5 EHENMARIRERE

E X~ F5HuR "

IR A1 EE S5 0 ) 25 e B K RECRER Y A A PO PR S — R L S » e > S
RACRLUA T BB TV R fHEEERIE T - FRFS AT RTTe BRAvE S a IR - i b2k
JB 5 AN B EU AR E A S o AEEMEDL T - B 7 U IRRTRERRE - £%
FIATIEL RS AHEE ST (galley) MEEMA - TR - KA
1~ ZRISHE ~ RSP B T SR S AR R R R A HEME A I BB (prime
mover) > FHRAFEEBIEA N EAEERE - SR E e S
T SR B A B U HE S SR AR - AN AT DURE m i A AT S8R (fuel
efficiency ) - [FIIRFZIN A] i 2 AE R AAT A [FIHR AR TE K - 1980 (B
i > BEE TR T RHIE— SR > B O RT k- BT R AN
FeTt 3B EE BT SR B ] (AR R B T HEME SR A S B AT
B EE B SR A A AR R T - SRR A rTRER R it FHEEE A1
A BB o BB L RARAE L B F S AR R T T 20 AT > ASCE G
RS LSRR A RE B T AR R B T LRI et Ho A e S B B
FUBHEFIZRDL - Betk o REBFE JTHEME R EE Sl 8 ) B e S T o0
T SEEBIE AT S BT S HEAR S PR LSRR o AR HHEEE R A A S KT i
1F o

B~ 77 HEME oA e B it B

A A PR DA ~ B~ AR~ ASREERERPTEE AR L BT
BeEniFiestzef (B THEE ) ) SHERLGE - (iaRes e i En il
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17 o EIEAROHEE R S ARSI R B ) - BB Rl A e IR i
ey RS BB AR Y RE R (G SR IEHEB AT TR - iy 2SR
JIRIZHUE A BRI S A - TS MR T AP A A
HIBRISSR » R KR PO S v G A ] g A AR RS - JHLRE o
DRI M A TR R 0V Eh 7 - IR E AN L ZE BRI RE - B EE
DU ok i i {5 P AT PR RS o B P A DU HE A T M R
PRA T 5 B o Bl B LA s iy - 2RSS M T 2 BAY1E
Pl - HEMERHEAY I B DA G - S AR Ry T e 250k =
ok DERHAE S ARSI TEE - | 5 REEAEN A
NRIEITERIE -
HEE MG AR AR RIS S o PR S E ML T Y IRE R R AR AR 1D o5 B
F/h o HEHUEBMERIE E 2K > KL " 8 S B R
( combined mechanical propulsion system ) » FHoft & Segiii ~ BRE IE G
FeHEE G AR SE 0 > DUk " EEMREE#ZE | (fixed pitch propeller,
FPP) -~ T ofsdEia{#EEE | (controllable pitch propeller, CPP) ~ T HE7kHE
RS (waterjet) S R[AHEMELSE » FERAEHELITIME @ TGS
15 % | (combined diesel and diesel, CODAD ) ~ T #3&555H 5 [4REIAR
i5#aH% | (combined diesel and gas, CODAG) ~ &5 SRR
#iat% | (combined diesel or gas turbine, CODOG ) Eil " #5 &=CIR R imilint |
(combined gas turbine and gas turbine, COGAG ) % - 2
LEAb - 20 THFCHTHABHAG - MfHED T2 el T8 JJHEESRAL - 1980 41
R BEFER - BB TRREhR T - Higohie sl i HL i 5% ) B A
e B THEEA R R A E FH Y 00 - AR DR 88 A T F Ry
HJe o HEHERHEYEE T TRz B IR T R DA BeE) Fy 1= 1l

Lo dgyy (AL i 294 i sz o ) » (BEEHIEY T) > $ 545528
2020 # 4 " 1 p > J 85-103 > https://navy.mnd.gov.tw/Files/Paper/6-.pdf

2 3z 1; “Combined Propulsion Systems,” RENK, https://www.renk.com/en/products/marine-propu-
Ision/hybrid-propulsion/combined-propulsion-systems ; %] B ~ #845 2 » ( # & 2020 # & [#
Mhed Ry g TERl) 0 (A ERE) 0 % 10 8 o https:/www.cga.gov.tw/GipOpen/wSite/
public/Attachment/f1261041417415.pdf -
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B THEME AR SEAE ST - 3 B RUER A 7R I HEME A A AT RS 23 s
W% H—REE ) B A T B RS A HEE T = - 2R 2 SRR A B
73 E i B B LA RGN - HL s i R B Nt AR ~ ¥R IR KON
THFEHIFE = o 1%5}*?57 MIHEEEHEESRH | (hybrid-electric propulsion
system) ; H TR ER JOHEME o ROFREREEAE - HEXMERGIE - JEILES (filter)
SRS ~ TERIHEE PRI - DU EREEEREE - 1

IR ALAR TEE ST - AR R GRAR ~ R T LB 2 T RE IR OGRS = i dh
BH o DU iR B R LR TR B T ARG S IR
(integrated full electric propulsion, IFEP ) » HRTHERG Fy 1 B S HE R 2R
o5 e il - 4

"R JIHEMERAE | VIR L HEE R H HEE T RMAETT RS

e TS, (auxiliary equipment) DUS PR - 7I°E$ 3
B - BIIEE AR T RALREIFER SN - IR 7 B AE FE A
G SER FAE ASRIER I R AR MR © © AP 2 Eh R i L 5 i o
By W RIS B EEAE Ny T HE SRR PR R " R IHEER
# o MESREER (R A E@%Tﬁ%ﬁi@@b?ﬁ%mﬁdﬁﬁdﬁx im o HE
B JHE T SR ARG F S HE M R A A BB o0 B A TR e
BEVEARSR - O REB e o R - T 2T U HEHEE R %’EEEI rEF‘F'Eﬁ/\ W

3 “History of Electric Propulsion Technology,” The Electro-Technical Officer (ETO), https://
electrotechnical-officer.com/history-of-electric-propulsion-technology/; Lena Bergh and Ulrika
Helldén, “Electrical Systems in Pod Propulsion,” Master of Science Thesis of Electric Power
Engineering, Department of Energy and Environment, Division of Electric Power Engineering,
Chalmers University Of Technology, 2007, https://webfiles.portal.chalmers.se/et/MSc/
Bergh&HelldenMSc.pdf.

4 Hai-Chun Niu, Mei-Lian Zhao, and Fu-Zhen Qin, “Study on the Ship Electric Propulsion System
and Its Development,” 2017 7th International Conference on Applied Science, Engineering and
Technology (ICASET 2017), pp. 212-216, https://www.researchgate.net/publication/317609471 _
Study_on_the_Ship_Electric_Propulsion_System_and_Its_Development ; % 5 3% > ( 4 4a # 4
AEAR) 0 (R P LA FE T E Ry 47 o http//uicl.iut.nsysu.edu.tw/courses/110-1/
SMEEDP/Lecture_Slides/20211210/SMEEDP 20211210.pdf »

5 LCdr R.R.A. Sauvé, “Electrical Propulsion: The Future in Warship Propulsion,” Canadian Forces
College Service Paper, 2016, https://www.cfc.forces.gc.ca/259/290/318/192/sauve.pdf.

6 A.R. Greig, J. Coombes, D. J. Andrews, and R. P. Pawling, “Modelling the Heat Distribution in A
Warship,” World Maritime Technology Conference (WMTC 2009), 2009, https://imare.in/wp-content/
uploads/2022/07/paper-no3a-2-dr-agreig.pdf.
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(intercooling) ~ T [HIyR#AZL | (recuperation) ZE = » A A 10% &
25% BRRHEFE - FENFEIFIMEE ML [ZE A sy - MRS YIS
JRIRE R © 7 7RV IR R R E A S R T - T 2B THE
TR ) ARAC ] BRI AR A HE R B 588 -

22~ BTy HEE 1Y v S L

P ER SR AT LA 1880 AR IERYEEE T AHmEkEE | K Eim (SS
Columbia, 1880-1907 ) ity EL sk - MR EE] 20 tHACHIH 5 R —X
THFUKE - BB AT B BRI Sl B S AR e Y - OV -
I~ Rl SR E MBS e e e AR MRS 1903 FRFESS
BRI TIEEMYE , (Tanker Vandal, 1903-1913) » DU EENEH 1913
SEHE A A ER R R HE RS T OKESR L (USS Jupiter, 1913-1920)
I 5 R FURERINRY - SRR E K A A R I R T HEERY T2 B
YR (T2 Tanker) -8 1960 fEA SR SRR BRI TGRS, (SS
Canberra, 1961-1997) fEj{t: - 1980 FAUE JJE FHluFantk - Z LG A

"M, (all-electric ships, AES) By MIET TR » B0 T (F#IVDS
HZFE % |, (Queen Elizabeth 2, 1967-2008 ) A 1987 4E 472k
HREREMSEIRSEIIM - AL FEEREZER - 2015 F2IREM
RS TLEESR . (MV Ampere, 2015) [ > KEEESE 28 JTHEME R HE

7 Abdul Rahman, Antariksa, Bambang Semedi, and Slamet Wahyudi, “The Conceptual of Re-design
Propulsion System and Ship Electricity Management to Reduce Waste Emission,” Global Journal
of Engineering and Technology Advances, 2021, 06(02), pp. 104-113, https://gjeta.com/sites/default/
files/GJETA-2021-0021.pdf; G. Doulgeris, T. Korakianitis, P. Pilidis, and E. Tsoudis, “Techno-
economic and Environmental Risk Analysis for Advanced Marine Propulsion Systems,” Applied
Energy, November 2012, 99, pp. 1-12, https://www.sciencedirect.com/science/article/abs/pii/
S0306261912003121.

8 Espen Skjong, Egil Rodskar, Marta Molinas, Tor Arne Johansen, and Joseph Cunningham, “The
Marine Vessel’s Electrical Power System: From its Birth to Present Day,” IEEE Proceedings 2015,
2015, https://folk.ntnu.no/torarnj/IEEE_Proceedings Skjong 2015.pdf.
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BILEA T —EH TR RRE R -

PR RENE o TR AN T R IHEERA | AR EE
2020 fERFARTEBIREMN T AR LE Y BEEME (USS Zumwalt-class DDG-
1000) -~ Bk 52 B ] 2B S HEAERE 2 - HEAEDDR 72 JK L (megawatt,
MW) - RS e H B JIHEESEETRALE T - HB R #E
HERGE ~ SRS BN AR SRR i 5 - B BRE) R AR IIRE TR
R A SRR A ME A (TR p i AR » ek s A i R R T -
e TR RERE: - 10

WIEESEM - KB EREHEING [ T 2EIHEERR o IR
SAAEHBC O Y AT - BN S5 E ARy T RFES AL ER S (Queen
Elizabeth-class aircraft carriers ) fiZERHE @ 5% R NC B NS REE TR 36
JREL (MW ) ) MT30 #A% i imEE (MT30 Marine Gas Turbine) - [l Jz Bl
it AT SO A FEIA(E F AE BRUCAC R 2 4549 5,000 R 786 TP L AR RA D 38 %
# oo TRFIVS HZ AR ) MU 25 /1 0 " REIIHEERK R
WrAir 22 F] (Rolls-Royce ) EEaETENE ~ HIEBAEAANS - Al
gra (UE e sl ~ HEELURBRITISRME ) P T 09 HR S i i 6 150 1 B
& ARE R 60 2 BN T RIS B R Wi R
;E o 11

AN EENE /R RS/ F (GE Marine ) G{EHEHI ERE K

T A EE JJHEE R L B o SRR T 42 BUSETER AR, BE M (Type
42 Sheffield Class) Yy 45 % B E# | B&ZXf (Type 45 Daring Class)
R B B 5 0 B S S L R AR SRR IR S RS ELEE ), (Hybrid

He

9 F3x9; “USS Langley (CV-1, later AV-3),” National Museum of the U.S. Navy, https://www.history.
navy.mil/content/history/museums/nmusn/explore/photography/ships-us/ships-usn-1/uss-langley-
cvl-av-3.html; “The Queen Elizabeth 2 (QE2),” Royal Museums Greenwich, https://www.rmg.co.uk/
stories/topics/queen-elizabeth-2-qe2.

10 “GE Powers US Navy’s 1st Full-Electric Power and Propulsion Ship,” GE Power Conversion, June
11, 2020, https://www.ge.com/news/press-releases/ge-powers-us-navys-1st-full-electric-power-and-
propulsion-ship.

11 «“Rolls-Royce Pitches MT30 Engines to Indian Navy,” Defence Star, October 20, 2021, https://www.
defencestar.in/military/navy/rolls-royce-pitches-mt30-engines-to-indian-navy/5948/.
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Combined Gas and Electric, COGAL ) HEFEZHRERS - A0 EEL T 2288 )74k
AR PhlR s - 50Ky T R IUHEME RN, AHE R M REEL S A
A KR ERH BB F R SR HE/K I ERE SN - [HEEERN
45 BUBREGHK | BEZMEREIEYER R Y T S U HEME RN ) TR -
HEZk &Ry 7,500 W » D32 40 JKEL - iy HEERIEE IR EEIRE Ky 4.16 T1K
AHEZET AR BT A BB HE e Rz - 12
TELLIRI » SESed My H At B 52 g B /s At 5 [ £ 78 T JHEHE R - B
2019 FFEE » ZEHTARHT A RIBHEIE G HIRB & F - HELL T R HEERN
Je TMT30 #RSE st | SCHEBIEN AT S MR TR B AL - B e
Hh o RIS AESERE (SRR T BRI TR E R R L ) 2023 AR 5 AR
TN R R SRR 5 R A T B - RX AU R HE /K & 6,500 N - [tk
MR T —{CEESRME | 22 (Korea Destroyer Next-Generation, KDDX ) A
2020 PR EIECE T (HD Hyundai) fSAE0EGE - $E7Y 2036 FERI5E
BN RE BV E 6 8 T KDDX | B Bl - 3% AU A DS b
TR BB AT TR AYEN )T - AN PO A e R e S - T =hE
TRRCERLLSGER R HHY » T RV R R B (e RO R S I
SN IRMINE G ARARAE " KDDX | fifi B2 4G SRR ~ KIReEaes
B AERGHUEM (railgun) - G LS8 RME R - 1

Bt~ S HEME ST AT N 7 ) LR
HR T THEME U RHZ M Y R B W S B

&

R

12 «Case Study: Type 45 Destroyer — Daring Class World’s First Full Electric Propulsion Combatant
Ship,” GE Power Conversion, January 18, 2022, https://www.gepowerconversion.com/case-study/
type-45-destroyer-daring-class-worlds-first-full-electric-propulsion-combatant-ship; “In focus: The
Power Improvement Project for the Royal Navy’s Type 45 Destroyers,” Navy Lookout, October 10,
2022, https://www.navylookout.com/in-focus-the-power-improvement-project-for-the-royal-navys-
type-45-destroyers/.

13 “Rolls-Royce Keen to Partner the Indian Navy’s Electrification Journey for Its ‘Fleet of the Future,”
Rolls-Royce, October 20, 2021, https://www.rolls-royce.com/media/press-releases/2021/20-10-2021-
rr-keen-to-partner-the-indian-navys-electrification-journey-for-its-fleet-of-the-future.aspx.

14 Ko Dong-hwan, “KDDX to be Korea’s First Electric-powered Attack Ship,” The Korea Times, May
14, 2023, https://www.koreatimes.co.kr/www/nation/2023/09/113 350942 .html.
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BITRHIAERTET - HIRERR— (83 R AR IR - B RIS
B IHEE B REIAINRCE - nT DU EAHSC Y > FE A TR
HEPE LR e A R - BN S o B HEE R T - B
ERITR IRV S HE TR R B A T /52 - R A T (R
I Bl A AR R BB T R o PR R B B SR (A A e B P R A D
73 o ST - SR B H o AR R AR Eh R i - SR T
TR TR - IR AE R 7 B2 R Py B 1 e B PR TR TR 1 B R =
1% - HAl > S BN E SRR EJHEE R - BIAIEBREE AR IR B
B 1~ BB RS 45 A T SR BRSO B T OIS E A E R
WiZerHE 17 o 3L E YIS HEME R AR B H IR T R B RE A £ — R
o KRS BRSBTS REAH A SCRIVARIGR I « KL - Al 2l
BRI o T3 ] B o B TR - R n] 2 v TR R R BRI
AR R R B SRR AL -

[ ] 2 AR P 0 3 R By e BE R R O - R T S P I v EE AR A
RS DU N RIEAS o EOT o PRATRE I HEE R I A B R e
AR IESE 2R BR DI E MRS SN BRRE AR » FRRTiCE 1 %JJT%;%
Jokok P i B ZE AR IO L 5 = 0 L m] URE AR T IR s
SRR AT E KRR DL ERART > 1 SE B TR TR qu
IRFREH AR E H - HX - B IHEE ] G Ruthie FHl i A7 10 - 28
bR 7GR e ek o i G S A AR Bl B S R PRI A -
Ay et — 20 PR AR SR (EHEE / Wil R ARGt R Bk T B M5 5%

(wake signature ) FHIEMIED - 35 AT SRR M R RITE A RO TEREE

15 “DDG 1000,” Naval Sea Systems Command, https://www.navsea.navy.mil/Home/Team-Ships/PEO-
Ships/DDG-1000/.

16 “Type 45 Destroyer — Daring Class World’s First Full Electric Propulsion Combatant,” GE Power
Conversion, January 18, 2022, https://www.gepowerconversion.com/case-study/type-45-destroyer-
daring-class-worlds-first-full-electric-propulsion-combatant-ship.

17 “Queen Elizabeth Class (CVF),” Naval Technology, https://www.naval-technology.com/projects/
cvil.

18 Ronald O’Rourke, Electric-Drive Propulsion for U.S. Navy Ships: Background and Issues for
Congress, p. CRS-19.
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B GG R E R E R - O > B R BB TR
#t (distributed power source) - EHEMERMEEH FEE IR E Tt
SOl > B AL S T R R T - 20 K > EIHEERR T
P FERIFAIE M - B AR AR S BRI VN RE S R B SOt TR - I
Hh o BRIV JIHEE AT DU SRR S Y - RILAEBI R T AR ELRHR
B SR R B+ A PR AR AR AR HE S T = - FHAL WIS 25% AN
¥ 3B BEFSEE T HEME AR R A T IR -
SIBHEEHEGES - HE BB IR RIE S T ERE ARG - W
TR AR T E PR A - EREXES (electric weapon) f#
B RE AR R R BB Ay — (s - FLRTHE S R R © B mlREs
z5 (directed-energy weapons, DEW ) Eil &5 107 Ik fi7 2% 5 2% (electromagnetic
launchers ) - 7K HE— 2l o3 - B AR 7E S alEs - R R aElER
(particle beam weapons ) Eil =53R4 (high-power microwave ) I 4R
AR () U8y 0 BEAIEPUER (rail gun) - KREELRERS) 25
(induction drivers) & =fHAI o EHl - KB HEE B SJHETTRIE
EREERISE 2021 4 5 F - KB HEFTEHIIG B REM T R RESR , (USS
Portland, LPD 27) RBhHi5eRk 1 —Kig S alamfllE, - @i ElnEN L
SEH FRY TENRESERSS | (Laser Weapon System Demonstrator ) Mk2
Mod0 - g HiEmELE — B M AR T#EE (unmanned aerial vehicle ) 2ZAF
BREEST 2! IRTEAEESIS) - FERGHNGERE (electromagnetic rail gun, EMRG)
FREERER AN TR 53— AT AR ARH R M ME T e 2R SR - BESR - SERdle
KR i A RE Ry Rk T E(E T E W - {E S R R B R S Eo At B 2 AT
FriE TSR AR - B S i A A H S R R A B R
M B AR FE RN H C B e i B R - RIS ANt - dft

19 Ibid.

20 1bid., p. CRS-20.

21 «USS Portland Conducts Laser Weapon System Demonstrator Test,” U.S. Indo-Pacific Command,
https://www.pacom.mil/Media/News/News-Article-View/Article/2197905/uss-portland-conducts-
laser-weapon-system-demonstrator-test/.
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B T HE S SR R R 5 B v e A R — O A AR M i - B
AR H H A KERAEA B EcA R 8% & - (FEEEKAE S —EE 2
A B EN PRI 32 - 8 3 TR o 5 BERE e [ AN 7 R H 2 71+ 3 EEAE S i iy Bl
OB FRIEAY TR KT - AE A 2 68 B U7 TR Ry T T bR ] B B i Yy
HAs it EHﬁA_l%ﬁEEE'ET_IU"Ei’%ﬁ@’@%ﬁ)ﬂc THERMEREIH T
('sensor-to-shooter ) HYRFEIZ=MERHMEEE » 18 BEREEIE HARRIRE R4
BRI H TS B - T@Fﬁ%ﬁﬁﬁt%&ﬂ#ﬁﬁ’nﬁ%ﬁﬂ + JRFBE B i L SR AR
IKTEIBE RS S 7 T A B  fE8 - RN A RE B MG EE A BRI 1T
SO - ESR - E R T HEMERY Bl T A AR AR RE elAs B
HEE I L B S T LA R - RS E Ll T ARE DR |
(pulse-power technology ) Fy#X » L F LAGE A BEREN RE PR IR EE F2 it
TEREIN PSRRI R BTE T - 22 FB e Bl A ARl 2RO B IR TR FHIRHY
'FJ*E?:% SRR - MHBA USRS T RRESUIRNYER - Bl - Rin I
HE f# T£ (superconducting magnetic energy storage, SMES )  JJ iy T
}5% FATgh 8 JBR i %% FE A% (magnetic flux generators ) Bl g% i Bl 7 2% ¥ b
(magnetohydrodynarmc generators ) 5 ZABSETH AR LU E RS A E ] o 23
BB ERE RN A E B Ry T HE - EEREENER MR T UHE
i ﬁa?ii&ﬁ_)ﬂ WA FLsZ B AT AR A e -
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fh ~ 7VES

SUMARHELE R S5 - FE R E I A H AR R - R HRE
TR B SRR BRI - FB I SR A A RR S A B R SR B 5 i

22 Stuart Moran, The Basics of Electric Weapons and Pulsed-Power Technologies (Dahlgren, VA.:
Naval Surface Warfare Center, 2012), p. 51.

23 F. C. Beach and . R. McNab, Present and Future Naval Applications for Pulsed Power (Washington,
D.C.: Naval Directed Energy & Electric Weapons, Naval Sea Systems Command, June 2005), pp. 2-7.
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fifl o ATEEZK > AR MRS BRI ERAE BT - i T HEE R
SEIAFIEB © LR FHSURE - SRR T HEE R AU e HEE R
Forsh > IR B EEMERE N AF A Bl - KL - AN RE Eh B il
FRIR A R R AT - T JHEE SRR S M P R AR B IRy H T RER A
Bz o R > AEERRID IRHE IR TP RIBORIISCRE T - s ISR
FIHEER TR SS PIELE TR - S5— 5 > A JHEEAE S R E A FRskE
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