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13 10. Turboprop Engine (Garrett, TPE 331)
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Source* Sector

Greenhouse gas

Coa CO2
25% 2ol 76%

26)

23 21, 20109 7+ &E T A A7t~ wjE e

o ACARE & EU Clean sky : 2000 wi&¥ 7]+ 20200 3 AA20
- Qkm & 985 AR W CO2 Ml&%F 50% A
- NOx =% 80% %4
- 2912} 4(perceived noise) 50% 7+~
- CO2 M&%F 50% A4 A FF7] &8 20~25% S7F AW Z& 15-20% 7 FF
oF &g 5~10% S7F

o FAA CLEEN (Continuous Lower Emissions, Energy, and Noise) Program28
- 2003 A4 ¥ The Stage 4 standard 7]F A& 32dB T4
- 20043 ICAO°|A A|A"=A CAEP 6 7]+ LTO (landing and takeoff cycle) NOx v} =&
60% 74

- @A oleS ¥ Ve VE A8 AR 33% A

o NASA ERA (The Environmentally Responsible Aviation) : 20093 A%, 20253 = 3£29
A 8% s

F 10% T4

%1 SFC (specific fuel consumption) 15% #+4

< 1/8 A&

ot
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26) World GFG Emissions Flow Chart 2010, ECOFYS, 2013.
27) Clean sky homepage (http://www.cleansky.eu/)
28) FAA homepage (http://www.faa.gov/)

29) NASA homepage (http://www.aeronautics.nasa.gov/)
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Growth Rate

16%

12% -

Passenger
Air Traffic

8%
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ommercial Aircraft Market Forecast 2012-2031, Bombardier
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{Milions of Dollars) 2008 2009 2010 2011 2012(P)
TOTAL IMPORTS $37,694 $25,132 $26,351 $29,573 $31,933
Aircraft $12,480 $9,299 $9,041 $10,025 $9,201
Military 5156 0.4 61.7 124.4 1371
Civil 12,428 9,299 8,979 9,900 9,064
Transports 6,460 4,955 3,258 4,972 4,242
General Aviation 4,066 2,337 2,191 2,667 2,494
Helicopters 1,143 833 &38 896 1,106
Other* 758 1,173 2,692 1,365 1,222
Aireraft Engines 4,328 3,752 3,799 4,1 4,998
Turbine 4,195 3,616 3,700 4,035 4,943
Fiston 133 136 99 66 55
Aircraft and Engine Parts 19,989 11,383 12,498 14,293 16,694

Spacecraft, Missiles,
Rockets, and Parts 896 698 1,013 1,154 1,041

Scurce: Aarozpace Industries Azsociation. bazed on data om the LS. Dispartment of Commene and Econcmic Consuting Sanios.
Piotes: Tport data noucs non-Ti-Ery BT BN 0nd DIDSPA0S DIOGUCE Prveusly eXporied from T Unvied Siztes
Total may not equal Cum of tmE due 10 munding.

2 Inciudec uzad sroraf gidws. baleons ad arhgs
P Proimanary

a9 3. N FFSFNY Y A%

@ v= FEeFad 5 A2

o mEe] FFFFAY FEE YRR I Hopol AT

o e BT A £EL sL2EHW Aol )

(Milons of Dollars) 2008 2009 20mo o 20124F) Miong of Dollors) 2008 2009 2010 201
TOTAL EXPORTS $96,082 $81,166 $77.603 $85. %26 356,460 TOTAL EXFORTS §05,082 581,166 $77.503 $85.325
TOTAL CIVIL EXPORTS 582264 S70,500 $67,128 STE.2T6 B TOTAL MILITARY EXPORTS 2,519 $10,666 §10376 $10,061
Complete Alrcraft o [1+] o o) Complote Aircraft 4521 2235
Transpons 1.548 276

300 520

230 208

S0 <]
Cthvar fircradt 152 228 2 2
Alreraft Engines Alrcraft Engines 42 517 87 4TH
i Turbing 344 ag1 a1 387
Pizson Pisten a0 187 a8
Arer,
Inciuding 831 8128 BAD4 8242
Missios, Rockets & Pans 25 1,425 1.500 174
Spacecraf, Satelites & Pans 535 30 189 33

e Y

41) 2012 Year-end review and forecast, AIA
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o)A ql 7 (Deltahawk Upright V-4 Diesel DH200V4)3} 7}<& & Al % (Lycoming 10-360 A
Series)] A S4HIES M ANE BY JAANE FAF ABolE BT
1 EEHEE BRRE At HEREERNS BAFH S

3 16 7FEHAR vs. HANZ: 2000hr TBO 7] &8H] & HlW

v s | PO |
Overhaul cost ~$15,000 $7,500 $22,500
Fuel cost $82,600 $43,200 $125,300
8 spark plugs* 0 $2,000 $2,000
En el R Ry $97,600 $52,700 $150,300

* 2004 ekt A (7 §25.00)

O

e}

NAEAD FF)

- =

A&

HEAAS BH 19999 1,801tH(4408 7E )l A] 2006Lﬂ°ﬂ%
2,7550H (857 ¥k %}Fﬂ o5t ont 20120l 1,054th(428W 5k Zeh2 FAd e
g Aol 2714 ﬂ%ﬂﬂﬂr FAHE 2 F de 71<0] 7Hmﬂ7<l %
g FaE 34 7H*dﬂ7l ol AU

Fll‘ F

2010@ A v]FoA &8FH = IJ2ET|= 1554190121 Ol% kel 2171 7F 139,519
o, 2z 7]17F 15,900t ol §5E 2= Ji9lE 114,059, =Y 2~§ 17,5720, o
S8 =2 12,508th7F A8t Air Taxi 852 2,295t 7} %P*‘lﬂ A+

s}

ole] i Fo WAE FFV)] GELAAT FaHTL HF

43) GAMA, 2012 Statistical Databook & Industry Outlook



® 17 H2EFE7S FEA Ay
2 N 2%
(2000-12) 2012-18 | 2019-21 | 2022-31 Al
Cessna Aircraft
2915 1,814 1,035 3,034 5,883
172S Skyhawk SP
biamond Aircraft 1575 1043 522 1,667 3.232
200HP DA-40 ) ) ,
o) 3}
6.5% Aviat Aircraft A-1B
D70 268 248 113 384 745
Huskey
7] e} 933 495 1,521 2,949
AA 4,038 2,165 6,606 12,809
Cessna 182T
1693 1,417 738 2,295 4,450
Skylane
Cirrus Aircraft Cirrus 9157 638 167 1070 5075
ol 3
Pacific Aerospace
6.5% TP 95 35 138 268
CT-4E Airtrainer
71} 200 95 314 609
| 2,350 1,235 3,818 7,403
Cirrus Aircraft Cirrus
247 2,005 990 3,119 6,114
SR-22T
Cessna Aircraft
300 Company 206H 275 639 310 988 1,937
HP . .
Stationair
o]/g-
4.13% Diamond Aircraft
: ) 665 617 357 1,014 1,988
Industries DA-42
7] e} 1,190 553 1,815 3,558
) 4,451 2,210 6,936 13,597
A 42,085 10,839 5,610 17,360 33,809
o WrE FF7E gRE thdlolng A5 Ao Y FoE A FFI &
oF XFa B 7 5. mEbA] 9 %9 U] FoAWE Z FFr] Azl
3 FeAWoR NFY & Jov FH 4% NFE FoF By A4 A
TFoE OS 5og F A= (OIF 3609

44) ‘Forecast International, 2012" 2] 2012-2021 AWX|S 2038A7X] AA
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15 4 Ea= o] B
YoM = vTY FHES TAHSZ 197090 FH dF8 2 AHE 7FAERIAR 9
=5 Wzt AA Z A, APQHLE P8 st e, Ha e Vles
BR3al & o9 gEe] A5 2 88 /MAd 5 X84 18388 A3 AA NS
f3ted A&EHQ AFAYE FAE S U=
n] =& General Electric, Pratt&Whitney, Honeywell SollA g8 72~ RARe] A
A, A& & BT FokllA AA Hie 7& 55 Bt s =S S8
74%-, General Electric, Solar Turbines, Inc. 5°| Hi 7|&FFo=2 T4 58
HE ZFERIAR A A T2 A AFES AT S

49 4%, Rolls-Royce(¥=, =), ABB(ZH, 292), Turbomeca(F¥),
Siemens(5¥) &9 HAZF Hie red& B3t o, ZF2ERIQIR Y@zt
< /M 9 AFH7E o ALEHA AFME BFAE st U=

PEL2 MIPA T SLFAEA 1980 °l 301'0%‘ L 2O R e = R R RS
EANLES 93 ATE ANEH o7 FFPste] 211 9lom, Honda, Mitsubishi Heavy
Industries, Ltd. 5] vl= & AX0GA <} 71%—3—% Mts 3 524 AAVIeS &
Halds. A 294 52 /MEdzls S8 e A 1= 2 AHE gUE A

g5 3 A



- JbzEN AR &S B ATAE A BAG slEolH, 27 GANA
kel ATl Aol SwAF ook HFF 5 Uk /&Y.

o FF 209 B A AAHOE 50=Ue] Yok 11400074 Aol Y o,
1 2Ew olste] A& ofF 50,0007 8 4. Iy olF Tz &4t

W 4z Agol BAE Ao dAR.(1Y 37, 3B

B Passenger M Freighters = Business Jets

75,000 Ib
45,000-75,000 |b
22,000-45,000 |b

10,000-22,000 Ib

6,000-10,000 Ib
3,000-6000 Ib
<3,000 bl
Turboprop
0 5000 10000 15000 20000 25000 30000
Engine units
T 37 FF 2063 FF7) A FHE Fa
H Passenger M Freighters = Business Jets
»75,000|b

45,000-75,000 |b
22,000-45,000 |b
10,000-22,000 Ib
6,000-10,000 Ib
3,000-6000 |b
<3,000 bl

Turboprop

100 150 200
Engine value ($bn)

o
&

a9 38 FF 2087 &y A R FAA VMR A5

45) Commercial Engine 2010, Flightglobal/Insight



- E FF7d¥e m=e P&W(United Technology), General Electric, <=2
Rolls-Royce?] AR ge] 37 AA1 Y.

- 23 FFr|ARe uw=+9 Honeywell, Z#29] Safran, Y& =2 FIFY, HlE
I FEgol M=7Idd 47 d9aAE Bom AR Fosa s

- opAlol-Ei B F A H A HFEo] 3B5%E HAA AN T M F

EUROPE

NORTH AMERICA GE Aircraft Engines 485 Mlm,m; s 2o B i
GE Aircraft Engines 603 Rolls-Royce | Rt
Pratt & Whitney 425 Pratt & Whitney 133 W o
Rolls-Royce 73 CFMintemational 100 [l PEC&WhIAEY =
TOTAL 1,101 Engine Alliance 2 s matins
TOTAL 964 Engine Alliance
TOTAL
AFRICA
an GE Aircraft .Engjnes 50 ASIA-PACIFIC
SOUTH AMERICA Pratt & Whitney 50 - i
Rolls-Royce 25 GE Aircraft Engines 570
GE Aircraft Engines CFM International 93 Pratt & Whitney 447
Pratt & Whnn.ey TOTAL 148 Rolls-Royce i 353
CFM International CFM Intenrational 45
Rolls-Royce TOTAL 1,385
TOTAL
r
1 -
a3 39 thE FE7] AdAzA] AR FE

o A AA FE7] AN AL A HE FE7] ANY T2 &
. (& 18, 1940

ok
N
=
™
o
il
A
4

- gy FF7] AR 48%= v|=9 General Electrico]l xFA|3}al, w|=2] Pratt &
Whitney~7} 26.6%, §=2] Rolls-Royce7} 20.1%E =FA &

- 4% &3F7] AHFNA+= CFM Internationale] 61.5%5 =}A|3}al Pratt & Whitney7}
16.9%, International Aero Engines’} 15.7%E }A|slal U<

46) Commercial Engine 2010, Flightglobal/Insight



E 18 E 7] A Al=z:AY] AR FE

WORLD WIDEBODY BY ENGINE MANUFACTURER

Engine manufacturer Aircraft active fleet share
General Electric 1,983 48.0%
Pratt & Whitney 1,098 26.6%
Rolls-Royce 830 20.1%
CFM International 213 5.2%
Engine Alliance 10 0.2%
TOTAL 4,134 100.0%

® 19 4% Fa7] AAA =AY AR FE

WORLD NARROWBODY BY ENGINE MANUFACTURER

Engine manufacturer Aircraft active fleet share
CFM International 6,815 61.5%
Pratt & Whitney 1,874 16.9%
International Aero Engines 1,738 15.7%
Rolls-Royce 657 5.9%
TOTAL 11,084 100.0%

o g37E AL =9 AALS e AH Feid. (LH 40147

- General Electric (7]=}), Rolls-Royce (¥=), Pratt-Whitney (v]=9)2] 3o} wo]# QA
of os) A2 75%7F HHHGNECMAS =238+ A5, 84% A7)

- Consortium o] (AFAF5 30%, A5, A5

Williams Hamilton
0.7% 0.5% Others
' 8.9%

Turbomeca

0.9% T

Honeywell
4.8%

Snecma
11.3%




o gx7] <z MRO Al <Al Widebody(Twin aisles)¢} Narrowbody(Single aisles)=
Y. GE Engine Services?} 33&7] 2z MRO AlAe 224 g, 2L FY3HA
tjetgtg o] &3] Axe] MRO 7|Wks Zk&. (19 41, 42)8)

WIDEBODY ENGINE CONTRACTORS WIDEBODY IN-HOUSE OPERATORS

Contractor Alrcraft share Operators Aircraft
GE Engine Services 952 17% Emirates 131
Inhouse 628 11% American Alrlines 101
Lufthansa Technik 369 7% All Nippon Airways 100
Air France Industries /KLM E&M 331 6% Korean Air 72
Pratt & Whitney 312 6%

SAESL 308 6% Air India 34
HAESL 234 4% Qantas 31
Rolls-Royce 199 4% Thai Alrways International 22
MTU Maintenance 175 3% Saudi Arablan Alrlines 20
Delta TechOps 161 3% Kalitta Alr 19
United Services 149 3% Iberia 15
Other 1,762 32% Other 27
TOTAL 5580 100% TOTAL 628

a9 41 AE 7] A Al S AF e

Contractor Aircraft share Operators Alircraft
GE Engine Services 2,489 16% American Airlines 396
SNECMA 1,361 9% Iberia 103
Pratt & Whitney 1,230 8% Alr India a8
MTU Maintenance 1146 7% Korean Alr %J
Lufthansa Technik 977 6% alr

In-house 772 5% All Nippon Alrways 26
Delta TechOps 700 4% Aviacsa 25
Rolls-Royce 532 3% Aerolineas Argentinas i7
Bedek Aviation 348 2% Kelowna Flightcraft Group 15
Air France Industries,/KLM E&M 324 % China Airlines 10
Iberia 288 2% Far Eastern Alr Transport Corp 8
Other 5,763 36% Other 14
TOTAL 15,920 100% TOTAL 772

9 42 2% 7] A Al s AF Hae

- & T)Ee] FF Tl oy IALe AR A== Multi-engine optiong #-&
- Boeing 747 GE, Pratt & Whitney, Rolls-Royce jit2] 1S A2gh (1 43)

- A380-2 Rolls-Royce2} Engine Alliance* jilko] d1%-& =3t (18 44)

48) Commercial Engine 2010, Flightglobal/Insight
49) Commercial Engines 2010, Flightglobal/Insight
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50) Commercial Aircraft Market Forecast 2012-2031, Bombardier
51) Rolls-Royce Market Outlook 2012-31

BOMBARDIER MARKET SEGMENT EVOLUTION

20- to 59-seat 60- to 99-seat 100- to 149-seat

5,900

o2 4

gﬂ



2
= %

A= 68,0000, A7 4,75

BN

VLJs

Small Bizjets
Medium Bizjets
Large Bizjets

30-50 seats
70-30 seats
110 seats
130-180 seats
200-250 seats
300-350 seats
400+seats

B™ Very Light Jet(3)), vz~ g-&7]19 vFo] AlAe Aulk o4t
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u Freight
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DELIVERY BY ENGINE TYPE 20- to 99-SEATS

Oil @ $26 per barrel I Oil @ $1M per barrel WP Oi;’f‘;ggg‘r"i’:‘gs of

319 5,900

Linits

28

Turboprop

Regional Jet

¥ 47 20-994 FE7] ARE X

T l

17500 20000

20-YEAR TURBOPROP FORECAST

20- to 59-seat 150
60- to 99-seat 2700
Total 2850

20- TO 99-SEAT
DELIVERY PROFILE

Regional Jets

52%
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52) Rolls-Royce Market Outlook 2012-31
53) MTU Market Outlook 2010



¥ 20 337 =27 E A 5 9 A% 5, 744
Business | Regional Narrow Wide
Turboprop Total
Jet Jet Body Jet | Body Jet

Aircraft Deliveries 2720 27890 4350 16290 7470 58720
+ 2010-29 5% 47% 7% 28% 13% 100%
Engine Deliveries : 5880 53810 9400 35230 18370 122690
2010-29 5% 44% 8% 299% 15% 100%

7 89 42 268 339 745

Engine Sales ($bn)

1% 12% 6% 36% 46% 100%

Sales '

% Engine Sales

% Engine Deliveries
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54) Global Commercial Aero Turbofan Engine Market 2011-2017, Lucintel
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Global Commercial Turbofan Engine Trend and Forecast

in Units: 2006-2017
2,5“0 _ @ 2,455

1.862

£ 2,000 1,744

20086 201m 2017

Global Commercial Turbofan Engine Trend and Forecast
in US § Billion: 2006-2017
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Revenue (US §Billion)

Global Commercial Turbofan Engine Market Share 2011
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55) Rolls-Royce Market Outlook 2012-31



GEnx Trent 1000
4ol 4.87m 4.738m
T 5,670kg 5,765kg
A 27 2.87m 2.85m
@ Eyole 1871 2070
9 57,000-75,0001bf 53,000-75,0001bf

19 53. General Electronicit e GEnx 1% 1% 54. Rolls-Roycejit¢] Trent1000 1%
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(1) KC-100

adri=

s HE AAY
- Fluid Wesping Systam
(30 min duration tima)

i / - HYEEAS
GGBJJ‘HE Jififﬂi -I}‘%ﬁé?{l% - Primary : Corwentional Mechanical Controls
Avidyre 12° IFD wed Trioyeks Type - Fully Digital, 2 Aods System - Secondary : Electrically Operating
—h
a7t (11.29 m) 26.3ft(8.03m) 8.89 1t (2.71m)
;ﬁ
HL1140 - ulﬂ#
; o=
R

19 65. KC-1009] A4 2 EA



27 KC-100 Al 2 EA

g FEdATIEMNEA G S
Ly =TT FA B AHKAD 3
Ma N7z 2008 649 ~ 2013 1295 7/0€)
7] ] & oF 7409
= A, A, Bl SEFEE
24 405 it M AE sz 22769
A9 AR 8.03m
Az 11.29m
A3 2.71m
A& 389km/h
g HAUdsa 7,620m(25,000ft)
HUgEA 1,850km
Hdol5F 1,633kg
5 TSIOF-550-K70)
A Z A} Continental Motors Inc.
6 - Cylinder Piston Aircraft Engine
Az = 1983 7§d-= Continental 10-5501%12] A4 &
Turbocharged & FADEC models
A=Y 315HP
PAILE 18,000ft
=& 565.51bs

69) http://www.koreaaero.com/
70) KC-100 &-357]

a9 66. TSIOF-550-K

1 B2 A 9 W2 E, vt 9], 2012.11., st2ER e x8ts] stawtn
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o KC-100 AA~71&

3 28 KC-100 A 7]F

KC-100 SR-22T Corvalis TTX
A ZA KAI Cirrus Cessna
A% 8.03m 7.92m 7.67m
AE 11.29m 11.68m 11.00m
Zafni 2.71m 2.72m 2.74m
A E9I 1.37m 1.26m 1.24m
A4 = 1.37m 1.25m 1.24m
A&z 389km/h 396km/h 389km/h
A& A 1,090nm 1,046nm 1,030nm
 apiA 25,000ft 25,000ft 25,000ft
Aol 5T TF 3,6001bs 3,6001bs 3,6001bs
A=A TSIOF-550-K TSIO-550-K TSIO-550-C
9 315HP 315HP 310HP
(2) KLA-100
' é v

% 67. KLA-100 ¥ =
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3% 29 KLA-100 Al¥ 9 54
g TR G
Ly A=, t=2%s, J28F) 5 F 1371 718
Mma ViR 1od Bd 2010 9¢ ~ 2014 8¢ (4
7hn) -8 oF 209¢]
o vl 7} oF 19U(EUF oF 19 5394
=g Rls - F9E 1A B viaE z2A7
17D A 6.5m
AE 10.3m
A 2.6m
HQ<FEE | 217km/h
e HAASIE | 4,500m(15,000ft)
A5 A 755nm(1,400km) o] %
Aol FFF | 620kg
T Rotax 91252
A ZA Rotax Aircraft Engine
3l A172) =5 Rotax 912 7N %?‘Sg | |
4 - Cylinder Piston Aircraft Engine
e Sl)ggllili;ogp;nl‘; 5800rpm)
7) H93gE
72) KC-100 g57] AR Fz2HdA 5 GZAA, Y 9, 2012.11., =3 f5cte] stadws] =3




o KLA-100 AA~71%

3 30 KLA-100 A A7

KLA-100 CTLS

A Z A o 23 Flight Design
A% 6.5m 6.6m
AE 7.3m 8.5m
Ax 2.6m 2.3m
&= 217km/h 240km/h
HdZFEAE 755nm 680nm
e 15,000ft 15,000ft
Hdjo|5ZF 620kg 600kg

Az Rotax 9125 Rotax 912S/is
=9 100HP 100HP
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19 69. KARI HlE AE/ER A A7 AF AH|
3 32 KART HE AE/HE A7 AB] ARF

Specification Value
Altitude 40,0001t
Max. Speed Mach 1.0
Inlet Temperature =75 ~ 100C
Inlet Pressure 31~350 kPa
Max. Air Flow Rate 40 kg/s
Max. Thrust 3,000 Ibf
Test Cell Dimensions 3.5m(D) X 6.0m(L)
Pressure 160
Temperature 192
Data Acquisition System
Vibration 12
Misc. 288
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Specification Value
Altitude 0 ~ 20,000ft
Max. Speed Mach 1.0
Inlet Temperature =75 ~ 100C
Inlet Pressure 46~350 kPa
Max. Air Flow Rate 40 kg/s
Max. Thrust 2,000 SHP
Test Cell Dimensions 4.0m(D) x 7.6m(L)
Pressure 286
Temperature 256
Data Acquisition System
Vibration 32
Misc. 208
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a9 71. KARI =71 Al A

3 34 KARI +57] A Avl A

Specification Value/Details
Application Axial/Centrifugal Compresson
Max. Power 3,000 hp
Max. Torque 12,000 Nm (Motor Output)
Motor Speed 1,800 rpm
Max. Speed 34,500 rpm

Mass Flow Rate ~ 28kgls

Inlet Pressure

0.25atm ~ 1atm

Pressure 256
Temperature 128
Data Acquisition Vibration 8
System
Dynamic Pressure 64(@200kHz)
Misc. 32
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a9 72. KARI d44&7] AE AH]

3 35 KARI 447 Ag A

Specification Value/Details
Application Combustor Performance Test
Air Flow Rate ~ 6.0 kg/s
Air Supply Pressure ~ 5.5atm
Air Supply Temperature ~ 673K
Fuel Type Liquid, NG, Syn, Gas
1000 kg/hr(Liqui
Fuel Flow Rate g/hr(Liquid)
108 kg/hr(NG)
Analog 48
Temperature 88(K) + 8(C)
Data Acquisition Vibration 8
System Dynamic Pressure 8(@200kHz)
Gas sampling THC, CO, NO, NOx, etc.
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% 73. KARI 2F & EW Al A
E 36 KARI 4+ B4l Algdn] AL

Specification Value/Details
Application Industrial Turbine
Max. Power 250 kw
Max. Speed 8,000 rpm
Mass Flow Rate 15.8 kg/s
Inlet Pressure/Temp. 230 kPa/400K

- Axial/Radial EJ®1 A] 3]/ H]
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1% 75. Radial EJHl Al gdH]
¥ 37 KARI Axial/Radial Turbine A& AH] AR

Specification Value/Details
Application Axial/Radial Turbine
Max. Power 1,850 kw
Max. Speed 30,000 rpm
Mass Flow Rate 5.5kg/s
Inlet Pressure/Temp. 410 kPa/560K
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FE7) F71 ANRR 9gRoA
N4 Feey AHe
;g‘??l _;‘_;_;g * 62}':‘3_7]9] 7:"%“ 7@'1:]]0]] q1§__]_' JT-;S]/'{I:;%]%
X S ANE AR FAL AST
NA s
C Gl RaHE 4F AEEEE
- 2 FAABe s NS
7% A Feel o5 RESO AAHem 2
e SHeAE APHE AUR 4T A5
RE A AH 2
o A A
3 A
k) $= g A
AR A% A
ke

dF H2E - 7 EA(Torque)

HE - A=A ¥ (Static Thrust)
(Test Bad) - =248 3 H5[RPM)
- 7 AEd = %(CHT, Cylinder
Head Temperature)
o AAE Al A W@zt
AZ J=Z « WS ¢ 0~70km/h
cad R
- FEAY 220V IF
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o @&7] nl AH|

3E 40 g F37] Anl Ay
T8 z9 B2 T8 2

ARE 525

o AAREZ = AH|[FF HE
50022 85%(A e 71%) REE F T BE

- 4,412 F50407 £ =)

)

.z
x B 3 « = ST
AAFE T:?LF;,\] n o= - &7 AFH AsAEAH
- °
o?/o N REF - W EA A A

- Electric Power A& #HH]
- Flight Management A] & 7H]

- %7 Be] REF
- BARE Fe5Y CRIRE 3 ANFE 2E
- 60055, HuCEEF 715 - 6,679 F50881% & #FX)
- A7 YT 14,0007
- Fa)

HARE |- FFS I
- 3, B2 VER - R RE G
- R RER - AR RE AP
AR BER - AR, 0 RE AFAW

"3 &=
. e H|3 = .
Air Cycle 138 7] B747, B744, B737, A360
Machine e =YYW E : 1996.06
o AZA} : James Stanley(w])
Test Stand - FOAFEHRZE ACM, Heat Exchanger &
. « HYIE - AV
Engine 197] A7
Starter Test e TY¥EE : 1978.07
o AZAL ¢ Alliedsignal(v])
Stand e FQ AP HF . dRA Starter
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vy - AF

Hydraulic =UdE : 1988.12
Test Stand A &AL - ACL(|])
F9 AN HEZ . HYD Pump ¥
Actuator &+
Y 7|E - A7]E
Fuel Test =dd = : 1991.06
Stand A ZA} - Bauer(®])
F9 Ag BEE . Z'F Fuel Accessory
255
v 7] - Az
Fuel Nozzle E‘jjc ggg’ozw‘looo’CFM £
Test Stan I '
d A ZFAL - James Stanley(T])
F8 A¥ XX . Fuel Nozzle &
v r|E - AVF
Fuel Nozzle 1:1132; ' fg;]g 87
Test Stan I '
d A Z+AF - Bauer(H])
Z9 A¥ EBE : 0il Pump
Valve/IDG/P vl 7|E . A E
DU/EVBC =dUdx : 1988.07
Test Stand A &AL - Bauer(7])

Z8 A¥ ®E : Oil Pump
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Tool ¢ t ALk 2] HW/SW

Single W4

B>

7] Test Rig

Al A7

Test-bed GMW )

A<

N>

B

7}~ a7 AE AN

*=71 5 ™A 7hs A

FQ8 FAE HFHE Welding, Pinning 713 A4

GT o =¥ AH]

A=Y

(L] ot | X |

e oA i)

Rotor Coupling 7} A2H]

3

Rotor +%-& Furnace

R

Rotor ©= 444] (10,000ton)

4) FRR2EL2 B

o F8 Az AH]

o
T

=z}

A
ri
ot

4

i

.'."7.

ol

o,

GE

QA SYSTEM

vl k3] ZHAF 1S(FPL X-RAY)

Grain Etching

S5 A& EEA )

<
T
=

(VSE) - LM 2500 #1 ~ #4 T/Blade

Pratt & Whitney

e}
RS

olN

[e]

215(FPI, X-RAY)
SAR A7)

-
E

%Q1(ESA) - PW 4000 Engine Turbine Air Seal

%QI(ESA) - V 2500 Engine Turbine Blade 2]

e
AC)

vl k3] ZHAF 1S(FPL, X-RAY)

NADCAP 1%
1A AE AIE
Macro Etching
AS RIF AS9100 1%
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Az A

H] 11

Ceramic Core AlZ7]

Cleveland, Jankey

Robot Coating M/C

Shell O Metic/ABB

ZE &3 2(EQX)

15kg, 30kg, 68kg

2AF &3] =(DS/SC) BT S Df:_‘ixé HHL el = 68kg
AZGA = AE 93 NADCAP 1%
Creepfeed Grinder ElWl Edo]l= Dovw Tail 7}& BLHOM
Turning M/C Shroud 7}&
5%, 3% M/C 9 A NANE MAHO 2|
Uni-Graphics =3 24 Software
ProCast/Flow-3D s, fFEalA Software
o AUFZE B ) DA BH
o F8 AP AH]
X 45 FHEREYX T8 AP AY] %
A Anl &= Hl 1
X-RAY ZHA W7 Ask A NADCAP
XRD Grain W& Z AHSingle) Rigaku =<
Ultra Thickness Tester Hollow F7=4
MT AA} Ay A &3 AAKE A Crack ZAD
32 =AH7I(HEFA)D Ad A+354 Zeiss/IMS H ¢l
A8 &7 SIS E 24 ARL 3460 OE
333} dnlA Micro Structure A A} A&, THl-&
SEM/EDS =% 24, gd B4 JEOL
A AlE7] e A Instron
S-R A|&@7] Stress Rupture A& Ao a7
FPI Z A} Ay oA 29 A AA MAGNAFLUX
Etching A H] Macro Structure Z At 227L
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O

Al &g7] A AL ol4p
- High Temperature Material
- High Efficiency Turbine

- Low Emission Combustion
- Reduce Life Cycle Cost

O

AME 18-S

High-bypass Turbofan Engine :

High Overall Pressure Ratio Turbofan Engine :

13

7] dA

Rotating ®2& AF&3F Turbofane] &A1&

Intercooled Recuperative Turbofan Engine :
Recuperator #2}gk ol xo] &)},

Bypass Ratio7} S71&45 dRe] HAA &&

Core Thermal Efficiency (n,)

0.8

0.7

0.6

0.5

0.4

03

0.1

ol

== o]
72 98 ARE

Overall Efficiency (n, xn )

0.2 0.3 0.4 05 0.6
| N - M -
08 07 \ 06 05\ 0.4\
 40% |
o . Ultra-high ™
. 30% g ..B?
20% ' \F’_"?‘{T & GTF™ Engine
1 0% Low BPR High-ﬂ_?ﬁ Propfan~._ A
. Turbojets . :
S Whittle
- | l | |
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Bypass RatioS Z7FA17]7] Y&l el 7]1o1S #=2H3H
Geared Turbofan, Unducted Fan< | &3+ Propfan o] <413k

A=HE F7HA717]1 98 Counter

AR &8 =71E 98l Intercooling 2

3 TSFC

Propulsive x Transmission Efficiency (n )

a9 78 37 HE A d 55
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Engine
pressure NO
co, ratio
co,
Bypass ratio
Noise

A

a8 79 &37] AR AF ¥H 3 F Trade-off

ot

WA o g2 &g r)e] Bypass RatioZ} Z713tel wel Fan Pressure Ratior} #4she
SO

|
N,
B

= 9] Direct Drive ®2l9] Turbofanel] B3] ol 7] E A2FSE Geared Turbofane]
749 dl# o] Bypass Ratio7} &7}

- Un-ducted Fan& #2Fgk Turbofane] 7d-$- Bypass RatioZ} 100 ©]’d o2 e

Direct Drive
Turbofan .

L

E 1,6 1+ V2500~

4 Counter

2141 Rotating

g Tubofan  Fan

o !! “E” Un-ducted
+ = “  Fan

E 1,2 :

Bypass Ratl
= 75)
13 80 &3~7] AR Bypass Ratiooll thgt Fan Pressure
Ratio

73) A view into the next generation of commercial aviation(2025 timeframe), AIAA Aerospace Today &
Tomorrow, June 2013.

74) Queen’s Lecture 2010, Rolls-Royce, 2010.
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- 2] Turbofan 97 & Geared Turbofan, Counter Rotating Propulsor, Intercooled
Recuperation 59 A Z 7o) o]Z 2 Ao 2 =3,

1007 —=

90

ACO, % Fuel Burn

801~

~N2500

Counter Rotating
Propulsor
- 20% - 30%
Intercooled
Recuperation ACARE
Target
2020

76)

2000 2005 2010 2015 2020 2025 2030 2035

198 81 &% 3Z& Turbofan AZ 7|& 4=

. BB AR @A AN

o dlR sidte] AsY=HS = Specific Fuel Consumption 7+47F FE=&H A A YERG.

1l 7] 1)

==

Specific Fuel Consumption

o w Azl el xXsd4= Bypass Ratio, Overall Pressure RatioZ} S713hH

=e9 a7 vER

*SPF- 0.65 Ibs/r

BPR- 2

“OPR- 15.4

sThrust- 21700 Ibf y SPF- 0.5 Ibsir

«C02 Emission- - = =BPR- 5.5 «SPF- 0.46 Ibsir
0.89/kg «OPR- 32.8 +BPR- 10

*NOx Emission- - =Thrust- 23400 Ibf | *OPR- 36.3 =SPF-0.44 Ibshr
28gkg «CO2 Emission- [ <Thrust- 75000 Ibf M -BPR-9.5
+C02 Emission- -OPR-40

0.549/kg =Thrusi- 67400 Ibi
20.81 g.kg *NOx Emission- =CO2 Emission-
20.7 g.kg 0.17gkg
SO Ewissdon NOx emissions by
1899.kg 50 percent

compared to
current CAEP/6
regulations

1960 1970 1980 1990 2000 2010 2020

138 82 A= thE gHrEA dA

75) THE GEARED TURBOFAN TECHNOLOGY - OPPORTUNITIES, CHALLENGES AND READINESS

STATUS, C. Riegler et al, 2007.
76) SAGE4 GEARED TURBOFAN DEMONSTRATOR, ISABE-2011-1302, MTU Aero Engines.
77) Global Commercial Aero Turbofan Engine Market 2011-2017, Lucintel
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- AE 7]o] Al2EloZ 2ls] NOx vlZ= 50% A7 2 9l

| 4 29E B

o AM Hhole AR AHE

o g

flo

A BE

- GenX dzle A9 FA ¥89 30% 7t A

General Electric, Rolls-Royce, Pratt&Whitney®- gt o}
ol oA G2 AtA FF 7] AR A=z

o CFM International, GE Aviation, Rolls-Royce, Pratt & Whitney, IAE A2 337]

ol
2 g 2

¥ 47 37 Az Az FEAE
Company Partners and Ownership Percentages
. , GE Aviation - 50%
Engine Alliance .
Pratt & Whitney - 50%
. GE Aviation - 50%
CFM International

Snecma Moteurs - 50%
Rolls-Royce - 32.5%

, . Pratt & Whitney - 32.5%

International Aero Engines (IAE)

Japanese Aero Engines Corporation - 23%
MTU Aero Engines - 12%

78) Global Commercial Aero Turbofan Engine Market 2011-2017, Lucintel
79) Commercial Engines 2013, Flightglobal
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ENGINE MANUFACTURER RANKING 32;:
2012 deliveries Backlog™ InhmE:.ti?nll Aero

Rank Manufacturer nes Share Engines Share gines )
1 CPM intemational e 53% 8,742 4% fas CFM International
2 International Aero Engines 422 17% 1,568 8%
3 General Electric 385 16% 1512 10% Pratt & Whitney
4 RollsRoye 238 10% 2214 1% 60
5 Engine Alliance 56 2% 156 %
6 Pratt& Whitey 3 1% 1,228 %

Undecided . . 2,560 14%

Rolls-Royce

NOTES: "Al 31 Decamber 2002, DAt fof RStaiod angings Dased on AFDUS,/B0SiNg fpos. EXCu0es CoManats and mistarny E.741)

operators. SOURCE: Rightgiobal insight analys!s using Ascend Onling Fiets

General Electric
@s10)

gt 378 EA "
FF7)8& FEAZLE &Y Aol FE o]F3 ¢lom Continental Motors Inc.(w]=)e}
Lycoming Engines(7]=)o] Al ¢FEstal ot HZ 378 gAddzlio] /AgE
ARk AEE AR = BA @gon o AYAC AE&H A= A

D 7H&d Ad

F 48 3718 7t=d AR IR

A=At Az H4871F 9

4 - Cylinder Piston

Rotax Aircraft Engine
. KLA - 100,
Engine(2 ~E CTLS 95HP (5,500rpm)
2o} 100HP (Hd 5,
5,800rpm)
TSIOF - 550 -K
. 6 - Cylinder Piston
Continental ‘
Engine
Motors KC - 100
315HP
Inc.(7] =)
Turbocharged & FADEC
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Continental

4 - Cylinder Piston

Cessna 150, )
Motors Engine
Cessna 162
Inc.(7] =) 100HP
Continental 6 - Cylinder Piston
Cessna 180, )
Motors Engine
Cessna 182
Inc.(7] =) 213HP
Continental ) 4 - Cylinder Piston
Reims Cessna 150, .
Motors . Engine
Liberty XL2
Inc.(7] =) 125HP
) 4 - Cylinder Piston
Lycoming Cessna 172, )
Engines(v] =) Piper Cherok Engine
ngines iper Cherokee
& P 180HP

Lycoming
Engines(¥] =)

Amateur-built aircraft

4 - Cylinder Piston

Engine
210HP

Lycoming
Engines(¥] =})

Cessna 182,
Piper PA-31 Navajo

6 - Cylinder Piston

Engine
300HP
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Lycoming
Engines(7] =)

TIO - 541

Beechcraft Duke,
Beechcraft Baron

6 - Cylinder Piston
Engine
310HP

Lycoming
Engines(7] =7)

Beechcraft Twin
Bonanza,
Queen Air

6 - Cylinder Piston
Engine
340HP

6 - Cylinder Piston

Lycoming Expedition E350, )
Engines(¥] =) Extra 330 Engine
& 300HP
@ 4
49 F3718 gAdD IF
Al z=A Az 2 &71F =4
Austro Engine E4
Diamond DAA40, : :
Austro ) 4 - Cylinder Piston
. Diamond DA42, .
Engine(2 ~E ) Engine
Diamond DASO0,
gjoh) . 168HP
Diamond DA52
Continental 4 - Cylinder Piston
Motors Cessna 182 Engine
Inc.(v] =) 227THP
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Centurion 4.0

Continental 8 - Cylinder Piston

Motors Cirrus SR22 Engine
Inc.(7] =) 350HP
Continental 4 - Cylinder Piston

Motors Engine
Inc.(v] =) 230HP

Q) = FEAZ FA FF7] A

g% g7l & IBIHE ZAEASH, iR 7tEd dxo
d 9l 21(Austro Engine E4)S €A1t 32 7]= DA 42 dzlo] &

7% A+ o H] 31
| e
S-2B Lycoming O-540 1 7H&9
7142 M-337AK 1 7+&d
A188B Continental 0-470 1 7H&Ed
C-152 Lycoming 0O-235 3 7h&Ed
C-172M Continental O-300 1 7H&Ed
C-172P Lycoming O-320 4 7H&E9
C-172R Lycoming 10-360-A1B6 10 =

80) www.airportal.go.kr
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C-172RG Lycoming 10-360-A1B6 1 7h&Ed
C-172S Lycoming 10-360-A1B6 61 =
C-182M Continental 0-470-R 1 7H&Ed
C-182S Lycoming 10-540-AB1A5 2 7H&d
P206E Continental 10-520 1 7HEd™
R172K Lycoming O-320 1 7H&d
T-206H Lycoming O-540 5 7v&d
TU-206G Continental 0-520 3 7H&Ed
U206G Continental 0-520 1 7H&Ed
SR20 Continental 10-360-D 4 7H&d
SR22 Continental 10-550 1 7H&E™
DA 40 NG Lycoming O-360 4 7H&d
DA 42 NG Austro Engine E4 1 oA
EA 300/LT Lycoming AEIO-580-B1A 1 7hE-
95 Lycoming O-360 1 7F&d
95-55 Continental 0-470 1 7H&Ed
M-20] Lycoming O-360 5 7H&Ed
M20R Continental 10-550 1 7H&E™
TB-9 Lycoming O-320 4 7H&E9
P68C TC Lycoming O-360 1 7h&d
PA-25-235 Lycoming O-540 1 7H&9
PA31-350 Lycoming O-540 1 M9
PA34-200 Lycoming O-360 2 7MY
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PA44-180 Lycoming O-360 4 7v&d
KC-100 Continental 10-550 1 7H&Ed
o}, &F7] 8 7h2EW AR A}
¥ 51 &-&7]& 7F2EE X A%
A Z AL Az HL7F =
Power-to-weight ratio
L S-92, 4.69
GE aviation . .
NH90, Diameter : 26 in
(7] =) .
VH-71 Length : 48.2 in
[Turbo Shaft]
Power-to-weight ratio
L 4.65
GE aviation s -92 . i
) Diameter : 26 in
(=) (Helibus) ,
Length : 48.2 in
[Turbo Shaft]
Power-to-weight ratio
o 4.66
GE aviation ) .
US101/EH101 Diameter : 26 in

(W] =)

Length : 48.2 in
[Turbo Shaft]

GE aviation

T-2C, XMQM-34D

Power-to-weight ratio
7.3
Diameter : 17.7 in

(v =) Mod I
1= Length : 40.5 in
[Turbo Jet]
o AC-119G/K, Power-to-weight ratio
GE aviation
(n] =) J85-GE-17A/B C-123K 4.69
/ Diameter : 26 in
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Length : 48.2 in

A-37B, OA-37B
[Turbo Jet]
Power-to-weight ratio
_ 4.48
GE aviation ) )
NH90 Diameter : 26 in
(W]=) .
Length : 48 in
[Turbo Shaft]
Power-to-weight ratio
4.66
GRTS . .
_ Alpha Jet A/E Diameter : 23.7 in
(ZF2) .
Length : 46.4 in
[Turbo Fan]
TV3-117 Power-to-weight ratio
8.14
KLIMOV Mi-8 Hi Diameter : 28.7 in
CRED P ol
Length : 80.9 in
[Turbo Shaft]
Power-to-weight ratio
7.78
KLIMOV Ka-27/32 . .
) Diameter : 32.3 in
(HAloh) Mil7/171/24/35 .
Length : 78.7 in
[Turbo Shaft]
Power-to-weight ratio
9
KLIMOV KA50/52 . .
. Diameter : 28.7 in
(21 Aloh) Mi-28 ,
Length : 80.9 in
[Turbo Shaft]
Power-to-weight ratio
4.83
SAFRAN . .
- NH90 Diameter : 25.9 in
(ZF2) .
Length : 46.1 in
[Turbo Shaft]
Pratt & JT15D-5 400XT Power-to-weight ratio
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4.69

Whitney Diameter : 27.3 in
Ghueh Length : 60.4 in
[Turbo Fan]
Power-to-weight ratio
Pratt & 4.59
Whitney FJ44(Super 11) Diameter : 27.3 in
Ghueh Length : 60.4 in
[Turbo Fan]
JT15D-5B
Upload to
AFWing.com Power-to-weight ratio
Pratt & 4.59
Whitney T-1A Diameter : 27 in
Ghueh Length : 60.4 in

[Turbo Fan]
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- 194719 ThF@ Aol GBIl FHAH] FYMYL AHPOoUt HFEHA E
3. 19034 129 179 59 ol FAL AFHE 7HEA A )
of FEstel AF Hx2 FYMAYe] HFI

- 19108 W= &&7]ol HEstr] gk I AP Az(Radial type engine)o] 7ld= o
g4, o] AL FF77F FAA d¥gsidy 148tE = b d$3skr] HsiA

HQE. o AR FLF EFL FPHon, AW AFAE SAste] ATFE A
shel Az AFsGoH, HUY WG YL TAE HagANDF dE HPoE
9. AFANE Aol FUE, A= 5 Y FRAFNES BFOIA PaED
e

- @A)

FEAIS 20 7ld F=2 AREHIL Jlon, 3 Y <Axlo] &
0] &
M=

- 19208t TAdRAS FFV|E8EZEZ AR AlF(Junkers Jumo 205, Packard radial
diesel %).

- 27] YAQIE naddel H g o] BEFS NI S B

rlr
PR
o
32
o

18 84. Jumo 205 thaFd Az

19283 9¢ 18 AN o2& HEZ StinsonAt 2@ SM-IDX  “Detroiter”  &-37]

|
DN
2k
Y
p)
=
2
e
>
ot
ok
N
ofo
=
™
o
fru

gAde A 9 A8 AT e T
=

=

- 1990d 3wk, AEapak el 7S riwto g F#d = u](power versus weight
) =) g

ratio) #-ANA FF7]E

2001 TAE-100 A7& TAAR Ay Az F429e 853



o AEEF FTHYMNES V|E=E T ANZE IA2EdR FF7]E Fdlead-free)A 57}

N L oﬂuﬂxlwowwm WS LA G2W, 1A
FAAS #H2 olgre ol 85%elm LSe7h Afais #BF2A $UEE
Az vpol v A e FFHIF hAld ZAGESDE ST,

- AGEB5+= AVGASY| H+7iQl Y 28X T A g3 Ay L1E Fuf oA,

- M 2B ANBHAA W A2 A8 4B FAAY A=
W, ZEY A0S AR A2 7)Fo) e Ago] oWl 37} .

- =& General Electric, Pratt&Whitney, Honeywell SolA &
A, A & BE EokllA AA Hie 7e & Eastal A E
7%, General Electric, Solar Turbines, Inc. $°] Hi 7|&FFCo2 =
iy 7F2ERIAZ AN =2 AR AFE&S 7HAL d=.

- 89 7%, Rolls-Royce(@=, =), ABB(Z#H2, 29/2), Turbomeca(=<)
Siemens(54) T A7 HA19 rled€s Bt Jow, ZF2ERAZ Y7o
=]

[}
& W% R AYPT S ALH AT AL FAS D AL

=

- YES AXGA T FEFAEA 1980 l—‘?— FEE& 9 HHdE Jh2ERAX e
EANLES 9% ATE ALEHo 7 FP3te 211 9o, Honda, Mitsubishi Heavy
Industries, Ltd. &°] "= & AJAJA ] 7eFsMEs T =4 AV &
B3l A oA 52 ALAxs F3) OHQ A E 2 AHAres gdsE AT
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Kol
™ -

o
ol

=9

- ole} gol Y AL A1zt AL AV Wad slelv, 7] BACIAE
S7ke] e Ado] Ao} T & Ux 71E9.

- @ HONDA

a9 85 AAA &FE7E A A A

o] AXFAE TAHLE ZF2HHAA ATy HEo] A&KZA 2av]e AT,
o 4 9 gdet A9NEe T HolHHol 28 giEste] Are Y, e 3
2E MAS AT A7l 28 U=

2 tigtellA 712 f4a7|E o
e 719AZ AFEH Hold A

oA AL A=

Ao ASE 7A 2o B F)edT} HEo] H2el: A A7 A
SR A7 8471E ATAEE SRR UL,
A2 AAY FF7) A2 AL FFe FEW Oy FE stol FY, G4 FuE of

2olAue =x ¥eo| 7Ms5d

A2 H2E Aol AU FEUE el) o) £ YAR Auow BN
SI AVT & s Ax"e] BF AT Age] BIw, AFVH P BY AU
5 $402 olFoAT Sou AT H83A AxGE] L8 Fo UE.
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Company Partners and ownership Percentages

The Engine Alliance

CFM

International Aero

Engines (IAE)

Powerlet

GE Aviation — 50%
Pratt & Whitney — 50

GE Aviaton — 50%

%o

Rolls-Royce — 32.5%

Pratt & Whitney — 32.5%

Japanese Aero Engines Corporation — 23%
MTU Aero Engines — 12%

NPO Saturn JSC — 50%
Snecma Moteurs — 50%

L e g

“
Pratt & Whitney

A United Technologies Company

a9 86 FF7) AR AZA FHHA AR B
Hul Belol= W7, HY 234 Alol, Belol= 34 HAH 3 Huidels Yy
A Aol S B A% FHl FLI 4TS H; YL, oo me MFH FHL
HMEF AATAAE oo BfE AT ALHOZ o] FoAL Y.
G384 AE A AP ARE G AT o UBA WEL Folk AL FF7)
A o] %
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b BHEH Az

o Al 7B= Pratt & Whitney AFe] GTF(Geared Turbofan) Mz1-& s} ] gFE] Bl Abo)
of 7lojut~g Aztgtozn My AU BF HHo G o] Ve s
2 9k

=] 4% Rolls-Royce(d =)} Snecma(Z#2)5 o8 7|HolA 7] zzd8 Jl
lo] ZH&7101E A=3E open rotor & XS sl CO2 15~20%, NOX 15~40%

b
dlo
&
N
il
gy
b
>
ﬁ
rI

= AL 51
=, 188 7AF /I, smart XA 7| Fo] ZQ.

o F43% AR A-$, Honeywell# Pratt & Whitney7} A3+ wWlx7]¢] Advatnced
Turbine Engine Company(ATEC)”7} Advanced Affordable Turbine Engine(AATE) AlA|
71 AHdE F3L.

Al S AA T 3,000hp ¥ B{HAFZE <119 ofid Aedd zRIHOR =¥
o FFRNOE) 65%4, WAB2REEGFC) 25%%7, HAFH 20%37d, At
ARG vg 35%d7 gl /e 15%83-e ZR2 o, T7004E A0S oA

o #¥e9 A% AFRAN(®)Z} NPO Satun(#)e] ZJIE WA Powerlet Ale 7]E9
Snecma CFM56 A& FZoA=Z3 13,500~17,500 IbfF ZFAItH regional jetg& <z
Sam146-< 7.

- swept wide ZZ= 3, single stage HPT, A &3 A7} &5
[reverser AA|7]&0] A&

B

EERER

WP =< gRA AR At AL
(M General Electric Aviation(GE Aviation)sD

o GEASIA Aztsts Axel 4E57t HEd WO WLg, T8 5 ThFe Hopel
B A A,

o Boeing 777715 $3&ke] AZE GEI A Alg=+ 19959 11¥€ A2 =9
z7] YL 84,700lbs= A2}

n
2
o
q

- 71 A" e GEIOA Bl =+ GE9Y0-115BE F¥Ad 5ol 35% %7 115,0001bs<]

7]-*3.

1
) ozi

81) http://www.geaviation.com/engines
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- GE90 Alglz& AdaAol A 20021 d 127,900lbse] F8 & TAAA 7d 25l 5A.

- boeing 7777 AT, £7|FH 84,700Ibs
- GE90-11B : F&Hd& 35% &7 -115,000lbs F &
- 2002sus 127,900lbs2 7|45 S7Y

- GES| GAtH 7t 588 2
S BA RFEE Y A2 Nox, CO2 X435}

Genx | . goeing 787-8, 787-9 AT2E AL
\ 1/ - X4l 53,200 ~ 74,100 Ibs

Genx |\ . cre AITI0f BBHO ©F 13% Z8S 7} 13%2] CO2ZA
- Boeing 747-8 Intercontinental, 747-8 Freighter0f %% =}

. O] sfZ2l x| 417|F(F/A-18E/F Super Hornet 7| 0| AL
- §X| 25 80|, 22,000bs2| F
- Gripen E/F, EA-18G GrowlerS0fl Mg =lof 28

719 87. General Electric Aviation 2 7§ &3

o GE®| aZAt] ElR: Aoz #&E GEnx A== GES HAM} 714 Zsdo|w
37 1842 maE A% A g 2 NOx, CO2MES 43

o GEnx d%x<& GEnx-1B¢} GEnx-2B &+ 7}AZ A2t

- GEnx-1B+= 787-8%} Boeing 787-9¢] QMR o2 AREH™ Z|4Fe] 53,200 ~ 74,100Ibs <]

el wy

- GEnx-2BE.@- CF6<lzlol] Hlsle] oF 13%<] J&o] F7idlew CO2uMlE% 13% 7

2~

a-

- GEnx-2B®2 ¥ -2Boeing 747-8 Intercontinental®} 747-8 Freighter o] HZA 3} H =& A
AR, XAl 66,500lbse] F8S TAYA L = A=F A=}

o & Ao = 1998 =dH F414 o] Al BEA Axl.

- 1 diel F Al 71%<¢] F/A-18E/F Super Hornet 7]Fol Al&HE Aoz A
I Aol Fom FAHSFTE ol

- FAl4072 22,0009 %25 W™ Hornet o] ¢ o|%= Gripen E/F, EA-18G Growlersol
A E o] &-8&.
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@ Pratt & Whitney(PW)32)
o PWollq 71%® Emal Axe JTISD A= 57, PW300 Algl= 771, PW500 A2 =
770, PW600 Alg]= 370, PW800 1/1= Z 23719 A=,

o JT1SD Alglz+ 2,200~3,400Ibs®] F3 & W HEA Aoz PWALY =7] /E =
2.

- AA7ZEA 6,744the] A& AFEF oM F 4HSAT AZE ol EHIOoH
Cessna Citation A|2]%, Agusta S211/S211A-5 ThF3E 7] 5o AF&.

- JT1SD Al2I= 57K, PW300 771, PWS00 A= 77H,
PW600 Al2|Z= 37H, PW800 17K

- 2,200~3,4001bs8| =&, PWALS| £7|J|g o &l
- BT} 6,744CH2| A FIE H = Cessna CitationA| 2| =,
Agusta S211/S211AS Ct¥E 7| &0 A&

- 4,700~7,000lbs2| =&, S0 CYSHAH 0|&
- 2,7007K o|&te| AFlo| HZ, eMouOt A|ZF O] & 2
- DasslutAbQ| Falcon, CessnaAk2| Citation Sovereign A EH

\ . 2,900~4,500lbs2| 23, A0 SEI| TA| AR

- A ALX| 2,500CH o &be| AITIH|E
- {2 20| Cessnall CitationA|2]|=0] H&

| - 900~300Ibsel H2 FHYQ, FY FB7|0| AIS

| PW600 !
L - CessnaAt2| Mustang, Eclipse 500, Dmbraer Phenom100

. 10,000~20,000lbs2] =3, Y H|=L|AF ML s
- HIMX] wF7|0 HEE AlE glS

12 88. Pratt & Whitney 1z 7t &3}

o PW300 Alg]=+& 4,700~7,000lbse] 85 W+ HEM Ao
|5aL 9lem, 270070 o]/de] dxlo] Al&kE o] 649 RE AT

~ HU
ol
oflt
)
2
v}
ol
N
o

- DassalutAte] Falcon, Cessnail2] Citation Sovereigns 2] 7]%o] xj&ista At}

o PW500 Alg]=+ 2,900~4,500Ibs8] & Zte= HEM Ao =2 &F7|dA 37 7}

A ARE-
- AA7FA 25000 o) Fe] AMxlo] AFE O] F 9WMuE AIZE o] e AZHEQE &I
om thFEo] Cessnael Citation Alg] &l A&,

o PW600 Alelz=& 2001 =<d=%lem 900~3,000lbsel 74 W2 FH W<
Aoz A ?%}%771 ol ARE-

i
r[r
=

zt

82) http://www.pwc.ca/en/engines
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- &2 CessnaAle] Mustang, Eclipse 500, Dmbraer Phenom 1009l A}-&-.

® Rolls-Royce(RR)83)

O

RRE BHEA AL thy7]-& BHEA AR Trente} £ Ao =Z o]

1.

r'l

o 2010d =<94=¥ Trent XWB+ Airbus A350 XWBel A 3&s}

=

=5 AAEA e, 75,0000
FH Ho 97,000be] F¥H2S W o] A2 2014d A &0 Soid A4A.

- @A 1,1007H9] Aol FAmjE A om, 5 Aol Hlste 2ujrt d= dxo] .

- 7|8 B2 AE : Trent
- P b

- Airbus A35001 HEStEE H A, 7500~97,002| =
- A 1,1007H2] AE THoH, S AZI0 B|SHe 26f 2l THO§E
- 2014 HH 280 E01Z 0T

- Boeing 787 Dreamliner0i| Z| =%} £(of X%
-53,000~74,000lbs2| &=, BtO|Z{~H| = 10.0~11.0
- 7|Ee| ATlof vlsl ) 3%2| HE24d| HZtE ot

- Airbus 3800] &3=0f %t
. 70,000~80,000lbs8| =5, BIO|IjAH| = 85~8.7
- A3807|0IM Nox HE& Z[AD) & HAAZE

- 19984 Global HawkOll Z&He0] & v 0| =
A FY 0" 37| ATSE A8
- CessnaAkg| Citation X S0l AHZ, BIO[TfAH| = 5:1

13 89. Rolls-Royce a1z 74 &3k

o Trentl000-TEN <13-8 Boeing 787 Dreamlinero] 23} dto] Aztd dxo=z 20113
H %= Boeing7877]9] A2xo] &g

- 53,000~74,000Ib%] F¥-& WH Hio]sf2~Hl&= 10.0~11.0 A==E A2

- TEN9] 9]u]= Thrust, Efficiency and New TechnologyZ o] F+43 ZxE YE}
Y 71E9] Azl vls] Hol 3% d54v A7aEAE E ¢ e HAY e
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(3) Counter Rotating Turbofan Engine
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o] E38)7} FetE A

72 | OER A= 242
o4, 4523
=298 1(Glow | (9 A *diesel* =23k ((Y=compression)adj(2F3}*ignition™))
Plug), A # ¥, SEFHIIFSESETYH I (EE S EFglowadi(E 2 1*plug
CRDI(Common Rail | *)7 ¥ & Y *CRDI(# ¥ common)adj(#l & *rail*))VGT(7} ¥ &
Direct Injection) Zvariablegeometrywaste)adj2(turbocharger* & 2. x}*)) g B.Q1
oA VGT(Variable B &2 *< Bl & 2] *intercooler*turbo-intercooler *WGTDPF(die
ol Geometry seladj(particulate*filter*)) AND(&}+3-* 7 & &-* 5 & 3-* &k | * v
i Turbocharger) Y1) G A vl 5 A 7 B Y * S H| P F o A 7] * o] ZH-F/ 7] Fo] {77 *
AE =, o o A ZE*of| o Z&| 1* 3] H o] 7]* 114 o} 7]* 47 ] *aircra
WGT(Waste Gas ft*airplane*airship*aeroplane*((el A ®adj(Zd A * S A* =2
Turbocharger) g Z E* 3 9 Z E¥))((air*aero*aerial*flight* fly*) adj2
DPF(Diesel Particle (craft* plane* vehicle* engine*)) )
Filter)
Sz 7H&d, Ol B2y 3* a5 Z ¢ T1*gasoline* (2=} =2 E-Zspark
Jo E %% sK(spark )adj2(Z 2 L*plug* A 3} *ignition*)((7} A variable)adj2(:ll B.*
i ignition), E} o] W *valve*timing*))avgas* & a7+ & &7} & H (3 F-aviat
23t 3Z&# J(spark | ion)adj(7F&®*gas*®)) ) 3] o} o] 2] o] o} o| MPIGDI A} A 2] 7 &

plug), GDI(Gasoline

AP (T2 E) 2 Fmultidirect)adj3(2AF* 91 A 44 * ¢ 4] B *injec

W FAE,

Z
7:]1? Direct Injection), | t*)vl2u|E*v}l1y E*magneto®)and(d3+*74 &8+ 5 a3*
bl MPI(Multi Point A * 0] ¥ 8] A W] 5 A 7 B Y *FH] o 2 7] F o] 2FF 7] * o)
Injection) 27 o AP ZEX o Z Y A* ] 7] * g o) 7] *
VVT(Variable Valve | ~]*aircraft*airplane*airship*aeroplane®((ll &}*)adj(Z#] <1*
Timing) AVGas, ZYJ* I Y ZE* I Y ZEX))((air*aero*aerial*flight* fly*)

magneto adj2  (craft* plane* vehicle* engine*)) )
1B a7 B (B RA E*E| R T E*E| HAFZ E*E E%*E%Eﬂ*turpojet*tu
AxE | AT EnEs R rb(ipiopiturtioshfftit}lrﬁofjn*pripfan’;((E1 f_tur_bo)ad](xﬂ E_*
Wizl | AEegu s A * T F* AL L E* I * 3] *jet*prop*shaft*fan™))((Z Fprop)ad;j(

W*fan*)VLI((verylight 73 &%= 7 #Hadj2(jet* A E*))and(7} 2~
E}H1*((7} 2~gas)adj(E] ¥turbine))adj( 2l X *engine™))).ti,cla.
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57 7 7o mE FEF J1E 27 A4
F87 27t 2% A4
and (1A E)* injecter® injector* injection® A S FF* AZEAP*
AsA* dsg=* (A= fueD adj (FF* supply* +&+AH inject®
* ZIEEY ZEE* * 3E 3L ¥ * ™
S e Ao* HEE* ZEE* control* HZ* pump*) CRDI (A4

common) adj (F¥L* rail*) VGT 7}HAWHE* (7} variable) adj
(B B* valve*) adj (Elo]™* timing®) EAFAIo]* (EA}F inject™) adj

12
=

(Ao)* AEE* ZEE* control®))
and (¥4 burn* combust*) and (BA* design* f+&* flow*
Aoj* HEZ* ZEZ* control* FEZ2 1% FESZ ¥

(B2 2% gow) adj (3 1* plug®) WGT ( UbH &%
variable geometry waste) adj2 (turbocharger* B R 2}A* (B &
turbo) adj (XFA* charger*)) ) ¥]2~E* piston* A #H* cylinder*
F71Z£E* (7] intake™ inlet*) adj (ZE* port®) (A L&A

!
o
Al

2

>
[
i)

(A 4* (low near pressur*)) near (EAF injection* injecting*
njected*) ) )
and (1A E* injecter* injector* injection* A FFF* AZEA}*

\

AdaA* dag=x* ds83* (I= fuel adj (F5* supply*
EAF inject* Aoj* AEE* ZEE* control* HX* pump*
B 3% tank®) AR * EFAo)* FAn A o* (A} inject®
=E* pressur®  FAH* E3H7]* (F7] air) near (A% fuel) adj
A o* AEE* ZEE* control* dl =@ o]E* regulater*
regulator®)) (S 7}2* Ag* FA* evapor* gas* fuel* leak®)

near (FA]* prevent®) )

and (BZ33}* H3}* ignition* igniting* ignited* =3}3F#H1*
(239}t = spark) adj (&2 2* plug*) Wi 71* d2EgHE*
distributor*)

o =%

and (424 burn* combustion*) and (2 A* design®* #%* flow*

Ao* HEE* ZEE* control* VVT* 7pH B* (b variable)
dj (@EB* valve*) adj (E}o]™* timing*)) I 2E* piston*
*‘ﬂt%* cylinder* 7| E* ((§7] intake* inlet*) adj (ZE*
port*)) (&AF* injection* injecting® injected*))
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B and (GDI & &AF ZAHEA (AH direct 499 T4 715U
= cylinder) adj3 (EAF AAA* AAE* inject®) )
and (&=71* F5Fd* AFH* F=&* H=ZH* compresser®
oF=7] compressor* E#|o]=* blade* #* F|* fan* Y Z* cooling®
coolant* refrigerat®)
7}~ Eul 6l o171 and (A&4*  AA47]* (burn* combustion*) adj (chamber?®)
2 e HAF inject* &3 mixed* mixing®)

and (E]¥1*  EJoJ¥l* E{u}Ql* turbin®).ticla. and (& o] =*
. A J* plade* HA* shape* WYZI* cool* A|F* material* AA*

A2 A Z* design® manufactur* fabricat* 7+=* 74* gap*

tip),ti,ab,cla.

© AMAI 9 wol= AA 7E

o AMAT AzEMAR Boke] FE EAFE §F7] ok 12771, Aks|Fo} 767
Zh2=EHl Fof 1772

7F2EH WA Fe- HEAE, HEXZE, HEAZE HEH T5AHS FAHOZ 4
AE AaE F8 BEQA 4F7], 947, gHHloE BRI ofgiet Zo] TERF A
A7MA 7€ BFE AAS 7|€EFE SE4S AAF
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(h 718 5354
£ 60 F4¥ 2T/ A1 A5 TrpE ESEAAS

299= KR P Us EP Z3A
1973 - - 2 - 2
1974 - - 6 - 6
1975 - - 4 - 4
1976 - - 13 - 13
1977 - - 9 - 9
1978 - - 11 - 11
1979 - - 10 - 10
1980 - - 11 - 11
1981 - - 13 1 14
1982 - - 9 1 10
1983 - - 11 1 12
1984 - - 5 - 5
1985 - - 15 1 16
1986 - 1 6 3 10
1987 - 2 17 - 19
1988 - 1 14 - 15
1989 - 1 10 1 12
1990 - 1 19 1 21
1991 - 1 11 1 13
1992 1 - 12 - 13
1993 - 1 16 4 21
1994 1 3 17 2 23
1995 - 3 8 2 13
1996 - 3 8 1 12
1997 1 7 11 - 19
1998 2 8 13 5 28
1999 - 5 10 3 18
2000 - 3 11 4 18
2001 2 2 21 17 42
2002 - 3 29 5 37
2003 2 7 37 4 50
2004 1 6 32 8 47
2005 4 6 43 4 57
2006 3 6 61 14 84
2007 1 14 48 14 7
2008 - 6 46 13 65
2009 4 2 53 10 69
2010 1 2 41 9 53
2011 1 1 26 9 37
2012 - 1 20 4 25
A 24 96 759 142 1021
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IAl Development Approach

The Innovation Pipeline:
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Fuel Prices And Direct Operating Cost

Direct Operating Cost Breakdown Direct Operating Cost Breakdown
50-Seat Regional Jet in 1995 50-Seat Regional Jet in 2005

Other Direct Costs -

Fuel -

1% 162. DOCOlA =M BlF

2005 Dollars per Barrel

1009 High Oil Price
80
60 - Reference
40 A
Low Qil Price
20 A
5 History Projections
1980 1995 2006 2015 2030

Sources: History: Energy Information Administration (EIA),
International Energy Annual 2004 (May-July 2006), web site
www eia.doe.gov/iea. Projections: EIA, Annual Energy Out-
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Greenhouse Gases: Challenges at All Levels

Ozone Layer Depletion an Emerging Concern
NO.

Ozone Layer Depletion

Stratosphere
33,000-58,000 ft

Global Warming a Developing Concemn
CQO,*
NO, 0,*

H-0 Vapar * . Global Warmin,
Aerosols (i.e. Soot) } Cloud Formation g

SO.

Troposphere
3,000 ft * Greenhouse Gases

Local Air Quality an Ongoing Concern
Traffic Growth

NO, QOzone & Smog Formation

HC . .
co Local Air Quality
Particulates

HAPs } Health Effects

Ground Level

Chart adapted with permission of Pratt and Whitney
*EPNGB = FAA annoyance level index used to certify new aircraf
HAPs = Harardous Air Particulates
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Electric Engine Concepts

Pylen/aircraft mounted engine
systems controllier connected

New Engine Architecture
to engine via digital highway

with reduced parts count
weight, advanced cooling,
aerodynamics and lifing

accessories
electrically

driven
Generator on fan shaft

provides power to airframe
Internal active magnetic bearings and under both nermal and
motor/generators replace conventional emergency conditions
bearings, oil system and gearboxes
(typical all shafts)
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(F4: $/1b)

T B Eng.lulqlger— ME dzsgn Tool Fab | Support Totals
Wing 7,093 1,773 1,862 6,171 833 17,731
Empennage 20,862 5,216 5,476 18,150 2,451 52,156
Fuselage 12,837 3,209 3,370 11,169 1,508 32,093
Landing gear 999 250 262 869 117 2,499
Installed 3,477 869 913 3,025 408 8,691
engines
Systems 1,3723 3,431 3,602 11,939 1,612 34,307
Payloads 4,305 1,076 1,130 3,746 506 10,763
Total 40.0% 10.0% 10.5% 34.8% 4.7% 100.0%

A+ Cost Analysis, Karen Willcox, MIT, Aerospace Computational Design Laboratory, 2004
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Commercial Airlines, Atg&52 &
&2 9] General Aviation
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AS. I 5 AA General Aviation &3 712 A=2# 9 FHS B ol T} 7
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® 100 General Aviation T8 A=A
(Z91: o)
Year Grand Sing'le— Mul.ti— Total s Business Tot'fal
Total Engine Engine Piston Jet Turbine
1995 1,251 605 61 666 285 300 585
2000 3,147 1,877 103 1,980 415 752 1,167
2001 2,998 1,645 147 1,792 422 784 1,206
2002 2,677 1,591 130 1,721 280 676 956
2003 2,686 1,825 71 1,896 272 518 790
2004 2,961 1,999 52 2,051 319 591 910
2005 3,590 2,326 139 2,465 375 750 1,125
2006 4,054 2,513 242 2,755 412 887 1,299
2007 4,277 2,417 258 2,675 465 1,137 1,602
2008 3,972 1,943 176 2,119 538 1,315 1,853
2009 2,283 893 70 963 446 874 1,320
2010 2,023 781 108 889 367 767 1,134
2011 2,120 761 137 898 526 696 1,222
2012 2,133 790 91 881 580 672 1,252
A5: GAMA, 2012 Statistical Databook & Industry Outlook
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1995 1,251 605 61 666 285 300 585
2000 3,147 1,877 103 1,980 415 752 1,167
2001 2,998 1,645 147 1,792 422 784 1,206
2002 2,677 1,591 130 1,721 280 676 956
2003 2,686 1,825 71 1,896 272 518 790
2004 2,961 1,999 52 2,051 319 591 910
2005 3,590 2,326 139 2,465 375 750 1,125
2006 4,054 2,513 242 2,755 412 887 1,299
2007 4,277 2,417 258 2,675 465 1,137 1,602
2008 3,972 1,943 176 2,119 538 1,315 1,853
2009 2,283 893 70 963 446 874 1,320
2010 2,023 781 108 889 367 767 1,134
2011 2,120 761 137 898 526 696 1,222
2012 2,133 790 91 881 580 672 1,252

A& GAMA, 2012 Statistical Databook & Industry Outlook
(2) General Aviation A)7%&3F
o General Aviatione A % AHE =A47E AL mE d371E AH 3 9
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(3) HIZYZ=AEY] A FEF

PRRA7 22U} AYHEA vEUs BHY o8t F43) Fbsta ul
ZU2AEY] ABE BHRED YL MxUs FFAYe] HEE F2Y GDPYA
ZAl, 22W BI19Ee] MEY Fol, RAES £A, Aol ¥ sxz FEo FEu

FA 5 U AE2 AT F JdEd CAGRRIFFEFAAE)C] 1990dd] &
HE 4%tHoll A 2000t FRbel= 9%t E FFdte § HIRU2 AEY] o5 AdE
o o] ZrFol A F.

NAiERANE AgEE HzUsvle] Aeds Hudel MA AA FEFTe
oF Awre A FH, obrlol - YA @ sHlolueste] Lo GFUFo

Hl2Y2A E7] Foks AFAEse A TS AT A¥7] 2 HE 7] sido]

23 F8 dAES wEd T8 TFe fd g B4 Ad HIEY] iE=E
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102 38 7% 8 AEAIY/ ]S

(9 ™)
2001~10 2011~13
2 = ARG ER ]
A 2} AL =} I G E R 27 (@2)

Challenger 600 1997 o] A F-¥] 343 108
Challenger 300 20033 H-¢ 308 111

Challenger 800 20053 F-¥] 64 33

Global Express 1998\ F-¢| 218 83

Bombardier Global 5000 20043 €] 138 85
Learjet 40 20043 F-¢ 128 38

Learjet 45/45XR 1998@1'?—151 279 42

Learjet 60/60XR 1997 o] X H-H 168 39

Learjet 85 20133 % 1 - 6

Total 1,646 545
Citation Mustang 20063 F-E 345 140

Citation CJ1 199701 -20114 247 2

Citation CJ2 20003 £ 408 59

Citation CJ3 20043 H-¢ 352 76
Cessna Citation CJ4 20103 H-E] 19 107
(Textron) Citation Encore 2000-2012+4 210 10
Citation Excel 1998 H-H 632 80

Citation Sovereign 20043 H-¢ 303 57

Citation Sovereign 1997 o] X H-H 167 23

Total 2,683 554

Falcon 50/EX 19970] A -2008d 49 -

Falcon 900/B/C 19970] A -2005 17 -

Falcon 900DX 2005-2010%4 24 -

Falcon 900EX 19974 o] A H-E 170 59

Dassault Falcon 2000 1997-20093 110 -
Falcon 2000EX 2003-20093 150 -

Falcon 2000LX 20083 H-E] 59 69

Falcon 7X 20073 5-H 100 90

Total 679 218

Phenom 100 20083 F-E 499 160

Phenom 300 20093 H-¢] 27 115

Embraer Legacy600/Shuffle 20023 F-¥ 164 42
Lineage 1000 20093 H-¢] 13 12

Total 403 329

G100/G150 1997d o] " FH 155 55

G200/G280 1999d 2 ¢ 184 44

(G300/G350 2003-2008d 62 -

Gulfstrem (G400/450/ IV /IVSP 1997 o] A F-¥ 228 95
G500/550/ vV / vV SP 1997 o] A FB-H 398 -

G650 20113 5-H - 58

Total 1,027 252

Premier IA/II* 20013 F-H 278 25

Hawker Hawker 400XP 1997 ol 1%E] 301 5
Hawker 800 series 1997 o] A H-E] 560 117

Beechcraft Hawker 4000 200395 e] 42 44
Total 1,181 191

ZL&: North America Equity Research, J.P. Morgan, 15 November 2011
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o Twe HAdY ALEAARY] Hs P &M EE ZAS ARE BY gAdN S
FAT Aol BTEI 808S B%YE ALFOZA UG o S T
&+ BAFe= A2 YES S

¥ 103 7F&Edaz of gAqz: 2000hr TBO 715 -8H]-& H| L
23 DeltaHawk Z}o] Lycoming
DH200V4 (=n]-&43hH [0-360 A Series
Overhaul cost ~$15,000 $7,500 $22,500
Fuel cost $82,600 $43,200 $125,300
8 spark plugs* 0 $2,000 $2,000
e ] R s $97,600 $52,700 $150,300

* 200A121uke WA S w7k §25.0082 7HA g

o GAMA 2012 Statisticsoll YEbt 3] 2EdR 7)ol FEA2S B 1999 d 1,801
(44005t Zepol A 2006 del&  2,755TH(857WM ¥ Fe )R Eolytoy 2012ddd&
1,054tH(4280 5t )= A4S AAGE] gridoez AAFHAY FAHE
d F e vlEe] MAHA Ge 3 FoE JEFHY] oHE Aoz B,

o 2010 AA wl=olA FEH= J2EFY
139,5190)), &zl 7]7F 15900t ol & 5H=E AwHEHE 78] 114,050, #l=Y
28 175724, 5§ 12508tHE FA4 5o ¢
Ao E YER S

o

B EE AA NAE 33709 F8 /158 ASAAN FF 2031dAA
%
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¥ 104 9 2E gF719 JA=AH FE A
(&9 o)
A A A3
78
(2000-12) 2012-18 2019-21 2022-31 Al
Cessna Aircraft
2,915 1,814 1,035 3,034 5,883
172S Skyhawk SP
Diamond Aircraft
200HP 1,575 1,043 522 1,667 3,232
_ DA-40
o)k
6.5% Aviat Aircraft
270 268 248 113 384 745
A-1B Huskey
71k 933 495 1,521 2,949
A A 4,038 2,165 6,606 12,809
Cessna 182T
1693 1,417 738 2,295 4,450
Skylane
Cirrus Aircraft
) 2157 638 367 1,070 2,075
300HP Cirrus SR20
o)k
6.5% Pacific Aerospace
Srosp - 95 35 138 268
CT-4E Airtrainer
71 e} - 200 95 314 609
AA 2,350 1,235 3,818 7,403
Cirrus Aircraft
) 247 2,005 990 3,119 6,114
Cirrus SR-22T
300 Cessna Aircraft
up Company 206H 275 639 310 988 1,937
Stationair
o]/g
4.13% Diamond Aircraft
’ ) 665 617 357 1,014 1,988
Industries DA-42
7] e} - 1,190 553 1,815 3,558
AA 4,451 2,210 6,936 13,597
= A 42,085 10,839 5,610 17,360 33,809
A5 GAMA, 2012 Statistical Databook & Industry Outlook
o F2E FFE gRE RAN|BE AF AW W FoE AT FII] F2
oF ATy E F A WEkA 9 x99 dFU] FoAWe 2 A g
ToAYOE T F o FEo AT MEFES FoE Ao AA AR
8F 37 FREY 5o F s




(91 7D

d = 200HP ™| 7+ 300HP™] ¥+ 300HP©] & A

2014 500 309 557 1366
2015 583 348 639 1570
2016 663 392 708 1763
2017 736 419 778 1933
2018 77 439 797 2013
2019 779 448 789 2016
2020 718 410 723 1851
2021 668 377 698 1743
2022 711 402 727 1840
2023 758 428 757 1942
2024 807 455 788 2050
2025 859 485 821 2165
2026 915 517 855 2286
2027 975 550 890 2415
2028 1038 586 927 2551
2029 1106 624 965 2694
2030 1177 664 1005 2847
2031 1254 708 1046 3008
2032 1335 754 1089 3179
2033 1422 803 1134 3359
2034 1515 855 1181 3551
2035 1613 910 1230 3754
2036 1718 970 1281 3968
2037 1830 1033 1334 4196
2038 1949 1100 1389 4437

A= ‘Forecast International, 2012° 2] 2012-2021 A} ¢} FAE EHZE 203871 AAsHA
A A

Q) gAdde ANF d
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Learjet 45XR TFE 731-20 Honeywell 35 3,500 800,000
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Citation Sov. PW306C Pratt&Whitney 825 5,770 1,100,000
Falcon 7X PW 307-A P&W Canada 1,300 6,400 1,200,000
Citation XLS+ PW 545C P&W Canada 529 4,119 1,163,932

A5 FORECAST INTERNATIONAL, Aviation Gas Turbine Forecast, The Market for Civil Aviation
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o 2 A7) 20149
e KC-1009 &= TSIOF-550-KAR 3} &
e 6-cylinder piston aircraft engine
e Turbocharged & FADEC models
AMZIALF s . N N .
o Hf=9: 315HP (&< g A F xS Ao 550HP)
e AAITE: 18,000ft
o & 500-600Ibs (+UF<] TSIOF-550-K+= 565.51bs)
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AHg AR EA ], MEd7E A8 so] Bagh

7}

(ko] wnk
& BEEdE 19T EE Al
Az A 24,000 8,000 32,000
dF 5,000 - 5,000
A 29,000 8,000 37,000

3E 110 gAAANEn] A= YA

(&) Wgt 9)

: AR E%)
H H =
TE | BFEEY T ws [ de [ 2A | 2o [ wav
) 8,419 281 2,526 2,807 11,226
1 .19
(75.0%) 2.5%) (22.5%) (25.0%) | (100.0%)
) 8,226 274 2,468 2,742 10,968
2AHdE 34.3%
(75.0%) 2.5%) (22.5%) (25.0%) | (100.0%)
) 3,968 132 1,190 1,322 5,290
3 16.5%
(75.0%) 2.5%) (22.5%) (25.0% | (100.0%)
) 2,710 90 813 903 3,613
42 = 11.3%
(75.0%) (2.5%) (22.5%) (25.0%) (100.0%)
} 677 23 203 226 903
S5 = 2.8%
(75.0%) (2.5%) (22.5%) (25.0%) (100.0%)
- 24,000 800 7.200 8.000 32.000 10007
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2 g, ok ofy]o] AAE RETUAAAG] JHT wEe] P4 B BN F
BEAE FE2T AUA, TYL FFY AAFHE Fxo] LA e E
o] Bio] Bas) By

FErdd dEel: AL F 2047k oS,
Adef g @7k Eﬂ‘j $100,000 ~ $137 000.

2] S 7hetslH 315wt olze oF
$137,000% F7go] 7Fed. v 7HAAARY FHE S 7)o FuodlA AT
He gAdRe] 714-L $100,000 o2 FAsth ARA o2 §137,000 =2
= #urtA e QddTa 7R

Hyge]: 327 AR AL BEFde 2749 37 A 8L, #7914, ARl 9 7]
Bl FHF7] AU S Fol £3¢E £ A AVIAE Hd FHEFY] REseds
o237 o] 4kA 3t

- FHF7] aAAYL o v PA T §45.5

- AZF vl Az 186.2hr 7}

- AR £ 382W0F T4

- g AZF R = $45.5 X 186.2hr = $8,472

- g9 REoigel  =H = $455 x 186.2hr  x  38.2W = $323,634

= ) Fj7tA e 324% (7} $100,000 713)
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Forecast International o] wW=w &3 20d37F 300~350 7= OAQRA 2+ 1
FAE =Y old FAHE 20199 HE 2038W@7FA] AAste o5 FAHINEA 4
§]'°i]7ﬂ-9] Hol AGAE FAHYL = A

B AT AE 20199 o AT AN FaAHE T o] 24
- 3000 Fe DA Fa: 3000 ol F WAE
[e)

NIRE=Y

Ho dE AXANE A %1)

- Ak gAdde thak =8 300mHE | HAade] 30%
300vke F tlAdzlo] ok FAEA @e HE bste] AFHFE 25%F M
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&l At
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(e o, A €2

a = 3°°H1;°]*‘} Y gaaz2) | dases | @ g gz | A
2014 557 0 0 - 0 0

2015 639 0 0 - 0 0

2016 708 0 0 - 0 0

2017 778 0 0 - 0 0

2018 797 0 0 - 0 0

2019 789 229 57 100 5,700 4,361
2020 723 210 52 100 5,200 3,771
2021 698 202 50 100 5,000 3,437
2022 727 211 53 100 5,300 3,454
2023 757 220 55 100 5,500 3,397
2024 788 229 57 120 6,840 4,004
2025 821 238 60 120 7,200 3,995
2026 855 248 62 120 7,440 3,913
2027 890 258 65 120 7,800 3,889
2028 927 269 67 120 8,040 3,800
2029 965 280 70 137 9,590 4,296
2030 1,005 291 72 137 9,864 4,188
2031 1,046 303 75 137 10,275 4,135
2032 1,089 316 79 137 10,823 4,129
2033 1,134 329 82 137 11,234 4,062
2034 1,181 342 85 137 11,645 3,991
2035 1,230 357 89 137 12,193 3,901
2036 1,281 371 93 137 12,741 3,923
2037 1,334 387 97 137 13,289 3,879
2038 1,389 403 100 137 13,700 3,790
Al 19,629 5,692 1,420 179,374 78,377

% 1 ‘Forecast International, 2012° ¢] 2012-2021 3| ~Ealz AWxZS 20383 71%
Aste] At 4

2) 200mHe Ao FA HFE 7I=(FA AF

3 =lA NaEe HAMR AR FES 300HPo] Gl A 30%E 7HE S (5
AR A= 300-3500FH T Al A 50%e] A& 7HA A S)
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Ho] Fegele g $45.5/hrg 78 o At 20199 o]
2 R o] dAZEA = $235,9563 .

AX wjZHe AA7LA]: §78,377H
Foirelol dAZEA:  $235,956%
A $314,333
= 345,766 7+
(s $1: 1,110 A8)

2k AAEH

(1) R&DAFG Ol thet eHletd A=A Ao “TExHe] 4hg”

o Ex#e] = Market * Share * R&D Ratio * Success * VA Ratio
7|4, Market : AFHASAATE. FRAYO T AT
Share : 300U}l o]4e] tANA AAAGES 25%= 7148
R&D Ratio : #HFwjEq el th3t R&D 7] = At el whet 28.1% 282

Success : AISH FE A5ET FRE AAZ A FASEE 100%2 7P

(KC-10001] A=kt olzl-e 7ats
VA Ratio : F7PA&. 2AItE=887] 71dAd 3} o] 38.67%S 283t

rir
ol
—o
L
J%
o
o
a2
N
I

(2) B/C Ratio

o FHA(dFFeDe] AAZEA] = 345,766

o R&D7]o& = 28.10% -8 (R&DAIHIEFFAE A A F)

o HIPHA & = 38.67% AT 571 AdelA A&t Fr7HA &
o ZNH e @A 7FA] = 34,798.6W 7

o BJ/C Ratio = (345,766 x0.281x0.3867) + 34,798.6 = 1.08
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b
wAE | d= 3 7}
AR 3k A
2017 400 - 400 400 EHAY
2018 450 250 700 663 g
2019 500 200 700 629 w
1A 2020 500 200 700 596 L
2021 400 100 500 404 VSIS
2 7 2,250 750 3,000 2,692
2022 500 - 500 383 g
2023 550 200 750 544 g
2024 550 200 750 515 B
2eHA 2025 550 200 750 489 L
2026 550 200 750 463 B
2027 300 200 500 293 B 1%
2 A 3,000 1,000 4,000 2,687

o EH Y] A= 20179 Vo2 AASAI SIS 5.5%E A8

— 330 —




X
i
0

ﬁu_

(1. el 74

¢+

=
&
e

=
)

o

g & oA o

T

—

AA o e} AA

sy
a-

KABJol| Z=}

1

T

15}

2y

el ARe A=

s
-

KABJ

T

T

wofof ¢

A

el

u] gFo] 2ujo|mE o 7)o

&
<

—_
file)

3}
.

L0

A

N o] oF 30%= 7}

=

G FE7] v

ol o
=

+

=
il
N

[=1

3} #y

$12M~§12.5Mo. &2 7}%

=

=

7] Bt
g $4Mell 23 KAB) AAZFo @A A7 $0.9M

=

o KABJ¢|

i

KN
| .

<] 1.24)

2}

=0
= 1

194, 29 A2 UFo] A 7arst

o

37 e $2.2MO 24 <z wj

o ZhZERIAA

|

=223 2 1A s

L= =]
T

Q7]

EE ‘KABJo| &#AE

19A M

ATolA =

=

O

wehA 19A AxfEe] &

3}
.

SFaL A}

S

17pak 2 714

Pz
Ahld

o

ol KABJ| #olls Alue

Rojrlos FARE

=Lk

l

N7 9]

- 331 —



F 117 7F=HRCIR Apde] e e A
T ' FE7] B F R b e ody ARFAE7D
Avge 1-1 6870 $12M $1,995M
AL 1-2 6870H $12.5M $2,078M
AdEle -1 7950 $12M $2,342M
AdEl e 11-2 7950 $12.5M $2,439M

2. 3 5 ;
718 HFEIA, 1,10, 2012° =

3. AL FEIAH FFV FEAANARG R YOEH FF7) BopA
gof epzre] Aol7h FASRAT B AT o] F FASAS,
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03,0009 o] 2gx= 194 /NTAZ e FHI&(F7D) 3 FHJ(@7holl R&D 7o &,

A 45 E, A E

2 #§3ko] BIC Ratio® A4SHE thd} 2(FewA 7)

U] = 318 §1 : 110092 2 g3l A AAFsE ).
¥ 118 7F=ERIQZ AEe] AAGES A
S 4T R&D71HE | FII7HA & 7Nk B/C Ratio
Augle -1 $1,995M 28.10% 38.67% $245M 0.89
AYE L 1-2 $2,078M 28.10% 38.67% $245M 0.92
AUl 11-1 $2,342M 28.10% 38.67% $245M 1.04
Avel e 11-2 $2,439M 28.10% 38.67% $245M 1.08

o AzpH oz s un] 3,0009)
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- )7t 2,500

Aol A5

3% 119 7] 2,5009] Ae] A AAGEA A
T % AT 7Nkl e |zt B/CRatio
AlgEle 1-1 $1,995M $182M 1.19
Avgle 1-2 $2,078M $182M 1.24
Avgle 11-1 $2,342M $182M 1.40
Avg e 11-2 $2,439M $182M 1.46
= B/C Ratio7} 4 1.19 o]olB& Aol & A& A
- ZQEH)7) 5,0009 o] A
3120 7] 50009 Ao A AALEA A
T % AT 7Nkl o] |zt B/CRatio
AlgEle 1-1 $1,995M $364M 0.60
Alggle 1-2 $2,078M $364M 0.62
Alggle 11-1 $2,342M $364M 0.70
AuEl e 11-2 $2,439M $364M 0.73
= EE Ayl stellA B/C RatioZ} 1o ZA wixA] £tz HFAAHo e AL
2 Fesh

o] A= selrEely e §EE FrjskA @i 22X KABJo| ®HAE Hzo=
ZF2ERIAA S AEste A AAAS FRD 5 e EE R 30009 9=
23T F A= A

A7k 3,0009 9 2IshE AgolE O U4 o, @ H95% 24, G
2 H37)(F87] T A 5o 58 UZE st 5 A% duss A
0% AL Hustt Webe Tk o
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A7 4ks}t 7|8 5 AFY HAA AQ494F

(S - D)
¥ = Angaz Apaa A
Y1 8,919 2,806 11,725
Y2 9,026 2,742 11,768
Y3 9,068 1,323 6,391
Y4 4,010 903 4,913
Y5 1,977 226 2,203
& A 29,000 8,000 37,000
2. AEARE 2 Q4
o 2¥ HEE FE A A
(D && A2
(S - D)
9 = AEAF dvee A
Y1 8,419 2,806 11,225
Y2 8,226 2,742 10,968
Y3 3,968 1,323 5,291
Y4 2,710 903 3,613
Y5 677 226 903
& A 24,000 8,000 32,000
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v 3718 HHEAY AFS7Ie/NT 3 ATHARY
(1) Szt
(el - ek
d4 = AEEd= Z1AF=ET Al
Y3 4,500 - 4,500
Y4 6,500 - 6,500
Y5 6,500 - 6,500
Y6 6,500 - 6,500
Y7 6,500 - 6,500
Y8 5,500 - 5,500
& A 36,000 - 36,000
2 A= A F4k
o AHA)
il A7 W& H] 3L
Y3 | YA | Y5 | Y6 | Y7 | Y8 | &
UAEE718 | - HOdA ASA2H 8
SRR AS71=d
Iz e W] - dm wazm oz | 40| 65| 65 | 65| 65 | 55 | 360
Q1% - BASA IPA EjA2
T 45 | 65 | 65 | 65 | 65 | 55 | 360
Q) FEE AlF-4)
(9] - ek
g = Y3 Y4 Y5 Y6 Y7 Y8 A
Az 1,800 2,730 2,880 3,018 3,168 2,284 15,880
234 2,367 3,289 3,139 3,001 2,851 2,809 17,456
gl 333 481 481 481 481 407 2,664
& A 4,500 6,500 6,500 6,500 6,500 5,500 36,000
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O A& AASHA
= | gt = HAs=HF
1 Take off rating 3,991 Ib
2 Power—to—weight ratio 5.05
3 Specific fuel consumption 0.436 Ib/h/Ibst
4 Engine control Dual Ch. FADEC
5 Fuel Jet A—1 or Jet A
6 Weight 770 Ib
7 Certification FAR33
gtzgor & D&
O =L HEHAEC!I KABJ &E &E
O] &Z8kot . =
O HM™MI|IEQ! Cessna Citation XLS+ & CASA C-101 Learjet 31 Ofl
re—engine
O Jihgn O (ANet=83gaH32d g FX
7. A2 & AQOIA
O & APIWED|2F : 2016. 1 ~ 2021. 12 ( 6 Y)
- 1XEE HARIHED|2F 0 2016. 1 ~ 2016. 12 (12J4€)
O s d82=dH=2  3,00043 OfLH
- 1XEE HEEsAHZ2 0 30093 0|
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