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2QVKRUH 3RZHU 6XSSO\ 6\VWHP

'LWK WKH GHYHOR S PHIIWVRIF K IQLRSEERI\ ODBD & KW B BELQHH &K HR QXPEHU F
ODUJH WRQQDJH VKHSVURBVY AQF WDHDY WKH SREAHR ROYK® LQVWHEC
RI VKLS JHQHUDWR UW BXOOQRDW K | $IAK H YGIDY JHHGKFEH DLU DQG
SROOXWLRQ FDXVHG E\ WKH FRPEXVW IHPQ \RV LIR @ O$RL O/ IDH) & DOPAHK MH.
WKH XVH Rl RQVKRUH SRZHU VXSSO\ LN BXOWRHE W DHEG! DWW KR BIGH.Q
WUHQGV

&RPSRVLWLRQ RI 2QVKRUH 3RZHU 6XSSO\ 6\V

7KH RQVKRUH SRZHU WXFRPSRWAGEGHR | LWKU R VKIRUWW VY DAWUKHD EOH

IUHTXHQF\ SRZHU VXIS ¥ KYSVWRFKWRUH WRQQBRWLWRHVWKLSERDU
SRZHU UHFHLYLQJ VA\VWHP DV VKRZQ LRI )+UXKNR O WIH I$ 2RV KNRHUA-
3RZHU 6XSSO\ 6\VWHP

JLIXUH S$UFKLWHFWWDHHREREOGVXKRYR 3RZHR 6 XSSO\ 6\VW

Onshore variable frequency power supply system W LV PDLQO\ FRPSRVHG RI KLJK
YDULDEOH IUHTXHQF\ S/RKARHIH WX S/X\L B G® HU FRKDQHFAWLQJ FDEOH
Ship-to-shore connection system ,W LV FRPSRVHGE BRI FOKOBD @WE FREDEHGH

HWF

Shipboard power receiving system: ,W LV FRPSRVHG RI VKLSERDUG WUDQVIRU
SRZHU UHFHLYLQJ FDBRE@HW GULKWVEERDXNEL RRQFDHEAWIHQW BFDEOH HW
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ODLQ )XQFWLRQV

7KH RQVKRUH SRZHU VRSSO DWMMHPRQLBRRWEFWERQW BR® HULC
ELOOLQJ DQG HTXLSPPQW PBBWHHRKMHPHRWK RROWDJH RQVKRUI
SRZHU FRQQHFWLRQ \RRULRIXIKD MDIH QED®IGFFRPELQDWLRQ

3RZHU FRQYRBROIYRHQUW WKH YRORIDSRUWUMDTQXE QAW H SRZHU JU|
WKH YROWDJHUHUXIXHM® FE\ VKLS

9ROWDJH 9 JUHTXHQF\ +]

7TDEOH 9ROWDJIJH RYMWBXMQRY RQVKRXHQD WIRYBOHVIXHION\
VA\VWHP
5HJDUGLQJ WKH RHXLROWXKILES WHTXHKRE\SUHT RIRWHP® EO\ N9

+] +]

6KLS &RQQHFWLRQ OHWKRG
High-voltage ship connection: 7KH QXPEHU RI FDED HVKIHV ARRDQHFWLRQ LV VI
DQG LW LV VXLWDEOH IRU ODUJH FDSDFLW\
Low-voltage ship connection 7KH QXPEHU RI GDEDHHVWIKWH FRQQHFWLRQ
FRPSOH] DQG HWIRY VRDOOBM®SDFLW\
2QVKRUH SRZHU VXSSO SWVSRIPHEDW R/ X OKMWSDEHKRWJKORR YROWDJ
XVXDOO\ WKH FKERD @ XMHHNROORZHG
:KHQ SRZHU FDSDFLW\ UHTXLUHG LV OHYRZWHKDWXSSKOI$ OR
FRXOG EH XVHG
:KHQ SRZHU FDSDFLW\ UHTXLUHG LV EHWZKH@ROWDIHDQG
SRZHU VXSSO\ LV VXJIJHVWHG
:KHQ SRZHU FDSDFLW\ UHTXLUHG LV JUHDDJIHHU SWEKBQ N ¢
VXSSO\ VKRXOG EH XVHG

:KHQ WKH ORZ YROWDJH SRZHU VXSSO\ PHRWKRKGE I WRGOGKRWHG

FROQOQHFWLRQ FDEOKWY Y\R ORXRH H | DMKCGHOWIBIGIH AKHH® ZY OO RFFX.
D ORW RI VSDFH )RU WKH VKLS RI VPOIOW RNRQRDLIGIH MWK H \VF D H(
DQG FDEOH UHHO E\ ODQG VLGH

:KHQ WKH KLJK YROWOV H EB\W K RRBSWMEEG W KOHQ 6 DFEICEHOH UHH O ZL O
EH XVXDOO\ VG SSOYHGHED NMFRUGLQJ WRUWRW LLFKHV 4 Q G DWDLR® M O
ZLOO HVWDEOLVK\WHKH GWRZIHJ WKIBSIRFN IURQW

6KRUH WR VKLS 3RZHU 6&XFSGOQN PWWRKREZLWKRXW VKLSYV SRZHU
&RQQHFWLRQ ZLWK VKLSTV SRZHU UXQQLQJ

Connection without ship’s power running: :KHQ WKH VKLS HQWHUV WKH SRUW |
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DOO WKH HODKESWHGEWD (R Q QWMGK W WRKSE SV KHHUBMERY JWKHQ FRQQHFV
WKH RQVKRUH SRZHUOWKRSE ROV PRG WKADVKHS XM EPHEWU, W UHDO
WKH VZLWFKLQJ IURPRHVUKMWRKLY R WKH R@KRKHQS RRAKHUVKX S
OHDYHV SRUW LW N&R>XQD GHEHH BXSHHQHN/

Connection with ship’'s power running: ,W LV DOVR FDOOHG V\QFKURQL]DWLF
PRGH LQ ZKLFK WEBQ KOIX HPHHRQWILY Q R VY FOORONV RIBIHKWBDWWH.® QD Q G
KDV VLIJQLILFDQW EPRSRUMWDWQ YW Bl \HFHRWDL MK WKAISSPHQW
&RQQHFWLRQ ZLWK VKLSTV SRZHU U X QQMKRUMRSRZ H\W W KNAWWM B H (
DQG LW SURYLGHV WKH TXLFN SURWHRW®QLRIQRWN KIKIOHLORZWWK |
VA\VWHP

OHWHULQJ DQ,®%®RHHWWWKH UHIXK SHIMHHFQWIWVRRI KHWHULQJ DQG
RI WKH SRUW HOHFWULF HQHUJ\

5HDO WLPH ORQMWROUQQPIRQLWRPHDGDWDKRI (IRHDAXRWH SRZHU V.
VIVWHP $00 WKH G O0DWIORH LG WP DMWLRWHEBEDE\ BB ,PRQ
,(OQWHIJUDWHG $&ORQWHKRIOIXQFWLRQV RI WKH V\VWHP DUH FRQ\
GHGLFDWHG FRQWURO VA\VWHP DQG WK URMKUKFWEKK HV BR 8 8 HQFHR
E\ RSWLFDO ILEHU 5%UL D@ GWKHOHW  ERHQ QD BROEIOIK UHHTXHQF
SRZHU VXSSO\ HTXLSPHQW
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SURGXFW 2YHUYLHZ
2QVKRUH 9DULDEOH )UHTXHQF\ 3RZHU 6XSSO'

%DVHG RQ LWV RZQ PDWXUH DQG UHOLDEOH \KWHKFKRAGWRJIH Y
'RQJIDQJ (OHFWUR IDANV LEFGHBWMG GHQW O P BO X HDFRSHG! 6 QK H KLJK
YROWDJH RQVKRUH YDULDEOH IUHTXHQF\RSWR IHKH VRXB\EIOR UVH VSR P |
VXSSO\ VIVWHP DQGBH® WD G \RYDEBUW SRZAW VXRHO\ SURG X

7KH RQVKRUH YDULDE®H IVKHSXOIWQ¥\VIARZP FRQYHUWY WKH
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&RPSRQHQW )XQFWLRQ
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&RPPXQLFDWLRQ

56 (WKHUQHW

BURWHFWLRQ )XQFWLRQV

$XWRPDWLF FXUUHQW OLPLWLQJ

PRWRU RYHUOROWDJRYHXYG
LQVWDQWDQHRXV SRZHU

SKDVH ORVV FRROLQJ IDQ |

IDXOW E\SDVV SURWHFWLRQ

RXWSXW JUR X QUEIL@\V | RIUPSHMIN
VKRUW FLUFXLW

IDJOXUH

RYH
HUYROWD
LQ
DLOXUH
WUDQV
WFRQGDL

$ODUP )XQFWLRQV

3DJH

,QSXW DQG RXWSXW RYHU
RYHUKHDWLQJ GRYW REKIWH
SKDVH JURXQGL®XWISXIKW R
FXUUHQW XQEDODQFH LQ
GLVFRQQHFWLRQWF&RRW U LV

DRDG FR
XW VLQJC
OWDJH DC
S XW R
ZYIRUPHU
IDLOXUH

RYHUKHDWLQJ FRROLQJ IDQ

R



" &DWDORJIXH
FDQ EH UHDOL]HG
'LVSOD\ IXQFMMLBQVSWD\ WKH IUHTXEQWFWKBB W BXDVHXXNQEDOD
DFWLYH SRZHU UHDFWLYH SRZHU SRZHRI WKW RX W §GWR SWRKAHU
VXSSO\ DQG GLVIOIDE FWDWULWNWPLHFYW | RRUQBIFW/\L DI G RIZHDIFW LY H
SRZHU HQHUJ\
3KDVH VHTXHQFH GHWWWWHR® DQKH DSGRM HHU VRIX\X B WHS KD V
DXWRPDWLF DQGMWDQXPHQW PRGHYV
+DUGZLUHG LQWHUIDPHW BBWP YRS RUB¥HWWRXEG HPHUJH
2SHUDWLRQDO VSRPWMXVUHDI®DOXQQLQP VIMXSS HGK XOWER ZQ
7KH SRZHU VXSSO\ TR DWW \UFRPSYALGW VWDQGDUGYV
W KDV SURWHFW LR QV X@QFWIRERWBDEPRKWRQW FLUFXLW RYHUO
RXWSXW XQGHUYROW DWHD JIHQ SRMWH IXYOREOHMD RHQ KW U K H D WH. Q F \
UDQJH RYHUFXUUHQWWSKDALIR @ RXYYLSP B SURIMHFWDEQRRE X W S
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2QVKRUH 3RZHU 6XSSO\ 6ROXWLRQV
6ROXWLRQ &DWHJRULHV

O9DULDEOH )UHTXHQF\ 6ROXWLRQ
High voltage variable frequency solution: ,W LV VXLWDEOH IRU VKLSV ZLWK ODUJH
Low voltage variable frequency solution: ,W LV VXLWDEDIHNIRYVPMKQAS FDSDFLW\

*ULG J)UHTXHQF\ 6ROXWLRQ
High voltage grid frequency solution: ,\W LV VXLWDEQHWRWDOUKIAB FDSDFLW\

Low voltage grid frequency solution: ,\W LV VXLWDINEDIHVNIRVPMXKQAS FDSDFLW\

6KLS &RQQHFWLRQ OHWKRG

High-voltage ship connection: 7KHUH LV D VWHS GRZQ WUDQVIRUPHU RQ VKL
FDEOHV WKH FRQQHFWRRY KERHUMZBRRDHW HKVYKUSH WD YGPWEBH 7KLV
VROXWLRQ LV VXKWHPZQOWHKRQWDWKH FDSDFLW\

Low-voltage ship connection: 7KHUH LV QR VWHS GRZQ WUDQVIRUPHU RQ VKL
FDEOHYV WKH FRQQMAMLRQ VEKHRW AHHSRZ H WHRAKIDUEIHY PRFBESWHK] 7KLV
VROXWLRQ LV VXKWOPEZOWHKRWP V&EBE FDSDFLW\

%DVLF 6ROXWLRQV

+LJK 9ROWDJH 6KLS &RQQHFWLRQ DQG +LHERMRIRZBIIH 9DULD

6XSSO\ 6ROXWLRQ
W LV VXLWDEOH IGRNUWHK H /KD SLAM\WAKY 8 SNERZG WY DQVIRUPHU RQ
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+LJK 9ROWDJIH 6K L SDE&RQQYUHRBNLROI XHQF\ 3 BRIOX WX B8O\
W LV VXLWDEOH IRJUWH HF VKL SLI\WMY @ SVER DG WWDQVIRUPHU RQ
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IRZ 9ROWDJH 6KLS &RQQHFWLRQ DQG /RZ FR®BREZHKW 9DULDE(
6 XSSO\ 6ROXWLRQ
W LV VXLWDEOHKIRBDWIHFDISIDF ZWWKW KRHQDVRBXW KRRZHU VXSSO)
FRPHVY IURP WKH VXBEWWDQGROKHUHWLLYV DARVVERUHPSH G RZ@ WKUL S

W LV VXLWDEOHKIRPDWIOHFDISIDF ZWMKW KR VABXNW KRRZHU VXSSO)
FRPHV IURP WKH VXEN WDWA RWX HUMWLLV D@VVERWHSH G RZ@ WKW S
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POWD R oWADOWASWHDZEH o
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SHIHUHQFHYV

2QVKRUH 3RZHU 5HIHUHQFHYV

")

&DWDORJXH

3URMHFW | 3RZHU &RQYHUVLR|(6ROXWI&DSDFL4XDQWLW\
&DWHJRU\
<DQWDL :HV*09 6'7) 9)36 687) | 9) 09% 2636
'DQKXD 7HU[F+96&) ZLWK |6&
3HQJODL 3RI1*09 9)36 ,67) +96& | 9) 09% 2636
ZLWK |6&
*09 9)36 ,67) +96& | 9) 09% 2636
ZLWK |6&
<DQWDL 3RU*09 7) +96& *) 09% 2636
3DVVHQJHU ZLWK |6&
7HUPLQDO
/RQJINR X %09 7) /96& *) N9$ 2636
3KDVH ZLWK |6&
/RQJINR X %09 7) +96& *) 09% 2636
3KDVH ZLWK |6&
"HLIDQJ 3RU*09 7) +96& *y 9)| 09% 2636
*09 9)36 6'7) /96& ZLWK B&
2636
ZLWK |6&
<DQWDL *09 6'7) 9)36 687) | 9) 09% 2636
&RQWDLQHU +96& ZLWK | 6&
7HUPLQDO | *09 6'7) 9)36 ,67) 6SDUH
196 & +96&
<DQWDL *09 9)36 ,67) +96& | 9) 09% 2636
,QWHUQDWLRQDO ZLWK |6&
&RQWDLQHLU
7HUPLQDO
<DQWDL *09 9)36 ,67) +96& | 9) 09% 2636
7RQJVDQ 7HUPLQDO ZLWK |6&
=KDQJ]KRX [§*09 9)36 ,67) +96& | 9) 09% 2636
OHUFKDQWV 3RUW ZLWK |6&
1LQJER 3RU\N*09 9)36 ,67) +96& | 9) 09% 2636
7HUPLQDO ZLWK |6&
+XDQJKXD 3F*09 9)36 ,67) +96& | 9) 09% 2636
ZLWK |6&
*09 6'7) 9)36 ,67) | 9) N9$ 2636
196& ZLWK |6&
<DQWDL :HV*09 6'7) 9)36 687) | 9) 09% 2636
2UH 7THUPLQI+96& ZLWK |6&
"HLKDL 3RU'*09 7) +96& *) 09% 2636
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5R 3DVVHQJHU ZLWK |6&
7HUPLQDO
IDL]KRX 3RU *09 7) /96& *) 09% 2636
ZLWK |6&
1IRWHO09 *ULG 09 7) 7UDQVIRUPHU 6'7) B6WHSBBRZQ 7UDQV

,VRODWLRQ 7UDQVIRHWBHXS 7BBIPV6RUPHWRUREBBZRIQ\GK S SO\
BKRUH WR VKLS &KDUJRUH WREZKLRZ YRC
6& 6KRUH WR VKLS &KDUJHU*) 9V LD YUBEDHQEAHTXHQ

+96&
&KDUJHU

+LJK YROWDJH

6KLSERDUG 3RZHU S5HFHLYLQJ 6\VWHP 5
5HIHUHQFHYV
3URMHFW | 3RZHU &DSDFLW4XDQW6KLS 1DPH
SHFHLYLQJ
OHWKRG
%RKDL +LJK YRO| 09 %RKDL 3HDUO
<DQWDL %RKDL *UHHQ| 3HDUO
%RKDL &U\WWDO 3HUDO
%RKDL 'LDPRQG 3HDUO
%RKDL $JDWH| 3HDUO
BKHQJIJVKHQJ
%RKDL +LJK YRO| 09 %RKDL +HQJVKHQJ
'HLKDL
%RKDL +LJK YRON 09 %RKDL +HQJGD
IRQJINRX %RKDL +HQJWR|QJ
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'RQJIDQJ (OHFWURQLFV  QWHUQDWLRQDO (QJLQHHULQJ &
'RQJIDQJ (OHFWURQLFV &R /WG

$GGUHVV 1R -LFKDQLl 5RDIBQGERQW3URYQDRFH 35 &KL
7THO

)D[

(PDLDGI#GRQJIDQJ FKLQD FRP

"HEVLWWWS Z7Z7Z GRQJIDQJ FKLQD FRP HQ
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