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-3 F )i 1 AL E (FAR Part-25) CEREIMEDEEHMZE
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FFEER
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EENHEAERT-Y- : SafranDFFEILE

o SafranlIMMZEHEICHITRIEENIX YV TBE-T-NoBENHEE Y AT ARITOE-TE THFEEEE,

o 20224 (C[FVoltAerott Mt ERtdCassio330MHEE Y AT LAY LTENGINeUST100M RSN, 2023 FE HDORITER R UV EPEE %
BisLRFEH,

SafranH'sHE I 3R FEO-FYYS
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000 Y Il > 000 Y
.
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helicopter o CErpe alecirically-assisted
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Source) Safran Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. NRI 21
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BENHEERAT—Y - . Wright ElectricORA R E

* Wright Electric[dfiZZt&mI BEENHEE Y AT AZRAFKLTNETAVNDEZE,
o MZEHERITFOMWIIAE-I-PAIN-F- RUOZNOEREL-BENIEEY AT LEECFHRE,
« 2026E(Z[X100 AFEYDBAe146D IV IV EETE-F-NEL, 1BEOEmAIIM N EREZB1EY,

Wright Electrich'sHEIS 2RF0-FYvT

Technology Roadmap

7“‘771 N B v SIS *9 - - R T
S Li }/} /, ¢\\:_'° =) N = e
'\i‘:,f;;"—';a "jy/ “‘%, -’(\55 15 e ?b
Motor and inverter Propulsion fan Flight: One Flight: Two Flight: All four Wright Spirit
development development electric engine electric engines electric engines entry into service

. . . y . o

2021 2022 2023 2024

Source) Wright Electric Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 22
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EHHAERT-Y- : Wright ElectricD R FITE

Wright Electrich'sHEI T 2D R UE-T-ANYY

Source) Wright Electric

Y= Pak e

BNEAIN-Y-

BEsENYTY-

HAEE 10 kW/kg

H 4 : 500 kW~4 MW

(EIHHECBNTE2 MWODE-YE 1085 =
F7E)

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. N-{l 23
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BIHEERAT-Y-  magniXORRBE

« magniXI3fnZEm (TEEEE Y AT LAERFKELTVS T AVNDERE,
R TOE-T-VCIIN-5- BREBEIYATL, RUOENLEHRE UL BENEEY AT LAZECFAFL. 20225 FIZFAA

Part33DEREEENSZHIET,
o 2021%F(C(d. 2035F DEENHEE VAT LD At % B $5I NASADElectric Powertrain Flight Demonstration 7073 LS04

FECEIREN, 7T43BBFIVOWEERZ (T3,
magniXH'BAF L= EEHEE Y ZT AT magni650 | OB KR U ANRYY

RAHA 640 kW
B ERH A ¢ 560 kW
H 2 [E] 8524 ¢ 1,200~2,300 RPM
BRAEFNVY : 3,020 N-m
BEMVY 2,820 N m
BZIRE S © 200 kg/440.9 Ibs

mAEMASE 35000 ft
RAERERE : 800 VDC
=IKEMFEE : 500 VDC

Source) magniX. NASA Copyright (C) Nomura Research Institute, Ltd. All rights reserved. NI 24
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TEENHEERHT—Y— : SIEMENSORIFHIE

« SIEMENSIZAIRBUS. Rolls-Roycet HETEMEL TWNATUY MEE Y AT LAEEEH LB ZEHLE-FAN XA FIIXHTY T
FTADHEE Y AT ARFTE-Y - &R HE.

« AIRBUSIZZEROeFOI I hAREITULTHE-FAN XTOJIVMIKR T LEEDD., TAMNRDR SR T -ERRLEENTE T,

SIEMENSH'BAFELT-E-FAN XM (3E—-5-[SP2000D | DANY T

ERAERTH I ¢ 2,000 kW
H I [EIE54K ¢ 6,500 RPM
@ LY ¢ 3,000 N-m
B I2EE 1 2671 kg
SEFEIE © 3,000 VDC

Source) SIEMENS Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. NRI 25
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BEHEERAT - - : Rolls-RoyceDFAFEBIE

* Rolls-Royceld. fnZZtE&mITOBENHEE VAT LELT FILIMSATERALI2BREOZ A X1y MRS,

':F'"CEReglonaI Air Mobility@(F320kWAEERD 1Y MMIEASA CS-23D RS EAE(CERLL THY . BERBEONFME, MAEMETO
FEA%ZE

Rolls-Royce ' AR LI-BBHEE I ATLADANR YT

1T 54T % LT=Urban Air Mobility F1LI 517 % R LTzRegional Air
mIFZESAEEIZY MObI|Itym(7L:|:/'n NEEI "V
H 7 ¢ 150kW H 77 320kW

Source) Rolls-Royce Copyright (C) Nomura Research Institute, Ltd. All rights reserved. NRI 26
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BEHEERAT-Y—- . Collins AerospaceDFFRBIE

« Collins AerospaceldHybrid Air VehiclesZ DR tHAENA TV R TRRAIrlander 1018 (F (C500kW DHEEE R E—5 % 5 5
« _EZRICHOZ. Pratt & Whitney Canadah‘'5HE 3 2U—J3F )V EBEI\ATUY MAZEHEEFIC. IMWODE-Y-DFERER T2 EN

Collins AerospaceN'FFE L EBHEE I AT LADARYY

Airlander 1018}k ARG R B H R

ffﬁﬁsjf)z)i\/_\/ IKSLIVINAT VY FHEE D 2T LA 3 E-5 -

[@]#544 © 2,000RPM HH 1MW

HAZE © 9kW/kg

Source)  Collins Aerospace Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. m‘ 27
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EENHEERT—Y— : PIPISTRELOFIFRIUE

» PIPISTRELIZEICEHFEODERITHEZFF., IRGcL VBT AU ND1EEE,
D FEFEUFE-8111EXH R THIH TEASAN LB SFBAZENS LT=General Aviation[al [T BB HEE TV AT L

R ($7K LD UItra Light, Light Sport Aircraft, Very Light Aircraft &2 U'FFAA Part-23 Level 1T E SN0~ 1 AEYD
General Aviation TV, IRTEBAEAIEE,

PIPISTRELD'BAFLI=EBEHEE Y AT LTE-811 ] DIERR R U ARY Y

=1 e y e RAHE 1 57.6 kW
Electric/Morge g TREE D ¢ 492 kW
- | th ) EIERHL © 2,350~2,500 RPM
RAEHNLYT 220 N-m
EE LY 1 200 N-m
FZIREE  22.7 kg/50 lbs
£ AEREE 1 400 VDC
=IEEREE : 250 VDC

Source) PIPISTREL Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 28
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J1RL—-%- : Rolls-Royce DR F i E

* Rolls-Royceld. N\MTUy FEENMEMERF (AT TYRIZAQIIR-F -V AT LEFRF,
« RRIMWOREENAIEERT NI IR —T—34kW/kgDHE D EEZEEIR L, SAFOER(CEM G,

Rolls-Royce' R LI TR L -5 -DIE

INMTUY FESHEEY AT ARITI-RI TR -5 -
SAFADXT IGICHIZ . R KEZADIICEB BT
H 7 600 kW~1 MW
HAOEE 4 kW/kg

Source) Rolls-Royce Copyright (C) Nomura Research Institute, Ltd. All rights reserved. N'U 29
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J1RL—-%- : Rolls-Royce DR F i E

- SORZEENEBIELTRERE P DPower Generation System 1 (PGS1) [XTMWOH ARERICEKIILTHY., 2.5MW
DHE B ICATEREIETH,

o BH. ATOI17MIthe UK Aerospace Technology Institute MegaFlight projecté EU Clean Sky2D Y —+25%(33,

Rolls-Royce M FAFELEI IR L -5 -DIEIE

AFYVADTAIY R108 CRIFERERNMET PGS
AE2100T VY VPEIY FO-)V Y AT LAETHERK
BAHEA  2.5MW

Source) Rolls-Royce Copyright (C) Nomura Research Institute, Ltd. All rights reserved. N'U 30
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J1RL=5- . Honeywel DA I E

* Honeywelll&, N\ TV REEMMEBERIFCAADY NI SADI IR -5V AT LERE,
« ZRXIMWOFEENFIRERT-RITRL—-F—-FSAFDERICEX T,

Honeywell ’RFELEI IR -5-DOBIE

INMTVYREEFHEE Y AT LBITI-RITRL-F-
A350IC3EFHEINTVAHGT1700E HICREBIYAT LR
R L. SAFICEXT G AT BE
H 1MW

Source) Honeywell Copyright (C) Nomura Research Institute, Ltd. All rights reserved. NRI 31
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NYTU=YAT L . Electric power systems® R FEBEE

« Electric power systems(&7XUN, AUTAINZT7INCHL R ZEL, 2007 FEFZ AL OEEMEERITNYTU-R, NyTU-NYRI
XV NIAT LERHET 212,

« 20194, 20214 (ZBOEINGE SafranP i H B % 1T>THY. NASA, FAA, BOEING. Safran. Bell-Textron, EMBRAERZNEER.

« NASA X-57. BOEING CAVEDES MR, eVTOLOIS1 bTEMERIF(C, Ny T U=V AT LEHEE,

o FAALEEL, —MMZEMBNYT Y-V AT LD ZIT>THY, 2022 F HIBE(CHEADTSOFRELE T F Eo

- 2018%(CElectric power systems®/\yTU—-Z#EH, L1, SK{IEZFEBYE AEROSPACED E BN E NI RITEEIR,

Electric power systems&/\yTY-Y AT LB RUEPIC AV1000 ANy
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Source) Electric power systems, NASA. BYE AEROSPACE Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 32
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1Y N=5—, AV N\-5- : SynQorDFFE I E
« SynQorl[E7AVAICEVNT, MEFHVPESE. B, B BEREZPLCBAERYII-VaVERARTIE
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« BEOIIN-5- IVN-5-2EFELTCERISIET. REDADIS LT RIEE
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Source) SynQor
Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 33
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TENTIF1I-Y- : SafranDFEFEILE

« SafranlZEMAZEALB787MITESR R JIL—-FA2EILE,
BER I -FOHEABICLY, REEOREETHO . TU-FOERMNCLZHETIF1I-I-OEENHEEADS| NEE

7 ~\/b\7j{\?.L\-T}ito
2022F NI 7—-YIRO-EBRRZEY3-ICTC FO-MT1ELCTMRR TR YTy M@ T .
BEN)-AIVTAVIXTTIF1I-F-%5FK,

B787mEIIERAIL—-F

N E go AN )RS
Source) Safran, BEEGAHIEEYYRITL (2020) Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 34
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FBENTIF1I-Y- . MOOGORIREEIE

« MOOGIZA350, A380, B787mIFE2H/LCESUHERT7F1I-5 (EHA) .
EHADRERITHBNYITYTBET7IF1I-45 (EBHA) . ESEMXTIF1I-9 (EMA) %&EE,

B787[ T3y Fik—FAR15—-FHEMA A400M[E(F A1 5—-FEBHA

Source) MOOG., SAE-AC GSC Mtg 99, BEBEISHMEERYYRITIA (2020) | MEHEMRLRMRRERS ARIEE 24-1
Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 35
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At SV EO)B‘Eﬂﬁﬂi?ﬁc‘:ﬁmFﬁ%@Jﬁ

/ﬂ%)

s EEM/ERBRERWVEIVIOIVET M ARBEIOEE.
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© ERE/EAEMEREKRIVIDREREEEDD
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Source) NRI
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Source) NRI
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IKRIARLT VD KRR ERR © Fly ZeroJOJ 5 LDIRE

FlyZero[$AEROSPACE TECHNOLOGY INSTITUTE (ATI) [FZEEBAFOIFIRHERTICKY, 2021 FEMENSEHONTWNETDI T

KREMEER VBRI TS, 3Gt LORE, HEFE EREH, HHESOFHENMTTONG,
T, SBROBRZDER, BKRBEERMAEFICHEIE0-FNYTOEREETO>CNS,

U-T3F Vi, FO-INTo—#%, hBEEOKRMER IV ETFERERLTNS,
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IKFBIRRLT V) [K R IRERS © Fly ZeroJOJ S LOBLE

KBRRT VY TERERTE

THLG 2026 2030 2050

Total Gravimetric Efficiency (%)

Aft Tank 1
Gravimetric (Vacuum)

. Efficiency of Tank
Regional (%) Aft Tank 2
. (Vacuum)
Maintenance Flight Cycles

tarvals
Intervals Flight Hours

TRLE 2026 2030 2050

Total Gravimetric Efficiency (%)

. . Aft Tank 1
Gravimetric [Foam)
Efficiency of Tank
Narrowbody i (%) Aft Tank 2
[Foam)
Maintenance Flight Cycles

ek Flight Hours

THLG 2026 2030 2050

Total Gravimetric Efficiency (%)

. . Delta Tank 1
Gravimetric (Foam)
Efficiency of Tank '

(%) Aft Tank 2
[Foam)

Maintenance Flight Cycles

Intervals Flight Hours

Toal Gravimetric Efficiency = Mass of Usable Fuel + ( Mass of Usable Fuel + Fuel System mass + Empty Tank Mass )
Gravimetric Efficiency of Tank = Mass of Usable Fuel + ( Mass of Usable Fuel + Empty Tank Mass )

Source) AEROSPACE TECHNOLOGY INSTITUTE&LYNRIERK Copyright (C) Nomura Research Institute, Ltd. All rights reserved. MI 40



3.3 KFILHFICHII2ENM : FEMICHHT VBRI GEHN)
IKFIREIF VY ¢ Fly ZeroJOJ S LDBLE

BERKRARI D AT LARUKEBREYYT O-FYvT

Certification in line with systemn techinology evolution

Standard evolution in line with systemn technology improvement

Acvanced generatian - increased life, lightweight, imoroved performance

Advanced generation demonstrated on-ground

Continued modes

ieveloprment of inspection and maintenanog
2 with systern and tank echnology evolution

Source) AEROSPACE TECHNOLOGY INSTITUTE&LYNRIERK Copyright (C) Nomura Research Institute, Ltd. All rights reserved. ml 41



3.3 KFDBFICHIIZEM : FFXMICHTIMYBHIKR CBHN)
IKEBAEIZ VY ¢ Fly Zero7 OV S LDOBE

KEBEYV O-FIvT

Compasite LH; tank Integrated novel material ligh

Composite pressung vessaks Monea| material lightbwelght tanks

Insulation

Alernative low density b iGN pEronmance Insuls

Liners

Source) AEROSPACE TECHNOLOGY INSTITUTE&LYNRIERK Copyright (C) Nomura Research Institute, Ltd. All rights reserved. ml



3.3 KFDBFICHIIZEM : FFXMICHTIMYBHIKR CBHN)
IKEBAEIZ VY ¢ Fly Zero7 OV S LDOBE

BIERARBEYATL O-FYyT

2022 2024 2026 2028 2030 2050
- - - - - -

mS 0 manage tank fugl pressures and temperatunes

Source) AEROSPACE TECHNOLOGY INSTITUTE&LYNRIERK Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 43



3.3 KFDBFICHIIZEM : FFXMICHTIMYBHIKR CBHN)
IKEBAEIZ VY ¢ Fly Zero7 OV S LDOBE

BERKRMREVATL O-FYYT2

=d with ground support equipment

et

C & | System

i

Control & Indication
LH,;

TERER

HEEdd

Source) AEROSPACE TECHNOLOGY INSTITUTE&YNRIfERL Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. NI 44



3.3 KFDBFICHIIZEM : FFXMICHTIMYBHIKR CBHN)
IKEBAEIZ VY ¢ Fly Zero7 OV S LDOBE

BERAKRMREVATLA O-FIYT3

CRYOGENIC HYDROGEN FUEL SYSTEM ROADMAP

2022 2024 2026 2028 2030
- - - - -

OrEvEntion Management

demonstrated on-groumnd

Continued development in line with improvement in system techrologies

ncreasad service Ife, reduced maintenance

Source) AEROSPACE TECHNOLOGY INSTITUTE&LYNRIERK Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 45



3.3 KRILADBFICHITZENM : FEXAMTICHTIERVEHRR (BA)
KRRFT VY . HEAVENTOI IV L OBIE
« HEAVEN(High powEr density FC System for Aerial Passenger Vehicle fueled by liquid HydrogeN)(& R DO 38 A F 51 1B TdH 5

[Horizon2020] ™[ Fuel Cells and Hydrogen 2 Joint Undertaking(FCHJU)IH'53,9005 1-00 & £%#:ZEL V3 ERMEIOIII K,

o 2019 1R(CHAK AEMOBRMAE) L. ARIVOIVIZTUITHETHDAyesaDIEEF]EFITHS Ayesa FoundationZZEFH(C,
R4 YDLR, H2FLY, 7Y AAir Liquida & %64t - FlixN S,

o ENEMZEHEREIGC, SBEREER (0kWiHk) ERVHEYZTLRREEZET 2,
HEAVENTOJIJ bOMRESEAY /N~

stz fundacion -
Pressutized FC system s
demanstrated to ncrease the avesa s
Tystem dessty Ly 3 factor
dﬂamm&b:i fighe Fundacion Ayesa Spain
Teanperaiure, g lu lemer | ] I
conling efforts needed andthus a
mmdmm’m
EIE ume o . ns .
Therma mensgemer. system c. ) E_l}_lr_l:’_L!mqmde
Ajr Lgquides Advaneed Technelogios 5.4,
ADAPTED BALANCE OF waw, airiquicie.com
@mmeouromm

—.
Adapies Baaroe of P i i
Comeeimnls. Comeressy, EI'" ng kll "ge')
rumeifer pumps snd the st by
of comporenes are adanted for JfI":?f'L'l"iih s
the specAcations of &n B -
opesated passenges zinyaft

leutsches Zentrum fir Luft: und Raumfahrt e.v

onmmines e dosigned foe e
arship appicatons, considenng
charging ambiet condtions ard
CRYOGENIC HYDROGEN SAFETY FOR FLIGHT dFetern cperation spenanos H2FLY
STORAGE @ DEMONSTRATION
— o HIFly GmaH
Cryoyenic lecimuloyy by inesins Poctoculs bersed on Saludy arssiyss, TOTAL COST wwew by, de
of 2 vacuominsubsled siocays s dency of e pumetinan, OF OWNERSHIP
tank for Ipdbogen, wil be sppied 2uc By systems, s and —— X ) ——
¥ aercnztical applcations foe simustions wilimone the Cesp economic pisesament —
the fest time, since this sehb By of e scesft 10 cperee of the cost of owrership of the FPIPISTR=L
lechrokogy Tas been presoush nnemal snd ememeney techrology. eeanlicg and Fipestrel wertical sokions
wsed in spaot mckets hir newer shistas wen the fnalgnal of a facdeating it depoymect 0 waw.pipistrel-arcraft. com
1 P3EHENDAT WIS fictr demoristion market appkcations.

Source) HEAVENKYUNRIERL Copyright (C) Nomura Research Institute, Ltd. All rights reserved. ml 46



3.3 kTP EFICHITEEIME | BEMICTITIEVEHIRR GEA)
KEZREIY VD ¢ AirbusDIEE

* Airbus(Z2035F ENKFEMEEZEROeDEISE BHIEL. KEMEEDI TR FKEED S,
- Y0IZvyavBEFtYH— (Zero Emission Development Centres : ZEDEC) [CTIR{ERRIAKZEI VI DEREIEITH,
o IIVADTIR FMYDTV-AVDZEDECIZTERBHAKRY VI DARFEF . ARAYDZEDECICTEEMEIAKRIVIDHRRAFKMTON TN,

o -253°COMERIRREAHEIFT B0, IV IR ZEBEEICE>THY, ARIEABAIDYT VI DREIFEZRIRAEE o TWB,
I, BHICKBIRREERL ST, ZERTEVS (Multi-Layer Insulation : ML) ZEARLTNS,

o 20234 (CHh EE{ER, 2025F (CRITHBRDN FEINTNS,
AirbusDRIEKRFEIVIAA-Y

Liquid H,, tank

H2 systems cold box Gas extracticn

Inner vessel

Outer vessel

Suspension mount

Refuel/Extraction pipe .-~

Level probe -/ _—"

Healer pipe N\ Pewar principle nsulation

AIRBUS

Source) AIRBUS&YNRIfEmx Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 47



3.3  KFIDFHICHITIZEM | FEMIHIZEVEHIKR GEN)
KEBREIY VD ¢ StirWeldDIELE

o StirWeld[ZEZBIHFBE(FSW) BT 2R A (CHF 22007 F R IZDEZE, Airbus, {ACEAZZRBE (LD,

o FSWEAMITRNAIE S EREHERRIGETHRIEN, 0Ty MEBERKZEIVIELECRAVLLNTEY, AR-AX4ET7)LIY9, MHIOH - 11 |
H-IZEDSYFv—IVI\DERERENH 3B,

s MZEAERTREUANYMESICROZEMELTHVWLNTEY, EIAN BROBREL -HFHOLRE - SVHKIEENERFCES,
o MZTEARTOEAMELTL. IT7/INAAL00MDEKR/NRIVDABEZECFSWEMIARAWLN TS,
o FSW (BEILERIES) &FRLET7INIZUABREKEI VIR R 21ToT05

FSWZRBWEMZ A7 IV I 20 ABRIRKRIV IRET OB E

Arc-welded Arc-welded Aluminium
steel aluminium welded by FSW

Metal mechanical
strength

Join efficiency
Fatigue resistance
Corrosion resistance

Mechanical properties
at low temperature

Density

Material cost

Weld cost

(road weld quality Gosd keyhole fNllimg quality
Undercut defect (reduction of 0.3 mim) Thickows reduction of 8.3 mm

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



33 KRN EFICHITZEIR : FEMICHTIIMVBEHINR GEN)
KFEWREIYVY ¢ GTL (HyPoint) D#IE

* HyPointtt[@7AUN-DUTAINZT LA BT 2K EMEER TV I~V eRRE I HMEEETHY KEMEEDOY-T1VITNIN_-TH3
ZeroAvialZARIE MY AT W Ha,
o BRIV IICOWTIEFHEBIRICTEEEIFDOGTL (Gloyer-Taylor Labratories) &/\—bF—YvT#HA TN,

o BEATATOREBICLDE, EEM (REMME) TESNEBHL cryotank CRIFKFZMREITVYT) (32.4mx1.2mOHBEIR T, EE(F12kgTH D,
Vacuum Dewar shellEE &Y ATLAEE(E67kg T, 150kgl EDKFREIKMTES,

GTLtEY VY

Source) HyPoint, NEW ATLAS, composites world &NRITERL Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. NRI 49



3.3  KFIDFHICHITIZEM | FEMIHIZEVEHIKR GEN)
WARIE M : H2GEART OV TV FOEIE

« H2GEAR([F2021£18 &Y. GKN aerospaceZ H/LCET6 A TESHONTNS, RIAKRHE Y AT LOFEREHAFTTOIIIE,
Aerospace Technology Institute (ATI) 752,700 AR FOEEF:EEZL TS,

o BYJU-I3F)UMEEADRAKRHEEY AT LAORFKZBIELTEY. 2025F R I TICHE EHIREFE, 2035 F DB EK R KB Z
B9,

« 2022£E4H &£VYeasy Jeth, EU<ZEGKN aerospaceEENHJETSOI T M EBICTIBERIA,
H2GEARDEE K UM S E Hl &

i)
% " ;4 ( -
o
amarket worth jobs created inthe
In partrership with:
Newcwslle
..... "‘
HOW IT WORKS n AT
co emissions ﬁ) system
2 airtravel content
o
{11 J:‘:_ —— First potential
. - 1ﬁ..[ _ o Goeristoch eningints O _——
<N -

Working weh o parnevs, and made possibie by
G CAN A Wiy

2% Ase the braek oyt iy
Avcraft with zevo CO2 emissions by the md- 20205

Ram B T7F LN A e

“ GKN AEROSPACE

Source) GKN aerospaceJ:UNRH"FEjZ Copyright (C) Nomura Research Institute, Ltd. All rights reserved. N'U 50



33 KRN EFICHITZEIR : FEMICHTIIMVBEHINR GEN)
BARIEM : HyPointDIE

 HyPointft[E7 AUN-WUTAIZT(CAIE S 2K RMMZEERITYV1-Y3V 2R T BB ETHY . KEMEEDY-T1VITNINZ-TH3
ZeroAvialCARIEM Y AT L 4G

- HTPEM (BESHTFEMERE) ( F-RNES5ZAV T FENICEIEEREEREED61%%EHE L. 3000W/kgDHE HEFEE (System) .
1250Wh/kgD IR+ — %ré‘ﬁakﬁsﬂ@ﬁgﬁ (BELSTEIRLAINOTON 1 TDOH)

HyPointtt DFCEEE{L LFCHEIE

= Specific power of a fuel cell stack (includes cooling system): up to 3,000 W/kg

Compression System & Cooling Fan

= Specific power at system level (full BoP is included): up to 2,000 W/kg (projected to exceed 3,000
Wikg in the future)

61%

Weight Reduction

T% Turbocharger

55% Cooling System

24% Fuel Cell Stack

Traditional LTPEM power unit HTPEM turtxo air-coaled

pover unk Figure 6: 180 kW Turbo Air-Cooled HTPEM Fuel Cell
Figure 3: Comparison of Traditicnal LTPEM and HTPEM turbo air-cooled power units

HIPEM Fuel Cell Module

Source) HyPOint;UNRlﬂzﬁk Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 51



3.3 KFRLDEFICHIZEIM : BRI TIIVEHRRRT (B

BARIEM : HyPointDIE

BFARIE ORISR

LTPEMEHTPEMOD Y BELL B TR

HyPaint flying Best-in-class
demonstrated HyPoint NEW liquid-cooled FC Other air-cooled FC
Cooler Type Air Turteo Air-Cooled Liguid Air
Type LTPEM HTPEM LTPEM LTPEM
Specific Power [Stack] 1500 Wikg 5500 Wikg G000 Wikg 1200 Wikg
Specific Power [System)] 1000 W/kg 3000 Wifkg S00W/ kg BO0'W/kg
1250 Whikg* 600 Whikg*
E”‘i‘s'” D;:T"? 750 Whikg “Estimate for a systom 270 KW massing 500 kg, 500 Whikg
st inchuding FC and hydrogen lanks with an 10%
hyriro gen mass ratio
Weight N _
[270 kW system] 90kg 300 kg
S/kW _ _ .
I Mass Pr ion BOO-1000 100-500 300-600 3000
Other Crucial Params Advantages: Advantages: Advantages: Advantages:

+ Simple construction

* Simple construction

= Temp of operationc

Nome in the existing

and ultra lightweight | and ultra-iightweight | -20 to +50°C comparison
of air-cooled FC of aircocled FC - Proven technology
« Temp of operation: | - Temp of cperation. |, . .
-40 10 +40°C (with | -60 to +60°C :;' espan: o data
potential for £45°C) |, Lifespan = Cosi
« Proven technology | S000-20000 h
with customers « Modularity
+ Modularity . Cost
* No power capacity
limit
+ Al the benefits of
lighter air-cosled
scheme
Limitations: Limitations: Limitations; Limitations:
* Power capacity * Prototype scake = Cooler mass * Powed capacity
+ Lifespan today = Engineering * Customized solution
1000-2000 h complexity anly
+ Terrestrial vehickes = Comprassor + + Temp of operation
only complicated fuel cell | -5ta +30°C
design = parasitic - Lifespan

Mass
= Tech service
= Customized solution
fior Miral only

- Terresirial vehicles
anly

Paramater LTPEM HTPER

Temperature =80G 140-180"C Significanthy broeder ternperature range

Range

Electrolyte Water Fhosphoric acid | Mo water mansgement problems, but mone
corroswe conditions

Hurmdity contral | Crtcal Unnacessary HIFEM  permits  short overheating  and
el — roane reliabile in an emergency

Impurity L ppm 0 gaveral Enhanced folerance for HTFEM for other

Talerancs lEveis pefcent impurities also, Lowes aperational cost

Mambrane Fluorocarbon — | Hydrocarbon — | Lower capital cost

chermistry highear cost lower cost

Crarahility S000-1000Fh | 5000-20000R | 20,000 howrs achisvad in a lab

Steck design Standard Simplified Ko ges humnidification, simpler cooling eystem

Source) HyPoint&YNRIFERK

LTPEM

Low Temperature Ponmer Electrolyte Membrane

ErsnFERER

HTPEM

High Temperature Polymer Electrolyte Membrane

_lE =
I—Juml—JJJ

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

ﬁﬂ )‘-T-F—
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33 KFILDBTHICHTZEM : FEMIOHFTIEVEHINR GEA)
BARIEM : HyPointDIE

HyPointtt DFAK & ith B FE & HE

Table 8: Product Development Plan (updated on November 2021)

2019-2020 2021 2022 2023 2024 2025
Type of FC ] | Tahe Turbo Air-Cooled Turbo Air-Cooled
Produt e 20 kW Module P;u?.rgrkt::r'lit ngugrkt:;it Pc?:grkt;::it F'u::: Ellnit
Status Protot ype Pmtﬂt}l'pﬁ FUHPSII_EZISC?E'IE Fu”psrg?jljc?eta FUIIF.SrE?jIS':? eta Commercialized
[SSF:?;EC Pawer 2500W/kg | 3000Wrkg | 3000 Wikg | 4500W/kg 5500 W/kg
Specific Power 1500W/kg | 2000 Wwrkg 2000 W/kg 2500 W/kg > 3000 W/kg

[System]

Energy Density* 1000 Whikg 1000 Wh/kg = 1200 Wh/kg = 1500 Wh/kg

Walidation and Real flight

Short c . Real flight . .
. feasibility Prototype Prototype testings, ground . Real flight testings
Description study testings testings
Action Plan LOI with Development | Manufacturing, | Manufacturing, | Manufacturing, Certification,
Majors agreements Testings Testings Certification | Commercialization

* Depends on hydrogen starage

Source) HyPOint;UNRlﬂzﬁk Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 53



3.3  KFIDFHICHITIZEM | FEMIHIZEVEHIKR GEN)
WARIE M ¢ FLHYSAFEZOYTY FOBEIE

« FLHYSAFEXOY1% hFuel cell HYdrogen System for AircraFt Emergency Operation) (SR O B R EHBEI TH S
[Horizon2020J M [Fuel Cells and Hydrogen 2 Joint Undertaking(FCHJU)JH'55,1005 1-00& &% FHEL W3 ERMZESOVIT L,
« 2018F1BICRABLISERICOEZTOVIIN, IIVAY IS VEETAIC, FMYDLR, 75V ACEA. ARTVINTAR EFT6HAEN S E
o HAEE15kw~60kwDEI 1=V AARIEMZ AW R BB HIREPU)DRETFR. I, BREO-FNYTOEREEITI,
o PEMBARIEM AT VI ZFAWERRIEMEN, JURESNEENEREE, I7RT7VYIIVTLyT-DREEITI,
« REFAATRERTRLI, 40EAMEA N, YT YATLAOIYR-RY MIBILTETRLS, YATALANITREBAHICTRLGE BIET N BIR,
FLHYSAFEZOY1/ b0 EK

Project overview
other product / project known

European -
Hyd rogen
Week
Context: Objective:
Single aisle aircraft (mainly A-320 and B-737 To evaluate whether the current Ram Air Turbine of a
families) commercial aircraft can be replaced by a fuel cell

based modular system

e

Ram Air Turbine (RAT) : wind turbine deployed in case of main electric supply failure,
as an emergency system

Source) FHYSAFE. EUKUNRITERL Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 54



33 KFRIEDEFICHTZEM : FIXMCHTIMYVEHKR CBA)
Ik IRIERR  Fly Zero7OJ S LDHEE

KRART-EVIVIY ERERHE

{@ 2025 2030 2035 2050

Energy consumption
(MJ/k

Notes and Commentary

Total Efficiency (%)

> Energy consumption: assuming hydrogen energy content at 118.353 Ml/kg
) Efficiency: total cruise efficiency

thermal x propuisive

Unit cost divided by power

$/kW (System) > Unit cost divided by take-off power continued pursuit of cost reductions
> Time on wing: in hours
verh (hours >
ki e > Power density: small cores and larger fan systems with associated weight

reductions and efficiency improvements

Power density

(kW/kg) > Emissions: (NO,) current aerospace legislative process is based around the
landing and take-off (LTO) cycle. Climate science findings may recommend
adoption of the energy industry gas turbine limits by 2050 (10 parts per million)

> Noise (aircraft). target includes future proof margin

Source) AEROSPACE TECHNOLOGY INSTITUTE‘;UNR”’FER Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 55



3.3 kRIS BFIHIZHA : FIRAIHTZMUBHRR CBH)
IKRIRBESR © Fly ZeroJOJ S LDBIE

KFRART-EY O-FYYT1

HYDROGEN GAS TURBINE ROADMAP

2025 2030 2035 2050

Durability and accuracy
development of metering

Technologies

Source) AEROSPACE TECHNOLOGY INSTITUTELUNRIfERK Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. N'U 56



33 KRN EFICHITZEIR : FEMICHTIIMVBEHINR GEN)
IKEWABESS ¢ Fly ZeroOJ 5 LDIETE

KBRART-EY O-FV¥YT2

A Low specific thrus
. R, L T T m e TR e >
w Unit maturity and maintenance o~
q' 1 & developrment
Hybridisatio ] taks d 5 e g Fuly el
Integration with fuel system improving
| weaight, refability, cost &
“‘ ' i l Low weight fan systerm; Dade, Case, vanes contanment, structures, shatts

Further intake and fan A

8 gration capabity o

wm :::::::::::'_'___'.__'_'_'_'_'.'_'_'.'_'_'..
System Weight and cost improvements v
; el : Xt e s , Weight and durabliity *s

of power gearbox 4

M Continued nose reduction from proputsion and aircraftir legraton

Source) AEROSPACE TECHNOLOGY INSTITUTE&LYNRIERK Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 57



3.3 kTP EFICHITEEIME | BEMICTITIEVEHIRR GEA)
KFERRBESS ¢ HJETOYVIV bOEE

« H2GEAR(3202147 8 &Y24£ ], GKN aerospacex F/LNIEHOHNTNG, KFRHRI-EVIVIVOEEY T VAT LAHRMAERFRFKETOIIIE,
o AVI-TYIXNFFIECH AVI-TYERNOKE. R, %, Sr8EETEDLN TS,

« 2035F(CHIFBRINERNEIFADKAZBIEL, BBERERKRI-RTOVTIIIY - F-RI7V IV IV DKRETEITI,

« 2022F4 1 &Yeasy Jeth B Z LA,

GKN aerospaceMKFRT-INIFIIIIIARX-I

Source) GKN aerospace&YNRIfERK, Copyright (C) Nomura Research Institute, Ltd. All rights reserved. NRI 58
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1: X ABEOE=-BW
ARABEOER-BRY
2 AEFE

2 RFFEDYVYY-

3 RIAMEEICEIZEA - BALEOEIME., BET IEECEFORREIR
3.1 BEMEEICEI2EALEDSIMKRFLD GERFK)
32 BRMELAFLCHEIZARCEOSH  FEEMATBAREDE A (—HBHELK)
33 AKRADFICHI2BALEDSE - FHBRAVENDEOE R (—3FELFK)
3.4 : BEL-WRADFICHIZAEREROSE - FEE MRV BALEDER (—EBIELR)
3.5 ¢ BEANTEEICETRENMEIARDZRENM (SAE/EUROCAE/ASTM/RTCASE

4 FIEMOHREREICAITEEELEOO-FNYT (—8ELK)

5 REAMZEEICEET IR EERE (—FFIELF)

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 59



CO28UiR R (CEId BR1iR (CFRP)

| 3.4 BEL- RS FICEIZENM : RO EFER, FEMICSHTIMVEHAR (BR)

Source) HL

i FRRAERIFRIC R DCOEFMRDEEIL (LCA)

PR RET L

] <>
W cmp}‘x 1A DEREI (R— 12 5767 R R

B :-ERE (PR Fi&%:50024L)

TER AR B2 CFRPnZE# AEEA e £ M2,00008., 10 (B £B%)
| CFRPALZEHE : CFRPS0%B . 20%0% & {b (LR )
LGA7HA7ILCO BB >
<MZ#1#EY> HIZHER: 27,000+ (7%) <BREBH TP Y >
~ fIas0r s L RREMMRERO | SATHAN
v/gﬂufﬁnoot . | CO,#HHiE COHIE2AR
mﬁfu 290,000 t & 395,000 t (NEBHFST)
A 1400}y
D&M G Bay GEfM ORE | |
| | | 20h
CFRP 364,000 t Hlasy.
s &5t:368/000t : N
Mgmoa000t | *BEE=01 : 1B RTY R

— 900 #2orEA
‘ CO, [k (#8-104F)]

CO, Hli&E 27,0002, (i#8-104F)

JUMA Propriv.aary

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 60



3.4 BEL- MRS FICEIZENM : HFHRMOSEFER, FEMICSHTIIMVEBHRR CBA)

ANEICHITEEEL - HREEDHFEE

X R BT

(B

NG RSE S

ERUAE A/ R E

CFMOLEAPIYIYDEEA-E YY1 RCCMCEERT 31N\,

cMC ASTM C28 Gt GEOXDHABEER 51T —15E, 6551 EQBARERH ICCMCETER
FRP CMH-17 - -
sgl carbon izt (JCFRPERET B YR
BGF Industries | fiZ2#a)(JCFRPESLET BT XU hDEE
CFRP ISO TC61/SC13 Hexcel fZEHEmIFCFRPERIE T 27 X b %
Rl ww BEM
L ASTM D6484 e
/ GTL TR EIARIT VY A1 CFRPE R R
wE
At Arevo CFRPD3IDI I TA VT HMER T BRI Fv—1E (Airbush'H
&)
AR Ze % E (FPEEK - PAEKRU N -2\ =CFRTPZEIE T 3R E
__________________ CFRTP VICTREX ™ 5hry ke iR FE B Y)
GE CFMOLEAPIY IV DBAEL) AV, GEOORRE Y Y-N\DI VY
DAMELE B EREE 2 BRIS
AM ASTM F42 R
Safran 2019%F (26,8007 1-0%H L. 77V A MV F-ICAMBLE T 5%
............................................................................................ F’ﬁgg
S MEMS=EINS ICAO Advanced ANYIFT-EFOMEMSTLINS £ S
navigation

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 61



3.4 BEL- MRS FICEIZENM : FRIFCHITZMUBHKA (BH)

CFRP : SGL CarbonD#iE

« SGL Carbonl&F1Y WiesbadenllA B KT -JI771 FEHESLIEA-H—, 2021FEDFE L5 1021-005533.5%%
IREMHE, 12.1%&EEMY)1-V3aVEEN HHB, HEDOCFRPIZA3504 EICEE,

SGL CarbonttDCFRPT-5 Y-+ (fiZEt#m3 TUTLY)

Curing temperatwre

Storage life ot 20°C Storage life at -18°C

Rt D Resin tyy Tg I*C] 1*E€1 |days] [moniths] Tack' Impact modified
EEl

ANKETANT ANy B - 160 i] LiMiH "

101 CpaK T - 140 i yes
4 E402 ey B0 - 140 44 i |

tardal
E30 | E3N o B0 - 160 L/MH o
Y20 E3X | E3
323 P 120 50 - 140 0 A
i t opax 120 - 160 M
e T - 140 L'M/H
o 00 - 150 ol 2 LM
Ly arda
0= S} < 40 - Ted i yEE
o-retardant

& e < 40 - 160 a4 |
3 e 145 80 - 160 ZB 2 L'M/H
4 SNBQ-C Py i ] |
B 10 S a0 - 200 4 L'MifH
ahi 00 - 180 180 2 MH
ah 120 - 160 -1 1

ahi T i} 2 L'MH yes

Source) sgl carbon&UNRIFERL

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 62
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CFRP : BGF IndustriesDIZ

* BGF Industries/d7 AU N=I ZT N CAM Z B HHEA—H—, MEFHEEHACAM, BBEEEREICCFRPEEHE,

BGF IndustriesD{#45 9 2 fin 22 # = (I CFRP

> CARBON FABRICS

» Satisfies Boeing Material Specifications BMS 9-8, as well as other major airframe
manufacturers’ specifications.

» Uses carbon yarns from precursor of PAN and Pitch.

L o

3K-70-P 3K-70-CS 3K-135-8H | 6K-135-5H
Precursor PAN PAN PAN PAN PAN
Warp & Filling Yarns 3K 3K 3K 6K 12K
Yarn Count (WxF/inch) i 12x12 12x12 24 % 264 12x 12 10X 10
Weave Pattern Plain 4HS BHS 5HS 2 X 2 Twill
Aerial Weight [gms/sq meter] 193 185 370 370 670

Carbon fabrics are not covered by ISO standards at this time,

Source) BGF Industriesd&Y NRIYERX,
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o Hexcell@Z7XUB - ARFHYMNICAHEZEIEEM  REBHEA-NT—, 2021FEDT LS 13BUSDDIET7%EEEM (k&=
HED) FENEHDS

o LUHOCFRPIZAISONEEARPLEAPAITI7Y T L— FREICEEHERBN H 5.
Hexcel & CFRP M3 A {51

Fan Blades
HexTow® AS7, IM7, IM8, IM10 carbon fibres

Fuselage panels

N

rce” carbon reinforcements

HexPly® M91 and 8551-7 epoxy prepregs

@W Ildbl;dlbw'pto:.uﬁf;)

HexFlow" tough RTM resins

pirit, Aerolia, Airbus Stade pla

Source) https://www.hexcel.com/user_area/content_media/raw/HexPly_M91_global_DataSheet.pdf Copyright (C) Nomura Research Institute, Ltd. All rights reserved. NIl &4
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Cure Cycle Viscosity Profiles
Al experiments were made on a Bohlin Gemini Rheometer and comespond to the recommended cure cycles below:

Resin Matrix Properties

Gel Time

Al experments were made on a Bohlin Gemini Rheometer,

Gal Time (minutes)

Source) https://www.hexcel.com/user_area/content_media/raw/HexPly_M91_global_DataSheet.pdf
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Prepreg Curing Conditions
Defined heat-up rates will vary depending on the autoclave dimensions, the mass of tooling used and the size of
the component to be manufactured.

Typical Autoclave Cure Monolithic Part < 15mm thick (1)
1. Apply full vacuum (1bar).

Tumper slure Pressure
2. Apply 7 bar gauge autoclave pressure A A
3. Reduce vacuum to a safety value of -0.2bar when the
autoclave pressure reaches ~ 1 bar gauge. e 7 it

4. Set heat-up rate from room temperature to 180°C = 5°C {
(356°F + 9°F) to achieve an actual component heat-up 180C— |
rate betwesn 1-2°C/minute (2-4°F/minute). fsen / Dwail for 120 minutas

5. Hold at 180°C + 5°C (356°F + 9°F) for 120 minutes + 5 {
minutes. i

6. Cocl component at an actual cool down rate of 2-5°C/
minute (4-9°F/minute).

7. Vent autoclave pressure when the component reaches ¥ >
6030 [140°F)am‘OW» l:..----....-..-.-..-...i p 0.2 Dar
; Y
. '
Vmcuum
Typical Autoclave Cure Monolithic Part 15 - 70mm thick (1)
1. Apply full vacuum (1bar).
2. Apply 7 bar gauge autoclave pressure. B )
3. Reduce vacuum to a safety value of -0.2bar when the A A
autoclave pressure reaches ~ 1 bar gauge.
4. Set heat-up rate from room temperature to 135°C = 5°C . -
(275°F =« 9°F) to achieve an actual heat-up rate between [ ]
0.5-1°C/minute (1-2°F/minute). ST [ i
5. Hold at 135°C + 5°C (275°F + 9°F) for 180 minutes + 5 asen | |
minutes. o
6. Set heat-up rate from 135°C = 5°C (275°F + 9°F) to I
180°C = 5°C (356°F + 9°F) to achieve an actual heat-up [ _g';“ 3”&;:: .
rate between 0.5-1°C/minute (1-2°F/minute), f 120 minutos at 180°C (356 F)
7. Hold at 180°C + 5°C (356°F « 9°F) for 120 minutes + 5 |
minutes. - > i
.-........I...........' p— | b
8. Cool component at an actual cool down rate of 2-5°C/ !f. ! v
minute (4-9°F/minute). Y g

9. Vent autoclave pressure when the component reaches
60°C (140°F) or below.

Source) https://www.hexcel.com/user_area/content_media/raw/HexPly_M91_global_DataSheet.pdf Copyright (C) Nomura Research Institute, Ltd. All rights reserved. w 66
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Typical autoclave bagging configuration adopted for curing mechanical test laminates

2 layers of glass

fabric (300gsm) Vac. bag
Vacuum port

i ‘/— Released tool

Non perforated film (See?)

/— Non impregnated peel ply
top & bottom

wide (See’)

Source) https://www.hexcel.com/user_area/content_media/raw/HexPly_M91_global_DataSheet.pdf

Typical autoclave bagging configuration adopted for curing component

2 layers of glass
fabric (300gsm)

Vac. bag
Vacuum port l {

Non perforated film

}/ 1 layer of glass fabric (105gsm)
/_/ Perforated film

------------------- Peel ply as
/_ tefloned glass
Released tool
1 H:hik2 UJI2UKFIKN I

Tacky tape Cork 50mm

wide (See’)

'Cork is butted up to the laminate with a height equal to that of the prepreg stack

2 Non perforated film to extend over cork by 15mm (0.6inch)
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Cured Unidirectional Prepreg Properties
Nomenclature: resin/resin content by weight (%)/fiber weight (gsm)/fiber type.

Physical Properties

‘ M91/34%/UD194/ ‘ M91/34%/UD194/ M91/34%/UD194/

IM10-12K IM7-12K AS7T-12K
Fiber IM10 IM7 AST
Weave/UD g/m? uD uD ub
Fiber Mass 194 194 194
Nominal Prepreg Mass g/m? 294 294 294
Theoretical Calculated mm 0.184 0.184 0.184
Cured Ply Thickness (inch) (0.0072) (0.0072) (0.0072)
Theorletlcal Calculated % 58.9 59.2 587
Fiber Volume
g/cm?® 1.28
Resin Density
(lbs/ft) (80.2)
g/cm? 1.79 1.78 1.80
Fiber Density
(lbs/ft) (111.7) (111.1) (112.4)
Theoretical Calculated g/cm® 1.58 1.57 1.58
Laminate Density (Ibs/fte) (98.63) (98.00) (98.63)

HexTow® IM10 is a Hexcel intermediate modulus continuous carbon fiber 12K product with enhanced tensile
strength properties.

HexTow® IM7 is a Hexcel intermediate modulus continuous carbon fiber 12K product.

HexTow® AST is a Hexcel high strength continuous carbon fiber 12K product.

Source) https://www.hexcel.com/user_area/content_media/raw/HexPly_M91_global_DataSheet.pdf Copyright (©) Nomura Research Institute, Ltd. All rights reserved. INRI 68
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Mechanical Temp M91/34%/UD194/ | M91/34%/UD194/ ‘ M91/34%/UD194/
Properties °C (°F) IM10-12K IM7-12K AST-12K
Glass Transition G 185 - 190
Temperature (°F) (365 - 374)
Method EN 6032 — DMA extrapolated onset E'
Tensile Strength MPa 23 3520 2980 2580
(ksi) (73) (510) (432) (374)
Tensile Modulus GPa 23 176 169 142
(msi) (73) (25.5) (23.9) (20.8)
Method ASTM D3039 (1)
Compression MPa 23 1880 1860 1350
Strength {ksi) (73) (273) (270) (196)
Compression GPa 23 156 150 123
Modulus (msi) {73) (22.6) (22) (17.8)
Method ASTM D895 (2) EN 28504
LSS MPIa 23 105 110 115
ks | (73) (15) (16) (17)
Method EN 2563
) MPa 23 610 505
Open Hole Tension (ks) 73) (88) 73)
Method - (25/50/25) (gross section) ASTM D5766 (3)
Open Hole MPa 23 315 315 315
Compression (ksi) (73) (46) (46) (48)
Method - (25/50/25) (gross section) ASTM DB484
CAl @ 30.5. MF‘Ia 23 350 350 300
(ks) | (73) 51) (51) (44)
Method - (25/50/25) ASTM D7136 & D7137

(1) Specimen dimensions: 12.7mm (0.57) wide and 127mm (5.07) free length
(2] Specimen dimensions: 12.7x80mm (0.5"x3.1")
(3) Specimen dimensions: 305x38mm (12.0x1.5") and 6.35mm (0.25") hole diameter

Resuits for UD prepregs after an autoclave cure at 180°C (356°F) for 120 minutes.
Data normalised to Vf 59%, except for ILSS.

MNominal cured ply thickness quoted is based on zero bleed and is determined using the fiber weight, resin confent and resin & fiber density. Data quoted is for
camparison only

Source) https://www.hexcel.com/user_area/content_media/raw/HexPly_M91_global_DataSheet.pdf Copyright (©) Nomura Research Institute, Ltd. All rights reserved. INRI 69
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o HyPointtt[ET7AUN- WU ITANZT(LIE T B/KRMEMERITY Y 1-V3VERRITIFELETHY ., KEMEEDY-T1VITHYNZ-TH3
ZeroAvialClARIE Y AT WG, MBI V7OV T F EBEIICTEEZRFOGTL (Gloyer-Taylor Labratories) &/N\—rF-YvTEHA TS,

o BEATATOREBICLDE, EEM (REMME) TESNEBHL cryotank CRIFKFZMREIT VYY) (32.4mx1.2mOMREIR T, EE(F12kgTH 5.
Vacuum Dewar shellEE &SV ATLEE(E67kg T, 150kg_EDKERZEEMTES,

» "Similar to the carbon fiber that is used in racing bikes, our carbon-composite technology adds strength and durability while
significantly reducing weight, ” said Paul Gloyer, President and CEO at GTL.

GTLtEY VY

Source) HyPoint, NEW ATLAS, composites world&JNRIfERX Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. NRI 70
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« ArevoldCFRPERW=3DTY Y T4V 8B EFF DHKRNYFv—1ETHY . 20184 (CAirbus Venturesh*Series BI Y KT
HEZZ(ITTNS,

HENTEREED1DTHBAFP (Automated Fiber Placement) EDEE TIE. 10mmiZEDIEE (CBRSNZH. ArevoD3DT)

IA=TE30-40mm. ZNU ELOFIICDOVTERLE AT EE,

o IRTE. MEEADEHZBIELIITHEREESH TS,

ArevoDRFTE3DTV Y 7%FALICFRPY-FJ3Ty k

SEAT BRACKET P

stal seat brackat wes examined for parts Integretion and weight reduction using Xplorator—s L

Source) ArevodkUNRIfEAL Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 71
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CFMAI Y5-3Il OBE GE aviation D=

..
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SPrTT
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'/"J// I

® CFMA Y5 -F3F)VIEHKGE aviationE (LT ITVET DALY ® GE aviation(32025F [CH] S HEM AN FESINTNEB777XICHEE
rOEREH FEDIVIY, GEIXICCMCERM Z 4R A

® A320neo,B737maxilF TV, LEAPICFEFAMEE L THIHT ® MRBERIMT - MET-LYY1TVR-JARE, 6551 EDEHIEED
CMCER M Z MIZCMCERW3

® SEY-tYY1TURICMCER W3 o RIRTFETEZIIVIVTRELKDCMCEBMERAL TS
BISICHHE ZCMCELE (L6 CMCERUE(CfEH

.....

Source) CFM international, Aviation wire, Ly Team. sky-budget. GE, GE Aviation Blog. GE Reports japan, GEOXTI VI YDBIH (IHI) KYNRIER
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AM : GEDHIE

o MZEHEITYRIVIVRAFOGEMRIFAMICHZEANTSEY, FRICRILEAPRBAEERR DRAEL) X EGEQVRBDRE T -\
IVI DR AR EEE LTINS, (MR XIVIE2018F9B I3 EDEEEERR)

« Advanced Turbo Prop Engine®7 B 8& [CH W\ TEBRD35%ICAME B A L. 8455 DER % AR

AMTERIESNBMEBIY YV DR BN BIRBIL . LEAPTY IV DIREL X

e = f L
\‘:’3) — mH/Z1 o .

RPVT N2

EES-EUR

AREA—\IDLYT

E3. 1—1 Additive Manufacturing THREI N TV 5HRESN 2L RH

Source) MZHEEREARREREERS [BHBIE 29-5). GELYNRITER
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hSafranZ )V - T3, BBenDEEL - FRARMOEEEERT SLHICAMANEBE TR E, 20195F(C(36,80075 1-0%3% L.
JVE=[CAMEE T35 TdHhBSafran Additive Manufacturing CampusZ a9 82 aHEk, (Q021FEA-TY)

(k) SafranZIV-TOEE{bIcAFIVES (&) SafranDRIELEEIRRAI TN -ASITAIIXT-909

HIGH-PERFORMANCE MATERIALS AND PROCESSES

woight, raw materia

act yeles o

nents © nes and equpme lln202‘l
Saftan sot up the Sahan Additive Manufacturing
Campus, a center of excellence in additive
manufacturing pooling all research, industrialization
and production activitios to support all Group
entities.

Additive manufacturing

uP 7O

t 50 COMPONENTS
They are dewloped by the Salran Conmu:s center REPLACED
of excellence, which has unigue resources and BY A SINGLE
expaertise in space technologios PART
The quest for very high temperatures and fast LEAD TIME
speeds, along with lighter components, calls DIVIDED

for new metallic materials: new nickel-based

and single-crystal alioys for turbine and compressor
disks and blades withstanding extreme conditions,
and very high performance steels for compact,
long-life gearboxes.

154 230,

reduction in mass reduction
manufacturing costs

Source) Safran&YNRIfERX Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 74
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MEMSZUINS : Advanced Navigation D E

« Advanced Navigation([SA—-ArJUT LA ZBELC Y A-H—-, MEFH - Mofil - BBEZFICBEF Y Y-2HE,
o REHETOEBEEBELB WA, UAVE TBoeingLockheed Martin, NASAZ [CHHIEGLTWBEHBN B,

Advanced NavigationOMEMSZINS (AUI1T5-[m(F)

Certus Evo

{EM ;
Roll & Pitch 0.03°
Heading (GNSS) 0.05°
Bios Instobility 0.2°%/hr
Pesition Accuracy 10 mum

Source) Safran&YNRIfERL Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. NRI 75
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SAE Aerospace Council#8##E (2023F3A K=

BEMLEEIIYT A KEACBEEIIVT A

INTERNATIONAL=

sae.org/standards/development/aerospace

Supersonic Steering Group Alternative Fusls p SAE Aerospace Council Electric Alrcraft Steering Group Digital & Data Steering Group Mm""";:':mm'gt':."ﬁ"ﬂm
Judith Ritchie Pascal Thalln David Alexander Pascal Thalin Jonathan Archer ‘
Kertl Rohall Josathan Archet
[ I | | | I [ ]
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