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ONEeKTPOoTEXHUYECKNIN cekTop Eaton:
{ KIHOYEBbIX KOMMNETEeHLU NN
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MawunHocTpoeHune

KOHCTpPYKTUBHbIE

peLueHns n WHXMHUPUHrOBbIE

KOMMYTAaLNOHHbIE ycnyru
KOMIMOHEeHTHbI

MpombiwneHHOCTL PesepeHas ABTOMaTU3aLus

3awmrTa N KOHTPOIb Kommepueckoe
3NeKTPO3Heprum M Xunoe

CTPpOUTENNILCTBO

PeweHus gna
HeGNaronpuATHLIX U OcselyeHune n
onacHbIX yCrosui G6esonacHocTb

3KcnnyaTaumm
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PeweHuna ansa anektponutanna LUO

PacnpeaeneHune anekTpoaHeprum
B AcToYyHUKMN GecnepebonHOro nutTaHus
CepBepHble u AT wkadbl

Cucremsl ynpaBrieHnAa BO34YyLWHbIMUA
NMOTOKaAMu

BHyTpeHHee n HapyXHoe
ocBelleHue

Cucrtembl ynpaBneHus
aneKTponuTaHmem

= Ycnyrm
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Halum pelieHna cooTBETCTBYHOT BaXXHOCTU
Bawwunx 3agad

Biicokasi achdhekTUBHOCTL Ge3 Bonee rubkasa nHdpacTpyKkTypa Bonee 6bIcTpbIN 3anyck LIOA
COKpALLEHNs1 BPEMEHM Lon B -
6e30TKa3HOM paboTbi

PacnpeneneHue aHeprum KayecTBeHHOE M pe3epBHOE 3MeKTponUTaHue
- [ i - -

V

YeTpoiictea Cuctembl PacnpeaenutenbHble WuTbI MBI Power Xpert ™
pacnpeneneHus 9395P
LWMHONPOBOJOB LWKTbI ynpaBrieHusi n
3NeKTPONUTaHUA Ty
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TexHornormm NocToAHHO IBOJTIOLUMOHNPYIOT.

Ha npumepe TexHonornn Vb

Koachdbuyment MOLUHOCTM Ha
BXopne:

ot ~0,8 no >0,99

KHW ToKka Ha BxoAe:

ot ~30% Ao <3%
| E—

EF.T-N

Powering Business World

HomuHaanbm TOK H

ymeH blUeH

a Bxopae:

> 25 %

MnotHocTL MOLLHOCTH

yBenuyeHa
>50 %

TennoBble NOTEPU

yMeHbLUeHb!
~40 %

KnAd

nnockas
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OHeProdpPEeKTUBHOCTb

S
Harpy3ka
N\, MoAayns

PDU - MoOQyrb pacripederieHuUs Hagpy3Ku
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VMMS - AgantuBHag cuctema yrnpasreHus mogynamm -~~~
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ESS — peXXum akoHOMUm

EFFICIENCY
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MoayneHble cuctemobl Bl gna goctmxeHns

MacLUTabupyemocTu
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United States Patent

Tassitino, Jr. et al.

[19]

[

O

US005745
111 Patent Number: 5,745,356
5] Date of Patent: Apr. 28, 1998

[54] INDEPENDENT LOAD SHARING OF AC
POWER SYSTEMS CONNECTED IN
PARALLEL

[75] Inventors: Frederick Tassitino, Jr., Wake Forest;

John G. Tracy, Raleigh, both of N.C.

[73] Assignee: Exide Electronics Corporation,

Raleigh, N.C.

[21]1 Appl. No.: 673,602

[22] Filed: Jun. 25, 1996

[51] Int CL® . . HO2ZM 7/00; HOZM 7/5387,;

. HO02J 3/00

[52]1 USB. CL e 363/71: 307/65; 307/32

[58] Field of Search ..o 363771, 65, 37;

307/52, 82, 80, 81, 31, 32, 33, 85, 86,

87, 64—66
[56] References Cited
U.S. PATENT DOCUMENTS

3,621,365 11/1971 Beck ... . 307/58
4,038,559 7/1977 Chun et al - 307/64
4,114,048  9/1978 Hull et al. - 307/53
4733341 3/1988 Miyazawa .
4,924,170 5/1990 Henze .
5.157260 10/1992 Jo:dan et.a]
5,191,519 371993 K:
5229928 771993 Karsson et al. eeveereinvensennes 363771
5262,935 11/1993 Shi et al. 363/71
5436512 7/1995 Inam et al. . . 363/71
5473528 12/1995 Hirata et al. e 363771
5596492  1/1997 Divan et al. ... e 303/95

Primary Examiner—Stuart N. Hecker
Assistant Examiner—Bao Q. Vu

Artorney, Agent or Firm—Woodcock Washburn Kurtz
Mackiewicz & Norris LLP

[57] ABSTRACT

A parallel redundant power supply system which does not
use any inter-unit signaling is obtained by using the AC
output power level of a power system to coordinate load
sharing. The necessary information for load sharing is
derived solely from each power system’s output power level
in such a manner that the outpat of a power system is
inherently phase locked to the output of other power systems
to which it is connected in parallel. Each parallel connected
power system. designed in accordance with the invention
includes means for generating an AC output voltage from a
DC input power source, means for sampling either a DC
input voltage from the DC input power source or the AC
output voltage from the AC output voltage generating means
to provide power level samples, and means for determining
the AC output power of the AC output voltage generating
means from the power level samples. A control signalis then
generated and provided to the AC output voltage generating
means to control the AC output phase and output frequency
of the AC output voltage from the AC output voltage
generating means based on the output power level of the AC
output voltage generating means and a derivative of the
output power level of the AC output voltage generating
means so as o affect load sharing in a manner proportional
to a unit power rating of the power system with other power
systems to which the power system is connected in parallel
without requiring inter-unit signaling between the power
systems. Generally, the control signal is determined by
integrating the derivative of the output power level of the AC
output voltage generating means as determined from the
power level samples.

25 Claims, 5 Drawing Sheets
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TexHonorua napannensHon paboTbl HotSync "~
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KOHTpOsb COCTOSIHUA Ha YPOBHE CUCTEMBI, Nepegada
KOMaHA, noBbllleHne apPeKTUBHOCTN U T.4. Yepes
napannesibHble BHYTPUCUCTEMHbIE CBA3N

I
fiy 4 DROOP

0% 25% 50% 75% 100%
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TexHonorma HotSync ansg noBbILLEHUS
OTKa30yCTONYMBOCTH

HapexHoe
¢pyHKUMOHMpPOBaHUE U
Ge3onacHas akcnnyatauus

* HeT eauHOM TOYKM OTKa3a
* YCTOMUYMBOCTD K;

o [oBpexaeHune kabenewn o BHelwHne nomexu
o [loTteps cBaA3n o YenoBeyeckne OLLINOKK

o Bbixog ns CTpOA KOMMNOHEHTAa
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PANTM3OBAHHbIV BANMAC
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Cxema bannaca mogyneHoro bI Eaton
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Mepenaya nHdopmaumn o pabote VBT,
VMMS, ESS - yepes kabenb cBA3N
napannesibHONn CUCTEMbI

PaBHOMepHOE
pacnpegeneHne Harpysku,
MOHUTOPUHI N KOHTPOIb

cujiosbie MOAYynu BbIXOAHbIX MapamMeTpoB
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E:TN DSP - uudpoBasa o6paboTka curHana
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Kakon Vbl'1 cambin HageXHbIN?

ANZNVINE N NN

T
CpeaHsasa HapaboTka Ha oTka3s (MTBF): B COCTAB MBI BXOLA
« |GBT TpaH3ucTOpbl

CpeaHsis NpoaoImMKUTENbHOCTb paboThbl yCTPOMUCTBA KaTywku
NoKasblBA€eT, Kakas Kohpercatopbl

lMeyaTHble NnaThl

mMexay pemMoHTaMn, T.e.

HapaGOTKa B cpeaHeM npmxoantcd Ha oguH OTKas. & Nibnnes
* Pene y KOHTaKkTOPp b

Mpenoxpannreny

Tak ¢ uém snce paznuua WBas e
medxcoy UBII? I
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[loBbILLIEHWE HAOEXKHOCTU Yeped apPeKTMBHoe .~
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Nnpon3BoaCcTBO XX

- Bcem N3BECTHO, YTO  MPUMEHeHue  3alUTHbIX
ONEeKTPOMarHUTHbIX  OMOKMPOBOK —  obLlenpuHATas
npakTuka ana obecrnedyeHuss MNpPaBUbHOTO BbIMOSTHEHUS
npoueayp oneparopamm Ha oobekTax

« Tor xe cambin nogxon [HOOJDKEH npumeHaTbCs npu
npoussoactee  MBM!  MOCTOAHHbLIA ~ KOHTPOIb
NPOLECCOB N MHCTPYMEHTOB MO TEXHOSTOMMYECKNUM KapTam

* [loBblweHne KayectBa  3a cyeTr MCNONb30BaHUS
adopeKkTuBHbLIX cTpartermn nponssoactea LEAN, 5S, 6o, A4
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[loBblILLEHNE HAOEXHOCTU - OTK830yCTOI/ILII/IBOCTb ////
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CpepnHas HapaboTka mexay Kputnyeckumu otkazamm (MTBCF)

2 - Nepexon B aHeprocoeperarownn pexmm

Aac et H2 A, + Nspm

Aacol 1 - Nepexon B pexu

6 - MNepexon Ha

5 - Nepexopa, BOMHOro npeobpasoBaHusA nuTanue ot AKE
Ha Gainac -~ , Aacor + 7 U,
Y
He
3 - OTkas
BEHTUNATOpa _/'. 4 - Tlepexon Ha nUTaHue
Agey + TA ot AKB + oTka3 BeHTUNATOpPA
Ay * Nisew Ageol

0 - (KpuTnyeckuin) oTKkas BbINONMHEHUA 3aAa4v
F.T-N
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becnepebonHoCTb

NN NANNANANAN AN S

Ymo, ecnu ... ?

[ nasHbIU 8oripoc, KomopkiU 3adarom cebe paspabomyuku VBT

CpenHee BpeMs 6e30TKa3HOM paboThl » YcTON4YnBOCTb K COOAM

CpenoHas HapaboTKa 4O peMOHTa

HapgexHocTb akcnnyatauuum

EF.T-N

Powering Business Worldwide .
© 2015 Eaton. All Rights Reserved. 33



- CokpalleHue
OBOKVMHON

C

- .
s 0N 2 s
e L I =
- " B B "

OUMOCTU BNnageHud

10BbllLeHune

dde KHOCTU

DR N




B0O3MO)XHOCTb 3HAa4YUTENBbHOIO COoKpalleHnd
nacxoaoB 3a cyeT apontounn Vbl

L \ o o e
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CokpalueHune pacxonoB bnarogaps yHKLUNK

EAT' Load REQUIRED
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CpaBHeHue K14 VBl npun ncnonb3oBaHumn

NDa3HbIX TEXHOOMMU

100%

95%

90%

85%

80%

75%

70%

EF.T-N

Powering Business Worldwia
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- § Bonee Bbicokun KIL, ocobeHHO npu

- TUMUYHBLIX YPOBHAX Harpyskn, obecrneymsaet
4 NyYwmnn KoaduumeHT adoPeKkTUBHOCTH

1 ncrono3oBaHunsa aHeprun (PUE) n cokpalleHue
/ aKcnnyaTtauMOHHbIX pacxonoB.

! *) Ona WBIT, nepeuncneHHbix B gokymeHTe “Energy Technology List of ECA Scheme”
! **) Ans bectpaHcopmaTopHbix WBI ¢ TpéxypoBHeBbIMM Npecbpa3oBatensamu

0%

5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95 % 100 %

— =KMNAg potopHbix NBIM*
KNA4 cratnueckux MBI B HopmasnbHOM pexXume**
KN4 BN c AgantuBHoi Cuctemoii YnpasneHuna Moaynamu (VMMS) **
——KnNA4 cratuueckux MBI B sHeprocbeperawouem pexkume Energy Saver System (ESS)**



[loBbilWeHne adpPEKTUBHOCTU N CHUXKEHNE

nacxoaoB ¢ NomMoLbio ESS

878 000 kBA i

QKOHOMUA SHEPTINA
CyMMapHasi MOLLIHOCTb
Bl (B KBA),
2009 - 6 ncnonb3ytoLwmx pexm ESS > 347 000 kB1y
|

Konuyectso UBIT,
paboTtalowmx B pexume ESS

HacTonbko YBEJIMYMBAETCA

> 1500 ' KOShDULIMEHT FOTOBHOCTH I 1 ’ I I

VBI B pexume ESS

Bbibpocos CO,

KonnyectBo 0ObEKTOB, 21 MJIH. YacoB CyMMapHasi 3Heprvs,
ucronb3yowmx AESS cakoHomneHHas BI1

CymmapHoe Bpems -
> 100 @ paboTbl B pexnmMe 194 BTy

ESS
—

& ZU1D EdWUll. All KIYIIL Keserveu




/' \Z \Z \7Z

CtaHgapTHbI noaxon K npoekty LIOL: MNpoektnposuink <~~~

AN\ L\
'\ \Z \7

3aKrliaablBa€T B NMPOEKT TpaaAuLuMNOHHbIE PELLEHNA NN

=

ﬁ I
., & .
B '.'%

© 2015 Eaton. All Rights Reserved. 39

EF.T-N

Powering Business Worldwide



HoBbin nogxoa K npoekty LIOL: Ncnonb3osaHue
3HaHUWN 3KCMEepPTOB Npu NpoekTuposaHUn!
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