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Parapiie Oetoitie University Press | DUFress com

1 3DF P RELETE
T4 kiR ¢ @ Mark Cotteleer, Jonathan Holdowsky, Monika Mahto, John Coykendall, “3Dopportunity in aerospace
and defense, “Deloitte University Press, June 02, 2014, (https://www2.deloitte.com/content/dam/insights/
us/articles/additive-manufacturing-3d-opportunity-in-acrospace/DUP_706 Figurel AM process_flow.jpg
Y (¥ P # 12019127 30p)

RPN BRAR T RO EZR BN TIEXR - MEHERT P IR R Iy 5 S in T 43 D%
A ZERRHRERE D  HFTREE THRARHARRY B TR e BN E 2P 7R -
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s | e KRBT S
SREPRHNT =netel

B2 {%%he ZH3DF| 5P Lik BT &
F 4L kR : Mark Norfolk, “The Top 5 Reasons Hybrid Additive Manufacturing Makes Sense” ,
FABRISONIC,2018/1/26, {https://fabrisonic.com/top-five-reasons-use-hybrid-additive-manufacturing-
machines-vs-single-focus-special-machines-running-parallel/) (# % p # : 2019127 30p )
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3 BAAGHLBEZEMPBH®&
F 4% kR : Luis E. Criales et al., 2017, “Laser powder bed fusion of nickel alloy 625: Experimental investigations
ofeffects of process parameters on melt pool size and shape with spatter analysis” , International Journal of
Machine Tools & Manufacture, (https://ars.els-cdn.com/content/image/1-s2.0-S0890695516303108-gr1.

jpg) (¥ % p ¥ 12019127 30p)
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“3DPRINTER WORLD” , (http://www.3dprinterworld.
com/sites/speh/files/images/efesto/efesto-lmd-process-
diagram.jpg) (8% P # 1 2019#12% 20p )
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<2 J&@ 3D B Lk m] JiE F R 4 BR i 22 7
Tresttss ~ EE - MEE R HHBESE - IKE
Oliver Wymanfi#:3% “GLOBAL FLEET &
MRO MARKET FORECAST COMMENTARY

2018- 2028”7 SRR - FHHZ2028 5[ TRTT

e E A HMEESE > SEREAERERE
% £3.7% - #£fE(maintenance, repair, and
overhaul, MRO){E%HRYF4.0% » Hrh Ll
B10.696 il Fyfx » HR R EIRES.6% ~ BREX
2.0% Fedbz21.8% - ZMlES -

MIDDLE  ASIA LATIN NORTH EASTERN WESTERN
REGION AFRICA EAST PACIFIC  CHINA INDLA AMERICA AMERICA EUROPE . FUROPE WORLD
2018 Fleat
Nomow-body 453 538 2074 253 394 1060 4068 786 3187 15092
Wide-body 178 758 1335 381 61 174 1220 145 w12 5273
Regional Jet 144 64 219 129 2 273 1834 189 456 3310
Turboprop 305 24 640 0 54 250 703 133 523 2,632
Total 1080 1,384 4268 3,046 511 1757 7830 1,253 S178 26,307
2028 Fleet
Narow-body 703 841 1729 6024 969 159 5368 1120 4688 25038
Wide-body 273 1267 1694 708 106 337 1528 165 1209 737
Regional Jet  $2 25 257 328 14 228 1671 220 368 3,160
Turboprop 188 64 806 3 86 224 480 79 443 2,403
Total 1.216 2197 6486  7.090 1175 2385 9047 1,584 6798 37,978
Fleet Growth
Rates
2018-2023 1.0% 56% 5.0% 10.4% 1nm™ 33% 1.5% 22% 315% 42%
2023-2028 14%  39%  35% 72%  S8%  29% 14%  25%  21%  33%
2018-2028 a7%  43% [B8%  ls7%  [3a%  [is%  J2ex  28% 3%
2018 MRO
(USS Billions)
Aitrame 308 $15 532 $1.8 504 $1.1 $4.7 511 $44 519.0
Engine $10 $5.7 66 22 508 s14 579 $13 $58 $32.7
Component  $0.4 508 $21 $12 $03 08 $4.0 306 528 $129
Line 503 509 $22 $14 503 0.7 $32 506 532 $128
Total s28 59 $141  s6s s18 3.9 $199 35 $162 $774
2028 MRO
(USS Billions)
Aiframe 307 s22 $4.4 $3.7 $0.7 $13 $4.8 $1.1 546 $235
Engine 515 s8.4 s98 576 $12 s27 s104  $16 s93 $526
Component  $0.6 $15 535 $33 507 512 $47 s08 $37 $200
Line 304 $14 $3.2 $3.1 $0.5 $1.0 39 508 $4.1 $185
Total $34 $135  $209 5178 $32 6.2 $238 543 s21.7  s1az
MRO Growth
Rates
2018-2023  35%  50%  53% 105%  58%  35%  -05%  02%  27%  35%
2023-2028 24% 316% 2.7% 10.7% 54% 58% 42% ia%n 32% 45%
2018-2028 3.0%  43%  40% |106% |se% Jarx  |rex  Jaox  sox  eon

Bl5 4£3R2018E2028FMEZMRITERLESMRO)EXTHHAL
F AL kiR : Tom Cooper et al., “GLOBAL FLEET & MRO MARKET FORECAST COMMENTARY 2018-
2028” , Oliver Wyman, 2018, P.6, (https://www.oliverwyman.com/content/dam/oliver-wyman/v2/
publications/2018/January/2018-2028 Global Fleet MRO Market Forecast Commentary Public Final
web.pdf) (% P # 1 2019# 127 30p)
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FHlE6 ; REFSHEE A E 2018 fH 5 R 77445
XL > IR ZE2023F AR 19E STkt
3.5%) » HE2028FfHH K1, 147{E3SCGHHA
104F F] R 6K F4.096)

US DOLLARS (BILLIOMS)
140
o 45%
i e ﬁ - ?Aﬂ =
por m - 4, Line
- i 6.5% 4.9%
%
&0 A Component
]
Engine
20 24% = 220
=
o - . Birframe
2018 2018-2023 2023 2023-2028 2028 2018-2028
CAGR CAGR CAGR
Source: Cliver Wyman Global Fleet & MRO Market Forecasts

B6 43K2018F20285FAL % & X444 45 (MRO) S 7 B

T %k : Tom Cooper et al.,

“GLOBAL FLEET & MRO MARKET FORECAST COMMENTARY 2018-

2028” , Oliver Wyman, 2018, P.35, ( https://www.oliverwyman.com/content/dam/oliver-wyman/v2/
publications/2018/January/2018-2028 Global Fleet MRO Market Forecast Commentary Public Final

web.pdf) (# % P # :2019#127 30p )
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L TR LRREE - FF2 BN O
275 k5 [A 3D Y I ESEFK I BEAE Wohlers
Associates AT E R > 5% BN R S B ELif

T AEERA B SR B R S B TE UL > 7220194
CLEERE240 508 - BEHE A S B ERE
B - BREI4Wohlers 20193345 » fREH1275%
RS HLRERS ~ 71 T 3RAMRHELERE
30FKEE = i RN s H X3 DY EN A A FE
HISZFF FBEZENY o ER0ER T BUNEBIYIFSE
HARHEE > S VEELRREE > DU 2 BR 1397 B4l
A FeBERERTERD > 15925552 32{E B SR 804,
FL[EWESE ISR AN E B - *aE 7 -

2 Wohler Associates, Wohler Report 2019 3D Printing and Additive Manufacturing State of the Industry Annual
Worldwide Progress Report(USA : Terry Wohler, 2019), (https://wohlersassociates.com/2019report.htm/) (# %

BH:20195F12A118)
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TR AR

B7 Wohlers Report 2019 % &

Wohler Associates, Wohler Report 2019, ¢
http://wohlersassociates.com/blog/wp-content/
uploads/2019/03/wr2019.jpg) (# % P # : 2019
127 20p)
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axa T EAREFEEE, -
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SRR
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A
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T(rH)%
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T A
Pl
.— 11.0%

] S 12 & B/ C & | x.(H) XM B
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i &
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B8 AH3IDI|HPERARS A E

F 4L kB ¢ Wohler Associates, Wohler Report 2017 3DPrinting and Additive Manufacturing State of the Industry
Annual Worldwide Progress Report(USA : Terry Wohler, 2017), ( http://www.aita3d.it/wp-content/
uploads/dlm_uploads/2018/07/Siemens.pdf) (#& % p #f : 2019 12* 11p)

3 Beppe Grimaldi, “Industrialize Additive Manufacturing ” Siemens Ingenuity for life, (http://www.aita3d.it/wp-
content/uploads/dlm_uploads/2018/07/Siemens.pdf) (# % B #1 : 2019512 A 11 8)
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Wohler Report 2019 ERIZZA & 47 - 251K
TCEEARANENBE 38 S0 AR 209 - e a]HA
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K2Rk LT3R T £ 2RI H BURFR IS8
HEBNATEL -

Other
13.9%

Russia

()
Taiwan 1.9%

Turkey

Canada 1.3%

1.8%

Source: Wohlers Report 2019
B9 ZFEIXLINGPREGERNSHE

T4 kK - Wohler Associates, Wohler Report 2019 3DPrinting and Additive Manufacturing State of the Industry
Annual Worldwide Progress Report(USA : Terry Wohler, 2019)P.34, (http://wohlersassociates.com/blog/
wp-content/uploads/2019/04/am-adoption.jpg) (¥ % p # : 2019&12% 20p)
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4 Wohler Associates, Wohler Report 2019 3D Printing and Additive Manufacturing State of the Industry Annual
Worldwide Progress Report(USA : Terry Wohler, 2019), (http://wohlersassociates.com/blog/) (# % B # :

201912A118)

5 Wohler Associates, Wohler Report 2018 3D Printing and Additive Manufacturing State of the Industry Annual
Worldwide Progress Report(USA : Terry Wohler, 2018), (https://wohlersassociates.com/press74.html) (# % R

B : 2019412A260)
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AM Industry Growth

{Inmillions of S}

2018

2017

2016

S0 52,000 $4,000 $6,000 $8,000 $10,000

Source: Wohlers Report 2019

B0 MERSTXRRKEER
F 4% kiR : Wohler Associates, Wohler Report 2019 3DPrinting and Additive Manufacturing State of the Industry
Annual Worldwide Progress Report(USA : Terry Wohler, 2019), ¢ http://wohlersassociates.com/blog/wp-
content/uploads/2019/04/2018-AM-growth.jpg) (¥ 2 P # : 2019# 127 20p )
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Dramatic rise in metal AM system sales Source: Wohlers Report 2018

11 720002201744 B 3D7] 5 ik & 54 & Rk E
F 4% kiR : Wohler Associates, Wohler Report 2018 3DPrinting and Additive Manufacturing State of the Industry
Annual Worldwide Progress Report(USA : Terry Wohler, 2018) > ( http://wohlersassociates.com/blog/wp-
content/uploads/2018/07/service-provider-growth.jpg ) (¥ % p & : 2019 12% 20F )
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October 201
30,000 Fuel TP
“LEAP"’"'D

shipped

12 £ HGER 3] B # 5 30,00018 X2 % "8 °8 7] 59 A%
FoR kR ¢ (New manufacturing milestone: 30,000 additive fuel nozzles )
» (GE Additive)
additive/blog/new-manufacturing-milestone-30000-additive-
fuel-nozzles) - (¥ % P # 12019127 27)

» 2018 10* 4p > (https://www.ge.com/

6 BIESNBRENL - HEIE - HKRESZF > GDAHPHMZIAHERTE) » (AL EHIMALE

{3 ALY > 201655018 » B159 o

7 AL > (H30000M8ALEIDI| MR CAE R W 0 GER+ 6 & BRMARINALE) o (FFHHE) > 2018
F10A98 » (https://kknews.cc/zh-tw/news/yexxk3g.html /) (# % B #8 : 2019512 A58)
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LEAPEH £ GE X =] Bl i g 2R 11§
(Safran)E2[EH & H & 50% A S E T - 4
FECEFMEIE(CFM International)#fFf] » TREL
BEiZ AR SErE & 737 ~ BRPNZZHEE1:A320
~ ARz HERKEAICO | 9% B SEE 25 1% - FEIE
<& B 3D Y ENEZ BANhME g - {50 i {3 i B AL

i AR BB AGRO20 I S R Ry — » [RR R ER A
MEGIE A= EE I AN3096 ~ JREE25%6 ~ FAi FHEF
FREETTHSFE LA L ~ HERAR A7 895% »
HEET 7B EHEEBIRBESCE - L AT
SR A ChRE R > 0613 -

Application: LEAP fuel nozzle’

Capabilities of full production
35,000 - 40,000 per year

AR
s SrFER

201

10,000+

EX® - «
)

95% 2% 4

WEIGHT
NTR REDUCTION
DUCTIO P-4 4
7 '
@ LEAP i & adomai of CFM Intermatona), & S0'S0 JV betaween GE and Satran Alkeran Engines. SOURCE' GE Avaton

FRAES

30%

OST.EEEICIENG

IMPROVEMENT

ﬁfﬁ xﬁ 5x MORE

13 £ B3D7|EPLEAPS| E R "E5 15 2

FAL kR ¢ (Leaps! & ¥hfie GE4iz 3% B3DA| P s )

(kknews) > 2018#10% 9p > (https:/

i2.kknews.cc/SIG=1fp1gph/ctp-vzntr/1539055488011599q08no67.jpg ) (¥ % P # : 2019&12% 2p)
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8 PHAXAMAER > (2018F BI3DITHPAT XM A ML) » B23 > (FHERMA) - (http://www.sh-
zhonghuan.com/static/upload/file/20190329/1553871749886241.pdf) (# % B # : 20194-12A21)
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1 CEER Tt 72 be (R Am LAHE)
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» BRAR R Bl 5 e S (5 A 90 B R B O O
NPk (FE g B43E  ( Additive Manufacturing, AM
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