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API API API API
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Fiber Channel

F-385: F/A-18E/F

FC-AE 1~2Gbit/sec e

(Block 60)
IEEE 1394b
800Mbit/sec FE5
HSDB JIAWG/F-22
80Mbit/sec

Typhoon
STANAG 39910 Rafael

20Mbit/sec

15538 Very widelyusedin

1Mbps 1Mbit/sec Military Community
100Kbps ARINC 429 Civil Bus Tomado &
100Kbit/sec Sea Harier
Tomado Serial
B4Kkbit/sec
10Kbps
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Dst MAC : 48 bits

Constant field - 32 bits [ Virtual Link Idensifier - 16 bits
|
Sre MAC : 48 bits
Constantfield—24 bits | User_Defined ID~ 16 bits | Interface_ID -3 bits | Constant field -5 bits

0000 0010 0000 0000 0000 0000” | “mnmnmnonpnanmnan” | “mmm® [ 00000"

MAC
Destination
6Bytes

MAC
Source.

6Bytes

P
Header
20 Bytes

UDP
Header
8 Bytes

FG |
12Bytes }

i Preamble | SED

Type
i 7Bytes ElByte

2Bytes

AFDX Payload
1471 Bytes

N
1Byte

FCS
4Bytes

IP Multicasting Addressing Format (destination) : 32 bits
ClassD —dbit | Constantficld— 12 bits | Virtual Link Identifier— 16 bits
“110° | 000011100000” |

IP Unicast Addressing F or unicast destination) 32 bits
Class A — 1bit_| PrivateIP address—7 bits | User Defined ID— 16 bits | PartitionID—8 bits
0 [ “0001010” | “nonn nonn nann none” | spare : 000 Shits

49



* DA(GHIOIE
H "HEPIAE F40]T,
913 A9} AH] AlHERIE 18
A= VLIDE 7LASHT,

) - BAEX] AH|EQ]

=ae 1
7 EUEQ 7
Hr.

VL A7} gt
9] 8HIE el L&

16HE gts 7}

—

OI-)ll

* SAGHIOIE) : &2 & T RUIFIAE FA0lT), 2 t
2O JHIOIE Z0]9] MAC F4AE AEyH SAQ npxjat

QH HIEE= AFDX tof Baly|=

g PR 95 SxE AkgEr

27) MAC QIE{H{|o]~

* HO|ZC @ IP9} UDP ¥ A9 Z5ir}
UDP 3Ho ZE Haol: 28 REE AWsi} Zol=

1~1471H}0]EO]T} Z|TH i‘ﬂﬂO‘ A7](Lmax)= 64~15188}
OJEo0lr},

* $A4] WS (Sequence number) : FH|O]2E F o] 1HIOIE ¢
A W57} 274ELE 0142 VIEE MAC AEojk9] A
oA ERISCE ARSEH £7] gk 00|t} 01% 2557}A]
S7F=H 1014 TrA] S7FiCH

+ 3fY : UDP HO]2=7} 1THIOIERTDY 2 wf F7k=H 1P
olAl= UDP Z=#¢Jo] 4dH Eesh= 7Isk Ut

| 22 15| AFDXQ| 7tA2l3 AH (OflA])

FC(Fibre Channel)

FCE SAN(Storage Area Network)

AEZA] SCSIC] FE Ol

RHAITH

o A gule 48 mEs
<5 OIEW0]AT} 19920
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- _ EXxI|
IMA 718t XHICH SESTIXE AIASY JHet Tk S8F ‘ =8 7 ‘ -

Muto]a2ZA]AEA IBM 5 370 @&7} FCSI(Fibre Channel
Systems Initiative) & 7793111, 1PQ} SCSIQF E2 A9 AISC]
24 Z25E% BEE5 INCITS(International Committee
for Information Technology Standards)Q] 7|& §9JA| T110]
olal FFSIERACE

FCE= 1.0625Gbps, 2.125Gbps, 4.25Gps2] =2 HOEE &
S 471 o &2 HolE WEES 10Gbps7HA] HEE

7
[l
Y

FCO| Z=EZ2 SCSIQF S2tE0] 7|=9] SCSI EFY 9| FAl
£ IUE AREE 4 = ZHE0] U} B4t opEAE Aldst
3, WIAYA (Fault Tolerance) 1t AHAl B3t 71 AlH A%
AUERZ Ade 7oA dff Ehh &, HERA &&e A9
Folt 502 Eoladle & UEHAS ds AotE x4t

71

I~

SIEAA} E41 QIEFH01AR FC7 AEE Algl= F18, Fl6,
E2C, B1BQ] 4l4t B! J#H0]E AlY SOIt} 3] JIAWGY]
HSDB thAlsto] F35/JSFol &8% Tt Fibre Channel
ABCE BEREN FC-0 A5 HOH d&E, AHUH, A8
g 59| 2217 QEHoIA EdE Folsith FC-1 ASe A
FY/0FY, o] Ao], g3 Hojet 22 HE Z2ESE
OI3IT}. FC-2 AES =y 1%, SEA0, A8 3t &
2 T 22EZE Foslit FC-3 A2 HE| =28
=2 Adsty] {18 olekel AlSoltt,

Fibre Channel OsI Layers
Levels

ULP Device Drivers, Operating System

C-4 Application Adaptation between OS and Fibre Channel

3poN Jad
I

FC-3 Presentation Special Services

Session

Exchange, Sequence, Frame
Management

Transport Classes of Service, Flow Control

Network Loop Management per port

3104 Jad

Data Link Encode/Decode Bytes

L] -]
1 K
& -

Physical Media, Transceivers and Connectors

| 72016 | AFDXQ| 7ARRIT AX(0iIA])
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FC-4 A& SCSI, ASM(Anonymous Subscriber Messing),
[P, MIL-STD-15533 &< A9 =2 &S (Upper-Level
Protocol) O1&g|A|0]Mxto] WA FHOJSH,

LD A (Fault Tolerance) AA| 7|&

IMA AlAEIE ZjREoR s A4S mejell 2ad
AT}, WAIEGOol=r st 7HA] = 11 OJA9] AIAE! 7s I1E
Al 87 89 Ve AEHo=E AREY 4 JEs oh= Vs
O=2A] of=glo] & AZEQ0] 7 R4E O]E3HRedundancy)
AL R4 (Reconfiguration) $FOER WIRA 7158
ok Z10] YHHEo|TY,

0|53} 7IHE 7IE oty AIAHIOIE ARBEIRIOH 422
o] 2719 AFAFHTE thaadQl oY AOITE IMA AIAEIE
Yot ¥i2j0] HEE 4= QAOLE IMA AAEISl AL, AFH U
5o 029 Z& H=E URE 52 &) tet ol5s} 7ts
sliz ET]8oR VHol AFHE +ote AR 58 2 &
FE 1 g8 FHoA ts 28589 o[t

O] Qo= QEHOIA TR O|ETHE e 4= ATE A
AFet AFDXE MIL-STD-1553B2} AFSHA QIEIH|0]A K}
Aol 0153} 7IeE 7HKAL ATt Wbk IMA FQ QIHH|0]A
A Al W de st e Al ols3sht 7hset Q1H
#Ho|A7} J1edE|ojop gk Aot

A4 71 Zsho] Ehilsh RE = AFEE SAlskAL
QIEHE, 22 EF0] O]EA|01 ARINC-6539] uHElE 7HE
= g8ol0] e 4 AT} ARINC-6539] IHEIS 7HES
IMA A3 E90] ojEgiA01&0] Zgto] 2ie A< oiEg
OlFE Oj29] Z& LE0 MEESCEHN XEH oz =Y 7]
s2 79 = ALEE GAlsk= ZoIth

EF IMA AIAEIO] LNarad AAIE fJsl DO-2972] HM/FM
(Health Monitoring and Fault Management) 7|'1& A|AlGH
a1 AT

4%t IMA AIAE F61E fl6f olss ' Aitd dAE @
T A2 BT O AIAE B8} HIE 5771
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IMA 7|2t XEMICH SISTIRE AIAE i 71 S8

TI28 2 ARP4T61 715 SHEAAF FA ddo] ordA Wy W
g &5 £2%0] ulet arad dAE vidaior & Zloth

IMA AlAERE FE6t olQ] A7 ARElo] thafa] AEEEOL
ory] =i ga7] AlA +F9] A8A: giCh SHAE %LHOﬂ
A= 8571 IMA 7#30] tist S84t 21d S0l &3], 3
FabA] 2 g7 IHRlE2 ARINC-653 2 IMA 1430] H‘CE
SEAT 8T} IMA FORIAE HE7|E Jids s T
okal QAT

IMA Al2EE S3ERE JAOIA QTtEls thst 7ls
S8t 915l stegolet AZEQ 0] AHUE SRk o &8
g 51 9t} 2E B8 7art HE 7 AAIE 9Jnst
= 22 OJUEZR IMA AIAE F2E 7id 9 AAI6H7] IsiA]
= Z289| BE A AFE AlAE 753 AlAE E6 AHI0]

AHEOR IMA ALY FEES 12t BE &8y 728
A7) Toll Lottt B 7Iss S8 Aol S9E + Ae
AIE gdsior el &, “‘8 H&S 7ol =& A8 AS
A T 7189 SE€=Z21ds BAlE 4 gt 7]

& ok A|AE R0 [}_ H} glom IMA AJAEIQl AA Q|
ElAE Ziolth g, mUjolA DdEAl = IMA A9 4
JH20] KFX, LAH tfg =31 9] 2F 0] SZREAL Al Y
7ol AEO] H7IE 7Itiel Et.

53



- T

JOURNAL OF THE DEFENSE SCIENCE & TECHNOLOGY INFORMATION

[ |
An2e
1, &35, “gZMA} 7|s L™ S8 T SoC Magazine, 2009,
2. NPT HIStE AXIg ‘RE EEY S 7|a9 Y S8 3

IEEE, pp. 300~302, 2011.

. Barry A. Rich, Pafrick J. Lehnerd, James A. Gracia, “Benefits and

Challenges of Integrated Sensor Systems”, Aerospace and Electronics
Conference, NAECON, 352-358 vol.1, 1995

. ARTIST2 Workshop on Integrated Modular Avionics, November 12—13,

2007

. ARNC Report 651—1, “Design Guidance for Integrated Modular

Avionics”, 1997

. SCARLETT, European Commission Project, “Towards the next

generation of Integrated Modular Avionics”, 7th Framework Programme,
2007~1013

. Brain Sutterfield, John A. Hoschette, Paul Anton, “Future Integrated

Modular Avionics for Jet Fighter Mission Computers”, 27th Digital
Avionics Systems Conference, October 26-30, 1008, 2008

. Alex Wilson, “The evolving ARINC 653 standard and it s Application

to IMA” Wind River, 2007

. lan Moir and Allan G, Seabridge, “Military Avionics Systems” Jhon Wiley

& Sons, Lid, 2006
ARINC Specification 664 P7—1, “Aircraft Data Network PART 7 Avionics
Ful-Duplex Switched Ethernet Network”, 2009

. Tiger Wang, Gu Qingfan, ‘Research on Distributed Integrated Modular

Avionics  System Architecture Design and  implementation”,  China
Aeronautical Radio Electronics Research Institute, 2013

Richard L Alena, John P. Ossenfort IV, Kenneth | Laws,
“Communications for Integrated Modular  Avionics”, NASA  Ames
Research Center, 2006

Yonet A. Eracar, “Benefits of LRU-Centric Fibre Channel Testing”,
Teradyne, Inc, 2007

Christopher B. Watkins, “Integrated Modular Avionics: Managing the
Allocation of Shared Intersystem Resources’, 25th Digital Avionics
Systems Conference, 2006

RTCA/DO-297, “Integrated Modular  Avionics  (IMA)  Development
Guidance and Certification Considerations”, 2005

ARINC Specification 653P1-3, “Avionics Application Software Standard
Interface Part 1— Required Services”, 2010

Military Agency for Standardization (MAS), “STANAG-4626—Modular
and Open Avionics Architectures”, NATO, 2004

54



S27|8 FHAERIGIR AIE7|0)
dby Soio|| CfSt 7|2 ZE

—
KAl) SHATHLU2E
M2l OfSH
> 27)0) Ba7l0] H8E YRS SORE TEE|= A

=~

= Z0A A5 0=l AR
g &sfoll tiet I slia B w=al

S0l AISEIAAE, O] Als HAI2

ge7ol Wit e

S Als Al

6_47(—10 /\15 =g
Hat 71= dds Al

SP7] 9l e T E28 @Ytk PRV a7Er o

=
=
A
Ql
gH, S5] AdXl 59 S0 mE Als
S
E

st 01R= g) A £710) A &8 4F
ot BE §37]8 AR A5 (starten) £ Bl
olal AlEEAL ATt Als7le ATE

FEARS A9

o=

71A ol

[EAIZ17] f1et 7141

oURE BEolule SRIE, Xy g357] @5 s vSat

7] 915k Tt Fejol Als717 A
ZIAERIIRE AlSsH] QlsiAe

ST Fo] I718 ¢av|ol AIste

0] Lo, Z7IAERIAES] Als2

S|HAIF oM O]FoITLE SIA| }\]"Q‘E]_L

Fele S wek 327 @71 A1E
EHHl A7) 80 S AE7E B

& AFoliME ARHA] e %%7
710 et 71e% AEE Sdl, o=d dF

S71€ ddsl7] Qe Weks AAlskalx

T

718 7tA

E{RINEI Al THAERIARIS AMEsH= BH79] ARl
NES= o] BajE AJAEloZ 1HE) shiis o

: .
1§ 7I5A17

AN
= 4+ A

e rir

_,

%:6 01-7<7]§‘-_
A157l 9] 7]&
AB7], 371

18 wam AF AIS

st ol A




JOURNAL OF THE DEFENSE SCIENCE & TECHNOLOGY INFORMATION

oo] F712 Ardz BFeP) 9l BRF S AR
7M5517] 91t AlAHOIT, THE ks AR/g7) 83 7148
Hokal7] Sgt ALEIOI) F A2 A7 AE AlZ St
a7 AEaHRIE, A @7 W AN 9ish F3t 9lo] Azl 8]
#o] 7hsalob s, HiE & oIl &) FakE 9ol dat AlAY
u ASE 4 Qojof Bk
AE N2Ble A4 2 B350 dEl A @0 Lol Al Al
S0 7HsSHeg BEot B2 ASio s, 717 2 717 o]

Q] SFHoA 27 A AR Al=(self-sufficient staring

== =
i}

=

capability) 0] 7}solesE, Q5 =8 25 IXR|(F7] 3 2¢t
=5 GA)el Ad g = A glo] ggst 2+=0] 7hsdl
OF Sttt T12]al AR 35 MAlsE Algsh] floll Als Al

He gkg7] g@Al &Xl(on-board unit) 2 TAEH, FHEQ]

A, 971 5 & RoF 20| Q8 A Q4t Elt). ot
Als AIAE A Al Y &4 25 3 Tk 5 28 Q7%
2 BHH0] EQ3H Al QAZ 1, QT = Als7|9 ¥
Bl A7l =710] Hgke ©o] Bh=th
IGNITION
(FOR STARTUP)
COMPRESSED 1 %, ExHausT
ATMOSPHERIC
AR
IFUEL
TORQUEINPUT TORQUE OUTPUT
FROM STARTER TODRIVEN LOAD
AIAE AA] Al FOIHTHE EQ3 A2 Als AIAEC] Hgk
= 7] E5 JHE 8y 1 woll, AIAES] Al=ldo] 7}
& Q561 212E0foF BT
Fl20l 7HE 5719 Als AIANELS OJR} S2 AlS(Secondary

Power System, SPS)2] ¢t AINEIOR AN, AlS7]+= OJR} &
2 AS9 g&7| 710jetA0] FFECE 71E0] AT 7]10jEkA0)
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72 7IAEl

ElAIS7 |2 2 SEof et J1eX EE

BaE Als7IE ga7] 71ojdkao] Fateto] okt didle WA
A7H0] ZAEROM, I £Q3F AL olxl
5l ECS § EHAIS 780] 7ks5H S9itk

RE 7IAHEATEE F4 Y FE 550 31 Sk(idle
speed) & 7HAH, AT ol

S AOIES ARHL AR EL1 28 e-4o] wiet
3™ e z
It £ 24 A9 SIE £5E 100%2 & <

A 28 3™ &L (self-sustaining speed)

k
o
0%,
QL
>,
=)
e
rE
A
0
N
[
o
[
=
>
0,
o Of
e
1p

H
12 |
AN
o
NS

e =2l

Aw)

ZIAEEIARIE AlsSal] QloiAe il BQst S8t
o] Z71E davlof ASotesE AFVIE 7}*7\]715 =l
Qoitt gutsogz ZIAERINEO Als2 Als7]o] olal
Z7|17} g@stozZM AIAEH, 0]& x“?‘r A=7](dual -axial
compressor) AT AL 119 A=7](HP spool) ¥ Als7]0
olall SJEECt Ol 1Y Y¥F7]19 o] AY Y=F7I(LP
spool) HT} 271 uhizofl, At 257 &0 HIsh Als Al
oEAd 4 ok

At AT ZF5E AL AZI0] Sl H, Als7]e= AFo] A
4 3 S O|AHR] EEHole= @% REHOZ JFA|
7{0F ST} TeF Als717} AH 1A
gt ETE AlFsIA g 4%, Azl
LALE ASE[0] Als 7;]0:] 2 o4t

L= hot start7} 2PE Aol

§
.12 e 02

O

> [0 J»

hot starts= AE0] FolEl & ZF &7k ES5235] wii=2A) 7}
SHR Bof wi7Ivks 27t AsRIE 7}01“— Ao,
hung start= AT0] FaFel S0l &5 7I5EA Zop Zd

&5 0512 MEA H= A0, hot startZ 0]01& 4= QICh
etk Als7le A7 SERol #dar nReE, *713“(&111‘
loads or windage) ¥ H7|& A& && 0|7]a1, AZIo] A}
A SE7A] W2 7IEEEE SRS ts EIE Ao
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oIt} S5 €&718 ZIAERIANE 7 Ao HATE ARt
ol Als0] #2E[0joF 5, 0] Als ARME Edst] fist
FAH9] Als7I7F T |’ AddgE Zol.

AZO] =7 L1} 7|ojEA nEEE Als7|7F S50k
Sh= AlgtoH, AToAN ERE sh= sldgat Als7]9 T+
EA9] X7} AIEle] 7k50 AI%%IE}. 0] 0329 = Jst &
7:]7} AE=5H= S ARS 7ESAIZICHAAE 1),

Tlo] RE oh= 3|d f’aE 25} 0% A4 oflRIQ] 712t
13501 Z4510] LA o)A SEofA 00] EITHAIE 2). 0] 31F
S E I 28 A &gkl B2, Als719] B2 glo]
A AR glEg RAE 4~ e SE0lth

O

TORQUE ADDED TO THE ENGINE
T0 OVER COME LOSSES AND TO
ACCELERATE {—-nmmmmmtsmmsr
IN ACCELERATION

F~ STARTER TORQUE
\ DENERD O THE THROTTLE REDUCED TU IDLE
PROPULSION ENGINE
POWER AVALABLE —\\

+

1S LESS TAN STARTER
LOSSES CUTOUT SPEED ENGINE IDLE SPEED,
5 S ABOUT 50% RATED
g 2
S MOTOR TO 10% -20% THEN, THROTTLE INCREASE TO IDLE SPEED INCREASE
PROPULSION ENGINE
TOROUE AVANLABLE AT
e STARTER INTERFACE
1
ENGINE BURNER LIGHTS AT
TORQUE REQD
10 OVER COME ABOUT 10% RATED SPEED

NO POWER IS AVAWABLE
FROM THE ENGINE

5, A gd 28 She AT HRlojA EAach= S0
AE71E Taoly] Yol 2Qst s8I HUF Ag YU
7l =40] gt ZokRl= Ao, ARE 7RAIE 4= e Y
0] 550] gl= AEoIt). Wetk] Als7le A 8Jd £ 0]
THR] AR9] 7152 571 2ol Fasg AlSsity 3/ £k O
Hof AFETHAE 3). Als717t A & AR A2 &
A TR Z1SSH( ™ 2)).
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=AlE U SQ3It
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2ot S20] - @7] mhzoll AlS7Ie
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Pal
18
ol
2
x
H1

IhF

ZIAERIAIRO] Als Exle gEtEos SUSH i, Als2
CHFe Eiol sl o]F0jTLt Als719] Fefet S8 A
3 gE57] 7ol met tEth #8719 B &7 Q4=
fIt e S40] Q7] wizol, AT Als AlZto] 7He &2
Als7] e R A gHlot &ds] e A Als sEe

[ AE77H @78 Zoltk

Exhaust gas Peak starting EGT

temperature - - —

versus time -~ e .
C 2550
N CpRETEY. T EoT

time

Engine attains

idle r.p.m.

£
Starter cuts out
I
Ignition off

Engine attains
self-accelerating speed

!

Ignition N
Engine lights up

on

Carmpressor I.p.0. —=s=gp

Fuel on
l EGT rise indicates light-up

Exhaust gas temperature (EGT) - °C

Starter on Time — seconds ————»
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EXI|
SH71S JPAERIOITI AKS7|0] BN Slof Cfst 71a% ZE =8 7 ‘ -

F2 48 JIAEYAR W HAEEAK] (Auxiliary  Power
Unit, APU)9] A& ol AREEIT

PLANET GEARS

TERMINAL POST SCREWSHAFT

STARTER JAW

OIL SEAL

YOKE AND FIELD
COILS ASSEMBLY NOTE: COLOURS USED FOR CLARITY ON
BRUSHGEAR

ARMATURE ASSEMBLY

| 221 4| Electric Starter — D.C. Electric Motor

Stator Main rotor

Exciter stator

Rotor shaft

| 221 5| Electric Starter — Starter/Generator

7 AIEIE fY 2H dA3 fLEzet As7I7F 28
Hz/AlE7] @alo] Tt Als ESE ddchs ¥ thst
Agt dEE o= ZE7|olet SUXIE Sofl Ao Als EIE
AEeitt, R AlE7le Al 7 3w &4 2 g37]0] A
& {9 A4 (hydraulic accumulator) 25E AIS7|1E 5
aP7] st 582 Sudelh 7Y Adas FAC g7 37

o] AIFY g)7l £O07 {ets EF6Hs &x|0) thet @72
100~1,000in’ 02 3717} RSHEIL} mata] 428 7FAEIARo]
A F2 ARRELL 99 A7) AlIAEL JA7)gR) 98] Ao
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T, AIE A0S £8 A /AE7)7 9 HEg AESE
£ 9 WBRE FEARIL

S7|EEl AlS7|

2718 Als71E [O8 6]3F 20] £F Etl(axial turbine
rotor), &<710], A ¥ & = (drive or output shaft)
O FEHELL Als7Io] 35E 1% S71= HYlE STAIA
£ SHS s, ENIORRE ojn & B2 g4olet
STXIE Soll Ao AEH F+s F& ATARICE A&57]0l=
59 A B3 HY £ 58 A59] Al EEL gﬂﬂi Hﬂg}

AlZIH, A Fet 2ol A B2
£0] EEotH Als7]= O_ﬂx
o, EHAE Soll Als712

r& L
rTo

>~

ﬁ
L%" >
fI

i
N

Exhaust of expanded air

Nozzle guide vanes

Air intet

1% 6| Air Turbine Starte

A&71E &0t flol 3utle A 371 Als7] Yol
BaE|= A7) AlojA] 2ot ZE/ /&bt WH (pressure regulating
and shutoff valve)ol 25l FoJ=]H, AL Als Also] oJa) &
2]1 Al=7] APt S5 (starter cutout speed) o] EE6HH A=
F o7 Yot}

Z7IEE AlE7]E TE Als7]of Hisl 7FHal 7127} Heot
7] wi2ol F #&71e wErlol 71 gel ARREA e
galolH, Oy 7IAHRARE Alssh] Q6 2 ARSEL.

62



S
S

e
o

718 ZIAERIAIT AST|Q] & Sekoll tigt TieX dE

S7IHE AlE7]e E2 dE Alsske 7] Als7]
1/4~17201H, 7] Als719] 280 77he =2 B2
QUL

ditdom As71E 7535k
A | gE7lo) gEkE 2a
9] diKlo] Fa=|o] Ale B
10 (cross bleed or cross feed) AlS71E -
2 gdz70Me 371 8El Als71E 857
718 A8 SYCE FEEE AlE7IehE 9
7l Y AS7IERE STk

0z 40
o X
ok 1o

il

N

¥ 10

roL

oK

15

rlo

Pal

0z

O okl

H o

> SO
¥2 oo

Ol
14
0%
Ral
L H
i
o
2,
Ol
i

e
2
N
|
(.S
I
Oift %
i
Bl
DallE
oo 4> i

o 1
£
)
o

1o
=)
L
i)
>,
ot X

13
M1
o)

ZIAEE AS7|

(1" 719 7IAEE Als7]e RASEHERRL FARSE gE59
A8 ZIAERIATEION, jet fuel starter2% ERICH 7B
ANa7le A AE/8s) Als 2 @Y AlAEE 2 ARgd
(self-contained) AlS7]12 8&57] 7]0JE}A Hi= Xl 7]ofe}
A0 =)o) ARlE FSoitt 28 A Ao, AthES
2 &2 FA dsl =2 82 A3t Als7le eiIcE
TEhe gHgE7Ie 9 o da), AT Fae fIst A
54 HYloZ 8-t

ZEAEE] AlS719] Alse 3 ATIQ] Alsit FAFSHH, AHA|
Als710] olal A 31d S0 TEe m7kA] ZKSEICH et
Foz 7IAEY Als719] A Als7I2 &7] Als719 79
AlS717F ARSEICE AFA| Als710] Qs 7] Als717F AF
S o T2 o 7EAEN Als7]|9] Als | S AIAH
2 ASECE HEFn, 84 2& £ (9F 60,000rpm) 7H] 7k
EITh 7tAaHE AlS717t 7ESEHA] AlS7]9) Bi7 |77 Akt
EYENIE F55610] 3 ARS A 91/ ST7kA] SIFAIRIL
Aol AH A £o] TEEH, Als7]e "R SRE
T =(drive shaft) O2FH AFsZoZ BEa|Hrt.

A5/2L7] A4 A= (fuel-air combustion starter) 9A] 7~
ERIQIRION, AjaE 19 & 3719 SV Ay Ao 5
WA= 2 AlQlohd 7HAaHyl Als719t Z2 FL20[TH[ I 8)).
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O] Als7le 2 27 Hid 5 #5858 g3719 Als7I=
AEEIACE Ade oluxEE AREsto] Al Als dHle) X1
§lO] SS0IM HIE Als 8= ASTIth 45 &719] ol w}
2t AlS Sl7t Ak, 95 S71s dEEoR g5l B
e HAsEERzRE SHE.

FREE-POWER TURBINE

REVERSE FLOW
COMBUSTION SYSTEM.

AIR INTAKE

N
@)»»)_‘_‘_\1‘6\_

S N

| 121 8 | Fuel/Air Combustion Starter

CORDITE CHARGE
BREECH CAP

FIRING

12 9| Triple-breech Cartridge Starter
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(18 9]9] ZFEEX] AlS7](cartridge starter)= 3FoF 14
Ns712% B2, g&7] 71 £719] Z87|0jA] AFEE W
231 5ZHEQl AlS7I0It}, AA 7EAEE7IE WESkL QL
O] Als71= Z71HY Als719F &k WHA]0] RAFSHAIE, Bt
Tsohe SEYCE SIoF0] A4 7IAE ARESIT) & FIEDIA]
As7l= 9E37ILE 9A ¢s tialo] 3 A9 Als E40]
U= 289 sloks ADAIA WS Aa 7iAs HElE S
T& EIE SHAIRICE Fall= 71EERE slekeg AP,
Slefo] =719k ol Olafl AkS AR Als S147} AISHEITH

718 = Als717F et FGEj9) Als717F ARSE7 | STt
(71" 10]9] ZIEQA/SY Als7]e YEtE o2 114 3¢ 35
R 2 AR 7F WXk Z700) Qs Z7] HEl AlsVIE FEc
L}, Als710l &2FE ZHEIRI9] sleto] Ols ZHERA] AlS712
T ARSI

=
-
=
=

NON-RETURN
VALVE
(open)
AIR SUPPLY
TUBE
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impingement) k= &4]0] ARSEICH[IE 11]). X2 S 5
YA = s 59 UE & AZRO] WA Z7]= non-return
WHe} ES 74I4 Aol HEl EHoIEE ZF EFASITY.
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AZRE] MZEC Als AR 38 ST ARlE 715417
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AE Hek E=17F 218 ojof B

ol ¥ 9 I7|E 28 QF ad1 g4 wa} ok
B}EH = »@é:jﬂ} e 9 1x QF XA 9od 28w

£3] Als7l= A7l 3710 98 @tElE 50| RHeEnt o
XH HEFog A}aﬁi e ZIAERIAT AlE719] EFE
(3 1]3} Zrh

AIR TURBINE STARTER

3T 4

2T HYDRAULIC MOTOR

STARTER
CUTOUT SPEED

TORQUE AT ENGINE [NPUT

o
MINIMUM TOROUE
-T REQUIRED BY ENGINE
AT STARTER INPUT
CURVE USED BY PROPULSION /
ENGINE MANUFACTURERS
-2T 4 N '
A4
ENGINE IDLE SPEED
¢ ]
0 N N N an SN
STARTER QUTPUT SPEED (INTO ENGINE)
X]]E]h ]_/\]_1-0 L o2s
&7 Als7 A 7IA0F B2 BFARE0] MAEX] e Flgt

ZA0[al AIFel Als7Iolt) SRR K2 edollx9] Als
Q20| EX B, SR 48 7B Als7]=E A
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olo] Z7] HER Qlall &2t 3719 A|ofo] mHELTh. HEot AlS7]
g 750 129 T7IE d7] HieR A HiEske &
Rlof the o 3% 7] Bl AIS7] 28
SHE2 H7I7ks TsFAol Olof Esit).

A Als s8le Eaotal e 7IAEH Als7]e UE
75~150K(100~200hp) = 7IAERIATOR, &8 A9 &8 Y
=8 O S BI7F =2 AIS7I0ITh Als719] 58 Ao &
gal7] flolide Als719] 75 St &&7] 71087 71AA
Og AZ%7] wzol, =k X0l Aol e AlAHO0]
EQeh ol QI

>

Type Advantages Disadvantages Remark

+ Economicaland Eco-friendly + Poor Efficiency at Low Temp.  + Not Completely Proven

Electric Starter
« EfficientPower Conversion + Used Only for SmallEngines  (F-35 Starter/Generator)
+ Small and Lightweight + Relatively Poor Efficiency
o ] + 6.5 kWrkg (4 hpflb)
AirTurbine Starter  + Versatile and Flexible + Large Bleed Air Ducts
: . *Efficiency: 65~85%
+ Highly Developed + Overboard Exhaust Provisions
+ Self-sufficient Device + No Inherent Backup Starting
Gas Turbine Starter  + High Power to Weight + High Heat Rejection + Called as Jet Fuel Starter

+High Transmission Efficiency + Complexity, Limited Location

+ EfficientPower Conversion * Mincr Leaks are Critical + 8.2 kWikg (5 hp/lb)
Hydraulic Starter ) ) »
+ Preferred for Low Temp. Starting  « Pressurized Hyd. Accumulator  « Efficiency : 90%

Aircrafts Power Sources Starters First Flight
F-15 Combustion Gas JFS 1972
F-16 Combustion Gas JFS 1976

FIA-18 Pneumatic ATS 1978
Rafale Pneumatic ATS 1991
EF2000 Pneumatic ATS 1994
F-22 Pneumatic ATS 1997
F-35 Electric S/IG 2006

« JFS: Jet Fuel Starter +ATS : Air Turbine Starter  + S/G : Starter/Generator
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I 2e A 854 e AEVI0 HEE Als7IE LERY
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CORNERS OF THE

TRADE SPACE

Noise
(cum below Stage 4)

N+1 (2015)™" N+2 (2020)*** N+3 (2025)***
Technology Benefits Technology Benefits Technology Benefits
Relative to a Relative fo a
Single Aisle Reference Large Twin Aisle Reference
Configuration Configuration
-32dB -42dB -71dB

LTO NOx Emissions
(below CAEP 6)

-60%

-15%

better than -75%

Performance
Aircraft Fuel Burn

330

509%™

better than -70%

Performance
Field Length

-33%

-50%

exploit metroplex” concepts

***Technology Readiness

Level for key technologies = 4-6

** Additional gains may be possible through operational improvements

* Concents that enable ontimal use of runwavs at multiole airorts within the metronolitan areas

* =X : Ruben Del Rosario, Rich Wahls, Greg Follen, Nateri Madavan, “Technical

Conference NASA Fundamental Aeronautics Program Subsonic Fixed Wing

Project”,

SNECMAS9] Joint Venture@l CFMA}S] LEAP-X 2 GES}
RR7} 22} 7)2 %91 Open Rotor 10| It} Z2to] Al
Ale a4 CEARE AZ9] HIOJEIAHIE S7HA 28 |
ASALES Adolal 4 352 gileio] @Y HiEEs
kA Bk WAL AR

NASA, 2011
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¥ Z 0 wikipedia

Superior Propulsive Efflency
~ First uitra-high bypass ratio turbofan
MM b«mfﬂ fan design
Advanced materials For durabiity
RMLM airfoll content
rmn Speed LPC and LPT
increasa efficiency of LPC and LPT
Redueod LPC and LPT stages
+ Reduced parts count for mainienance coét savings:
+ Proven operabilty and performance’

Talon X Combustor
mmmﬂ Ted\nology HPC Rndumd NOx emissions
than 50% margin 10 CAEP/S|
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e £ =2 2AE FE&ato] 11 Hulo] 88 o] d0o]
A EgAd Wol FEe IA goEA HOJEAHIE TIE
5~6(CFM56 AIQ) 0A] 10~112 S7IAZHOH 24|t TAPS(Twin
Annular Pre Swirl) Y4718 A& AZ0[C}, olzfsh THE
71&E HEOR 16% 0l149] Aeirs d7 988 BXE o}
a1 o sAl0] BTt =2 A28 85101 2016800 ATE
A ofgolct.,

Model | HIoJTjAH]| =4 dEang &8 o
- (THRE) = (ICAO stage4 CiH]) | (marginto CAEP 6)

LEAP-1A 11:1 24,500~32,900

LEAP-1B 9:1 23,000~28,000 -15% -75% -50%

LEAP-1C 11:1 27,980~30,000
X AT : $f7|m|ciof

Rigid structures

360°double wall
HPC case
‘Performance
retention

i HP Turbine
\ \ | Proven materials
130 aero
Adv. Cooling
Direct-drive 5 Same metal temp.
High bypass ratio B 'S ! L - Fuel burn
« Fuel burn 4 q L « Durability
i HPT Active
Clearance Control
Combustor - Perf. retention
Lean-bum * Perf. restoration
+Low NOx
- Durability

Composites
Fan blades & fan case
 Fuel burn (weight)

+ Durability J HP Compressor
10 Stage
VBV Doors 22:1 pressure ratio

Inward opening + Fuel burn

« Perf. retention - Operability

* Noise

Open Rotor 2IEI

Open Rotor A1F2 BRI E3 HEH
sto|EZ|E FEje] AXCRE dsgs FHoA LS 7|s
2 1 /g 197580 Z7iElo] 1980Etiol NASASF GEZ}
UDF(Unducted Fan)2k= Open Rotor QZIE 7H5I9IOLE
a5 A B 2 w72 s #H0] E01EUCL w7t Al
T2 FHolswA Thls 2ol oMKl Tk F2o] T A
=+ ¢l Open Roto rdlT2 $1ESH= ElEgl AR} 20% O]

Mol GRS WAL, 9% 422 A SRR A8

gl
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%91 ICAO Stage 42T} 15dB 0J4F W01, NOX&E 50% 04}
Bole AE 55X ofal Arh

Open Rotor AT SAxf D&Y S0l oI5t Bl Thsh 95 =
¥ Soto] FRE TSt AV|eE FHES
dl, §d] =2d9] &7|9s}t 85 H Has &
28 A9 Moz Zz2dy Hs9| FFsrt
AT WA SHECE EHsoF oh= AFZO]

power turbine to contra-
rotating assemblies

Contra rotating propellers
Nolse optimised
configuration

Advanced gas turbine Free Power Turbine drives Propeller pitch change

2 spool core based on propellers through mechanism maintains
latest Trent technology transmission system ‘optimum propeller angle
| 121 7| Rolls—Royce Open Rotor 7
* &3 1 HZIE, ‘Open Rotordlal, SBSFARISE 07 25,
KARI, 2011

* =3 2 ‘Open Rotor?ll&l’ SFRFAAESF 9 235,
KARI, 2011

Regenerative Il

ZIAERIZG B =2 dass Bdsty] fldf ategl&ol
=

A F2 HEY)= Regenerative CycleS 28 7IAEHRIN
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ol H&otAt st w30] g Soltt, oA a1y S
Regenerative Cyclee @1} 11Q1QF=7] ARO0] IntercoolerES
Frlelo] =S ES SV 7= J19] Intercooled Core 9l
Rt AR E79] w2 2L9] 7IAE E8610] ¢ay] g+ 3
7] REE E0i5Fe GudV|E FHEoE AXgoEN ds
AREES 7)M5R= W19] Intercooled Recuperated Core Ql
Zlo] RATH.

Thermal Efficiency for Different Engine Cycles

- B B e
Intercooled h [ I
Recuperated —ret = 1 ﬁ
5 LT - Intercooled Intercooled Recuperated
-
c - =
s| -
H @ | )
e - ic [ ‘I
= i L gl
£ 3
2 Conventional Intercooled
=

Conventional

20 100
Overall Pressure Ratio

| 22 9| Conventional vs, Regenerative Cycle H|il

=X : Jorg Sieber, ‘Aero Engine Roadmap 2050". MTU, 2011

Ol Regenrative Cycle AT &5Ust GFHIE 2= 8
oll 7]Z Braton Cycle TJH] 20~30%2] ¢I8ARE AZS B4
gt 4 92 AoF 7|thE Intercooled Core AFE 2025
A], Intercooled Recuperated Core AIEI9] AL 2035E7HA] 7|
= g1 oflgol QU
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7™ A

Heat exchanger

Axial | radial

Heat m:hang«

L.an Premixed

mcllng syslam

combustor

I 5T A Y ?l Hiet 2], &4 gd7l= e A7t A5FE
TIAE{H] FHEt 7ol e 2 &St 7S, Ags) Ues) =2 A
=5t 58 75 B2 8 o) 3471 Q7 E0 o)jst @

Aol Feilo] EAIE F-180] AR S F4041E19] B2 1960

| 8 AN JT90E THH] 50% SEol

.J:o‘]‘t_‘ ?Eﬂi}é_ E@E}

Bz A=
TET=

232 4

Improved Thrust-fo-Weight and Reduced Engine

Envelope

Relative Engine Size At Equal Thrust

1960

79
4.5

[Year
Technolog

Thrust-to-Weight

2000 2020
FA14/F120 VAATE

[ ) 20

| 38 2] 24

* =X 1 M.J.Benzakein, ‘The Future of the Jet Engine’. GEAE. 2006

Engine Technology Improvements
* Reduced Volume

« Reduced Weight

« Improved Fuel Consumption

* Reduced Cost

+ Improved Thrust-to-Weight

« Lowered Acquisition Cost
* Reduced Fuel Burn

« Smaller Spot Factor

« Reduced Vulnerability

FIAEHIIE] B A
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1)=& 1980l 0]% IHPTET (Integrated High Performance
Turbine Engine Technology) ZZ T8 SofiA HEM/HE
A, HEZE/HEARE, 1201 AR A & 371K 39O
2 EFoto] HAEE 549l o4 gEE ZIAETNT Vs
he +SaIRITt. 11 Ay}, HEW AR 4% S8 of S|
= 100% &7h Az 3 FAES HE2 35% 2, U= e
AF AE] €8 mAFY (Air Launched Cruise Missile), F<H]A}
Az A7 S 5uf E7F Vs WRTIe elEHY
HlgiAE] B Payload 100% &7}, F-15 37| & AE7]9)
RS 0k 014 HIg, UAV W4 100% &7} F-18 37
TE STOVL AE7)9] HIgiAZ] 2 Payload &7} S TA|E Q]

=RES BYFHUT

==

_ BHASE| BHASE |l EBHASE Il STATUS
1991 1997 2003

THRUST / WEIGHT RATIO +30% +60% +100% +37%

|

i
COMBUSTOR INLET TEMP +100°F +200°F +400°F | +60F
PRODUCTION COST - -20% <35% | -12%
MAINTENANCE COST - -20% -36% ! &%
SPECIFIC FUEL CONSUMPTION -20% 30% -40% I e
POWER / WEIGHT RATIO +40% +B0 +120% | e83%
PRODUCTION COST - 20% -35% .
MAINTENANCE COST - 20% -35% i 3%
SPECIFIC FUEL CONSUMPTION -20% -30% -40% ! 0%
(STRATEGIC) i
THRUST / AIRFLOW RATIO +35% +70% +100% | w3e%
(TACTICAL SUPERSONIC) i
PRODUCTION COST 30% 45% -60% ! -39%

[ 221 13| HPTET EAE 28
* £ 1 Paul F. Piscopo, ‘Propulsion Technology Partnerships for the New
Millennium: A View from the Pentagon’, Office of Deputy under
Secretary of Defense

EXPENDABLE 1
TURBOPROP [ TURBOSHAFT 1

TURBOFAN | TURBOJET

| 2= 14| HPTET =212 M7 ¢z
* £X] : Paul F. Piscopo, ‘Propulsion Technology Partnerships for the New
Millennium: A View from the Pentagon’, Office of Deputy under

Secretary of Defense
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DR JHAEIRIZI LSS U 7ISH

IHPTET Z20# ST} SAlof| $55C= 0]0j7] VAATE
(Versatile Affordable Advanced Turbine Engines) X2 128
S tHAE AR Y= 2017E7HK] CCI(Capability/Cost Index)
Z 100 AT SAl0) S0lUe e Aade TSekal
T/ 2 RAIES HlES Edche e 532 oAl Ut
VAATE Z=2TH& 57 IAI(ADVENT, HEETE, AATE,
ESSP, CAESAR)E U0] T&iw|al RLom 24249 TA= T

=k 2Tk

ADVENT(ADaptive Versatile ENgine Technology)

E A9 £Q EXS dRARES S thH] 25% £0]|11
12 10% 771 ACE GEOAE HEMIF EHAQ
Eg Z8l6lo] SAEQ ATl ES B QRS sEs
AN 4 g ACRE 7thskal AT

ADVENT Q7o) 7HE2 71&E FREFCQ} HojgiARE Ui
A HEH AZlo] HolilA {2E ottt U Frlele A2=
HIg 0] okt A7 A& BojsiAnIE ZESCEN s
ZHIE £0l= A0] siy] 7]&0lt) &, 0I5 Alofl= F7Fel Hio]
A F2E "ol 8 0|11 £8 ZHA= HoluA &

Z 7§50 BIOJTAHIE S7ICEN WA F4E 7]
Fsete] SRS e 4 Ut T8 ADVENT ARl
Erke Wzt FHEEQ| 3D ZEll V&, 7 4% CMC &
A& M2 AE7Ieses tae Agolth

r

o

ook oz i
o

(R

19 on

Ay}

* £ 1 Werner J.A Dahm, ‘Technology Horizons: Key Air Force
Research Priorities During 2010—2030°, Air Force
Pentagon, 2010
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HEETE(Highly Efficient Embedded Turbine Engine)

HEETE+= 1] 3w9] 38 Alg =2 7o = njgjol ZA|/4
7], g4, Folgdr|of d8d nigAez] 2 +4o] FHoid
g 7Hdele Ae 532 BAERE T8 SO0Ith 15HA oA
FIUAFHIE 2= g5719 0|9t IHetd] gFaes 57t
717] 95l Thermal Management 7|&& 7I&6ks AO=E,
T UYH]E 70:101H O] 25% ST MI84ARSS YAg
ALE LokE 4= o o]9t #eal GE= 20108%:0] &%
218 1=510] AIES 481619}, HEETE 22 1382 E
A2 7]&S ADVENT AZlof] A& Al A5 AeS X
THH] 2016001 5%, 202010+ 10%, 2030E0fl= 20% &4
T Ag AT ojdstal Ut

N4 g ==

[®)

=

| 22 16 | HEETE M& QIZI 7id=

* =X : Daniel E. Thomson, ‘Versatile Affordable Advanced Turbine
Engines Provide Game Changing Capability with Superior
Fuel Efficiency’. AFRL. 2010

AATE(Advanced Affordable Turbine Engine)

AATE= 30000 s &8 7] ARel &8s S8A7I
ASARE, A 2 BE e SHAI7I7] st T2
TRAEQ Ho] BE ATARE 25% dh, F
65% SF&, EAIZE 20% S7F 7N 15% A4
HlE 35% AZoIch
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Ol ?lol GE= 197TdRH 7ias 7ieel o Al 71
Ma71&(CMC, Advanced Power Turbine, Mechanical Systems,
Compact & high-power Combustor, Advanced Compressors)
= Jddishal 208971 7le YES el GEQE ATEC
(Advanced Turbine Engine Company, Honeywell?} PWO)
Joint Venture)OllA1 ZF2} GE3000, HPW30002.2 HHE|0] 7i2k
Fg ZSolTt,

ESSP(Efficient Small Scale Propulsion)

ESSP Z2T1H0] =8 W ARAE1 SEEAMT ORgt
029 ISR(Intelligence, Surveillance and Reconnaissance),
FoIkg7] Jl njAldo) Wi+t BIARIE SV o s 4
AFQl &8 7kAHYl ATlE 7hd6l] Qe 7les YSohs
20|t FAECEE 2 0% B AFA, AF Al @718t
AAE 0)% 7hs, kel Thermal ManagementOl g4
= AE YS6l| Qo =2 YEHIQ} BlolaiAn], lFEESt

== |
71 2 EAE Power Integration 71&£S A &sIaIA} STt

o b
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— Gas Tyrbine Tedhnology

-

~na
-

-

.

T =
s
[] i

— [ [z

," ,'rlnterral Combugtion Eng|ne Technplogy
&
I

Power Density, hp/ib

[Higher Power Density = Lower Sizof Wei

Specific Fuel Consumption, Ib/hp

@er Fuel Consumption = Longer Range |

| 220 18| EESP 53 U ¢IRADE =21
* ZX: Daniel E. Thomson, ‘Versatile Affordable Advanced

Turbine Engines Provide Game Changing Capability
with Superior Fuel Efficiency’. AFRL, 2010

CAESAR(Component And Engine Structural Assessment
Reseach)

CAESAR2 7HAB AIElo] The F1dE50] tiet 22t
71& i EakE Al Aol Bidstod 13 F7EE 5] Qe
Nz W/A=7] ETole | HEl Eglols 59 Z4dgt &2

HAIE Grlst7] fIgt AAI0IC OIF Safl AA| AZIS] Thermal
Managment, QFEA, Al)A, 437 |HIZ(Life Cycle Cost)
g X A5 7iM5k7] {Ist EloJEHOIAE SHGsH] EITh

Compressive Thermal
Stres Lesdng Management
./ S
o Treatment
& i Safety &
Probabliste High Cycle FOD Tolerant Affordable Readiness
Fatigue (iCF) Design Systemn
Prediction & Time of
e — L Cycl
‘ Madel 5
- < CAESA
Relase Thrust Growth
Model
3D Heat Release.
Vibraton Damping Prediction ) .
Coatngs fr HCF — Cruise Efficiency

‘ Joint Air Force/Navy Noise
Affordable Test Bed ™"

| 22 18| CAESAR Z273 JjEe

* Zx|: Daniel E, Thomson, ‘Versatile Affordable Advanced
Turbine Engines Provide Game Changing Capability
with Superior Fuel Efficiency’. AFRL. 2010
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S, HAlOks AE FYIAAl B Y BlE gHOl ozl
= Qs A2 A 7iEs 86| FH6kaL QUK Ko, 2

AL-31 2 RD-33 dIFlo] upgoz 7iEtst
FA FEAZIQN AL-31 HHET XS AA FEE FEHEGH0

Su-30, 35 ¥ 370 ARSE|2l JUCE ESH A7 O]A
510] 7hse ST A7 AL-41 7S ZpEiio
HE 2 Fg ga7] #AZ its 25K Eot

AN
ot gEloto] dlide eRske Weke F2

| 72 20 | AL-3191IRI0] Z2imsty

FHO 78 FFATS RRY}F SNECMAOA] FEstal Q1O
H, AMET(Advanced Military Engine Technology), ASTEC
(Advanced Small Turbine Technology) £0] T2 1S &
SiAl 7170l FRIE 0] SNECMAS] M8 % EUROJETQ)
EJ200 9] & gadzlo] HE%|RIt Ej200 AF 78 41
==, =Y, 2401, 0]gZ|oh o] &= 7St Eurofighterol]
A= AFoH, EurojetAb(RR(Y), MTU(E), ITP(),
Avio(0]))7} 7Ne619 a1 S5 AR (F404, F414, M33)of| HIGHA]

=

duiFez sl A2 BE & 7RI

| 13 21 | EUROJET EJ200I%
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SNECMAQ] M88-2= ZghA git AE70] Azke Adzroz
Eurofighter ZAAAIHOA EESE 2 AV =AF o= el
Ao, AR ZZA0IATE AFEE|LL OFE7HA] Ql=0] &
R &otal oL, fE8 2o FE&at7] fls 0] 20%
71 M88-3= NSt

oot

=2 78 3719 AT F= HAOIZRH SFRo
grom, P=3t TFA QIRE YE ARESIEOLE, 2000 o]F
FH U ZL8ATE AkA| 7Hsto] Akg S0l QUth E=50] F
22 AR 7pdst E71E AR ol WSo HEH ARloR,
Z80] 15,91TH2E (Dry) 2 27 455H25 (Wet) 2 80 7ijgt
2 g5otel, g3710 HEdiXle Kottt 0%, ol
JEEO=2 20008 & SU-270 A% EAf HidAIEE 86t
11, =9] A AEZIQ1 J-10 | J-110] AASIACE Eot F
ol g7 9 nAlY ol €8 7Hs¢t 1,005k EH HEH o
A F2 7ol HIalATt.

Kl

N
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TR JRAEIHIRIZ] JHUSE U T S|

o & =7|(Fan & Compressor)
AAT a8 BEH AT B9 A&Y =2 FHe A

2 5 A=E, WAFTVI0MN =2 gEHIE Q7] I

I
io
N
<o)
ik
g
(i
?
rr
(e
~
i}
i
N
=
10
of
Ny
0%
o
)
rir
=
il
:‘::L,
~

siy7leolet gog 4 Utk
duts o= HIGE HolM 57 129 Ftf 220] 2850]

= ]

et A7t FEURST SAl0) 71 2 A5 Q! oAl 2l
5H= Z|th 120dB~130dB AO]9] AE& W Ol5le] $ZFo=z
AAAZIAA}L sk 77t EdstAl D% Al QUoh

S PW SE0jAE £55 Fan 474 50 §=, 12 4 42
52 FFskel] Qo F2/72/A0] ZAIE EEs THEor &
t EA A (Multidisciplinary Design Optimization, MDO)
1€ EQjohe & BHREM AT AAlo] MDO AAV &S
517] A&kl QLOL} ORI = ZEAERINES MDO 4
& =QloA: Eo] Fokg 4 glom, Aol thst
HEE FESN7 = g2 1S o AdVIeolEg A
ZIAMOIA I F| o] of2gh AREkof] BFALE Zlolkal QAT

0

i

0|
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ok n=it R SOl xS f400] thefat A0k 2 F
7] R R0 JEsts &40 &ot o519t IR0 &F AlA
o] 2o o] Tt AFZE A (stall) I AKX (surge) off &5t
A7t FEs] Y S0l F|Zole AE/ARIC] EG0) thet
A9 A OIE AlofjolHe A77F AIES|al Q). 283
A=7|= 7HH FQl(variable stator) & 28 AZ(multiple
spool) & Sl 28 0] F& F= AT 58H5S HIRZ AL
= WH (bleed valve)E &l a2 HOZ FIAIe &
o] Ao] HHE Ol8ct] AF7|9 & AH) dess FHAI
a1 Ot OFEHR]E A4 ©R19] ZiEEAlof HELL QoM
28 AdiRlof] ZESP 7K F71E0 ASHAE Eed Ao
2 HoIrh

Tol =2 Z8 g3 FOD A &1 2 Q&= Wide-

d}

N
£
2a)
2
rr
0oy
o
al
o7
i
1
Q
=)

GE90-948 GE90-1158 GEnx LEAP GE9X
T77-200ER, 777 177-200LR, -300ER 787, 74748 737 MAK, A320 neo Next-Gen 777
\

1995 2004 2011 2015 cert \ 2018 cert
* Wide chord design * Swept oero » |mproved efficiency 30 woven fiber and * Improved fiber and
» 22 blodes » 22 blodes » Lower Rodius Ratio resin transfer mokd resin system

« 15 biades * Advaneed camber » Thinner girfols
* 18 blodes * 16 blades

* £X] : Hermann Scheugenpflug, ‘Technologies for the next engine

generation’. GE. 2013

FHO g3 A7 YA MTUS Z BfATRD A
45 g 4 9= MMC(Metal Matrix Composites) Blings
(Bladed rings)E At6lal QL.
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| 22 25| Bling (Bladed Ring)
* £ 1 Jorg Henne, ‘Gearing up for High Volume

GTF production’, 2013
TSh AF7] RF £49] oF 1/30] Leakageol 2)5) HAx]
Tizol =EQH ~HOJE A0l X|H0lIM9] Rads E017] #Igt
HHES0] A7 SoIH AlFHIE 2, Y Qg8 A=y el
Multilayer FHE &S5t E2]A3 AR Tandem Configu-
ration2 57| FHA dojet FAE E0le dl 2HHd A2
= OlekEr.

#

Multilayer Coating on BLISK Retors Microstructure of Multilayer Coating

| 22 26 | Multilayer coating

* ZX 1 Jorg Henne, ‘Gearing up for High Volume GTF production’. 2013

re
B>

7 |(Combustor)

71(NOx) ¥ A750] HEHCZ O]F0R|aL Tt T=0]
2Q1M1712 S0i9id= 8 FIsHE Q1 7] 7iEE l6to] 4
A 7s HR==0] Y02 =717} AYske= AlHES
o 7l& 7ol FMs Theto] fofakal QUTt &ehd A
A7) AAE QelixlE NOx, SOx, CO, HC, CO2 59]
SEd A0l EQ0ltt FYkle ARE AR

i
ol
-

liO ol
0ok e

rF F of
I
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=

Al 1,900K9] FAojAle= A4 & 7kA0] CO, NOx HIEE FA]
7F M2 Ak Agko g k2 25, 15ppm Olste] W s 7}
AEZ ZIAERINR JA &E A ¢4 JY9] =EE
O] He] ol FRAZIESE ch= A0] waliZtA viE Ad< ¢
st 7 71250l 2 oItk

E5t ol st el 4] AAIZ|sET ohzt Safjof ofst
Ad7le, AIPEE 0185 ¢147]&, RQL(Rich burn, Quick
mix, Lean burn) ¢47] A7 &7 5 i 47 &84
2 7 HOZ AYst 7|s ZFE O1Fal QUth. ojgA 7id
H AAVIE FE¢ 7IAEEIR P ASATE oflgt Z8
o= F&t HE< Sticke FAI0IER 772 Q] ZIAE
AZ ATHOM = KZal AL7IE JMESH 7EAERE] ATI0] A
o] FFE O Zlo= HOoJW, 7]E9] UTHAQl ALAIAES
AHERSH ZIAERIC 2= AJE RIRJ0] i ofE Ao= oAt

. TEMPERATURE
RANGE FOR —

LOW
EMISSIONS

100 |- —

co

CARBON MONOXIDE, PPmv
3
|
|
o
OXIDES OF NITROGEN, PPmv

o : | i I o
1500 1600 1700 1800 1900 2000 2100
PRIMARY TEMPERATURE, K

T
L

TEMPERATURE RANGE OF

1000K +——— CONVENTIONAL COMBUSTORS

——— 2500K

* EX CHTAYTE ISR, SREZeRMT
2013

el

3

Okl 182 GEQl 47 7je7id 2EOR tiEe &
ZISHAQl A147] 7yt AE Vs o] £EO| BEA QAT
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ocoo — —— oo X =21 T

Combustion technology evolution

DAC 16£90-948) TAPS I (GEnx) TAPS Il iLear) TAPS 1l (GEox)
737 MAK, A320 neo Nesct-Gon 777

777-200€R, 7TTF 787, 7:

= 10M+ flight hours

GE leading in lean combustion in
service experience and technology

| J21 28 | GECQ| ¥A7| 7|&7He 2=
* 27 : Hermann Scheugenpflug, ‘Technologies for the next engine
generation’, GE, 2013

E{gl (Turbine)

ZHAEEIATIC] £ B o shle floiie Bl ¥ 2
o] A&0] EHFoIH nl=, F=, I 5 oflQ] A7 LRIoIN =
Edo|= W2zt 7IHof| RASECE FAFsH0] 1,7100K 0]ad9] 2=
oA &t £8e Hask= gAlo] Ch

« 1,900 High—temperature demonstrator _—
‘18004 Unil(HTDU\].
£ 17004 . L
B0 etiog gt
£ 1,500 S Benefits
z First cooled blade z . of Cooling
g 14004 in airline service ~, o~ cid_
2 1,300 <.
g R
2 1.2007 _—— Material improvements
1,100 Whitle__—%_ "+ = -
| 1 1 1
1940 1950 1960 1970 1980
Entry into service
2300
2200F Uncooled — cooled
furbine turbine Thermal
2100 plades blades barrier }—-
12% - coatings
. [T # Engine TET T
X 18001  w waterial capabilty Tren1700}'§059m5?<0'300
E 1700 *RB211-524-G
5 1600 RB211-524-84 RE211-535-84
; 1500 *RB21 1-524-02
* RB211-22C
e 1400 «  *Spey . : :
1300 Conway - \ SC cast
12001 < > Sors
11001 i DS cast alloys
1000 2 - Darl mn\ conventionally cast alloys
200 Fw1 D""""'?" . Wrought aluys | |
1940 1950 1960 19?0 1980 1990 2000 2010
Year
| 22l 29
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Ie/dgss 2 YAEuE A flelike S7199st
A ges 59 o e 1es EYolt & g4, 1= ¥4
OlM Aks 7hstet g Al ' 2, J2]al EdlolEe] 882
I OleollAl Edflo]=7F FARE 2k 7HsaHAl st7] fiet 2t

8 318 7)& So| Lo
B9 ZHHs B2 Sistol Bl =5 W BEo|c 37
O 44 UG8 PN 91T HFS VI, B |2 24

Aie fIst A K2 44 71s JiEE Sof Bel 9y 2 &
Zojxl9] THst &4l (loss) € TAAIA T} Hot =2 Bl
ATt 20 A 4 e %Eﬂol —‘§= Qoto] 1960EthRE &&
7] AlESE 27] W71 Ald 4001 |t A&SEQ1 71e)
22 Qleko] 2|2 0] Oiiii 7WR] @2 Hilg BRHoR FE
oto] W2 23t =2 E80/=50] 4 STa Y= AFoT.

Bl Egol=0] &8 7kset 1 =Y eha (superalloy)

2R JHEE Qleto] EHOIE 2w gF7] AT JiE £
F2EE R 400] W7 OF 500°F(486°C) ALt SRAE Qo
FX7|e0 HHOR UHEE FAVa=2RH guiet S ' o
24 Fa7Ie= eigd met E4olE= 2%+ 200°F(93°C)
Ol2} A&sto] I8 2 gulE 4Ho| ovlf Bk SVttt 9
A5 11 FA7e AFZEE e S0t 4o] wefoz
191 BAE MARtC=MN eEE S7I6HA she A0jal ©E
8 F7ee Be 4eko |19l BAIE AR EN sEE
&7I6H sh= 710l

Edjo|= THOIAQ] AlSkE QIst &Aks WK ] Flal A EH
X8 (TBC, Thermal Barrier Coating) 7|2 Aluminide
£ ARE35H0] 1970 Sitol] A&at7] Alaket OJS= 1980ETh
=t 0|2 R He AlztdE 7HteE ot 7|a2 ZIskelRirt. A2t
o] 7jato] ARt AE WAl APS(Air Plasma Spray)OflA]
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FADEC(Full Authority Digital Engine Control)
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- Fuel, Variable Geometry (CPU, /O Circuit, Power Cln:ull Memory Communication, etc)
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N SLO=RYH L7t AN £Es AlE
St O] 3z 1289 A& QES B AEjo]
[BRR=Y Y S R

| 721 2| Dhanush 155mm 45 AR 7401 AL

0

Ol ST 19808 Bofors = 0=
2 XE FYst Fo| gith o] A9dist =
ABEZ} 7224 (Kargil) DEolA 11 918
2 YETOL, ojFol= o8] HE0] HE
8ff The x9] REs =tUe 5788
(FgE) o2 7HA13] 2838 gt Ald
104 &t o] JHofl 27 218 S3E(FEHY)
79 =30] AR SoptHA =iEE=
nHE 71E glojXA §okollA] &8 wlal
OFBof| ozt = A&e QEJACH

SIA} Dhanush ZARE AJAIE 6520] AR
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TR0t Defexpooix] FAJE A 014 ¥
M 7HEF AIAIZOILE. Dhanushs= 155mm/45
TEEoIH, EL10] o] F[thAFARIZE T
Art Ax) Qe =|0] #E ARl FARE
+ Bofors 155mn 39 7EECZ, 5 R&
AAZIZE 27knQ1E] Dhanushs 38kn7HA]
HAke 4= QUCh

Dhanushi= F2 F&E1 950 =9
W Aks A AAE FEEo] otk
St AR T2H Dhanushs Y 8
2 WA & Q= BHH, Boforse 1489
3dto] MRIEEE 71R|31 YL} Dhanushs=
Ats AH SR X1 2541 Itk

Ol =i 7]H(DRDO)7F F°
AXHMBT) Arjun MK-1 RFE 7S
= AIEFeE 130m AR (EEH)E S7Het
AL} DRDO 4l Q1401 FSEARE oA+
7R3 L4 (Combat  Vehicles Research
and Development Establishment, CV
RDE)”7} 70EFst Arjun Catapult 3= AA
£ 130m (SP) M-46 X AAL} Arjun
MBT 7|s AAIQ] I 7Ies AHERICH

Catapult Mk II+= XH A= 25
x5t 889 SFA 80| 7ksolth AR
STANAG 4509 ¢ @57t o, =
HOIEC=E 7.62m 7B} B 3,000 2
£ Axstal ULt E=SE Arjun MK-19]
1,400} MTU &R} Renk HE7|2 T+
HE 9EE FASH SEHE MEC
2 &9 U 5 Hle 25.9018/E0Jth

2

Arjun Catapult 3 FA7} 130mm (SP)
M-46 3= AAILL T Arjun MBT 75
AAC] et 7lgg 245 B0 284
oAl ol st =2 7lsd, dQst
s 58 4% A AAE ASsith
Catapult= 130mm 29| $EE AEAIA
ZOZ2R Vijayanta Catapult & HS
Stal Q= 271 oAthel 2= thAI= Qlal 2
oh= FEEoIL S50 QTANES
SEANA FL.

% S AREEE 201248 580 A
Al AFE Fulsto] DRDOS| Z=FE
7h2Hl 7H Al&sHA ojFofdl Ae= &
& T} Arjun Catapult O] A OFA 7
HAIEE A 2012 11€0] OJFof&lL.

IR AAIQ} OFA] &H] &= F7Fet 7
0] thall 2013 78 31YFE] 8 1327}
A 718 Alge East Alde AASIT
CVRDEE 28X+ B7} Algl& Catapult &
Al SF thE 7H3ATE. o] AAlof thet oFd
28 7HGeneral Staff Qualitative Re-
quirements, GSQR) AlglS Z}AIAERS]
Pokharan OFQ] AFAZMOIA] 4~58 717H0
OlF0jd ZCe& HOo|H Catapult AAO]
S50} Q& Arjun MK-II MBTQ] A2
£ 4 7Ix] 7I5EGSQR Algl 717t ol
7 ofgoltt.
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oF OFFy WoAdE g 4
Arjun Catapults= HT} L& oM
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Al AT 2EA H
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A0l SH FHof| ZEst =248 ols4]

b I

105mn OFAIE Garuda-105 AJAIZE A0

W ¥ AEH KalyaniAlk= T-72 B7]&,
2} AL Bk Ao, & 8 H XS 2
FQ BEE F1FCE Jgotal e
olfst AHI9] A 47} OEM ¥l
sff Fg%al Ak
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(@ Army Recognition

A Wb gulo] &2Fe Garudals
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M7 10 XIS AJH

MIA| 10TH Ki==2 274

Archer AFp3E, Donar AR, PzH
2000 ARRiE 51 22 Uiy AiEe =
2 XA 7|sHe AGEe=EN 2l
o] 85 9g< ofal Utk

0]=29] Global Defence TechnologyAl
7t 33t AMAE] 5 g5 EdE 7IR2
5t0] A AlA &%) 1059] AFEE T
g 7HIE AIOJEQ] Army-technology.
como] A7NSFALE.

O|=%, ARCHER FH 77 BW L52 X524

BAE SystemsAbZ} 7Rt 155m, -4
52 Archer AIF3Es AL HITHO] Q&=
YA ¥ ol=sx8e BHEe 4 k. 2 8t
e AR et nigf @7 EdS
UEAT = 9= Qs AlA FIal A5
FAE & st =

E ZEAAC] EA 6X6 Volvo A&
‘B2 AR (articulated vehicle)’ o] 7]

= IEERE 7IEEEAE W e YR

sHolgie) |

o1 E AksSFeh 155mn/L52 S,
‘A Ho] FEEX]| (Remotely Controlled
Weapon Station, RCWS)’ 2 7AE]0] Q1
T} 2 358Y 2182 35 g ¢
Qom, Fgt Axild B FURE EoRS
28l610] 15ome] e B AFEE 4= QT

Archer AAlE A XPSAAAE &
&olo] 2&atH, FItHAEAZIZE 50kmOITH,
TSt AL Eto] Tt EHEst FesEs
ZIR|AL QITh A SHEHAES EEO] T,
A=, ‘- 4ESt SR (Nuclear, Biolo-
gical and Chemical, NBC)" @O=E
H &5 dsotes dAERITE 2 A
A AFAE HERIAL LHE B 40% OJLio]
ARE olsg 4= Ut} A2 11%9] 7]
=40] R10] Z|th S=7} T0kn/hOlH, F3Y
2= 500kmO|T},

o =
s =

=<, DONAR X}FiL

185



JOURNAL OF THE DEFENSE SCIENCE & TECHNOLOGY INFORMATION

=92 Krauss-Maffei Wegmann(KMW)
AP} 7iESt DONAR AIFE HES Ge-
neral Dynamics European Land Sys-
tems (GDELS)AP} &23H= ASCOD 2
HEWAERE Aol 7ike & 1EE
THSFEl 155mm AFEEZAFZOICY,

DONAR AAl= 0l&do] £ =
Qo e AhsskE A HEs SEee
2R ASEHQ 2 g MER BAZ
20| SR & AAe S80] 36to/H, ©
SO BloF 308k FREY 145715
g 4= AT}, Z|thAAS]E 40kn OJ&0]
3, B o= AFEE o QAT ARAR] A
ges AEY 4% 2ItAASE Sokn7t
A Age 4~ rh

Acte SREAe 45, 2EO] 3t
¥, 9AZEL NBC YEOREE 289 &
Foe gssit) 2 ZE2 sfojlEgt &
A SPHAR] 9 GPS, AFSAFAERIAA,
s 8 9 BEAA 52 24531 Utk
DONAR #Al= #3145 60kn/ho]al, F]
o Z8712] 500knOICt,

=

PzH 2000 AEE 1T 2 71=40] 9
= 155m/L52 SPEAAIZRA 59 S0
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2 KMWAPF 7iEsHact PzH 2000 A
Z Aejelmer ozt HitjEE gRe
RS 4 = 522 FhEo=R Ao
A 7Fe SaHERl AL F SOl o
FH7FR] 3304 01A+9] PzH 2000 AAI7} 474
9] NATO 3= =7I= QIEHRACH

O] AFrie 50| 570, 554 53
O] E&olal, UFate eof o0t 7
FoF 2HE B o Utk & A=
HAA, SPHAA, AHEA BFHE 25
3l o, APAZE S6kn0H HARS L=
Het 8~102Ho]ct

PzH 2000 A2 LA AIEEHIAA
(Built-In Test Equipment, BITE) & &
Skelal o, ‘TH =A] EFE (Multiple
Rounds Simultaneous Impact, MRSI)’
HEE A 4 Ao 20 FEARE
420kmOIC},

o

CAESAR Ap3E+= Nexter SystemsAt
7} Ak SUHRIQ1 AR AAIZA BF
A, ThEEAE, Siohito] Al oR 17

o} 2 7IGEIES AY¥si) & AAE 2
£ NATO 155mn FFEHS AFEE 4= Tk
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Clolztd]o}f, Efi=, QILEUAIOF §+20] &
otal UCH ESH TEA S OF7HLA
B U gHR=04] CAESAR ARFEEE A
FOoZ Hix]- &0l YA 2
oo, ‘APAZ| I EHExtended Range
Full Bore, ERFB)’ O&2 AMAE A AFA
2|7} 2knOlH, ZAEOZ ALAE AL 3
CHARAZIZ} 50km O]AYO] EIC}

CAESAR AAI9] FUsHE SsFANE
STANAG 4569 45 25 Yo E Al=oh,
T 2a 2 2bE 2 A SR 8%
ole A= ¥ FEZUEZX] (Improvised
Explosive Device, IED)” &5 % 7F=sa}
Tt 3bEe= 6x6 EY Rjo] AX|E0]
C130 571 olgato] &, J57F 7}
SolLt,
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AZA S0 QTR AE FFAFI7] ¢
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g OIBC= 6] Wikotal ATt il
= K2 1999E0] F|x9] K9 FAE QI
$519 O, 2016E74A] 1,000 O149] =
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MIA| 10CH XEEZE ATH

KO AA0] A2 155m/7E52 ZARE
+ FARAZ] 41knOH, Y 6219] A}
HLE AMH0] 7hss6t0] 275t SlEe Al
ST} &St K10 ‘BRI RN Ammu-
nition Resupply Vehicle, ARV) + K9 A}
FAE Aolr] Flal & Aksste de
Elo} 21t AHoRE 8%

K9 Thunder FAl= 1,0000s &85t
= MTU MT &1 Ka-500 87|15, 54
DEIRIoZ 58 Sg9=tt. ost 5
TAAIE ARBSOZH F|11&Es 67kn/h
ol Z[thdAel= 480knOICt,

Nora-B/52 ®AE ALY 155mn/L52 A
I JAREEA] AIZH|0} 270] 28 52
25 shEAAIE thAleE] 2ol Yugo-
import SDPRAPZ} A4BHCEH & AlAl= 7H
dy fR=2 Qlall A& Q7 Ao W
gt SIRAAIE S§E 4= Utk

NIZH|0} S22 2007E0] NORA-B/52
AA RES FE2 Q8L B Slis
S5t mjekt, ALy, WagtdiAl o= 0l
EEQTE 2 A=AlEes Be NATO
155m TFERFE BY 040 HRIEER
AHE 4= QITE B AlAle APAREE -
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Base Bleed, ERFB-BB)’ Efoks ALESHO]
Dkn OlUoll A= BHS BHEE 4 Ch
NORA-B/52 AFFEAbEE Aks &EE
RE 2541 AU FgskE Al a5
AH4, e abE, AJ=lo] tiet S E AlS
Sh}, 2 &A= FAP 8x8 OFRIEH xltol
AXEH FthEee 80~100kn/hoICt,

Zal= KRAB 155mm XX

| 22 7| KRAB 155mm X}Z=X

KRAB 155m AR SHE 72 Q5]
Huta Stalowa WolaAl7} 7HESICE & Al
e EE ASuARY, KB4, & QAR
2 7ASRRE wtsh ] fla ARSEICE

B SIEAAE BE NATO 155m FEE
O AT £ Q= 156m/L52 JAPEE
SeRICE 2 AAE T3t ZZKO TOPAZ
AAEAAA, 12.7m 7125, Aurer 2t
7] 52 201 Uk KRAB AR HARES
40kn OJH9] &S Y 09| HE AL
£2 g 4+ ok

2 SZAAE S12-U $34], EJHAA
(turbocharged) TJAAZOZ 2.000rpmo]
A1 Z|t 625K10] 58S ST ST
© 60kn/hOJH, E|ThEAE]= 650knOIT
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2{A|0}, ATMOS 155mm XpF=IE

g 8| ATMOS 155mm XfF=iE

ATMOS(Autonomous Truck Mounted
howitzer System) AFF=APLE Elbit
SystemsAl7} AAFsH Z=E5FSE 155m A}
FxHHAOLEL & AAle @ed Ao
2ol AAl TR0 e Ay, FAL
Adl, IER 7IEE e ZHAAOICH
ATMOS AF3Atze HEs] A= <
off oA =& =°¢ et Egol sug
o ATk

2 AAE AAZ 41knQ] FES 74 52
NATO 3z StZAAE Sglolal Lo,
s FEER = dde of 29 589 H
= SRR AHEE 4 At

ATMOS shzAAlE Wad dAEHIE
ZE301 Qo] sHEat Feie g S7HAIFICH
H AAE 6X6 = 8X8 & Sl 282 &
°l 71840] &2 ojust Efk S§0]
7¥sotal, BEEH0] e sFE 3 &
Ho HijXE FHIoHES 7HE6H0] ShEA]

AE dxIg + ATk
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MIIEZ2, Primus XEE

| 22! 9| Primus XI=E

27122 Primus ARR2E(SSPHD) & 155m
EHAAZA A7IEE =(Singapore
Armed Forces, SAF)’, ¥4hsl7|ed
(Defence Science & Technology Agency,
DSTA), 2J7}3E2 Technologies Kinetics
(ST Kinetics) AP} 1996 =0 350F2
JHERICY, 2 Al AAIoA 7V B9
3974 ARRREAA O,

AP71EE Primus A2E(SSPH1) = 2002\
o] AVEL= 0] 8= 7HA6lol, oA Al
21 A7brE ZEuti7t 28atal Utk
2 AAle B9 2o gAY oo,
28 224 3027 AFEE 4 Ut 2
AMAZE ‘AMAE] QFE & ARSE B9
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2 IAEEAAE 55T S3eFgA
AFSAHEERRA, 7.620m 718E 52 &
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GD HMPT-500-3EC ¥H&71S YAllehal
QLOom, F| A& S0kn/ho]al, T2
+ 350kmO]C},

O|=2, Paladin M109A6 PIM X}

121 10 | MI09A6 PIM XIZF=IE

Paladin M109A6 PIM(Paladin Integrated
Management) A2 BAE SystemsAH7}
RSt M109 AlY EHEAA S F4l A7
oI}, & MI109A6 PIM AARE 71E M109
A6 Paladin AR} MO92A2 OFFIEH
EIOFR|2xIZF(Field Artillery Ammunition
Support Vehicle, FAASV)9] MsS SFAt
A7l Aotk

Paladin M109A6 PIM AEEE+E O] St
O] HRslal A= AAl oA 7eFo=z
ZEY AF2EAA 0, 71E ZHAA
o EE Y SRAIAI A&-1)t MEY
2 S7IRI SithA] HEEo= thAleh A
o[tk

MI109A6 PIM A= Ay 7iEE
HEA H AHEEAAAE 2541 o] &
ORZtoll AMAO] 7hssltt. Z|thAEAR= 30
knOlH, B8 489] AHSEE 28T ¢
ACH &bl ZEE A eoonrs AEle
Al olknghs ZISEE ASEOEA
‘AFA Z 216 A WS (shoot and
scoot) sHe HADITY,

oot

£X{ army—technology.com (2014, 2. 20.)
(The 10 most effective self propelled artillery)

189

st 2oors =2 | [



JOURNAL OF THE DEFENSE SCIENCE & TECHNOLOGY INFORMATION

TEIO o} MY B2 2T
Kol FHPoLt BES Ak B
£ oulshet), £27ll= AL ojz)Fol
U w43 50 714842 Wotsk] 915
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32| QFE gy & HieEE 7IECE Al
A 2Z 1= 1082 270690k

DDG 1000 Zumwaltg 7=+ 1] &l
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Ho PSSOl AYA 7]s0] BA
T QIO 30ktse] =2 SofiohH A
oF A-EEAnt oLt T, theteee | of
S e 4= QAT
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Atagog T=&

10,00020] Y& UAuiedEyt s
00EE +E ¢ Ae L& AL
(Japan Maritime Self-Defence Force,
JMSDF)9] Atagogd FT HOANY =8
2 AIAA 7He & 9] 758 & St
LIoIth, Atagoge Kongog9] HAE &
EfOIH, FEL 165mOJLt.,

A Atagog 75! Atago(DDG-177)
+ 2007 38 FY9GIH O, 2248k Ashi-
gara(DDG-178)& 2008 320] F51%4C)

ol
o/ =2

|22 2| Alagog 7158

Atagow TESC 7] AAlE OlKA
B AA, Mk-41 SAZARR (VLS), 20mn
ShE 28, Mark 45 Mod 4 127mm €2, T)
SRR 034 3017 Ol ARICE 1
Tlo] QIth A7) 10 =gto] 7hsstal A
JE ZEE0 QUUE JEAER] F2 WA oF
Fth &= 30ktsOIT.

MEtHE= olx|A F=et

DDH-IIICZ2 % T ASthes 75
gk fighel=t slito] 28t A= 35
O] RLE Fz 1158 & /1A FAI9]
Z3loIt}, O] DDH-IIIF &8k sk

= ot gt & 718 & FEEoH 0l
A WE AAE "Aist st 58017
T ofth 2t ®|gkol vhfHlaEk 10,0002
ol &x¢ 30080] §58 4= It DD
H-1II 7582 oY &ds et o=g
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ol MEtESE olRA & dts
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NIENST 758 Mk-45 Mod 4 3
1%, Goalkeeper TR |AIA| (Close-
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TEL O 24 9 ojF]E EAiekal /e
H, 2tie] &) #elo] 7hsalt), 2t &
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Gas Turbine) HA4]O% FHIETH
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Kee Lung® (T KIDDE) =82 MA
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r}. 05 FEEE 200587 200081 AHO]0]]
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Qlsto] AXEAOH, THRHi=EFO] 9,500
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