in order to ease the reading
of the Special Condition.

1. The Means of Compliance are intended to be published as a Matrix. The Applicant should select the
components that constitute their EHPS. For each component, there will be a proposed means of
compliance for each relevant requirement of the Special Condition.

2. The Means of Compliance may be different depending the intended aircraft application.

3BT FERIL. BEFOMEL (CS-E. ASTM F3338-18, BXFDIERISEHERE) (CHT,

4. E-HPS.J'lD gl: “at ali time during the flight”. The Means of Compliance should at least cover the
measurement and control system accuracy as well as the State of Charge and State of Health of Energy
Storage Devices such as batteries

5. EHPS.50: 5P F (3D <L E CS-E 70 (M RIEBLER 1K) LU CS-E 90 (BRELH OB L) £H/N-F

BRENHD,

6. EHPS.80 (b): B ~5F FE&(E. D #<&E CS-E 850 (AVTLyH—, I7Y. -EY YvTh). AMC CS-E 850 H&

URET S CM 2HN\-FBRENH S,

7. EHPS.200 (a): “The loads induced by any part of the EHPS®: The Means of Compliance should at least
cover pressure loads, static loads from a sub-system of the EHPS on another, and when applicable LCF
{Low Cvele Fatigue)

8.EHPS.200 (0) : BAEFRRE, L H<EE CS-E190 (BARRITAIVIY) £HN\-32HENH3,

9.EHPS.240 : 5P FER(E, HCEE CS-E 840 (O-9-OFx2E) £HN-33LENH3,

10. EHPS.270: "and/or installed”. The Means of Compliance should at least cover aircraft air protections
lcowlings. air intake screens..|

11.EHPS.280 : ESFFER(S. D R<EBCS-E 230K R UE KBS L (LR 2 EBREE ENN-T L ENH B,

12. EHPS.290 [a): “and/or installed”. The Means of Compliance should at least cover aircraft air protections
like on ratorcrafts
13. EHPS.300 [2): “atmospheric conditions”. The Means of Compliance should at keast cover fuel idng risk

14.EHPS.300(b) : [TET VR, BFFERIE. DHEECS-E 670 (b) CERMENENN-TEHENHB,

15. EHPS.300 (c): B5F F I 1< &t CS-E 660 (%ﬂl—tmz}‘;mr) EHN-3 20BN 5,

16. EHPS.320 (a): ESFFERIL, D HRKEEEPHNSE[YAT LERET BT-H0 CS-E 580 (BRVYATL) &
CS-E 860 (9-LvO-5-0@#) #HN- aéz\Eﬁmo

17. EHPS.330 (d): T FERIE, D 1<EH CS-E 80 (H88) 2D AMC, H&U DO-160 DIERZENN-FZd
EHH3,

18. EHPS.340: E#%E"(i HEE CS-E 240 (5K). CS-E 360 (JRFEHER). CS-E 460 (\w I 7717 HER).

CS-E 500 (c) ( . CS-E720 (EHFimA) #NN-F2RENHD,
19. EHPSSSO() L_J'%':Ex‘i LN, PEEEBET-F IR F-ITREBE2RETELHORKEBIL
ELTOBRIVIYOEE) #hN-F 20BN H 5,

20. EHPS.350 (e): CS-E 50 (LYY VHIBIVAT L) (LR e S 2EARMICE — OB BEAEL, J-LVELEE

ALY IVIVBOIEY AT LERFET 3B0 EHPS.80 ADEMFERO— R THEILENH S,

https://www.easa.europa.eu/en/document-library/product-certification-consultations/final-special-condition-sc-e-19-electric
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Associated Interpretative Material / Means of Compliance

The following notes about Means of Compliance are published for awareness only in order to ease the reading
of the Special Condition.

1. The Means of Compliance are intended to be published as a Matrix. The Applicant should select the
components that constitute their EHPS. For each component, there will be a proposed means of
compliance for each relevant requirement of the Special Condition.

The Means of Compliance may be different depending the intended aircraft application.

The Means of Compliance will be based on existing material (such as C5-E, ASTM F3338-18, existing
Special Conditions...)

Ll

SBINERE - -FHME%E | ASTM F3338-18 Standard Specification for Design of Electric Propulsion Units for
General Aviation Aircraft

RREFRE{LEE% ASTM

ALK-+DSE ErR B V1TV MEE/ EBHET-Y-/IIRL-Y)
- [AST™M]

URL:

https://www.easa.europa.eu/en/document-library/product-certification-consultations/final-special-condition-sc-e-19-electric
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EASA(Z, LAINETOCS-23ICBRAINZ T TV -3V ik-bs3EEHEI Y M OWT, &
¥&MSpecial Conditions®F &KL=

xR HEERT-5- BHEER m EHHERT-Y-
B4 Electric Propulsion Units for CS-23 Normal, Utility, Aerobatic and Commuter Aeroplanes up to Level 1
&RI-k SCE-18

SUBJECT
Electric Propulsion Units for CS-23 Normal-Category Aeroplanes up to Level 1

DATE
22/10/2020

IDENTIFICATION OF ISSUE

An applicant has made an application for the certification of an electric propulsion unit (called hereafter EPU). It consists of an electric motor
associated with its controller (inverter). The motor and the inverter are liquid cooled. The liquid cooling system (heat exchanger, coolant tank,
draining capabilities...) and the energy storage devices are not included in the scope of this special condition. This type of EPU is intended to
be installed on CS-23 Normal, Utility, Aerobatic and Commuter Aeroplanes up to Level 1. Any EPU that shows compliance with this Special
Condition could also be installed on CS-22 Sailplanes and Powered Sailplanes, CS-LSA Light Sport Aeroplanes and CS-VLA Very Light Aeroplanes
(Note that CS-VLA was merged into CS-23 amendment 5). The certification specifications that are usually applicable to aircraft engines are
contained in CS-E amendment 5, CS-22 Subpart H, or Special Condition EA-42 “Airworthiness Standard for CS-22H Electrical Retractable Engine to
be operated in Powered Sailplanes”. However they do not cover the case of an EPU for CS-23 Normal, Utility, Aerobatic and Commuter Aeroplanes
up to Level 1.

The applicant has proposed to use the ASTM F3338-18 “Standard Specification for Design of Electric Propulsion Units for General Aviation
Aircraft” as the basis to define the certification requirements. However the scope of the referenced ASTM standard needs to be modified to
fully address the intended design of the applicant. Some adjustments are required to take into account the extended scope of the product to be
certified, especially the fact that the engine is liquid cooled.

Issue 2 has been released in order to address an identified issue with the ASTM standard regarding the water spray test. Initial wording from
the ASTM F3338-18, paragraph 5.19.5 states: “5.19.5 Water spray must not result in any hazardous EPU effects throughout the EPU operating
range. Spray must be arranged to deliver water in a manner representative of very heavy rain over the whole frontal area of the EPU including
cowling, air intakes, etc., throughout the full running time.” This requirement is contradictory with the fact that operation under rain conditions is
considered to be a normal operation. As such, the applicant must demonstrate the continued proper functioning of the EPU during the water
spray test. Issue 2 also incorporates a change of name of the Special Condition is order to be consistent with the new title of CS-23 amendment 5
Normal-Category Aeroplanes.
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SUBJECT :Electric Propulsion Units for CS-23 Normal-Category Aeroplanes up
to Level 1

REQUIREMENTS incl. Amdt.
ves® /No O
AMC 20-115D

ASSOCIATED IM/AMC!
ADVISORY MATERIAL

INTRODUCTORY NOTE:

The following Special Condition has been classified as important and as such shall be subject to public
consultation in accordance with EASA Management Board decision 12/2007 dated 11 September 2007, Article 3
(2.) which states:

"2. Devigtions from the opplicable airworthiness codes, environmental protection certification specifications
and/or acceptable means of compliance with Part 21, as well as important special conditions and equivalent
safety findings, shall be submitted to the panel of experts and be subject to o public consultation of at least 3
weeks, except if they have been previously agreed and published in the Official Publication of the Agency. The
final decision shall be published in the Official Publication of the Agency."

IDENTIFICATION OF ISSUE:

An applicant has made an application for the certification of an electric propulsion unit (called hereafter EPU). It
consists of an electric motor associated with its controller (inverter). The motor and the inverter are liquid cooled.
The liguid cooling system (heat exchanger, coolant tank, draining capabilities...) and the energy storage devices
are not included in the scope of this special condition.

ZOF1TDEPUIR, LAIVIETOCS-23/-VIV, I-T4UT 1%, BhERITHE. 131-5-ICEHEINBILER

ELTWVS,
Any EPU that shows compliance with this Special Condition could also be installed on CS-22 Sailplanes and

Powered Sailplanes, C5-LSA Light Sport Aeroplanes and CS-VLA Very Light Aeroplanes (Note that CS-VLA was
merged into C5-23 amendment 5).

BE. MEEOIYIVISERASINS R ELCS-E amendment 5, CS-22 Subpart H, E7z(¥Special
Condition EA-42[ Airworthiness Standard for CS-22H Electrical Retractable Engine to be operated in
Powered Sailplanees] [CEB &N T\5,

L#A'L. CS-23 Normal, Utility, Aerobatic, Commuter Aeroplanes Level 1ZTDEPUDIZ A EXFTRNTH B,

The applicant has proposed to use the ASTM F3338-18 “Standard Specification for Design of Electric Propulsion
Units for General Aviation Aircraft” as the basis to define the certification requirements.

URL:

However the scope of the referenced ASTM standard needs to be modified to fully address the intended design
of the applicant. Some adjustments are required to take into account the extended scope of the product to be
certified, especially the fact that the engine is liquid cooled.

Issue 2 has been released in order to address an identified issue with the ASTM standard regarding the water
spray test.

Initial wording from the ASTM F3338-18, paragraph 5.19.5 states:

“5.19.5 Water spray must not result in any hazardous EPU effects throughout the EPU operating range.
Spray must be arranged to deliver water in a manner representative of very heavy rain over the whole
frontal area of the EPU including cowling, air intakes, etc., throughout the full running time.”

This requirement is contradictory with the fact that operation under rain conditions is considered to be a
normal operation. As such, the applicant must demonstrate the continued proper functioning of the EPU
during the water spray test.

Ffe, F28 (4, CS-23ES/~VIATTU-IREHEDF LI ML EBEASEIEHIC. FRIRTOLEITEEE
HIBAAEEDTH S,

https://www.easa.europa.eu/en/document-library/product-certification-consultations/electric-propulsion-units-cs-23-normal-utility
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Associated Interpretative Material / Means of Compliance

Software Development:

In reference to ASTM F3338-18 chapter 5.10, for software development, the applicant should consider

AMC 20-115D - Airborne Software Development Assurance Using EUROCAE ED-12 and RTCA DO-178.
Other proposed Means of Compliance should be justified and agreed by EASA.

The associated Interpretative Material / Means of Compliance indicated below are published for awareness only
and are not subject to public consultation.

1. ASTM F3338-18 - Standard Specification for Design of Electric Propulsion Units for General Aviation
Aircraft

2. AMC 20-115D - AMC 20-115D Airborne Software Development Assurance Using EUROCAE ED-12 and
RTCA DO-178

SBINERE-FWESE | - ASTM F3338-18 Standard Specification for Design of Electric Propulsion Units for
General Aviation Aircraft
« EUROCAE ED-12C Aviation Software Standards Training — Airborne

« RTCA DO-178C Software Considerations in Airborne Systems and Equipment
Certification

ERREIEE{EER ASTM. EUROCAE, RTCA
KLR-FOSEEFR BEt U\ 1TV NHEE/ BENHEET-T-/VIRL—T)
. [ASTM]

« [EUROCAE & RTCA]

https://www.easa.europa.eu/en/document-library/product-certification-consultations/final-special-condition-sc-e-19-electric

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 325



Task2 : i - BiemOREEE - ERMEECSTIRIBEFIEMOEANCLIZES T | EASA
EASA(L., CS-25ZfiSE I 3EFR BRIV FUVLAEMDIE IO T, :=IEDSpecial ConditionszFHFx
L1

XF RBAT Ny7)- BE AR an UFILAAYINYTY-
R4 Final Special Condition ref. SC-F25.1353-01 on Non-rechargeable Lithium Battery Installations

EREEOE s 5 1353-01

SUBJECT
Non-rechargeable Lithium Battery Installations

DATE
07/04/2021

REQUIREMENTS INCL. AMENDMENTS
CS 25.1353(c) at Amendment 18

IDENTIFICATION OF ISSUE

Applicants propose to install electrical components containing non-rechargeable lithium batteries. Recent experience (reference FAA
Airworthiness Directives 2013-15-07 and 2013-18-09) has shown that non-rechargeable lithium batteries and battery systems have design features
or identified hazards that may lead to the development of unsafe conditions. As the related certification specifications do not contain adequate or
appropriate safety standards, in application of point 21.B.75 of Part-21, EASA shall prescribe special conditions containing safety standards
necessary in order to establish a level of safety equivalent to that of the applicable certification specifications.

As the proposed installation is a novel and unusual design feature, the applicable airworthiness codes JAR/CS 25 do not provide adequate safety
standards. The current requirements governing the installation of batteries in Large Aeroplanes are covered under CS 25.1353(c). The content
of CS 25.1353(c) do not adequately address several failure, operational, and maintenance characteristics of Li-Batteries that could affect safety
and reliability of those battery installations.

Past events involving a non-rechargeable lithium battery system in emergency locator transmitter (ELT) installations have identified unanticipated
failure modes associated with non-rechargeable lithium battery installations. These may include over-discharging, cell imbalance, external short
circuit, internal short circuit, and flammability of cell components among other possibilities. Non-rechargeable lithium batteries, in design and
Operation, are different than nickel-cadmium and lead-acid non-rechargeable batteries. While the non-rechargeable lithium battery concept is not
itself novel, higher energy levels are being introduced into aircraft systems by adopting new chemical composition in various battery cell sizes and
construction. Interconnection of these cells in battery packs introduces failure modes that require unique design considerations, such as provisions
for thermal management.
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URL:

SUBJECT i Non-rechargeable Lithium Battery Installations
=4 (BEXREBEEED) EIEZRIE18ICH(35CS 25.1353(c)
ASSOCIATED MOC* YesB® / No B

ADVISORY MATERIAL

INTRODUCTORY NOTE:

The following Special Condition (SC) has been classified as important and as such shall be subject to public
consultation in accordance with EASA Management Board decision 12/2007 dated 11 September 2007, Article
3 (2.) which states:

"2. Deviations from the applicable airworthiness codes, environmental protection certification specifications
and/or acceptable means of complionce with Part 21, as well as important special conditions and equivalent
safety findings, shall be submitted to the panel of experts and be subject to o public consultation of ot least 3
weeks, except if they have been previously agreed and published in the Official Publication of the Agency. The
final decision shall be published in the Official Publication of the Agency."

IDENTIFICATION OF ISSUE:

Applicants propose to install electrical components containing non-rechargeable lithium batteries.

Recent experience (reference FAA Airworthiness Directives 2013-15-07 and 2013-18-09) has shown that non-
rechargeable lithium batteries and battery systems have design features or identified hazards that may lead to
the development of unsafe conditions. As the related certification specifications do not contain adequate or
appropriate safety standards, in application of point 21.B.75 of Part-21, EASA shall prescribe special conditions
containing safety standards necessary in order to establish a level of safety equivalent to that of the applicable
certification specifications.

REINHRE THR CHARD L TH A0, BAINSMTZEMEI-FIAR/CS 25 @ AR 42
HEEFRHLTOER, jc&ﬂi’"#%%/\a)/\"ﬁU m:ﬁﬁlﬁ%a‘&fﬁﬁmgﬁl; CS 25.1353(c) THN-&
nTW3, €S25.1353(QDARR. UFILBMOR M SEECHEEREFTAIREEOSHZ DN
O FERFECERRFIE. RFAFIEID P%‘H:)JUTIG LTWEL,

Past events involving a non-rechargeable lithium battery system in emergency locator transmitter (ELT)
installations have identified unanticipated failure modes associated with non-rechargeable lithium battery
installations. These may include over-discharging, cell imbalance, external short circuit, internal short circuit,
and flammability of cell components among other possibilities.

Non-rechargeable lithium batteries, in design and operation, are different than nickel-cadmium and lead-acid
non-rechargeable batteries. While the non-rechargeable lithium battery concept is not itself novel, higher
energy levels are being introduced into aircraft systems by adopting new chemical composition in various

Special Condition
Non-rechargeable Lithium Battery Installations
The intent of this Special Condition is to ensure that these-non-rechargeable Lithium battery installations are

not unsafe, to an extent necessary to support issuance of an airworthiness certificate.

CS 25.1353()(N'5(Q@)DEHICRA T, FERE
[CERLEINEESRN ¢

RUFILBBBLVEBORE L AT ORFIRMEF

1. Be designed so that safe cell temperatures and pressures are maintained under all foreseeable operating
conditions to preclude fire and explosion.

2. Be designed to preclude the occurrence of self-sustaining, uncontrolled increases in temperature or
pressure.

3. Not emit explosive or toxic gases in normal operation, or as a result of its failure, that may accumulate in
hazardous quantities within the aeroplane.

4.CS 25.863(a)'5(d)DEAEBEY L,

5. Not damage surrounding structure or adjacent systems, equipment or electrical wiring of the aeroplane
from corrosive fluids or gases that may escape and that may cause a major or more severe failure condition.

6. Have provisions to prevent any hazardous effect on aeroplane structure or essential systems caused by the
maximum amount of heat it can generate due to any failure of it or its individual cells.

7. Have a means to detect its failure and alert the flight crew in case its failure affects safe operation of the
aircraft.

8. Have a means for the flight crew or maintenance personnel to determine the battery charge state if its
function is required for safe operation of the aeroplane.

https://www.easa.europa.eu/en/document-library/product-certification-consultations/final-special-condition-ref-sc-f251353-01-non
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BR £ Final Special Condition ref. SC-G25.1585-01 Mitigation of flight deck fires originating from lithium
T batteries that are not part of the aircraft design - Issue 02
ERa-k SC-G25.1585-01

SUBJECT
Mitigation of flight deck fires originating from lithium batteries that are not part of the aircraft design

DATE
26/04/2022

REQUIREMENTS INCL. AMENDMENTS
CS 25.831, CS 25.851, 25.853, 25.855, 25.857, 25.863, 25.1309, 25.1360, 25.1453(a)(2), 25.1453(b)(1), 25.1501, 25.1541, 25.1581, 25.1585 at Amdt. 27

IDENTIFICATION OF ISSUE

In recent years, EASA has made significant efforts to address the threat associated to thermal runaways of rechargeable and non-rechargeable
lithium batteries that are certified as part of the aircraft design. Nonetheless, a significant amount of lithium batteries not included in the design
configuration of the certified aircraft, are brought on board by crew members, passengers, or as part of the cargo.

Personal Electronic Devices (PEDs) powered by lithium batteries are commonly transported on the flight deck of Large Aeroplanes, e.g. electronic
flight bags (EFB) or devices carried by the flight crew for personal convenience (mobile phones, tablets, laptop computers, e-cigarettes, etc.).
Transportation of PEDs on Large Aeroplanes is addressed in the EASA Air Ops rules. EFBs are considered as controlled PEDs (C-PEDs). A
‘Controlled portable electronic device (C-PED)’ is a PED subject to administrative control by the operator that uses it. This includes tracking the
allocation of the devices to specific aircraft or persons and ensuring that no unauthorised changes are made to the hardware, software, or
databases. In addition to PEDs, also power banks or spare batteries may be transported on the flight deck by flight crew members.

Lithium batteries, including the ones that power PEDs, can go into thermal runaway. A thermal runaway may result in the release of heat, smoke,
flames and in some cases in explosion. FAA report DOT/FAA/TC-16/37 shows how a lithium cell in thermal runaway may experience a rapid and
uncontrolled temperature rise, with peaks that may exceed 760° C. The increasing number of lithium batteries contained in PEDs carried by the
flight crew on commercial transport aircraft results in a higher risk of in-flight lithium battery fire on the flight deck.
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SUBJECT: Mitigation of flight deck fires originating from lithium batteries that
are not part of the aircraft design

1EIESIA27IC$H135CS25.831, €S25.851, 25.853, 25.855, 25.857,
25.863. 25.1309, 25.1360. 25.1453(a)(2). 25.1453(b)(1). 25.1501
25.1541, 25.1581, 25.1585

B (BEREEZED)

ASSOCIATED IM/MoC™: ves®@ [ue O

ADVISORY MATERIAL:

Reference Documents: FAA report DOT/FAASTC-16/37 "Summary of FAA Studies Reloted to the
Haozards Produced by Lithivm Cells in Thermal Runoway in Aircraft Cargo
Compartments™

INTRODUCTORY NOTE:

The following Special Condition {5C) has been classified as important and as such shall be subject to public
consultation in accordance with EASA Management Board decision 12/2007 dated 11 September 2007, Article
3 |2.) which states:

"2, Dewigtions from the opplicoble airworthiness codes, environmentol protection certification specificotions
andfor acceptable means of compliance with Part 21, as well s important speciol conditions and eguivalent
safety findings, shall be submitted to the panel of experts and be subject to o public consultation of ot least 3
weeks, except if they have been previous!y ogreed and published in the Officlal Publication of the Agency. The
final decizion shall be published in the Official Publicotion of the Agengy.”

IDENTIFICATION OF ISSUE:

Im recent years, EASA has made significant efforts to address the threat associated to thermal runaways of
rechargeable and non-rechargeable lithium batteries that are certified as part of the aircraft design.

Monetheless, a significant amount of lithium batteries not included in the design configuration of the
certified aircraft, are brought on board by crew members, passengers, or as part of the cargo.

Personal Electronic Devices (PEDs) powered by lithium batteries are commonly transported on the flight
deck of Large Aeroplanes, e g. electronic flight bags (EFB) or devices carried by the flight crew for personal
convenience (mobile phones, tablets, laptop computers, e-cigarettes, etc.). Transportation of PEDs on Large
Aeroplanes is addressed in the EASA Air Ops rules. EFBs are considered as controlled PEDs (C-PEDs). A
‘Controlled portable electronic device (C-PED)" is a PED subject to administrative control by the operator
that uses it. This includes tracking the allocation of the devices to specific aircraft or persons and ensuring
that no unauthorised changes are made to the hardware, software, or databases. In addition to PEDs, also
power banks or spare batteries may be transported on the flight deck by flight crew members.

Lithium batteries, including the ones that power PEDs, can go into thermal runaway. A thermal runaway
may result in the release of heat, smoke, flames and in some cazes in explosion. FAA report
DOT/FAASTC-16/37 shows how a lithium cell in thermal runaway may experience a rapid and uncontrolled
temperature rise, with peaks that may exceed 760" C.

The increasing number of lithium batteries contained in PEDs carried by the flight crew on commercial
transport aircraft results in a higher risk of in-flight lithium battery fire on the flight deck.

Typical locations for PEDs on the flight deck may be the available stowage compartments or mounting
brackets. PEDs lithium batteries may be connected to a power supply unit available on the flight deck, or
even to a power bank.

On certain aircraft, the flight deck storage boxes may be located in close proximity to critical systems, such
as flight control and oxygen lines routed on the flight deck.

In case of a battery/cell thermal runaway, the flight deck would become potentially affected by generation
of heat, smoke and flames, as well as by explosions. Additionally, a battery fire affecting critical aircraft
systems (e-g. flight controls and oxygen lines) may be catastrophic.

€S 25.1585(a)(3) Tl I TI HEEFIELUT ORDIREINZFNEESEN I EERLTNS

(3] Emergency procedures for foreseeable but wnusual sitwations in which immediate ond precise oction by
the crew may be expected to substantiolly reduce the risk of cotastrophe”, the existing specifications
incleded in C5-25 do not explicitly address the battery fire risk described above.

EASA has acknowledged that the use of PEDs on the flight deck is a common practice and, to address the
risk of PED battery fire on the flight deck, has developed the special conditions and the related means of
compliance that are detailed below.

EASA is aware that future evolution of the design of PEDs may have an impact on the risk associated to
their use/stowage on the flight deck. This may result in the need to reconsider and update the content of
these special conditions and the assodated means of compliance.

Considering all the above, the following Special Condition is proposed:

URL:
https://www.easa.europa.eu/en/document-library/product-certification-consultations/final-special-condition-ref-sc-g251585-01
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. . ﬁ#ﬁt B = ﬁ#EE&}IE'f/\
Safety Guidelines
fZE R ORAEKEZIVIICHEITS, BB
AE-7F Hydrogen LIQUID HYDROGEN £ A =~ A Tmz
and Fuel Cells | VP AS6679 | cTORAGE FOR AVIATION | 2019/11/21 | SRR TR, AVTF YA #5. AL Y
SOV THRET
Considerations for KREMRLE T BB E Y AT ADMLZE
AE-7F Hydrogen | Published/ls | \ o--cc Hydrogen Fuel Cellsin | 2019/11/18 HEFAERET 2D ER, BIENL v
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RES + GKN Aerospace
* Fabrum
REF 2022

WRXMFAFERE | KERRENFRER

© 24 kWHRRIFAKEH EAERY AT L
KB « BEKROBERVIIMNMG (BREF/EN/RE) TTO
PARLE Mo R B BR A AT AR

Hy l/ltll\éw%,nIE ® Z:EH
) ESES « FSEfLERBERFEIERDISH. FARIE A

« Innovate UKA'HH &9 3Safe Flight project® T,
e FSENGKN Aerospaces R THRFL. 8,
« 2022%8A(C5ERk

HFT) Fabrum. hydrogen fuel news” Filton Systems Engineering and Fabrum support GKN Aerospace on
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BOEINGIZfiiZE #%r"Jb“O)EMC/EMIni\'.Eﬁ’PFﬂTEEEiﬁ%ﬁ\ RITHERENBBOARZEHEICH (TS
¥4 i ERZE EHET BBOEING TESTING SERVICESZ:EF,

BEEMREMIFEREE

% - S ERER 1B R
RiE- e EMC/EMI - TiH &R s BR =B
BEESRA BOEING TESTING SERVICES
HEER PR 7E 3 KE
REE BOEING
REE 7B
WREMARBEE MEERERELRER (REEEZEE)
K&tk o FRZEHEE T LIEEEMC/EMIR O B s BR 5 e
= = « RTCA DO-160
MSLCWSREEE |\ 461, MIL-462
FIRASY - BEREICEOSTA-TIFIARBE
+ BOEINGH'BHOHAZRAET 20 (CERE LIERH
. £7kﬂlﬂl;57‘b'ca%‘) FERAREEXIASIE THAPOMEEA-N-FENERT]
Hl:,
W= C HREBBRREEMCEMICBEST, RATHBRBLEESH TR CHEAAHE
« SKE(CEFBNational Voluntary Laboratory Accreditation Program (NVLAP)(C
:E);%jjnbtal')nit%ﬁnﬂﬂ_tbtwnb uJ-.EEX(jé

HFT) BOEINGEKYNRIFERL

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. MI 366



Task3 : AZE MR F A T BUERER R (Bl an DR F& iR R R)

Liebherr-Aerospace test center(IfiZEHEDI T VA IAY bt R E LR (E
Clean Sky 2DAYN-¢LT2021E LUK RMAR Bt C S 2 EIRMIGH AIEE 73;&"1;-72*%—0

¥ - BLERER(m 15 3R

K& #ied Liebherr-Aerospace test center
REMHA Liebherr
HERX PR TEHE k==X TR
REH Liebherr
REE 2021 (KkZEMRIEMRHBRZBOREFAE)
WRTMEAREEE | KFRRRERTEMEI &R (TT7VRIAVNE)
o REARMEERITOKZRRERY AT LEELIKI400kWDE D%
B FETE D BRERTE

- KEBRB®BIATLEEBRESIMERARBROSBRROFERIC
(E33E

HX{3 L CL\3E2EE

° Z:EH

FIASH « Clean Sky 2(CBEfRd 21% - BlfAZEF/0ICFI B AT 88
o ZOABRKEIL. IV ARMMZER (Direction Générale de
= I'Aviation Civile) A'3X3£9 BFrance RelanceEHEID—E & LTS E

« Clean Sky 27OJIIMIESINT 2%, MZEER(FICFMLLEERBEL
CGEH

HFF) Liebherrdk Y NRIFERK
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National Technical Systemsli%’ %‘wniEEL‘TiUT:ﬁ/f? BEERY-EAZIRH
BRIRERERIZ (I THL, JVR-RY LAV T O 4 BIREHER (XIS

R 3 - SR ER (R 1B 3R

RE-RiEd iR E :H HTT -
B National Technical Systems :
MEEZFRTEHE United States ! 1
REHE National Technical Systems i
REF 1961 ({bFEXIF)

MREATFEAFEEE |(MES TR EREmEFR

o RKEBIURINICBIZ3ERNDLZEEHFEICEHA L EE

« =E100,000 ft (30,480m) XCTHIRAIgERAEBRAMEF v /N-
« +300°F (150°C) XCHIRAJELIMNEAEE

- . ﬁ%lﬂ@ 5L LTI T RIS

&Eﬁ:ﬁ n- /\:\:-U-/

- Oy

« KEAR

« [ALITYMRE (KFHAEDEEED)

+ RTCA DO-160

HNF L CL\3E2EE

-+ MIL-810% :
) ESES o A-TVICHIFATHE g
« National Technical Systemstt{ZKEZHOI5INM R CHERY -EAZRHT S
RR{EE
= © EMIZRDICIZE - BE - FEHERL BEZECETSHERCX T

* NASAQ REHRETOVITMTIVTIAFE I CEZELTEY, 20195FCIENASA
&V Space Flight Awareness Supplier Awardz= &

HAT) National Technical Systems&kUNRI{ERK Copyright (C) Nomura Research Institute, Ltd. All rights reserved. NRI 368




Task3 : MiZE R R 13RS E HiZEHARIgHEBREKE
AIRBUSIZZ=I1IV Y LAssoEﬁ%m%r@ BYAT LR ERERZRE

¥ - BLERER(m 15 3R

KE-XEA ST 17X TRigH R B (M5 BRigHREE)
REREER A350 XWB Landing Gear Systems Test Facility
HEE% PR 7E3h Filton UK

REH AIRBUS

ARIEF 2010

WRLATFAFMEE | MEREEREYATLRRE
REfE « THA

IGLTWSEREE |- ~H

e . TER

« AIRBUSIZ2010FEICZEI1)VFVICA3S0EPERE B Y AT L ERTER 25 %,

o FERMEERIC39AI-0B4ARYPERE,

o HydeZ W -FHA3508/-AIITAVITXT /A ITIT1 )X TRigiREREB DL
SH/ELE/MmEIRY,

B=

HAT) AIRBUS, Hyde Group. The Engineer “AIRBUS unveils €39m landing gear test facility” &UNRI{ERL Copyright (C) Nomura Research Institute, Ltd. All rights reserved. INIRI 369



Task3 : fiZ= R MIIRIERRE (TLAKE)

F[E National Composites Centre (NCC) [IUniversity of BristolA[CEE &+ BIF
36,000kN#R KB T L A2 B R HEELTRE MEFEHI>BFAOFBEEEINTNS,

¥ - BLERER(m 15 3R

K& #ied BEEMREERATLVAMIEE
REMEEEA University of Bristol
MR PR 7E 3 Bristol UK
Rl
REF 2014
TEREMAFEEE |(MESTFRIEEMRER

X=h— 1 Schuler

FLIZH 7] ¢ 36,000kN
J3VTEME 1 3.6x2.4m
HP-RTM(High Pressure Resin Transfer Molding) BXFZ(C3d it

Hy LTL\5W?.:E ° Z:EH
)z ES e o DEBRBICEDSTA-TIH AREE

+ 20144 (CNational Composites Centre (NCC) #'University of Bristol ICE A,
+ University of Bristol CldNational Composites Centre¥Rolls-Roycett Z & 12
L. BEMICEAT M EARTIELE,
* Rolls-RoycettMFIEICKY, KFAIZComposites Technology Centre (UTC)
2 E ERE,, FAtMOEEM KB MR R URIERIT ORI O 72 2 E i,
- BEMOSENDEIACKENEELGEH0E (TRINF—/MEFH/ BEEH/
BhfT/RaRE/85E) CORMBERERELILAREEZEA,
- EBATREEERENTYIAFTINIVRI YN YI-HRERBICIINBETROT
LAZRBLTNS,

HAR) University of Bristol. schlergroup. JIEE T KYNRIERL Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 370
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AIRBUSDF =+t TdHSPremium Aerotecl;l:Augsburin%(CA350ﬂ|ﬂ12|Slf?~)b$EﬁEJ
HEEERE (ATL : Automated Tape Laying Machine) Z{R%&.

¥ - BLERER(m 15 3R

KiE-&lEd BEfERELEE (ATL : Automated Tape Laying Machine)
NEHRA AugsburgTi#5 (A350 FR{FEEELETS)  (HER)

HEE FR £ 3h Augsburg Germany

REH Premium Aerotec

REF B (IELA3S0RFEAE RN 3162013 F UET ORI e N )

MREATFEAFEBEE (MESTFRGESHERRE

REfLHR . ZOMARYIIONTIFARIEREL

Hy l/tl:‘%w%’niE ° Z:EH
MM - EEREETHID. BHADORER/FRERBERTON AEARA

« ATLERTVTLI BRI E - BEIZEHBEEEED—ETHY., LLEAE
MEBRIROEBFOERICB\SN, FEIRICERIZBMCEVNTEWVEEMLER |

Bz IBIBREETHB,

+ Premium Aerotec (AIRBUSF &%) (XAIRBUSELTZEH M A8 E ERA4 D
A EHERILGEY, MAGHEDATLE W TA3S0DBRENRILOEIEZETTOTU S,

HFF) Premium Aerotec, MAG. fives. reinforced plastics, Composite World, AFM CLUSYER,
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GKN AerospaceldWestern ApproachI*’%W(CABSOUT’ZI\"—% EHEDEERE
(AFP : Automatic Fiber Placement Machine) Z{®%.,

F’ﬁ%'nﬁﬁﬁ

%5

#E- B

BEfEELRE (AFP : Automatic Fiber placement Machine)

X E MR GKN Western Approach Plant
hEER P 7E 3t Weston Approach UK

RES GKN Aerospace

REF 2012

WRILMFAFREEE (MESTFRIESMERR
e « X=5-: Mtorres

FOERE (Yl Eh/EiE)

: 60~100mpm (Mtorres HP&LUHETE)

ELTWBEREE

.

) ES s - HERKETHIH. BHADRE/MARERAERTOMN AT
« AFPLIZTUTLIZBEBIMNICECE - EET 2B BEERED—TETHY., 3RITHh
ExH S 3EMCERIG TERDNHFETHB,
= « GKN Western Approach Plant C[$A350% P A400MDEEEEBM DEFEM L E

B, Mtorrestt L DAFPEFE L\ TA350) 7 A/\-DELEETTH> TS,
« ERNTEIIIBEIENB787TIREATYDERERICAFPEE A LTS,

HF) GKN Aerospace. Mtorres . reinforced plastics, Composite World, AFM CLUSYER,
(NB) Mo E R RIFREERE S [ E 30-4) KUNRIFERL
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Aviorft 3BT RIREHREF DI,
NadcapF2 EZ2R I M EFHRITEAMEOIEBBEREY -EA%RM

¥ - BLERER(m 15 3R

FEIRR AR E

s (BERRGARUNE)

BB ED Granby Business Unit Aerospace Testing Lab
hEEX AR TE 3l Granby, Quebec, Canada

REE Avior

REFE 2002 ({EZEFRIF)

WREMFAFEER ME2FRESHRER

- BERREA-AFvY) BREEXVA-F-IIyrI-IEHYAT L, VAT,
EBRERE

JI-ART LB ERIRE. NVATI-/A-B-CA¥ vy, IZR(-)LIVI-5

iR, EVFFXvVF ANZHIAVE-Y I ABIT BERIRE

BEBERRE. BASLG/UVATI- 108EARIA-F-I Ty MEHYZT L
UTHESFERE

*  Olympus OmniScan MX portable ultrasonic equipment

* Portable CMM (Faro-Arm)

+ Static Yoke Focus PX Through-Transmission Ultrasonic equipment

* Automated 10-axis sidearm Ultrasonic gantry system 10" x 5" x 6’

3L TWBEREE + Nadcap
) EX0 . A-TVIRIATTEE
o Aviorft (BB IE N BFICHIIBTier2Y T34 V-CThY, MEMEEMOREY -
= BIRMEL TV, Aviortt = E T H L OG5 | EEHY,

+ Aviortt OfinZE F 8 A FEBIERE %R (INadcapiRE &3 THEY. BOEING, hV /L
TAT NIVISA b, J-A0VT - IV EDMEEA-D-DERE I LR BN T 8,
HAT) Avior&UNRIERK Copyright (C) Nomura Research Institute, Ltd. All rights reserved. MI 373




Task3 : izt FMIIEERRE G -BNTER7/F1I-5-)

NASA Flight Loads Laboratory[ZArmstrong Flight Research CenterP(C#{4 Fa % F
wEEWHRARE (RN -BNFTERYIF1II-9-) z2&RE,

% - S ERER 1B R

KE - KilEH HEaWARARE (BFN - BNETERT7/FII-Y-)
REBE MRS Armstrong Flight Research Center

TR P 7E 3t KE HYTAIZTIN

HEE NASA Flight Loads Laboratory (FLL)

REF ANER

WRRMAREL MEEXERER (EREFEET)

RATETE R KR O, ISR SV S AEAA (XS o i 1T E 5 Bk / B E BR NV AT BE,
Zfm~Ti% © 18164ft/B81T7120ft/& 340ft

84F v X CEEIY FO-)VH AT BE,
300,000lbfF CORECXT T BT I F1I-9-/0- ) /0-RIL-LEHEH,

KREfLE

ESLTWBEREE |- 1P
)z ES S « A-TVICHIFARTRE

o FLLIZ1964F (CERISNT=E AR FACTHY ., TEER/BERRITICHRDAZT M
T ERBROYR-MEEHE,

BE s BEATDEAEOEESHERZER : X-15, X-24, YF-12, Space Shuttle, F-111

AFTI/MAW, X-30, F-15 ACTIVE, X-37, X-38, X-43, Orion Crew Module, F-18

AAW, E-2C Advanced Hawkeye, Global Observe
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Task3 : fiRZ2 R F R HERER R (K/KICWTIMARBREE) (RE. 2EFOREARRE)

BMERDYAAEF IV -BRAURARAOABREETE. EREOH LS E
T RE L TRAEEDIRIEHREZ E .,

¥ - BLERER(m 15 3R

K& &lEd o BER WEKERREATAREE
B e NyE ) - 18R SRR ST AT

HERXFR7EHE Jous  xkE

REE TAYNZEE

REF 1944

WERRATFAFEELY MEEREReR (EREFEETD)

« -40°C~50°CORERIEEZHIR

REf . KRBT, T KOEREEEE
VS LTWBEREE « MIL 810%
IS . SEEECEhS ATV A

« ITVVYEEEMDEICABRRITROMERE LIZF%

- BARICEFEST. ERIOMEEA-H- %i‘iﬁﬁ}ﬂbimﬁﬁﬂﬂx (AT f=5iEa%

B= 3y

« BIERBRICOVWTUIMBMEIIADYIA%2E 2B ICABEDHK FEERATHY., =
IR ZDEFARE (CRMURBREERET 2L A BE

HFT) United States AirForce. = Z=finZe#4 S UNRIERK Copyright (C)  Nomura Research Institute, Ltd. All rights reserved.



Task3 : M ZHEFEFERITHERERE (T AN Y M/E )

AIRBUSIZKFE=MARIEMEKBZTIVIVODN TV Y FEETHBZEROeDHIHIZAICMAIT,
A380EN-RICUERITHEEEZRAFRELER IS LZRETE,

B - SRER SR M5 IR

RE-BER AT B

B AIRBUS

HERRFRTE MY I5V2 g® -
s 20257 (202542 AN BIRITHERERIIATZMET) | |

WREAMRAFEEE | KEMEEEERMT A

o BRI (BER) 4DDRIEKFEIVIERE

o BEBRIKRSA>TREEHINAKZERIFEIYIY
KRBT o RIKKBHIEVAT A

o RIKKFZEARRICTZIVTAY3IZVT - IAT A

o IVIVHEEDEDHIKENAEZRIGESEIHEEY AT L

NS LCTWBRREE - NBR
)z ES S © ARL-F-EIIHMEATTRE

« AIRBUSDZEROeTEVARL-7—-[F, SEIFHER B HAMTEHART S
= IR ETEINT-A380NR-ADRITEEME TH B

« A380 MSN1:B&H (L, 2035 FE X CICHRWDKELZE TRET IR
BIMZEEE TG AT REH0ORERRHELTCER
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Lufthansald, Bt - j_C‘LﬂJLLJE bT.'.A320ceo€nEFﬁb'C DLRYZALZF L H[ET
KRt ZHREFE A ORI E R - &

¥ - BLERER(m 15 3R

KE - KEH AT EUERE

BN A Lufthansa-Technik Hydrogen Aviation Lab
Tt s AT 72 3th NITIWT R4

REE Lufthansa-Technik

REE 2022

MREMARERE | KRR ERPRERRT VD

REfE © SRIZUTA320ce0ZN-RICRAKRIARLT VI R ORI Bt Z 5 &

ELTWBEREE « NHEH

)z ES S « A-TVICHBAIRETHBLHER

« KEEMOXITFIAEH ETOCAORTITES
BE Hamburg's Ministry of Economic Affairs and Innovation& City's
investment and development bank (IFB Hamburg)A*tH &
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Task3 : inZ bR R M (T RERER(E (TAM Y Fig/E ST E)

DLRI&. RV EHBAFOMZERFTTOI 5 L THBUpLift pro;ect(D—Iﬁu‘:lfC
KRMEEBAMRIALAT A Y F#% (Dornier 328-100) %

¥ - BLERER(m 15 3R

RiE- e AT EUEREE

REBEEA DLR Braunschweigji:% A

FEEZ PR 7EHh Braunschweig Germany

REH DLR (Deutsches Zentrum fir Luft- und Raumfahrt)
REE 2023

MRIXAMFAFEEE | KEMEEEERM 2R

1#7&E . Dornier 328-100 Model 20
BRABEES © 13,990 kg
~RA0-F : 3,700 kg

BEEmE 19,450 m
B=AMEEEE c 6 h

s JAOEE : 348 knots

Hy S L CWBEREE * NEA
)z ES e « A-TVICHAR]EE

o RYEFBATOMZEME SOYS A, Uplift projectd—E ¢ LTDLR
HEA,
. }ﬂﬁ DD ERE - BOEIC MYV ERRE - [EFREEDNH4,52051-00
= =% (T AN,
. Deutsche Aircraft GmbHA iR ZE D BHE % E HE,
« EBRORITERHG TICHITEKRIEEIRBEY AT LORERAEADF A
ZE (BFRYOREZETFME) .
* RITHERA DB EF I, qﬂfl\ﬁé%’(b%ﬁﬁé%ﬁ?ﬁu}ﬂﬂﬁ‘éo

HAT) DLREYNRITERK Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 378
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KEICHIIZEHIEHE

KETHEIREELL CTORFEBRRUZNZEKT SI-H DR ERZRE.

SODEX(ENFEBICHATTA-AZEREL. §

KEICHTHRRBOEELERREERIOLA

DA E P FEEOEHIRNRE D1,

NTAELTWS
ZBEDIFE

BIEANMRE T BRED
ST ERICDNT

AE

HEERICHETS
2y RI-J OFFHE - ERIC
[ (3 e B AR 77 $HAR 5T

HFr) National Aeronautics Research, Development, Test and Evaluation (RDT&E) Infrastructure Plan

KEICHTDHRERERTTIE

- ERICFETRENTHA
« RELELSNTWSERED A

¥

« BERERBEBOANYITEH TOX GRS

H A BREE

« Infrastructure Interagency Working Group (IIWG)%&% 3L
© EINZTNOFRBAREICHLTIRTTA-AEFREL. ERE

- BB CTRRLTWSHEBRIEREZ T E
- BITEHEEOTRIE - RODMESRELTHERET

=q -

L. AR EESDICHHE
BRICH DS ELEZZBONTIUEREE

© JEREBERAT-HREEICEALCTL

=h IERBIEEICEBICDON
AR R OBEA FAHEI

© A TEBRERREECHIN

SNTHY ., EfiREETTCORFE
DIBLRH 2

- ERFHEE PNASA. FAAZ DR BN FIE I B 1HICONT

© DEWCHRWIKE
© NPATPEFRITHRFEEER/NEREBYDDEEZIRE

(. FTE—ICEBEINZONEIEEE R DRE THRI L E
BA#E{L

EHEITIEHDH 1EFI(NPATE) &
B

- BIRRIBBELTCEEINER G
B

BRRAEPERE AR

- EREIREERTSLHICHELERBEAEERRREL,
- BIEEMRTRICHIY. T-IIEAOTON NPT -FTT
Fv, BEEE S EERET

FEATERREEZHRAL. ZEOUYIEHEACARIEO-F
N'v7(Roadmap for Linking and Integrating Aeronautics

RDT&E Infrastructure)&{E X
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Task3 : MZHFIRATHBRRE KEICHIZEHXMAE
£%) KEICTRESNZIAITA-ADRAHSIHE

# | Task Force HA:E BE
o MRZEHEEIFIVR-RY M ETOME., B, B KRUT
ffi (RDT&E) T-YES%XETE
1 | Ground Test Facilities #h 3 ER % s RATHICEREINZREZ# FTHIRT R0, ELRVZE

[OBADATRELRIY IV RERERE. MK - BERREE.
T-IEG  FHRIY AT LENFE

2 | Flight Test Facilities (incl. aircraft)

AT ER R e (&
#zE0)

FZE R (T IV IN-RY bORITHRIEICEE S BHF 5T, FI%.
AR UEHE (RDT&E) T-5ESEENE

LZCBDBRBREEET 510, HARAMEE, TIEM
ZH (FEHEICLST-ES) | BRAREENFE

3 | Simulation Facilities

V1ab-Y3vERdE

DAV IAMz[ELET AL BB ERZHDEVEER
KRR ELEEEBRUCABRCFEEER, IHESER. 75
A2 9-FENEE

4 | High-End Computational Facilities

FEMLETHE R

FRZEtemF AVR—-R Y FORDTRESOTAICHIT R EES
i

BICRANFPEBENE MEIFICEETZEE(fE
BaEntdY, A-/\-1VF1-5-. &FES0tvy-, K&\
BAN Y, BEAVI-RYNENTFE

5 | Network Infrastructure

IYRI=T91427T5

SERREEOABDRE. AL OEEEEMEION
TR
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FELERRET AL AR IEDEHE S

Clean Aviation[dERIMICHFTBNet Carbon ZeroiZERk% B H’thtﬁﬁi.?%jﬂy“lﬁ ko
University of Nottoingham(d, 7 XY N-0—A L TRELERICERR

B Clean Aviation(3RRIMN(ZH(F52050F DNet Carbon ZeroiZERKZ B 18U ERPNZEFCI240E 1200 P EE RIS 10OKEF
h\f‘%bna“ PEBRMNEEREESOVIVN,

BETT654E A1-0DEENTEINTEY, RIEF2440TOIIT ML TE S ZRE,

® RICU-YIFIERAIHEERBIME O PR RO EBRIERLY VY ORF, INOSOMZEHEICE R AR SR A RO
(SEALTEY, HIMORECMA CEBRZRECICOVTERE LR PA-N-FeBUTRYED,

B ZADOBYITAIN-ZEEOEM,Tier-1ICINA GRER R B2 OMILHET - KE2EEEST,

® University of Nottoingham($EEREDRECOIYEEEZHE, SAELEDIERE{CLZERNDSNEE D BHEICDEVREEED
ERXICBIE LTS,

® 2024F 1B KYITAVYN-D—FA TH3B "The Associated Member'& LT/ IR—b,

Clean Aviationh; ¥ h 9 35BS L UERK BIZ

Aircraft Class Key technologies and architectures to be Earliest entry-into-  Fuel burn reduction Emissions reduction Current share of air
validated at aircraft level in roadmaps service (EIS) (technology- based)'  (net —i.e. including transport system
feasibility fuel effect)? emissions
Regional Aircraft Hybrid-electric, distributed propulsion coupled ~2035 -50% -90% ~5%

with highly efficient aircraft configuration

Short-Medium Range Advanced ultra-efficient aircraft configuration -2035 -30% -86% ~50%
Commercial Aircraft  and ultra-efficient gas turbine engines, ultra-

high bypass (possibly open rotor)

HAT) Clean Aviation&YNRIYERK NRI 383
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EEALERETAL HERRIEDELESH
Clean AviationJ7AYN—-10% - #E9-F{F (2024FE38F =)

The Founding Members The Associated Member

Aciturri Aeronautica S.L.U.

MTU Aero Engines AG

Hellenic Aerospace Industry

ATR G.LE.

Aernnova Aerospace SAU

National Institute for Aerospace
Research

Israel Aerospace Industries

CAPGEMINI - represented by Capgemini
Service SAS

Airbus SE

Office National d'Etudes et de
Recherches Aérospatiales

NTNU

Fokker Next Gen N.V.

Centro Italiano Ricerche Aerospaziali

en Ruimtevaartcentrum

SCPA Piaggio Aero Industries Politecnico di Torino H2FLY GmbH

Dassault Aviation SA Pipistrel Vertical Solutions d.o.o. Siemens INEGI

Deutsches Zentrum fir Luft- und .

Raumfahrt e.V. Raytheon SINTEF2 IRT Saint Exupery
Fokker Technologies Holding BV Rolls-Royce Deutschland Ltd & Co KG Solvay PowerCell Sweden AB
Fraunhofer-Gesellschaft zur Forderung . . .

der Angewandten Forschung e.V. Safran TECNALIA Skylife Engineering S.L.
GE Avio S.rl. Stichting Koninklijk Netherlands Lucht- Tecnam SOLITHOR BV

GKN Aerospace

Thales AVS France SAS

TU Braunschweig

TEST-FUCHS GmbH

Honeywell International s.r.o.

University of Patras

TU Delft

The University of Nottingham

Industria de Turbo Propulsores S.A.U.

University of Stuttgart

TUSAS (Turkish Aerospace)

Leonardo SpA

Aeromechs srl

Universidad Politecnica de Madrid

Liebherr-Aerospace & Transportation
SAS

Ascendance Flight Technologies

Von Karman Institute for Fluid Dynamics

Lufthansa Technik AG

Asco Industries N.V.

VZLU — Czech Aerospace Research
Centre

Lukasiewicz Research Network —
Institute of Aviation

AIMEN Technology Centre
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