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7KH UREXVWQHVY DQG VZLWFKLQJ EHKDYLRU RI 86&LfV FDVFRGHV ZHUH GLV
FXVVHG LQ DUWLFOHV LQ WKH 0D\ DQG -XQH $ QRWVYRBD QR VRHRGRIIW 3RRHD VXLWDE®® JDWH GULYH
6\WWHPV > @ > @ 7KLV DUWLFOH RXWDQQH ZAMWHRGRQN LG WKRWQ RV ) LR X LEEDQ G $5 DHISIDX\DHGH 5

VR WKDW WKH WXUQ RQ DQG WXUQ RQGHLWFKLQJ WU

GULYH FRQVLGHUDWLRQ LV WKDW VHSIFKDWH JDWH UF
7KH LPSHWXV IRU SRZHU VZLWFK SDURWOHOLQJ LV XVXDOO\ WKH QHHG
JUHDWHU FXUUHQW DQG SRZHU FDSDEIDOLW\ RSWIQPRP QG EM LOPKX MMM ® MIVPKOH JDMMHGULYHU IRU D
VLQJOH SRZHU VZLWFK 8VH RI SDUDOOHH\G GRYLFANYVERGMNHDRWRHIWREDG ZKH@®GDOVH® D ODU.
AH[LELOLW\ LQ VA\VWHP LPSOHPHQWDWZR®KW KD WFRBG® \E N KPMGDWR BRKIHUWHIRU HDFK VZLWFK ZLOO
SUHSDFNDJHG PRGXOHV 7KLV AH[LELOGWR HFRBDOWHNR R SMRPSYDAKILF® RLOWWDHGXBMRXMWVRII ORRS LQG
EHWZHHQ VZLWFKLQJ DQG FRQGXFWLR® ®RVWKH RMKHRRDHY GHWHBQHBRMW VKRXOG D@ORZ IRU ORZ
VI\VWHP SHUIRUPDQFH EDVHG RQ WKH UHTXL (SHRHDYWW LR IDQGXHFMLR G FH UFXUWLFXODORZLQ WKH VR
WRSRORJ\ DQG DSSOLFDWLRQ 7R UH DIV JHDWYKR X bi FEHIQHG X\AW BQ & HF DVIARRRG VRXUFH .HOYLQ FRQQHF
EH SDUDOOHOHG ZLWK WKH VDPH EDWLELFRRURDFK XVHG WR SDUDOOHO

$ SULPDU\ GLIIHUHQFH E

Source Bus

DQG PXOWLSOH SDUDOO
QHHG WR DFFRXQW IRU
SRZHU GLVVLSDWLRQ LP
YHULINLQJ WKDW WKH Gt

Cascodeg

I—szral;ﬂ

6L& FDVFRGHV WKH OH) aStOdEB

DQG SRZHU GLVVLSDWLF R

LV PLQLPDO DQG WKH G GoffB Lsstrays

XVHG ZLWKRXW VLIQL:I .

JLIXUH  86&L FDVFREHBRYLGHG VRPH EDVLF SUKBPHX 1RWLRQDO 6FKHPDWLF Rl 3DUDOOHO *D'

FRPELQHV D 6L 026)(7WAIRQK DUH IROORZHG ,Q SDUWLFXODU

6L& -)(7 LQ D VLQJOHD@HTXDWH FRQVLGHUDWLRQ VKRXOG

SDFNDJH EH JLYHQ WR JDWH GULY® \GMNDGQ VWYBWH FRQGXFWLRQ SDUDOOHOHG FDVFR
SRZHU FLUFXLW OD\RXWo.W R @& HPARHFDVFRGH FRQGXFWV FXYMHQW LQ SURSR
VRXUFHV RI LPEDODQFH/LNH VLOLFRQ 026)(7V 6L& FDVFRGHW KDYKVD SRVLWL)

WHPSHUDWXUH FKDUDFWHULVWLF )LJXUH 7KH SRVL

7KH IROORZLQJ VHFWLRQV GLVFXVV W Kbl USDQUIDFONDHHLOL Y DAV FI SHIWNRU R ¥ KHPHP S RUWD QWDBEROH DV LW €

LPEDODQFH GXULQJ FRQGXFWLRQ WXDQ RQSURE WXDYFREGHIYGBDPEVELVVLSDWLRQWR WKH DPR!:

IRULPSOHPHQWLQJ SDUDOOHOHG 6L& FDVFRERYGEAWVYXIU} BB Q WOLHMX @ &N UDIW LR Q

FXUUHQW VKDULQJ Rl 8QLWHG 6LOLFRQ &DUELGHfV 8-& . FDVFRGH DUH

LQFOXGHG 7KHVH PHDVXUHPHQWYVY ZHUH PDGH 2d0WXHD WKXQ® WKV VWIRGEDWN HIIHFWGFRQVLGHU W

WKH VRXUFH QRGH DQG LQFOXGH VRKW KIHD WH BN BROMW . Q OGS & DWERGQHW% . £ LHW HGVDWWX S[HG 9

FXUUHQW )RU FODULW\ WKH FDVH RIWHAR SRODVOREHD § KDMFGRKIYROURREW D &DVFRGH $ ZLOO |

7KH FRQFHSWV DUH HDVLO\ H[WHQGH Gl UWAR RSI DU B DIXHHOL §H (RA HDWDHU RIXWEH ORDG EXQOHQW WKDQ

GHYLFHV RQFH WKH\ DUH XQGHUVWRRG IRU W R UHDR/ N ZLIWHAR 6BV V WHPSHUDWXUH UHODWLYH WF

WHPSHUDWXUH LQFUHDVH IRU &DgRRGH $ OHDGV WR K
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IRU &DVFRGH $ ZKLFK ORZHUV WKH SHUWKHQWWLIR R | $OR/RGC FKHQ QW DOIOHROH G FDVFR®HKW DUH Vv
LW 7KH HQG UHVXOW LV PRUH EDODQPMIE FXUUHQPW N KDWL € 8l IDY WXWHDSGEVWDWFKLQJ WKH SDU
EHWZHHQ &DVFRGHV $ DQG % 1RWDEOUPWKLWEREKEYDL®RE SWWMHHVYWWIHQFH 7KH VRXUFH LQG
UXQDZD\ ZKLFK FDQ RFFXU ZLWK RWKHKHMMAL WRKQ WHFEQRGRVKHR XIXHLERQWLFDO OD\RVRW IURP
SRVLWLYH RQ UHVLVWDQFH WHPSHUDWXUH FWBHDFFWHRFILOWIHE EXV 7KH JDWH UHVLVWRUV FD:

DYDLODEOH ORZ FRVW KLJK WROHUDQFH UHVLVW

:LWK FRPRRQ 9

PDWFK LQ WKH WXUQ RQ ORVV VWLOM@HIHOWY LI\
EHWZHHQ WKH SDUDOOHOHG VZLWFKH\WSSNLQJ D
PLQLPL]H DQ\ WXUQ RQ GHOD\ VNHZ EGHIOLRUQDW
SURSDJDWLRQ GHOD\ YDULDWLRQV $V GLVFXVVH

7R GHWHUPLQH WKH VWDUWXS DQG VWHIO®UIVWDWH FRQGXFWLRQ FXUUHQW VKD
LQ GHWDLO WKErgWWPYHKBBIWX3JH FKDUDFWHULVWLF WKH GHYLFH

WKHUPDO LPSHGDQFH DQG WKH SDUDTF®QGLVZLWFK YROWDJH DQG FXUUHQW
WLRQV FDQ EH XVHG WR PRGHO WH LOQWHUGHSHQGHQFH RI 5

WXUH DQG FXUUHQW VKDULQJ 7KLV VDPH DQDO\VLY FDQ EH XVHG WR VWXG\
VHQVLWLYLW\ RI WKH GHYLFH FRQGXF®LRQ WR DQ\ H[SHFWHG YDULDWLRQV L

GDWDVKHHW WKHUPDO LPSHGDQFH LQIRUPDWLRQ FDQ EH XVHG DV D VWDUWL
SRLQW EXW ¢(¢QDO PRGHOLQJ VKRXOGQUPQBPOXGH WKH DFWXDO VA\VWHP WKH
LPSHGDQFH DV GHWHUPLQHG E\ VLPXODWLRQ DQG PHDVXUHPHQW RI WKH
WKHUPDO FKDUDFWHULVWLFV RI WKH DFWXDO V\VWHP

7XUQ RQ 'XULQJ FDVFRGH WXUQ RQWLHOXVWUDWHG LQ )LIXUH DW
EHJLQV WR ULVH DW D UDWH GHWHUPLBHWKH WKH WLPH FRQVWDQW IRUPHG
JDWH UHVLVWRU DQG WKH FDVFR& thyDQEXWKFHDSDFLWDQFH
JDWH GULYHU SRZHU VXSS 0.\ WROMWX Bl JH [ F:HHH@VWKHKIH

W WKH GHYLFH WXUQV RQ DQG DIWHU D VPDOO
GHOD\ WKH GUDLQ FXUUHQW LQFUHDVHWBW D UDWH LQAXHQFHG E\ WKH JDW
VLVWRU DQG VRXUFH LQGXFWDQFBIXVHW B YRIOQVDXHUHQW
ULVH DFURVYV LQWHUQDO SDFNDJH LQGXFWDQFH ZKLFK LV FDSDFLWLYHO\ FRXSOHG
IURP WKH VRXUFH WR WKH JDWH DQG UHAHFWHG LQ WKH 9*6 ZDYHIRUP DV
PHDVXUHG DW WKH 72 OHDGV $W\WRAVKH GUDLQ FXUUHQW LV IX0O
PXWDWHG; DRGOV 7KH WXUQ RQ VZLWFKLQJ ORVV LV WKH LQWHJUDWHG
SURGXFW RI1.9

PDWFKHG VWUD\ LQGXFWDQFH
96

DIIHFW WKH SRZHU EDODQFH
EHWZHHQ GHYLFHV DQ\ WXUQ
RQ SRZHU LPEDODQFH UHVXOWYV
I[URP GLIIHUHQFHV LQ FXUUHQW
VKDULQJ GXULQJ WKH VZLWFKLQJ



CWT wide-band

AC current probes

% 9%
ULVH SULRU WR FDVFRGH WXUQ RQ LV FRQW RIS R 1oVl
& vPQG WKH JDWH GULYHU SRZHU VXSSO\ ac current probes
& ykV ZHOO PDWFKHG EHWZHHQ GHYLFHV W HEEERIIR Tl Rifely N o=l [o AN 0NN L72
WLIJKW WROHUDQFH DQG WKH JDWHFEBLYHU to greater than 30MHz (-3dB)
9.6 ULVHV XQLIRUPO\ IRES Ideal for power electronics CWT Standard
GHYLFHV SULRU WR WXUQ RQ 7KHUHIRUE@ W development work - Robust coils
- Current ratings 30A g‘o'(')err;%gh;f;oiﬂm
to 600KA
- Insulation voltage
JLIXUH VKRZV WKH WXUQ RQ FXUUHQW VKD 10kV peak (coil
CWT Ultra- thickness 8.5mm)
KLIKHVW WKUHVKROG YDULDWLRQ RADK LLLIX Mini& | mini
SORW LQ )LIXUH VKRZV WKH WXUQ BRWKUHH] CWT CWT LE
LPEDODQFH RI f& DQG f& EHWZHHMQ WYXH MiniHF
VKRZQ HYHQ ZLWK YDULDWLRQ LQ W KWHV KR Screened
WKH WXUQ RQ FXUUHQW VKDULQJ DQG WRBU
PDWFKHG EHWZHHQ GHYLFHV $W W K H SHHULLRY - Coil size
D VLIQL¢(FDQW GLITHUHQFH H[LVWV LQOWKH H 10 miniature coi el . Extended low-
IURP D GRXEOH SXOVH WHVW ZKLFK GRBWRH sizes (3.5mmor 80mm length frequency cut-off
56RQ WHPSHUDWXUH GHSHQGHQFH EDODQFL  45mmupto . Insulation voltage - Available with
200mm length g
_ 1.2kV peak standard or
- Insulation voltage mini coil
7KH VPDOO LPSDFW Rl WKUHVKROG YROWDJIH oy or 5kv peak
YDULDWLRQ LQ FDVFRGH WKUHVKROG YROWI]
Please contact us to discuss
JDWH ORRS EHKDYLRU ZKLFK GDPSHQWHWKFH|  Please contact '

Power Electronic Measurements

KDYH WKUHVKROG YROWDJHV RI D@6 U D ®(
WXUQ RQR; WKBDVFRGH $ ZLOO UHDFK WKUHYV Tel: +44 (0)115 946 9657 WWW.pemuk.com
EHJLQ WR WXUQ RQ $V VRRQ IDFMURWWAXK I \L G
LQWHUQDO WR WKH &DVFRGH $ SDFNDBJH FDXVHV DQ LQFUHDVH LQ WKH
PHDVXUHG DW WKH SLQV Rl WKH 72 WHUPDGBBW DR WEKDBIXYWW D WWDNVGRIRWXUQ RII WKGIDE®FRHD\ DOUHEL
LQ WKH JDWH FXUUHQW GXH WR WKHUBREZWW RAKSWHR 16 bt d g §EFHWELHIHYSDUDOOHOHG GHYLFHV 7K
HQFH LQ WKH FRQGXFWLRQ FXUUHQ@QWZQ®OHOHDG WR I
9. FRQWLQXHV WR VOHZ ZLWK KLJKHU FRUUHROKH SDWHGOKI® @ KM LFGIYzZDWOWKH VWDQUWQRI WKH WXU
WKH JDWH GULYHU QHDU WKUHVKROG RWRB\GHOPWHHWEMHY QKWHL @K Wik WXUQ RII FXUUHQW WUDQ
FRGH $ DQG &DVFRGH % IRU WKH ODUJRIWKUHRPKR 9 B Qo bMWD PDMEZ LAV KLQJ ORWWOHBEDODQFH
P9 LV RQO\ QV RWK$DQV WKLV OHDGV WR OHVV WKDQ P$
Rl FXUUHQW PLVPDWFK GXULQJ WXUQ RQ GXH WR WKUHVKROG PLVPDWFK )RU D
$ ORDG FXUUHQW WKLV UHVXOWYV LQ D)RUPIBWFRW IO\ @ WXKHLWIKOMK VKBQWYPHYHOV DQG KLIK
ORZHU ORDG FXUUHQWV WKH PLVPDWFK\&X UEHONRSIVHEH LW KX QRHY GRS HE GKWFK FDQIOHDG WR WXL
7KH ULQJLQJ GRHV QRW QHFHVVDULO\LOWHDW WR KLJK
GXH WR RSHUDWLRQ ZHOO ZLWKLQ WKH VSHFiRXEOH G YW RUMNGQP OWDW WKH 72 OHDGV WKURXJK WK
VRXUFH LQGXFWDQFH DQG LW PD\ EH XQDFFHSWDEOH
7XUQ RII 'XULQJ WXUQ RIl LOOXVWIWDMW 66 LLYGHIL FXWY H QiMyUWQ Wk PD\ DOVR OHDG W® LPEDODQFH
VZLWFKHV OREWMII®Y WR IDOO WRZDUGV WKH FDVFRGH WKUHVKROG
W 9 SODWHDXV DV WKH 026)(7 LQVLG K WARWDERIFHAVREHLFK PD\ QRW EH SHUIHFW®&\ PDWFKHG
UHDFKHV LWV PLOOHU SODWHDX $W\§ WKHKGAOFXWYHRIW @R YOG PAKLQGXFWDQFIRROIHDG WR WK
WUDQVLWLRQ EHJLQV 7KH RYHUDO@WHIUYDW WIBRRAHEXWE LR KEHOPFUKPVH LQ WKH YDOXH RI
WKH WXUQ RIl ORVV LPEDODQFH LV D@RVOBRJIJRXYSWRLWRY \EKWE HRRFWKH JDvH DQG G@DLQ WHUPLQL
& &
DQG JDWLI-\ilvGULYHU VXSSEY YRRAHYURO ZLWKRXW DGGLQJ WR WKW WRWDO W
UHVXOWV LQ WKH WKURY MRI®Q RROWMHIRY VNHZ DV ZRXOG KR$SHQ ZLWK OD
PLVPDWFK GRPLQDWLQJ WKH WXUQ
7KH PHDVXUHG WXUQ RIl EHKDYLRU LV VKRZQ LQ )LJX!I
HQG UHVXOW LV RQOGH YW FHM @bWK PDWFKHG WRS DQG PLVPDWFKHG PLG
SORW ERWWRP LV DOVR LQFOXGHG ZKBUMRRQH GHYL
EDODQFH +RZHYHU U@ QP Whiv FXUUHQW LPEDODQFH WR WAQXVRYUDWH
RI WXUQ RIl WKHUH DRHKPRERRU

‘KHQ FRQVLGHULQJ WKH LPSDFW RI WXRUWNPRIQWRVV LP
JLIXUH  7XUQ RII VZMBFKRQYLGHU WKDW WKH WXUQ RII VZHWFKLQJ ORVV F
EHKDYLRU WKDQ WKH WXUQ RQ DQG FRQGXFWLRRDORVVHV LQ KD



WLRQV 7KLV PHDQV WKDW HYHQ D KLIRWXUBRXRIUKGWW REEDOROHRH RDRKQVKRXOG EH DFFRXQWHG |
VLIQL,FDQWO\ DIIHFW WKH RYHUDOO S®REZHU GPEDBPI @SH UDOWIRR @ QV IZRBMKAD WKH VSHFL{;HG VDIH R
LQ FXUUHQW VKDULQJ GXULQJ WKH VWBXXQORNH@QWHUYDO LV VKRUW OLYHG DQ

7XUQ RQ FXUUHQW DQG SRZHU LPEDODQFH LV PLQLPD
LO\ RQ WKH 026)(7 WKUHVKROG YROWDJIJHQFBIULDWLRQ
ZLOO EH OLPLWABOMR. S\KLIHHG E\ WKH WXUQ RQ GHOD\ F

7KH FDVFRGHTVSRWHWSEMH BWXUH GHSHQGHQFBIOKKHO SVWHQRBWHKHG VZLWFK OHJ OWRPHWY D W\SLF
JRRG FXUUHQW DQG SRZHU VKDULQJ GXULQJFR@OXFKLRR $.FRPPRQEGIMDW 9 JDWH GULYHU VXSS

ZLOO OHDG WR D WXUQ RQ GHOD\ PIWRDWFKWRRI OHVV )

HITHFW $V ZLWK VLOLFRQ 026)(7V WKHU®M FDQ EHRD US$ \QN\GWKG FRIYERXMWLOR FXUUHQW PLVPDWFK L\

J)LIXUH 7XUQ RIl FXUUHQW VKDULQJ DW

&DVFRGH WXUQ RIl ORVV LV PRUH VXVFHSWLEOH WR P
DJH WHUPV WKDQ WXUQ RQ ORVVHVIEBXNHQFRIWK® DGGH|
FRQGXFWLRQ FXUUHQW DQG FRLQFLGWQWHYROWDJH U
,Q HIWUHPH FDVHV WKH WXUQ RIlI PD\ H[RVRLW FXUUH(
VHHQ LQ WWH Q@DO DV PHDVXUHG DW WKH 72 OHDGV
WKH FXUUHQW ULQJLQJ ODUJH JDWH WXUQ RIlI UHVLV

:KLOH WKH WXUQ RIIl ORVV VKDULQJ PD\PKIMYH D VLJQL
PDWFK EHWZHHQ GHYLFHV WKH WXUQ RII ORVV PDJQL\
WR WXUQ RQ DQG FRQGXFWLRQ ORVVHVELROWKH RYHU
DQFH RQ GHYLFH SRZHU GLVVLSDWLRQ LPEDODQFH PD

JRU D VPDOO QXPEHU RI SDUDOOHO GHWH&BY D VLQJO
UDWH JDWH UHVLVWRUV IRU HDFK VZLWBK ZLOO SURY|
SRZHU EDODQFH )RU ODUJH QXPEHUW RLGHYLFHV LQ
EXIITHUV IRU HDFK VZLWFK PD\ ORZHUPWKDH FBIWH ORRS
,] VHSDUDWH JDWH GULYH EXIIHUV DURPR/MG D VLPSO
HPLWWHU EXIIHU VKRXOG EH FRQVLGHWHG RYHU D FREF
GXH WR WKH SRWHQWLDO FRQWULEXWHRO@® RVNEWH GU

,Q WKH SRZHU ORRS OD\RXW WKH 72 DFHENDJHV FDQ
ZLWK '& GHFRXSOLQJ FDSDFLWRUV WR ORZHU WKH RY!
LQGXFWDQFH )RU EHVW PDWFKLQJ FDOUDBWGRQV LQ V
WR GLIIHUHQFH LQ VWUD\ LOQGXFWDQFBWRNRKHOG EH DY
VRXUFH OHDG

7KHRU\ DQG ODE WHVWLQJ GHPRQVWUDLWH WKH LQKHU
FDVFRGHV WR EH VDIHO\ SDUDOOHOHGYLRH WR WKH FI
DQG ORZ SURGXFWLRQ SDUDPHWULF YDULDWLRQV RI &
VFUHHQLQJ LV QRW UHTXLUHG IRU SDVBOOHOHG RSHL
FXUUHQW DQG ORVV LPEDODQFH FDQ EH GHWHUPLQHG
RSHUDWLRQ ZLWKLQ WKH FDVFRGH VDGHLRSHUDWLQJ L

%HQGHO -RKQ DQG /L ;XHTLQJ ){8VLQI FRRHEDOO\ RQ’
6\WWHPV ~ 0DJD]LQH RI %RGRTV 3RZHES6\VWHPYV ODUFFK
%KDOOD $QXS %HQGHO -RKQ DQG /L UXRITLQJ 26ZLW
86&LYV 6L& &DVFRGHV  0DJD]LQH Rl %RGRYV 3RZHU 6!

S

$JJHOHU ' %LHOD - .RODU - :HKIRRRXURRDIODEOH

WKH 6L& 026)(7 -)(7 FDVFRGH DQ DOWHUQDWLYH KDUC

VZLWFK IRU WHOHFRP DSSOLFDWLRQV ~ $3(& L((( S
YHE

JRUVIWK - 3DUDOOHOLQJ 21 3RZHU 026)(7V )RU +LJ}

SXW KWWS ZZZ LUl FRP WHFKQLFDO LQIR DSSQRWF
:X <) 3DUDOOHOLQJ KLJK VSHHG *D1 IB®&ZHU +(07V |
SRZHU RXWSXW $3(& ((( ss O0DUFK

HG

9 $ WRS PDWFK

GHYLFHV PLGGOH PLVPDWFKHG GHYLFHV ERWWRP f& W%

RINTVHW EHWZHHQ GHYLFHV



