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State-of-the-Art Large Commercial Aircraft Boeing 777X

T # FO* Hiroshi Yamashita
B 1EKEB@* * Shintaro lto
B X BE® Taro Makino
# F T30 Shuji Matsui
5§ RG Fuminori Yano
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TEEELTVLAS.
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1EEBEMEICER Y FHA TV 3.
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As the number of jetliners is expected to steadily increase, the demand for the Boeing 777X, the successor to the
Boeing 777, is expected mainly in crowded and long-distance airline routes. Boeing launched the 777X development
program in November 2013 and plans to bring it into service in 2020.

We have participated in this joint international development from an early stage of design and worked on cost reduction
and automation, for example, by deploying an automated design tool or enhancing the application range of assembly

robots.
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F1 [777-9] & [777-300ER] DFETT
Table 1 Specifications of the 777-9 and the 777-300ER

HER [777-9] [777-300ER]
EEREER 4145% 3965

AfEEERE (km(E2)) 14,075 (7,600) 13,649 (7, 370)
2R (m) 76.7 73.9
208 (m) 71.8 (Bit&r%64.8) 64.8
25 (m) 19.5 18.5

I v [GE9X] [GE90-115BL]

F2 [7779] & [777-300ER] DIELEAL (FTHR - IR) OEEBE
Table2 Major structure of workpackage (forward and mid fuselages)
in the 7779 and the 777-300ER

HetE [777-9] [777-300ER]
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IEREEEEE #1051 #9975l
*vECEE (kPalpsi)) 62 (9.0) 59 (8.6)
BERS S (mm(in)) 441 (17.36) 390 (15.36)
BRES RAT AL2524/AL2029 AL2524/A12024

2 [777X] OREA X -
Fig.2 Interior image of the 777X
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Fig.3 Overview of change to the fuselage extension
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Fig.4 Final assembly using robots (at Boeing)
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(a) [777-300ER] (b) [777X]
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Fig.5 Integrated side frame
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Fig.6 Coordination hole drilling system with a high precision actuator
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Fig.8 Enhancement of automation using a riveting machine
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Development of Trent Series Large Turbo Fan Engines

X # 5O lkuo Takagi
R F #&® Takahiro Ando
x E® Susumu Suzuki
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FF—& L THEEME (PC : Intermediate Pressure
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58 1

As the demand for aircraft has been increasing, fuel efficiency needs to be improved. Therefore, the performance of the

engine as well as the fuselage must be enhanced.

We are in charge of design, part manufacturing and module assembly of the intermediate pressure compressor (IPC) at
development of all the Trent Series large turbo fan engines from Rolls-Royce after the Trent 1000, the first model of which
helped develop in 2004, as their strategic partner. Going forward, we will promote activities to take charge of the overall
IPC module as an IPC module integrator by developing proprietary design and manufacturing technologies.
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Fig.5 Variable stator vane mechanism of the IPC module
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Development of Small and Smart Target Drone; Cost Reduction Success

with Proprietary Technologies
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The aerial target drone systems are operated by the Japan Self Defense Forces for live fire training to protect our
country from enemy threats. We developed the Small & Smart Target Drone Systems for simplifying and integrating its
sub-system / structure / components due to the requirement of significant cost reduction.
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Fig. 1 Overview of operation air-launched small aerial target
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Fig.2 Overview of drawing of air-launched small aerial target
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Fig.9 Electromagnetic compatibility testing of whole aircraft
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Development of Payload Fairings for Launch Vehicle
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It is expected that launches of satellites will continue to increase in the future across the world including emerging and
developing countries due to the benefits of images and positional information acquired by satellites. The fairing is a
component that protects satellites on the top of the launch vehicle. This component plays an important role in the
satellite launch business because the temperature and acoustic vibration environment around the satellite is critical along

with the launch cost and the orbit injection accuracy.

Kawasaki has successfully produced a large fairing for the H-ll Launch Vehicle for the first time in Japan. Since then,
we have made technical improvements on an ongoing basis to continue supplying high-performance fairings at a low

cost.

AN E

N LR & 2 WAL E G & R L7, B
%, RV —EC AR, FHEZEOTE R
WL CTwa., —hHT, a7y b2HOERIT LYY
AR BWTIE, KREREROS AL LI X Y lik&HE)s
Y, EERERT v b2 X )M TR A 2 &Y
RKDLNTWAS.

T ' =

ANLHERIZIE, HEHRECKEHEICRESI NS BEFE
BE, fE - BUAERICREINIEEREYN D L. HE
TLEFE YR 23, FERI20~308% 0 Tt % H Kk WkE o
2T H R SEDS Y & 9 M ATV T 7228, 20104E12 &
NR— ZXHEDPMEAGE D7 7 v 924 v N THEA LTl
WBEMFEA L7z, SHICHER A ¥ N EHiEo T,
v MEMOMSEDHSELL, SBT3 IHFINMILT
HZENPTFHINTVWS., 2D, HRERTIZI A M
G ) & FFORIAC ORI T 7 v b % 20204E G TR AT

LR BFEED LN TN D,

Wakid, 19844E1C [H-I] a4y b 727 ¥ 7 %
FELTUSK, [H-TA] / [H-IBJ] ur v b [4 70
viwvry bl L THFORRE R, ERNTXToE
Nary vo77) v I ERRTAICESTw S, B
i, [H3) vy NH7=7) Y Z7ORSEE2HN L, 2020
EEOMSHIT L2 HIEL T A b TRt L 7 =7
) Y 7 ORFICERLA TV .

2 77T

TxT7) Y ZREIIRT LI, vy MTLEFET
WINER (B ALEEIRZER) OBERHFEEZ —EIhD
I BRI AR T 5 & & DT, BB HEIR
BERE, R RET 2RHEHH. 2L T, KEABE
AN E L R B EER100km T, S EERAE % (EE) S &
T2RIHEEn, ey IR IR (FHE) LTay vy
PO oHEE LS.

TT7Y) Y ZOBKIIE 2 ITRT L HIC, 200

20 O2OEOD® MAEFHY AT LA Y= — PifFH 7Oy =7 MR FH Y A7 5 3%5H0
@ WZFHY AT LN YN — PifEH7a Y NARES Bt %



172835 Bt HENH
s ErEs

/’Q
7T EE(EEFI100km)
1 e N

> /\
BEICEK

1 T LRI~ £

1 Oy MIbBEFETITU L TDHEE
Fig. 1 Launch sequence

B BEE
(Fx7VULT% 2 HE)

e

HEEXRA
TIRART
HA 2 BEAEAS
FEE V& E (=Eal: Sz 3 ¥ 53]

B2 7x7Y>TOWEK
Fig.2 Configuration of payload fairing

RO HER R (B BERRE) CRIG L, Th%
0y MARKRE PRI HERRE (M BERAE) oS
FTAHEERBIZR-TWD, T2, 727 Uy 72, A2
V=D T 7 e A R 7R, A E i & EE
T5200BWEEBBIPHET LICEKEEINL., T
b b3 A % 8 L CNEBIC I IS e 225 R LD AT 72 D 253
F7, Z2ImEah SRS X ONFROMRE ER %2 B 720
DWES, T Y B LRGN S 2T % EERE) & K%
FTLDOREMTHLET T v ry el e LT
W5,

M 22 BB 2 2 BT 2 N LHEZ TE 720K
HIMES 72120, 2 - HEHRE) - HE L Cof Ao
BRESEMIRNC EHPEETHY), WEERET LI 72T
V) T ZENIRE .

3 77V TEXABHEIM

(1) RS

727 Y7 O T b BATHIEED LAYV O35 BER
WThDH. THRRIHEZ O CRIZEM TH 5720,
HEETHAET 222N EI R 5 REN KD S b —T5

T, SEEREICET RN 2 EHE A /NS KR D7D %
WIANLVF—THEECTE 2 L) MEZIK IR 2 LEND
D, WIS AERZNT VASED X ) IHREHT 505
HbH, Fiz, 72TV TOGEARIZI v Y a R
BT 5720, BOWEEESERINS.

LA L) —FoOMEE LMK X PEEMHLT, [H-T
Oy 07T Y ZRBEREICKREEO X v ) ¥ —DE
AOHEREBIHHEN TS Y I T VRV N () v F
fFRN ) HRER=ZIZ, HAMEOGEERREZ BT
AHZ Il ZhuE, VIR (2 v F) 2o TR
FTLLAERV M E2REONTYINT L HRTHD. ME -
2 FOIK - ATV VAR TPFEOWER EDINT A—F
EDOTHPICEZ D2 THEA RS R RO L DN
TPEOWHPEL LI IR DO THBICHNZZEL
B, WREBORE»HF A=YV ALI LT, H
16T b HEAE I EH C & 2 EFME O 2 3L L
72 (®3).

(2) IREELRFD
(i) Wr 2%

KA & DEEEEIC X RO ERA % Bhiv Cfig £ )5 P
DIRIEZBYNRED 720, 727 ) ¥ 7 ORI T Wi
ML ENE, it [HOI] ary b7z 7Y 0
HELTY) I VBRI AD< A Z7an)—r ZiRE
TR EWIEM 2 PSS L, BEAb & Wi 12 RS2
L7.

(i) Big7o 7 v b

I VIV UVRRREDBEHBTEL L EEIR)Z T1F572
W, 77V Y IONEIENET T vy FEfEN
L. ZOWHMIIT T AT = VRIABEIH S NS
W5, BAEEBERIIEZ DR L 2L ) 74 VA&
DHN=THATVES., L, a7y boERIZE B

JyFRIVE R
(FFLST VKRR DNTTZT "

e
i

FILE
ZFLARES
4 P . (DEETIZDRNTUB)
(g%?%;ﬁ'.. ) HReET
JyF (VFE) 2T L ZRTE

(@) JyFEEILR (ﬂ%@%ﬁt:?%ﬁiﬁ??ﬂ(ﬁé)

3 HHRT 7T ONEEE

Fig.3 Separation mechanism of payload fairing from Kawasaki

JyF RGNS
(c) Sh%

JUGs B TP - 179°% 21
20184 5 H



Toomwae

ERETHNN—DWET L0720 THD. ar v b
R ORFNIBWTIE, WELBE L E & HITUHEDOSM
L.

(3) WEHLUWEE
(i) # &

77 YT OREKIL, FHEROERE TXLRY /NS
CPZCTEFPAE TP 5720, NERERETIIKER
FRERBIR AR CE 2 £ 912, BECTHTFRIES W

ZALY YN v FRERE L->TW5E.

P A v G, BEOaT7THOWEICHERZES
T2HDT, ITHONELREE$TZ & CTHEEMMEZIZ D
DIEFITHMAD IS TELRREALTVS. I THIC
WBORBIRON= I 2 a7 272D N 2V R
A v FHEE LIPS, I T7OMEICIET VISR AT RT
53 PR S0 5. T, AFUMELTETVIA
&R R FEMMERIL T T AF v ZCFRPAI L S VSR

YHDOT2TY TR, TVIEENZAL/ TILVIHE
BAF UEEDL VDS, BRADERENL TH7 =7
Y7 ETIECFRPAF V2L TWw53 055 5.

(i) & R

[H-T ] vy MEEZE4moar y T, kLT v
A7 7 HBIC4tOFREEESREIZAL TV Zhi
LT, BEOEHERLHRIZI vy a VICEV B, |
FAmZ B2 AZEKMEHERRL 2UTONS RHERER &S
FEIETHo/. Ty FOEREBERED LD
R4 \RT L) ABMAUHELAHOERZES MO 7 =7 7
(BS) R 2O & FREHRER 7 = 7Y 7 (4/4D-
LS, 5/4D) %BFL7-.

TxTV Y TDON)T—varhpEzsrl, FRUED
BRSO IR R ML OB T AP LEII R S
°,%W?§%WﬁW2ét 2, BREFER TSROV S

WALz RICRSTERE L 2 0 Lo T Rk21T
-7z,
4.1m
§ §
Y + Y : AR
4S8 5S 4/4D-LS 5/4D

X4 77V TORE
Fig.4 Forms of payload fairings

4 FBEMAOIRMAH

(1) [477>82] A7y MIHTBEYEH
010E2SHEN BT -7 [ 7 ar] ary ho7
=7V TR, a2 MeE FMEE o &2 B, [H-
0] ) —XTHs [H-TA] / [H-IBJ Oikal# sk
LoD, #7 Bl FFEICHLD #LA 72,

(i) Pt —HoKBAbRE

Oy Mhrogiish T RIZEKRLET7=TYY v 7
X, NS A AT TONEPZERTH 72000 F T ITFET
5. BARTIR, FlETZ7 7Y Y7 OMATIC R
2HZBWEHZ, vry MTEZICHICE > THIRL T
WA DS, B RIEIAKAE T 5 L) s CRIERS D,
TxT ) Y TIKEADPROEND L)oo,

CDD, MOy VOGNS LD
TRIGHLE., oIy Fevon=srarid, B
i CTHAT B RERL 2DR 5ITRT L ) ISEIVEEC R
Oy bEALLTBY, ThZ2RVHICHKE ET 720
WAER L 72,

F72, [H-I] 2V =X TIEBEO SRV E RV N TH
GLTEROBEEES TV, [47vay] ary
DT =7 ) V7T L BRI O 2% X H EEeH
ZMEIEIRE$5 2 LT, P RBEEREE LT
A R L7z,

FBp—REICOVTIE, AF Y - a7 - EERLRED
i & IR FACHE B A B0 TH B3~ 7 7 2 R L il
DO BEEHHEE L v e v Bk FoRENBRSEI N
25, W LHOBREFIZ 3WILCADE W/ #Es I 2 L
—va e L T C, YRR e A B L C
e L7z,

(ii) > — MBSAHT B

[H-I] 3)—=A07x7Y) Y 7Tl& WBROTS A<
A 702NV —Y A0 )3 YEEM EEHO®BRE T — AT
AT V=8 L TW722S, FZBRIZRER 25727 5 72 B i
BOBIMIE W 7 — A BEOHC R 2 2 LD >
2. FZT, porLoy—rRIIEEINZY)ar T
+— A FFAER T AMT B HEERELE. ShUCkD
ML) 7TNTOWEGE TASTREIC 2 ), B TROHK

(@) FBM—HT T (b

Z28yMta7

5 4702 ary bO7 702 T0O%EE
Fig.5 Structure of the Epsilon’s payload fairing

22



6 HENXILORA—FIL—TESE

Fig.6 Out-of-Autoclave joining of curved panels
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Development of New Joining and Finishing Technologies for Aircraft Fuselages

and Engines Using Robots
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More jetliners are expected to be manufactured in the future in line with an increase in the demand of plane

passengers.

Automation using robots is garnering attention in the field of aircraft manufacturing since it is required to further reduce
production costs and accelerate the production rate while satisfying stringent quality requirements. In this context, we are
developing robots, systems and production processes suitable for automation and are moving ahead to apply them to

actual parts of aircraft fuselages and engines.
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Technology Development of Compressor and Combustor for
Performance Improvement of Aircraft Engine
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Civil aircraft engines are expected to have excellent economic and environmental friendliness to address the rapid
increase in air transportation and global warming due to global economic growth. We are developing technologies for

future aero-engine components.

We have developed design methodology for high efficiency compressor for better fuel consumption, and lean staged
combustor for NOx reduction. We are continuously working on improving the component testing and the numerical

analysis for further development.
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Fig.6 Compressor test rig
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Fig.10 CFD in the fuel injection device
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Fig.11 Visualization of the interior of combustor
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Advancement of Aircraft Gear Box Design Technology
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It is necessary to reduce the weight and enhance the reliability and efficiency of aircraft gear boxes to satisfy recent
severe demands for improving the aircraft’ s fuel efficiency and reliability. We have developed and manufactured a variety
of aircraft gear box products and developed world-leading design technologies through analysis and simulation leveraging

CAE technology.
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Fig.3 Misalignment reduction through deformation analysis
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Fig.5 Analysis and test results of gear tooth contact pattern
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Evaluation of Store Separation Characteristics from Aircraft Using

Aerodynamic Technology
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The latest military aircraft is equipped with stores in the internal weapon bays to improve stealth and speed

performance.

In this context, we developed a store separation characteristics evaluation system to analyze the flow-fields of the
subsonic to supersonic ranges and simulate them at the wind tunnel test to identify the flow around the internal weapons
bay and how the store is separated from the aircraft in flight for the first time in Japan. This system has been integrated
into the Tri-sonic Wind Tunnel in the Chitose Test Center of the Acquisition, Technology & Logistics Agency.
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Fig. 1 Example of internal weapons bay (P-1)
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Fig.2 Example of air flow around internal weapons bay
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Fig. 3 Concept of store separation characteristics evaluation
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Development of Rescue Operation Support System for Helicopter
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To prevent fire-fighting and rescue helicopters from crashing during rescue operations in mountain areas, we have
developed a rescue operation support system for helicopters to help the pilot properly recognize risk when hovering

during rescue operations or landing on uneven terrain.

We prototyped a system for demonstration and assessment to examine the system, check the man-machine interface,
assess the obstruction detection sensor in advance and verify the effects of wireless LAN on the fuselage before starting

full-fledged development of the system.
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Airborne Telemetry Network Technology
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The flight test is conducted for final performance verification during aircraft development. At the flight test, data is
transmitted to the ground with telemetry technology to monitor safety and determine whether the test is successful. We
work on applying the technology of the telemetry network equipped with high-capacity communication and bidirectional
communication functions to the flight test in order to address an increase in measurement data in line with advancements
made in onboard airborne systems and communication from the ground to the aircraft. We are now demonstrating this
technology using helicopters and will apply it to fixed-wing aircraft in the future.
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®1 XYBNT=9 - bF2I— DT
Table 1 Specifications of network transceiver

FOERE (MHZ) 2,200~2, 400
SEmE (MHz) 20T
EEHA (W) 80 (BE—7%)
THRAR OFDM (802. 11a)
18— 1—2R 1 —%%v b
st (mm) W159 X D168 X H74
g8 (g 2,903

H—HEETHH. HWETHHELLETF—52TYTIVTF
—% (PCMT—%) \ZEH L7k, FEEBERT 30
MERZITORET S, ZoFRICBUT 2 8E8E 0 Mt
FRIL, SNV FHOFL XA =2 2BV THRAT3Mbps
BETHL.

—JF, TLA=% kv b= GEE & %
L. BETHE LT =% %4 —% 2y FOBKICHELT
Ny MELT, Ay bT—=Z - FI UY=L, M
HWLANOHAMKIEEES02. 11alz #4L L 720FDM (.28 J& i
BoaZElN) ClETA T BROZEBELANLVIC
X0 B TEHR T RA16QAM, QPSK, BPSK~Y) Y #ib
5. lAE U O e KAl IS E il T2 2 f20Mbps,
10Mbps, 5Mbps& %0, HERF & K L THEE 12
fFHRBEN 1T 5.

FLRGMEEE LI LT, WRDOT L A—=FHIHiT
EFEBLITE b AR O @B R @M T — & O FAE
HENUREE LD, Ay VT =2 HASHEDS —F 1
FR=ZBEHOHEFREDTRETHY, V7 by =7 E2HET
LI LTRFSE ML MNMT LI LNTES.

VHCTHHIL TSRy hT—27 - T VT —=DhE
#R31Z, FEILERIIIRT.

4 HIZHIBTLA—F -2y NT-IREMOER

Mk L7z32o0%y bT—2d9 b, #HERY hT—2
DEFHIFZETLTBY, FERRFAY M7 —27 OFEiE#x
ToTWh. JRICRFA Y M7 — 27 2 RITEB~EH T %
LMY MATE Y, FEREE - BEL— b - W5E
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Toomwae

ERRE 2 EOEIFICMA T, FNOREBT H7-0D&H
RE RN DEEMIT TS ) I AT IO T L ER
LTwW5h,

(1) ®HEMTREL LEEL— OER
FRATHERIZ BV TIIEBIRAAZ 4 LT 5720, £
DOHTOPITRRIICEZE L72@E L — P 2R TE 25
WEEEL 25, @EV— MIEWHHTR Lo TEA SN S
7e®, IO PR Z 21T ) ZEL VD
LEWHERER EIZoWT, RITRBRICBITI 2384
ZERROPTEIEZTo TV 5.

(2) BEBFETFOEY Y TOREL

TLA=% &y b7 — 7 BTG E S o
(TDMA : Time Division Multiple Access) 2 & % ilif5H]
DUTEIT->TBY, WErSH Dy ) 7 el
PoEEOT Yy T v LR TE ) YT TWS, R
TRABICB WX, okl hoRMEY STz LD
LI BEAFICTHENEN) TEIEETH L7720, RAITR
BRCxF 8F Rl & AT L Tl 2 lits & 7 5 & 9 FHiE
DTV 5.

(3) #LEHSDT— 2FEEREEDRES

W5 1)3AE DHEVE 2 3 L 7287 72 2o B RE B iz S HLY
HMATWS., FLA=FHMICE 2EETIE, Ktk
MO MNCBEEW 23D 25 E RO LRHBE LR LI &
D, 77T FHOBEIMERTELVEEMWEIELLZ L
Bdhb, ZORBFICIBEEMICE Y LICBT22ET
—FIWIREVELHT-OTRBEPUEE D, £2T, T
LA—=% « 2y NI =7 HEMOBFIEED A ) v b &iF
AL, b bE~oF—FH¥a~y FERELTT
— I DR LT 2 ERET AT HE L. 2o
KERRIZOWT H RITRERICBWT, BHEO ST T i
RIMICBIF 2 FEE 2 DTN S,

FRICHET A INE TORBROERNE LR 2 IIRT.
20154 DIEEBTIS, LB ORI % H 0H7E 1
B THRERIARATHR & A L 722 5 B S O FE5E 2 17 -
720 RATAROEEE120m, @EHEE34kmIZ BT, WA
20Mbps {5 % M. L TV 5.

k2 HEROEXEAR
Table 2 Details of test conducted
FE kS
2007 | TLA—=& -2y NT—UHMICEATIREE
2014 | RITHBAT L X —25FHEBA
2015 | REBERTMERVAENART L A — 2 OBEHER

ggl? A AT EZ-ICLBWART L * — 2 DEFE

5 AVAT2—AVERITHRICK BEE

AN 3T — % 7 RATRERIC X % FERE % 20165E 7
LRHLTCWD., ZORBRICB W TIZELEREE - @BEL —
b - BRRE AL ZE R DO RATERER I B T X 5 2 & Z ARl
TAH5IEVAMNTH L. 20165 EEDEREEZ R

(1) {ERA#EE - 5iE

Ay a7y — [JIERBK117 C-28 ] #fiH L7z,
(i) PR~ OBBRAEL

WIED 720 D—BRI R 5 2 L5, BB %
INEL T B0, BKICIER 4 1R X 9 IR S &
SR L 72, FEAERBREFYE VL, TLA=ST
T FIRBEDO AT =12, GPST v FFIdEEHONY K
7y FITENENHY AF1) 72,

GPS7 v 73t L b n@EnRENCLEE %5
B TH 5.

(i) M I A

H R, B5IRT &) IS SR T oRRERE I
B LT v 7 ), B — A ICHRE L mlEeE >
AT L, BIOF—7 0l - =5 {8y a3 T L
TWab.

T TR MR LAy b= - b —
INOALEEHRZ BT LTtz HEha R T & 5. i -
FEZSHAV LD, BELV— e Eo@EREICH
THMEEAT.

X4 HBEANOEBERRR
Fig.4 Equipment in fuselage
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TrTr

HIHRE

ERREIZT L

t
F—2NEIHE - E=42H/ v

5 Hb EE%fE
Fig. 5 Ground facilities

(2) MITHROBMELER

X6 12/R9 & )12 Mkl B T 550km F To Mgk %
FAEL 235, FEHEE L SE L — N OMR - 5 LEHIEE
DM DS ORI - FEIEHERE D T — & DR DO RER
THHZ M L 7.

F)#EFHEESOkm I BV CHlif§ L — b 5 Mbps D E 1K % 72
T5EEHIT, BERHIRS 2 B2 SHIHTTETH S Z
L LBEBRMBFOT— 7 2 FRFETEL T Lo L7z,

WEL— ML, ZOBROMENIERD S10Mbpsx fE. T
EHLHRBLAELNTNS,

GlEke EH LM EOREZEE L CGRERZ D TH
0, BEHHEBXUREL— bS5 L LR RS
LNTW5,

b EH F

TLA—=% - 2y bT=ZEME HARIBWTIEIN
FCHHERI VTR TH 2705, SHORLTHER O
EoTWHEMTH Y, FEHAGIZINT 72058 % ffde L T
W SRBRIZESHIGHERBZERL, BER R SoEH
TREIT 5 itz s v CHEiET 5.

JNiBE TS
I &2 T35

6 HEBROBIE

Fig.6 Overview of test

F72, KERICHET 2 2 ROBIEA 2RI LT, 1
WA D7D IHIHDOWIGE T — & R E 2 BZET 5V A
T ANOFANZOWTHIY A TV L.

2 E XMW

1) i “RITREBR TV I A LAEZF VAT L7, I
LR, Nol7l, pp5253 (2011)
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JUGs B TP - 179°% 47
20184 5 H



MR mAET

BEERIEAEE [P-1] HKRUEERE [C-2]

Maritime Patrol Aircraft P-1 and Cargo Aircraft C-2

i BhEE
T AN E
JE S 33T B IR IR D B LR F R O BB AT IS

%E&ﬁ%%ﬁ&&@%%ﬁ#%bfw

WHE 200147 12 [ EIE MR [P-1] B X Okt [C-2]
DOFMB MRS SN, FRAEROZET - Bk IET
L7z, [P-1] 122w T, 20134E o & B 0] 5 B A 12,
20164F 122088 — 52T A EFEICEELZ KD TV D,
[C-2] IZ2oWTid, 20104 DRMER TR D FIMATLLR, 5
Tl G & SR & A CT20164E RIS A% T LT, BUE
EEEEEDTND.

2 REOHE

(1) [P-1]

[P-1] otk k& SLERIF, BAK [P3C) L13F
M UBABEETH L (F1).

[P-1] 1%, WEMHTEEICEN - EARERDD 7 5 1 -
INA - T A NERREY AT A, BRI RAEM OBRARE) &
L L22HBBEOEEY AT LABLOL—F - VAT 4
EERHLTWA, £/, HBEERMIELIZENA SRS
— X7 7y Yy (IHIHEF710) 2#HELTBY, 5%
HEJ) E B OMERE & D IZBUARED [P3C] 2 BEE L T2

MR BRADI=DD L —5 -k - HE - KR D%
it e, MEKICBEHEZ FROTICIVA VR R
WLTBY, WETLZLEHMHETHS. 51T, IHA

BEEREHRE [P-1] &, TP ERDBEICSE T BLED
EREGCLEOERZ XU D & T 2SREEREEETT S
=%, BLEHKORER [P-3C] DE#Es L TRRE
EHTELMEHETH 3.

Bkt [C-2] 1§, MZEEEBKD [C-1] & &DEMEE
LT BRCHBVTREICEHBBEROBEIRRZ L TFRERHC
BOTREICHEROEBETICLELMEE=EBIE L
THRELEERADMERTSH 3.

ZhsDiFZRERE - ARRE 52T, RAEEZ KR
IR U 72

WVEIEED 72 DR IFkRE & LT 7 L 7 SRR D 201 L C
w5z (K1),

(2) [c-2]
[C-2] DRk ERIE, AR [C-1] DIFIT3HOWK
KB THL (F2).

x1 BEEEMEE [P-1] & [P-3C] D&

Table1 Comparison between maritime patrol aircraft P-1 and P-3C

1BH [P-1] [P-3CJ
Tovs F7-10 T
(B—K77>) (#—KR70vy7)
2K (m) 38.0 35.6
218 (m) 35.4 30.4
25 (m) 12.1 10.3
HEAESE () 79.7 56.0

1 7L 7HHEICED IV 1IVEE
Fig. 1 Avoiding missiles by deploying flares
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x2 X [C-2] & [C-1] DI
Table 2 Comparison between cargo aircraft C-2 and C-1

1EH ic2 [ic=il

I v CF 6-80C 2 JT8D
2K (m) 43.9 29.0
218 (m) 44.4 30.6
25 (m) 14.2 9.99
RABEEEE () 141 45

[C-2] 1Z, DAEDHIELRKOBETHY, D
IRTH AR [C1) L5 &, #E - BiE - M
BelimE L DICHERELTWD,. 72, B TEMOBE %4
MCTELEPZMLWRETH Y, 57455 KHHE - RIFH
DORATDTE S, FHHBORITEL Y AT L5 NNCH
TMEENT WL TVATFLAZHHE L2 LT, EHE
DOT—ra—FLBKLTVWDE. =Y, BEEEE
0B VI ABKROKC-7T67RE-7T67CTHIRH I T b
TAVADYART NV - L7 by 7B OEN A 82
¥y —R757 1Y CF-6THhAD.

BWEIE, B85 TmEE4mTHY), BHIIFETIE
B KREGZBEZALTWS., TOREZAT—FIZLT, b
Ty 7R EOHEM S HEIC L DHERL TEET LI LT
&% (B2). F72, WHMEHEDO—>THSHZEEKERY
HoZPEETICOMHTE2 (K3).

(3) [FIEF - AR

Ty ¥y MBS - ERAR (BFR0Pg) - KRR
7 E ORI R, MAFOREE - EENERE - RATH
FHEERE - WhiBh B R APU - HERILAT - MRS 2 T
Aavhua—)v1=y b o b - AL T
BY, BARERLTH25%D @, F#S AT 4TIk
mmHEBTRTD% LB & o TWD (K4).

2 Iy IEEOBERER
Fig.2 Driving a truck into the aircraft

X3 ZFETRRE
Fig.3 Air drop

3

K4 BESEOHBRLEL (£L:[P1], HF:[C-2])
Fig.4 Shared structural parts of fuselage (left: P-1, right: C-2)

b EH &

A, FRERESE L7z [P-1) & [C2) i, BifiE & HA
DFLZEEA = — DN Z R L2 DOTH L. [P-1] 1
20134E B, [C-2) 1320164FEEICRHZEE T LTH Y, B,
ZNENISFHEE 7 58 E THEKICS W GERH S UER;
D—HEH-TVD. 4O BEKRERE - WAL THRK
2 LR D5, R IRAEROREINE S 17 - T <.

(L& MZBFH T AT AN V82—
Disdi 7 a Y o 7 MARED IR - SR i S
BEH % —HB)

(FVWahek)
MEFH I AT LN V8= —
Pif i 7 u Y = 7 MARES TERE - BT
Tel. (058) 382-5577, Fax. (058) 382-6176
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MR mAET

[J__

3FIY Ty MERIVYY [PW1500G] ~ [PW1900G]

Regional Jet Engines PW1500G and PW1900G

AN E

HRANTOEINR 7 27 - MK & OB EE O FHI R
WZHES THLZROTEIIFE AL TEB Y, SH%b oM
M ETFRENTVS., ZOXIHIEET AT H
T, MIZBHAIIBEO RV ZEREZLATEY), HERERE
KRE LWLV Y UPTEHEN TV S

YHIZTIy b TR Ry b=—H PWH) o
K)—YaFnvyzy MMEH T Y Y YPure Power
[PW1500G] B &£ " [PW1900G| DB%E - AT u 7 5
LZRRSPHR TR LTWAE., ZOHXIL, By =7
WKWIKRLT, =Y YR moWe - BHEELR DT
RCOHEENADE G % 2T 5—HT, B - m&iE - Woe
BT ATRTOEMEY 227 ZF5I6 L TAREYT 52
KHRTHD, COTOrFAHICBNT, REHZEEETT
VY VI TS E R DR E T 7V FIA4 TFET
VAFAOBERHN L. SRS EFT Y Y b
e L@ onTsy), =r Y vEkiEomn LIcHEE
Bl R R LT0D

2

[PWI500G] B X OF [PWI900G] O EEiEILEFR 112
KT, IS, BEFT VAT LAORHIZE Y ENA 8
A FEH L, MRS L T16% D BE 3% & 50% 0 B
ALK, Iz CTCORNOxd KIEICHIR L 72F 7 —F - ¥
—RT7 7 LT THY, BHIZZOHETATH 545
BEtre 77 YV FIATEXT VAT A RHBLTVD

HADMEHEEEN FE4EINT 55, HIKRBEICPLE LV
ILIJUHERINTWS. V=g Fibdry MERI Y
o> [PW1500G] &£V [PW1900G] 1, EEXT7XF
LOFBICENENA/INRLEERBE L, EREIC L TI6%
DREBWE £50% DEEKRE, MA TCOPNOxHAIREICHI
BUAEXT—R-2—KT77>I T, YHHEYTS
BIEBRET 7> RS TXT7 2R T Ll Z DRILERSL T
3,

3 F K

(1) #% 5 28

PRBEAFI, T VY VT A A TEZR SNSRI ZE AR & IR
ETHRBEZELZET, TV Y VOREENE %5 EIROM%
BT A RS EL-00HETHL (B1). T
IV yORTRROBL LM THY, FOBREEN A
132,000C%2 2 5. ZOBRETCHREBREZRPL,
F A EHERY THANOXOPEHEZIMZ 5 2 & HE
Kasnhas.

WA, BARMIZEARH > O VAT SR O Rk -

*®1 EE#HT
Table 1 Main specifications
=l S| [PW1500G] [PW1900G
#7 (Ib) 19, 000 ~ 23, 300 ~ 23,000
INA IS EE 12:1 12:1
77 > (in) 73 73

B1  HREEE
Fig.1  Combustor
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WREEA T Y VTR O REEEN DD, b
DREBRAZ RABRIEA LTV 5.
(i) & i Ak

FHIRODIRIE T A & W AIAT 7201, BRBERHICIZERL D/
BWHHILDSRT SN TWAS, FIEDMMEICHEERL Zh
LOFLERE S L7012, Y TIERISO L —¥nL
P TR ZEH L Tw 5.

PRBET AT ANEEE, EMEOmwaI—FT4 V7%
Jiti U 72 675 1T RE 2 58 OB A VA RA$5 2 & T,
REFMEMRT 5 & &AM OBITLIIIN U TagifenT
fEefise LT,

(i) fENOxAL

PRBERHI, RELE R AR —ICREAE L TRENIZHEET
ELKEEDLDIZDDOAT—F &, BREERFHORE L
Ay ba—= V35720 DB R AR THRESNS,
S e RN R EBR AR VR LTI I NI oD
IR SRR IERECTELS 5 720108 WS HA 2 i
BHMZHETLTBY, 222 YHORBIENENT
W5,

(2) Z7>RZA4TXT7IRT 4L

ko 2Ty YTk, KEE 7 7 UAEMK ST
BY, ThoRRAUEERE RS BEEORELT7 7 Vi
et R BE AT A 72 B &R T § 5 720 ki %
TWFAZEPEENL—HT, X DEED/NS R
BB X OMRE S — ¢ i3 mfsi e R C—B 472 ) oA
R L CEBREEZHIMT A2 erEENE. F7—-F - %
—R77r IR, BERPSONEEFT KRy 7 A
THWHELT7 7 v 20T LT, REZELICETE LA
ERICEDELLDTH 5.

77 Y FIATET VAT AL, AMIAHEEETH S
CLEBRBIYDEERNBPRENZ NS, XF—T
OWEREEHEELZHTVWE (K2).

LR, NV aTIY-—HIN I AI v v a rBLU

BT IAUAILET

2 TpURIATXT7IRTL
Fig.2 Fan drive gear system

ST 7YY - FT Ry 2 A% EOHRE - k09
BHY, o, F—TFrua—% - XNT—FF7KRy 7 ADF
WREORBLH Y, ThHZIEHL TV,
(i) B&E- 32827 - &5
RUNFARITDOAN) HVET % 25D ETET K
HOBPPATHE D ZH BH L TWBEF TUANY AVET, B
ER LI O @ il s i e, ) 2 i & 3 U ERR
FmLEZONDZTROMZEZRALTBY, AN -5
M AMEAL DS S T 5.
(i) IAT T4 X MEWREE

F7 X7 TRMIZOBIED2DI, FiENHRIEIR
DFX)TBIOFRELFHEEICL <Y v P AL
HALTBY, IATIA AL FOBMERHSNT WS,
(i) fRIER) ) L

7 HRIALF B & S L OV T & LA b8 7= 85 i
FFEEL T, s EEIREORE L X T HEHOERE
o TW5.,

4 WMAEH

Y, AFFTORYINVTF 4 THOKRN) -V aF v
Tz M [C Series] > Y v & LT [PW1500G] @
PRI B3 2 PWALICIAN) C20174E 5 H29H WA T35 5 4)
WA L7z, REMZERT Y Y V2B TRBESR ORISR - B
ERAT) DRGSR DTLE R 5.

Tr Y RIATET VAT AR, V/BIVOL Y Y UR
B oL ERIK %2 20194 4 HICPWAEIZEL THT§ 5 & &
HIC, MIEXY)EEZRIGTLTFETDH 5.

»h & H &

[PWI1500G] 1Z [C Series ]~ GWICHWEI NS, Tz,
[PW1900G] & [PWI1500G] OiRAER = > ¥ T, 77
VO TITINVHORMN) T aFr Ty MR
[E190E2] TE195E2| ~liiic#fis 5.

[C Series] B XU [E190E2] [E195E2] i, &7H600%%
VI EOMBEZENRREINTBY, BIKICHERI sV
T UL, 20060 R s, Yo B HDIE D Ak IS
HETEHEIND L) IZEMi 2 LS Tw L.

(CHE MZEHEI AT AN V8= — Bk
IV Y VEERAME W )

(FVWahEE)
MEFH Y AT L H v I8=—
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SHEEZRAENFEAY 1779 — [H145//BK117 D-28]
High-Performance, Twin-Engine, Multi-Purpose Helicopter H145//BK117 D-2

P
€E;; Kawasaki

he=d SUPER Green Product *
2017

AN E

REHZEONY a7 57—, BkoORetREHMEDm
RIzPE, BB, Boabad, mEE, fod, ARE%%
& RAWGE CRESHEML T 5.

[BK117] 1%, 2D &) &, 4tk & N4 Y OMBBf: (3
AHD /Z7NRZ -~ aFy—x - N4 vH) 25 1977
ED S ER LR 2 B TE LS MENEN) a7y —
THY), HHRTL 0L WZLMAEREEAL TS,

=13
1 B =

—fI, ANV I T Y —FBREEMET T 2 E iR
BIZBOWTIIMREIMET L, 243 v 7|l EA 7%
EHEREO R WIRIT B TICBW TRV Y Y Y )
DEREND. TNOHDEUIMAED S > 7-FmAM =R
TTEMEDPRE SN AYEITIE, B A B X O R
ZHIEL, o1 LoMRoRER (SER) ZEML
TBLLEND 5.

[BK117) 2 & &ML @G~ 3745 -1, 1l
EHBNC BT B2 EEETORNY ¥ 7R, BT~ E
HRER CORBAM BRI RESBESINS. 2O L) K
TTEME~OBEVEINZ TEHED LR 3 & - REE - %4
P&, izt e L CoMEBNRMERMLEAE TN TV,

22T, [BKII7T) 123525 LERL a2y bo
7 —27u— KON - B EAL - 2tk L EogRE
F2Hi LT, 20164F 1 HIZ [H145//BK117 D-2%! | (D-2%!)
O HATORIAGEH % B L7z,

REREDOAY T2 — RIELEVAEFICSWTEENEM
LTW3. ZhIZISAT, SEXELHEANDBECEESD
3728, ZHRENFEAY DT 22— [BKINT7] #HR L 7.

[H145//BK117 D-2%!| (%, & K1Y OMBBt (B
AHD/IT7/INX - AYOAT42—X - R4 Vit) HEERFE%
B TEE [BKI7] OV ) —IRHFETILCH B.

IO DALV TI XTIy 3 DBRRICED
AIEGMEEDE L, 484 — b - /X100y B LUFHKES
BCEB/1O0y bOT—o0—- ROER, I5ICTTxX
FOSEF—)L - O—2OFABIC &) REMM E ERESE
ZER L.

2 %

RO CTHLH [D2M] LHEkATH D [IEFABK117
C-27 | (C-28)) oftfkxFR1IIRT. [D2M]] <TIF,
YIVVBIPMNI Y AI v v a v oEKE R ELTWY
5. FRibERE oy Y I oRIRE LT, [C28 | <
R 32,5 M D Bk 2 @A L7225, [D-281] ClEgEks
DR SR ORI A DR T30R 2 45 Bk %
MLTEY BV ZER LTV 5.

x®1 =HE [D-2B!] LHERE [C-28! | D1k
Table 1 Specifications of the latest D-2 and the conventional C-2

[D-2%| [C-2%!|
2EXRAAFIEXLS [m] |13.64X1.73%3.95/13.03%1.73x3.96

EE (BAEERE) [&] 10 10

RALMEE (k] 3,700 3,585

BAERE km/h(kt)] 265(143) 269(145)

A% 30MRIH 662 (887) -

. F% 2H5RHAH 574(769) -
SRR 2 samuy - 548(735)
Tfadp | AR EGHHN 441(591) 404(542)
[kw(SHP)]| ¥ BEEHT 838(1, 123) 776(1, 040)

<{EFARTRERFRE > <307 fE> < 5 HfE>

3 EiH 653(875) 633(848)

F% 30MEHE D 800(1, 072) -
oo F% 25@dH | 775(1,038) -

P
i %%2;%@&ﬁ - 528(708)
[kw (SHP)]|_A % Bt 7 710(952) 528(708)

% BEREE S 667 (894) 528(708)
%S & 7 575(771) 516(692)

52 TOBRT - u =y R EORZEY, 7 T AR EKIED
B AL & U8 Y v 7 IRRE DI b % R frfl & 9281



3 /K K

[D-22 | <i&, [HREom L], Moy to7—27 1
— PR, MEREEEL] oiEd, oy Yy BIHCE 5
ERHM DO LR IEFERIE N L—= v FRREOERIC L S
[eethomtb] &, Ty I YA EICE S X VT
FUARA Y =NVIERIZ LY MR O] & %
HLTW5.

(1) MeedmEE
(i) &) ¥ 7k

[D-288 | 1%, KRefMERED [C28 ] X ) 115kgtdin
LTW5A, REeMEREOMIEA RS AR ¥ 7k
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Fl o TWwWh,

(if)  JfE ol 1LY 01 A ] B IRE P

BEREI T & 0%, FICEERERIC S h A Em oz LT
HDHA, BEEERZT TR FNY ZIRETHRA A N2l
AT 2HIGEIFICD L EN 5.

[C-274 ] o e )7 0] BEIRE R & 5 43 T - 7228,
[D2W | TIZFNTF A3 v ¥ a ryORERIZKY305MICE
ELTwa. Zhut, ZERWEIEROYEOFINGE)IC
IR LR TH 5.

(iii) T AMKEH

[BK117] EMiZeiEo 2 i 228 I BV Tk TAM
DB W THRETH Y, EHIES TE EAY Xy F
D X RIEPICAEE TE W8 5 Fr stk b 4
LT RELRHAERETFXEZHEL T 5.

FEAMEBIR O eI A3H L7z [D-2B] T, [C2
B X ) EWEEE T ORI - 78S BT RE T
HbH. k2 ERE3STC (EBREERE+20T) TH
FE1,829m (6,000ft) D&MTIE, FHESINL EMERD
3,270kg& [C2H!] & JLERL TH60kgdIML TV 5.

(2) 4Oy bOT—%70—KOEH
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Tel. 03-3435-2111 / Fax. 03-3436-3037
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Tel. 078-371-9530 / Fax. 078-371-9568
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Tel. 078-921-1611 / Fax. 078-921-1867
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Tel. 011-281-3500 / Fax. 011-281-3507

Ll
T 980-0021 BRI P 1T H 6 35 %5 RTEW Al A KL 16 B
Tel. 022-261-3611 / Fax. 022-265-2736
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(JREYFINVFT—=X)

Tel. 052-388-2211 / Fax. 052-388-2210

B
T 530-0004 RPFRIHALIX S 3% 2 TH 14 29 % (AR E )
Tel. 06-6344-1271 / Fax. 06-6348-8289
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T 730-0013 Ji B WA BT AT 3HF 33 5 (LB YA A Y 7=V 12 k)
Tel. 082-222-3668 / Fax. 082-222-2229
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(M2 BT — e e L)

Tel. 092-432-9550 / Fax. 092-432-9566
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T 900-0015 MABRIRB AKX 3 TH 21 % 15 (BHE V)
Tel. 098-867-0252 / Fax. 098-864-2606
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15F, Fu-key Bldg., 99 Jen-Ai Road, Section 2, Taipei, Taiwan
Tel. +886-2-2322-1752 / Fax. +886-2-2322-5009
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Kawasaki Heavy Industries (U.S.A.), Inc.
60 East 42nd Street, Suite 2501, New York, NY 10165, U.S.A.
Tel. +1-917-475-1195 / Fax. +1-917-475-1392

Kawasaki Heavy Industries (U.S.A.), Inc. Houston Branch
333 Clay Street, Suite 4310, Houston, TX 77002-4109, U.S.A.
Tel. +1-713-654-8981 / Fax. +1-713-654-8187

Kawasaki do Brasil IndUstria e Comércio Ltda.
Avenida Paulista, 542-6 Andar, Bela Vista, 01310-000, Sao Paulo, S.P., Brazil
Tel. +55-11-3289-2388 / Fax. +55-11-3289-2788

Kawasaki Trading do Brasil Ltda.
Avenida Paulista, 542-7 Andar, Cj. 7, Bela Vista, 01310-000, Sao Paulo, S.P., Brazil
Tel. +55-11-3266-2790 / Fax. +55-11-3266-2853

Kawasaki Heavy Industries (U.K.) Ltd.
4th Floor, 3 St. Helen's Place, London EC3A 6AB, UK.
Tel. +44-20-7588-5222 / Fax. +44-20-7588-5333

Kawasaki Heavy Industries Middle East FZE

Dubai Airport Free Zone, Bldg. 6W, Block-A, Office No.709,
P.O. Box 54878, Dubai, UAE

Tel. +971-4-214-6730 / Fax. +971-4-214-6729

Kawasaki Heavy Industries (Singapore) Pte. Ltd.
6 Battery Road, #23-01, Singapore 049909
Tel. +65-6225-5133 / Fax. +65-6224-9029
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57 B2 T 355
T 504-8710 Il Fe U447 J5U il JITGF Y 1 76
Tel. 058-382-5712 / Fax. 058-382-2981

EHEF—15
T 498-0066 ZHILIRE I 3 T H 20 & 3
Tel. 0567-68-5117 / Fax. 0567-68-5161
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T 490-1445 BHILHEHBERASA S0 7 i 4
Tel. 0567-68-5117 / Fax. 0567-68-5161

HELE
T 650-8670 SLHLIRAN T rp gL XCHONIGENT 3 T H 14 1%
Tel. 078-682-5001 / Fax. 078-682-5503

REIS
T 652-0884 JLHE LA i LR XA L@ 2 T H 13 18 %
Tel. 078-682-3111 / Fax. 078-671-5784

B IS
T 651-2271 SLRE VX =55 2 TH 8 % 1 5
Tel. 078-992-1911 / Fax. 078-992-1910

BEHFE LS
T 651-2239 SCHIELAN VY XTI AR AR 234 i
Tel. 078-991-1133 / Fax. 078-991-3186

HEIS
T 673-8666 JLEEIRDIAT AT 1 3F 1 %
Tel. 078-921-1301 / Fax. 078-924-8654

)l 5
T 675-0112 JEREI It i ~PRI AT 12 L fy s 170
Tel. 079-427-0292 / Fax. 079-427-0556

BETS
T 675-0180 JLHE S i BRRRIE NI I 8 7
Tel. 079-435-2131 / Fax. 079-435-2132

R TS
T 762-8507 7 )INL I i JITGHAT 1 7 o
Tel. 0877-46-1111 / Fax. 0877-46-7006

£ B M

Ny BHER

28th FL, Sathorn Square Office Tower, 98 North Sathorn Road Silom,
Bangrak, Bangkok 10500

Tel. +66-2-163-2839 / Fax. +66-2-163-2841

AE B M

Kawasaki Heavy Industries (India) Private Limited (Headquarters)
Room No: 1777, ITC Maurya, Sardar Patel Marg, Diplomatic Enclave,
New Delhi - 110021, India

Tel. +91-11-4358-3531

Kawasaki Trading (Shanghai) Co., Ltd.

10F, Chong Hing Finance Center 288 Nanjing Road West,
Huangpu District, Shanghai 200003, People's Republic of China
Tel. +86-21-3366-3700 / Fax. +86-21-3366-3701

Kawasaki Heavy Industries Management (Shanghai), Ltd.
10F, Chong Hing Finance Center, 288 Nanjing Road West,
Huangpu District, Shanghai 200003, People's Republic of China
Tel. +86-21-3366-3100 / Fax. +86-21-3366-3108

Kawasaki Heavy Industries Management (Shanghai), Ltd. Beijing Branch
Room No. 2602, China World Office 1,No. 1, Jian Guo Men Wai Avenue,
Beijing 100004, People's Republic of China

Tel. +86-10-6505-1350 / Fax. +86-10-6505-1351

Kawasaki Heavy Indistires Russia LLC

Office 1803 (18th Floor), Entrance 3, Krasnopresnenskaya nab. 12, 123610,
Moscow, Russian Federation

Tel. +7-495-258-2115 / Fax. +7-495-258-2116

KHI (Dalian) Computer Technology Co., Ltd.

Room 205, International Software Service Center, Dalian Software Park,
18 Software Park Road, Dalian, People's Republic of China

Tel. +86-411-8474-8270 / Fax. +86-411-8474-8275
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