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20  [0003] Primary power systems for computer systems in operation typically need to be
maintained or reconfigured from time to time. Some data centers, for example, have “single
threaded” distribution via the electrical power supply to the floor and/or to the rack, and in which
maintenance can only be performed when the components using power in the data center, such as
servers, are shut-off.  The down-time associated with maintenance and reconfiguration of

25  primary power systems in a data center may result in a significant loss in computing resources.
In some critical systems such as hospital equipment and security systems, down-time may result

in significant disruption and, in some cases, adversely affect health and safety.

BRIEF DESCRIPTION OF THE DRAWINGS

30 [0004] FIG. 1 is a block diagram illustrating one embodiment of a data center including a
backfeed unit that may be used to establish a power feed for computer systems in the data center.
[0005] FIG. 2A-E are schematic diagrams illustrating one embodiment of establishing a

backfeed to a rack power distribution unit.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0012] Various embodiments of methods and systems for establishing feeds to electrical
25 systems, such as computer systems in a data center, are disclosed.  According to one
embodiment, a method of adding a power feed to systems while the systems are in operation
includes coupling a set of input lines to a power source such that the input lines are connected to
at least one phase of AC power from the power source, and coupling a set of backfeed lines to an
output receptacle in a power distribution unit. The output receptacle may be connected in
30  parallel with other output receptacles on the power distribution unit that are supplying primary
power to systems in the data center. The set of backfeed lines and the set of input lines may be
tested to determine a match between a pair of lines in the set of backfeed lines and a pair of lines
in the set of input lines. Determining the match may include matching the phase of the pair of

backfeed lines with the phase of the pair of input lines. The pair of backfeed lines may be



3 coupled to the matching pair of input lines while primary power is
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25  set of input lines. The receptacles can supply power from the source power supply in different
phases and different polarities. The set of feed lines can supply power from the phase selection
panel to electrical loads.

[0016] As used herein, “computer room” means a room of a building in which computer
systems, such as rack-mounted servers, are operated.

30 [0017] As used herein, “data center” includes any facility or portion of a facility in which
computer operations are carried out. A data center may include servers dedicated to specific
functions or serving multiple functions. Examples of computer operations include information
processing, communications, simulations, and operational control.

[0018] As used herein, “operating power” means power that can be used by one or more

35  computer system components. Operating power may be stepped down in a power distribution



4 unit or in elenments downstream fromthe power distribution units. For
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[0023] As used herein, “floor power distribution unit” refers to a power distribution unit that
can distribute electrical power to various components in a computer room. A power distribution

25  unit may be housed in an enclosure, such as a cabinet.
[0024] As used herein, “rack power distribution unit” refers to a power distribution unit that
can be used to distribute electrical power to various components in a rack. A rack power
distribution may include various components and elements, including wiring, bus bars,
connectors, and circuit breakers.

30  [0025] As used herein, “remote power panel” means any panel, device, module, component,
or combination thereof, that can be used to transfer or distribute electrical power from one or
more input conductors to one or more output conductors. In certain embodiments, a remote

power panel includes main lug only (“MLO”) panel conductors. A remote power panel may be

housed in an enclosure, such as a cabinet.
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random access memory (RAM). Alternatively, a compact disc — read only memory (CD-ROM),

,bu
5

25  a magneto-optical disk (MOD), and/or a digital versatile disc (DVD) may also be used. Also,
additional input channels may include computer peripherals associated with an operator interface
such as a mouse and a keyboard. Alternatively, other computer peripherals may also be used that
may include, for example, a scanner. Furthermore, in the some embodiments, additional output
channels may include an operator interface monitor and/or a printer.

30  [0030] In some embodiments, a power feed is established to electrical systems while systems
are live. Systems receiving power from an added feed may be of various types. Examples
include hospital equipment, utility systems, security systems, military systems,
telecommunications systems, or electronic commerce systems. In certain embodiments, an
additional feed is provided to a critical system, such as a life support system. In some

35 embodiments, the systems are computer systems in a data center. An additional power feed may
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102, gedisttidutoschidd, and swi tchgear 105, and prinmary 10 power systens 106.

Rack systens 51 include racks 52. Sets of conputer syste 54 in racks 52
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systens 54 1 n racks 52 nay each recelve power fromone of primry powe
syst ensbab@Bed Ispstemeh@baydberesed, toeawhligf a pedondary poswe feedyfot ermputd6systems in
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center 50. [0032]Primary power systems 106 each 'include OPS 110 and fl oor
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pover {0, yarl g of RRKBYSLEMRN Ty duh SR SIOPALIENG Sy lhooU ROVRL for

di st ri but ion T2 R NERUTEE 8"t Fanéfor e 1 hat CTPansror me the 20 vbif%age
f rom swexaedplke 36rvéR3n als@sler &font 8L Hats y&itens0. Sompytet HiGtcutiesainracds AWMLY cach
distribution unit 56. Rack power distribution units 56 may distribute power
to conpigEdre §Quekfremsanc pROPIBRIT RAYST oS 109 |18 esupnladientg caphi ofi primargeq.
The uti )] ,um V.ol t s ' ' he
1§ ¢y ek s e ToY B ol MRyabl AREba Rty 0 pEtisTh Dy B LB} fenedr'®,
freguenty of ombauboddehtzcacbarigriatady podkynmps d06 ¢odesppoddsen, dal povides yowds
power s%stems 106 in the event of ngaiIure of utility power to transfornmner

I n .

102. o ArFRBaiiHEms ° l[dRdarceishelat ors 104 provi des back-up power for

each of (g8 Mar Yo ROWEHoR¥S §RIEns I cddRSndidd TRY PI0CMIdEd? :y;oWe‘? Rt Ridn Raner
to racks 52 in the event of a power failure upstreamfrom UPS 110.

[ 0034] Fbk2.i [Hlemstpoater destrpmtiposed, 1 12mreadey povegryto peviers sfystle spstameS kHowamien

FIG 1 (for,.30 clarity, detail.s of only.the front prinmar system.106
re shotocimeSy AhatFout® iR o iert 12y BebAET soRsToHa HEH TR e e
10Q0myvolaRY fron®WRteHgeat ML EEhel Bf RFRAGEERILS, may MIdINIRS Y rdRRVWRkwes IdikerihRbn

i ncl ude on one primary power system In addition, the nunber of power

di st ri bunit ¥h Rafkippweypsgibuginn uatity ek may g paiite Boweto gampulcr aystambydi ment to
enbodi n‘ﬁlﬂgﬂ Transformer 102 is coupled to a utility feed. The utility feed may be a medium
voltage feed. In certain embodiments, the utility feed is at a voltage of about 13.5 kilovolts or
12.8 kilovolts at a frequency of about 60 Hz. Generators 104 may provide power to primary
25  power systems 106 in the event of a failure of utility power to transformer 102. In one
embodiment, one of generators 104 provides back-up power for each of primary power systems
106. UPS 110 may provide uninterrupted power to racks 52 in the event of a power failure
upstream from UPS 110.
[0034] For illustrative purposes, three primary power systems are shown in FIG. 1 (for
30  clarity, details of only the front primary power system 106 are shown). The number of primary
power systems 106 on primary power side 100 may vary, however. In certain embodiments, a
primary power side may include only one primary power system. In addition, the number of
power distribution units, UPSs, switchgear apparatus may vary from embodiment to embodiment
(and, within a given embodiment, from system to system). In some embodiments, primary

35 power system 106 includes many floor power distribution units 112. As another example, a



(and, wthin a given enbodi nent, fromsystemto systen). In sone

enbodi nents, primary 35 power system 106 includes many fl oor power

di st ri butworoinisv3112. As anot her exanple, a WO PCT/US2011/051273

2012/ 047453PCT/ US2011/ 051273 7 primary power system nmay have one UPS t hat
can supply power to many floor power distribution units. [0035] Data center

50 i ncl prdasrybpekéeeghténi that 2hve BaeK e tisy Sé@msdpply Maywcbeousatly tfodRr puldte a
secondary Eower feed to rack systems 51. The secondary power feed may be
provi dediStribufign ukilsanpl e, during reconfigurati on or maintenance of prinary

power s de 22
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|nput chI e 134, ~and net ef[s 136. I nput cable 124 includes |npu{) couplin
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vol t age,” wave form frequency, phase sequenc phase an
synchr o&ymatqmtleywanmlm imludss s&h@lrompumnarawmacloqiapdt 131] dlasalk@hnga)@kéleed

system 120 nme enb i one or e 36 e.in ted
Tt o antnbrteRE T b AR e ATy Sl Batt BT Row bR iRt mehhe wvth il

nor e of Jdvideersy. BilkfeSd Babidsaind intlIoMeLIRASHpAIEBNYodevi ce, such as a stand-
15al one oscill oscope. [0037]1In sonme enbodi nents, a backfeed unit supplies a

secldhdaiﬂW@]ovveM@yer fragdbngsasnte orcasuse aoomabm@le@stmn saclp@mpltage line
distri bUt {220 \}vjewetfo NE 2R en%gse s%elrl]é[nsce nd %ls<ef S5 e, lt 1n lﬁ?oenqza %ncsrse[at € a
secondary éo’vver feed % qli pl ng i Ko & 110 owet - di Fonc s e G
2A- C ar 25 ohendid @pd eagvcamsnpult s1dst bﬁbadkgeeamgzsteﬂﬁblcz@l n‘ﬁflion@ef erﬁbddiﬁhbhts horepra
backfeed to a rack Eower 20 distribution unit. FIG 2A illustrates one
embodi nBAte 6f MClEBr { IO rirefingarede #HP e CREIPHHF T baskicrd ewatennilg0s & aihgrack

o Al b iU OfheUsH rhore[&%ﬁ‘et%gg\%g %@gaag %fdnggﬁéasﬁr%ﬁﬁﬂf v1§ey§ﬁ&1”§s Péadd!

ack 52, prinmary power system e steml Primary power
sysISem dlﬁﬁeoscdloudq& UPS 110 fl oor power distri but| on unit 112, and rack

Pover 108 Bhrp it 0wy SrRRTEIT. o P G GTPR I & SPoad o e oL DB iy
et R U R e
t o FI G ustd t§ 0@3i8]alesnvayy peveifval hhtappmnphas e frowpower dstributiormamsf. oFlite 2A-€uch
as tr ane?rfe OSE:IETeematlc cﬁagrams illustrating one embodiment of establishing a backfeed to a rack power
20  distribution unit. FIG. 2A illustrates one embodiment of a portion of data center including a
backfeed unit for a rack power distribution unit. Data center 150 includes computer systems 54
in rack 52, primary power system 106, and backfeed system 120. Primary power system 106
includes UPS 110, floor power distribution unit 112, and rack power distribution unit 56. Rack
power distribution unit 56 may supply power to computer systems 54. Primary power
25  distribution system 106 may be similar to that described above relative to FIG. 1. UPS 110 may
receive power from a transformer, such as transformer 102 described above relative to FIG. 1.
[0038] UPS may receive three-phase power from a transformer, such as transformer 102
illustrated in FIG. 1. UPS 110 may supply three-phase power to floor power distribution unit 112
through lines 152. In FIG. 2A, each of the three lines is designated A, B, or C to indicate one of
30  the three phases of power received from UPS 110.
[0039] Floor power distribution unit 112 includes floor PDU receptacles 154. Floor PDU
receptacles 154 may be used to supply power to various racks in data center 150. In one

embodiment, floor PDU receptacles 154 are NEMA L6-30R type. Each of the various

receptacles on floor power distribution unit 112 may carry two phase lines and one ground. In



illustrated in FIG 1. UPS 110 may supply three-phase power to floor power
distribution unit 112 through lines 152. In FIG 2A, each of the three
lines is wexnpnmatesd A, B, or Cto indicate one of 30 thectrhuse@ipbeses of
power received fromUPS 110. [0039] Fl 8or power distribution unit 112

i ncludes floor PDU receptacles 154. Floor PDU receptacles 154 may be used

t 0 sUppFIG. PRAesach D MBE isBUScce@akSs iNindaldacat@niveh ocheOf the spN ph&ehReibi®itions,
fl oor PDU regﬁgtaoles 154 are NEMA L6-30R type. Each of the various

r ecept aednedy.onBfBeoACpBReBdPEEA buti on unit 112 may carry two phase |ines
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2A, conbinations f illustrative purposes, floor PDU receptacles 154 e
showh ofPIiBgIonS, Qﬂrwesﬁﬁtrébvmﬁﬁnﬂmy, howeyrih Yoo rUnp of reeeptg
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of receptacle each phase combination. In sone enbodi nents, | oor
di st ri butépacle hort caclyf hlm/sxqﬂneser evephaeing. f br seachmbbdinteatss axﬂq@haiwlbutlon
conbi nati.ons. | n sonme enbodi flo tribut uni.t ma ve two
o ror SkE B B oTS o TERC HeaPUEls Tor £ ohalaRt ShoPse oHDIARY gl Sofnt
enbodi ngAbsdiments! QOFloHOWBH e ditFiblitnl %ynayvmm&)u%utf&%ﬁlyf QEmONLY 1RO FRasef
t he phase 10 comnbi nations (for exanple BC, and AC only).ln certain

enblddi neambynationg | Gor cxdmplei Bt Bh, wnit Ah?aynltyéceu vi seitgiorcrabostimenst @ floor

t wo- pha ower.ln certain e oor _distri Utl n_ounkt ..n|
fecei v e&lgtﬁl }mon 4n 1St s feeeive agligfér ldg?nthuzes é (6 #)O?se ower Pnnoef ain, & Ibod %tsh &

gr ound) flodrQR4dibiRamkurRomey rddeist rah@/ut diafribuey 4 siddié phasél (lﬂdi%;aﬁ@tek hal;)hleutral, and
receptacles 156. In one 15 enbodlnent rack PDU receptacles 156 are | EC
60320 O?GHW@ceptacles rack PDU receptacles 156 may be wired in

paral | e|’r00 th eng 351)‘%% 1str1'b%%ﬁ/ Rinfiah 1 PREL ésofthfPlﬁ@'t ?ec\%@%l% 1580 If'f‘r%eor

all of rack PDU re e use to su r to conputer
syst®ensembodimckt, Tdck PDU k@epﬁerblesillﬁérure JEOWA0320 EBQEreébﬁtactdse Adf mﬁmk PO of

rack PDU rec re used to ovi de power to conputer ste 54 |n
rack 521CCdt 5*4%%%&%@@6%@% i RAe ARGy e BRHL ST o
panel 18 2y BCill Qﬂlaélﬁ’b@qreg%ﬁdlesr BPERIAGd £5cRD @L!er Polatah légﬁlﬁuter systerns in
ynchronlzatlon receptacl es 160. Backfeed unit ut 134 incl udes phase
sel ect i @k pHugl 82, erl@@ﬂﬂﬁ@tﬁls@owﬁallPHGuéAr thicdsftmoltamiof dedclc Bt eutcEpacleoare
receptacl8§ on a rack pover Q|str|bu%ion
sed to provide power o computer systems 54 in rack 52.
20 [0042] Backfeed system 120 includes synchronization receptacle panel 130.
Synchronization panel receptacle panel 130 includes synchronization receptacles 160. Backfeed
unit input 134 includes phase selection plug 162.
[0043] FIG. 2B illustrates a backfeed connection to receptacles on a rack power distribution
unit. Backfeed plugs 140 of backfeed cables 138 are coupled to two of rack PDU receptacles 156
25  on rack power distribution unit 114. Although in the embodiment shown in FIG. 2B, power is
backfed to two receptacles in the rack PDU, power may in various embodiments be fed to any
number of receptacles in a rack PDU. The number of backfed receptacles may depend on
amount of current required by the electrical loads connected to the rack PDU. In certain
embodiments, each of multiple rack PDUs in a data center may have a backfeed into only one
30  receptacle.
[0044] In some embodiments, input coupling device 138 is a 3-pole circuit breaker. In
certain embodiments, input coupling device 138 is a 3-pole miniature circuit breaker (MCB).

Coupling device 138 may be installed in a breaker panel in floor power distribution unit 112.

Each pole of the three poles may be connected to one of the three-phases, namely, A, B, or C.



unit. Backfeed plugs 140 of backfeed cables 138 are coupled to two of rack
PDU receptacl es 156 25 on rack power distribution unit 114. Although in the
enbodi nenvobmvaa7isa FI G 2B, power is backfed to two reeepiumediemnsiamst he
rack PDU, power may in various enbodi frents be fed to any nunber of
receptacles in a rack PDU. The nunber of backfed receptacles may depend on
amount [@0485ur r Siice beekfeddechbly 12602l Behicb@pibd toadie pewanestiedtidudinel 4 @We
PDU. In certain enbodi nents, each of nultiple rack PDUs in a data center
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reserve r. systemfor g.rack systemin a data center. The_installation
mmy be 23PH ébl%ﬂ? IR eglbéﬁi%ﬁ it B M LR HeS U EPSCEYFSRUKE i n
the raclsfcaMilin HAORRIA P e bl ecifd ikhuRfoly BDcamicdagk ifer has

been est'ablished as described in FIGS. . I'n addi'tion, power plug 170
of rackempowemeni Bt whishtthonomputer dyisteriiam the enckdiresarom nie operdtién. ond\f Irgftactqdomer

di sfri ' unit, 112, uter. te 4 conti receiyve power
thrlgn thath d8arPErERT e ishE SEBergGE HORTA aF} o dF BifiFR er plue
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distribution unit 112 and rack power distribution unit 114. Power plug 170
of rack!Fowepmputer systems 54 continue to receive power through the feed from backfeed unit 120.
[0047] As reflected in FIG. 2E, automatic transfer switch 174 may be installed between floor
power distribution unit 112 and rack power distribution unit 114. Power plug 170 of rack power

35  distribution unit 114 may be coupled to the output receptacle 176 of automatic transfer switch



35distribution unit 114 may be coupled to the output receptacle 176 of
automatic transfer switch WO 2012/047453PCT/ US2011/051273 10 174. | nput
power pl wgokéRM4oissaut omatic transfer switch 174 (the " Atraisd@i1os12the
automatic transfer switch) nmay be conmected to floor PDU receptacle 154 in
fl oor power distribution unit 112. (Input power plug 178A may be installed
into the74samput peRpt plabel 78RS aulpmbiti @WRITerPdvigh1iFl Qhe FACkidROY®the automatic

distribution 114 was previ ousl% installed in.) At this point, prl mary povver
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FIG 2APQRr Sb’%fﬁmelﬁ appred W 3 alkmesdluriae opemern 969@@ cantsx p9-pkhedmsenyi povsg
may be r I

ot r1 b RAh R b DT, Sl RS R TR bAoAl of himarer BENA00 ot

di st i bwhmhnnmerﬂle ré&6rve lpowanotsteet nmmbe@hmml,vea backf eed may be supplied
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supplied froma floor power distribution unit in a data cen ther than

t he f| odasciploadeabodé.st ri buti on un| t 114, froma reserve povver system or a
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20  clement in a power chain that is upstream from backfed power distribution unit. As illustrated in
the embodiments shown in FIG. 2A-2E, for example, a backfeed to a rack power distribution unit
56 may be supplied from a floor power distribution unit 112. Floor power distribution unit 112 is
upstream from, and supplies power to, rack power distribution unit 56. In another embodiment, a
backfeed may be supplied from an uninterruptible power supply in the primary power system
25  (such as UPS 110 of primary power system 100 shown in FIG. 1. A backfeed may be supplied
from any power source, however. For example, a backfeed may be supplied from a floor power
distribution unit in a data center other than the floor power distribution unit 114, from a reserve
power system, or a source external to the data center.
[0052] In some embodiments, a power feed is added to systems in a data center while the
30  systems are in operation. The power feed may be accomplished, in some embodiments, by
backfeeding a power distribution unit in the data center. FIG. 3 illustrates one embodiment of
adding a secondary power feed to computer systems in a rack in a data center and performing
reconfiguration or maintenance operations while the computer systems remain in operation. In

some embodiments, reconfiguration or maintenance operations may be repeated for various racks



30 systens are in operation. The power feed may be acconplished, in sone
enbodi nents, by backfeeding a power distribution unit in the data center.
FIG 3 ilwonrnauessone enbodi nent of addi ng a secondaryppowseorfi@srt7: o
conputer systens in a rack in a data mwenter and perform ng reconfiguration
or mai ntenance operations while the conputer systens remain in operation.
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12 embodiment, the end of the cable that couples with a rack PDU is a male C19 and the end of the
cable that couples with the synchronization panel is a NEMA L6-30P. Other connectors and
30  cable arrangements may be used in various embodiments. In certain embodiments, a cable may
have a Y-arrangement, utilizing two other male IEC 60320 C19 connectors at one end, or two

IEC 60320 C13 connectors at one end.
[0056] In one embodiment, a 3-pole breaker is installed in a floor PDU to provide a backfeed
to a rack PDU. Enough cable may be left exposed on the load side of the breaker to be able to



measure the current on each phase with a tong ammeter or a grip ameter.
Once installed, the 3-pole breaker may be shut. [0057] Equi prent for

est abl i shwogom/fsesd, such as backfeed system 120 descri lpetd/isban®s1273 el ati ve
to FIG 1, may be staged in any suitatle |ocation. In one enbodi nent, the
backfeed unit 5is positioned at the end of rowto prevent interference with
ot her s@ea@fe haGkfrent dh &Rhipabdt whbadbiEithetc @8k g@iptinghette e DR uhPaTRAL thERy
be nounted on a cart. [0058] At 502, a set of secondary feed lines is

coupl ed>-Peledrgphgemaybg shytbut i on unit that is supplying prinary power to one
or nore te ' r ' e ' a
Cacke | VR opy rouhpldf (67 :30ARRRE A (06 BOFANHALYCC Mo 0 BRIR RS,
24 10 AnutiFBtd) F1G.nl, seayebeasrdped iimemit siitablkkdoseioondarope lembediname thobylkéstdasita
backfeed to . one ,or nore output receptacles in a power distribution unit,
(such a$ ROsHigAch At it e@i@%@?{n@cpramnt : WétseEﬁﬁlP%mflﬁ‘r \é\@ébts%%éa“#éy B certain
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i dentified, .Any .numb t put 15 | be_backfed. Th
hunber PP PE TR Ro U B LIRS S UFPe BN L8 St ad NECREr e HEG fsf
the sysgybe (26Ql MENGEVEPPOU thiOMphh& FAed toaWeEk dbSELantPid, 10N KW Log [V0Q29] I n
sone enbodi nents, the backfeed may be synchronized with power fromthe

powdr s6mpcRDUAt Bogyme hmbgdicisntbaithe sesendary hiaes aisdcounlsdiasid heskfesdeotanstard
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lines and a pair of 19 1es it he self of I'np riesC 1o 20 et ¢h t he phase
of a pabutp@f resestadicamayf Bedohndees W phratibiewnhasgp@f redcbtadlePdiat ¢ supplyting
lines. Matching may include determ ning characteristics including wave
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feeld | i mesptadich tnhe beripukfeli rBlse mayb&Sofhecghaddseday dednsed, dot batmiilbeorphages

line up. In sone rgbodi ments,. one or ?Dre metirs mafyi. be bhuilt. into a
synchr ofifAPATPEHS %§ £ SRAFTBY ISV BISROMPT fraBthe Fark OMCEHISTENEB M MENnt s, t he
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receptacle may be used for the same phase” conbi nation exanpl e,

i nst eadsowfccAB)t. SGUO 06 Sp¢amdsoniecd hbvesdindenp s linth ercgostest tostetarmend omahdetoredar y
feed may be PDU. ot her , 30 than t mary, floor .PDU for the gircuj.t in
hed o plf of LrER bt Ronicondary s Tt 4 neron Ty oo st ab i ahlibet §,

t hexgpot @iich ahe phikcQstea phiRQfisERIMdaryt fo8d PREEMifhathe Rbicovethet D psik foff @ipuRYind®
nore than of 7 VAC. In another enbodi nent, the potential is allowed to

di ffer Myptchingnppeinchuls dstayminipg sharecteriitiosineiuding wpratem; Hoegyeltage. fraquebey,
S couptug® sbEnE: T EhFRG MRl BA e RRna s B brlorSSRCRARY £ e e
to the sywlueoBaradicridtice systens are operating, which may establish a WO
2012/ 04[70?)%(:)3]PCT/ULéiSnZgOaiL r]flle‘([)e?,ltlzlz gotential difference between the feed lines and the input lines may
25  be checked to ensure that the phases line up. In some embodiments, one or more meters may be
built into a synchronization system for secondary feed. In certain embodiments, the meter may
be a multi-meter. If the phases are reversed, then an alternate receptacle may be used for the
same phase combination (for example, BA instead of AB).
[0061] In some embodiments, the power source for a secondary feed may be a PDU other
30  than the primary floor PDU for the circuit in the rack. In such embodiments, a maximum
variation may be established for the potential. In one embodiment, the potentials allowed to
differ by no more than of 7 VAC. In another embodiment, the potential is allowed to differ by no
more than 5 %. In some embodiments, phase integrity may be verified by two electricians.

[0062] At 506, a pair of secondary feed lines is coupled to the matching input lines while

35  primary power is maintained to the systems and the systems are operating, which may establish a



13 secondary feed to the systens. Verification my be nmade that the
conputer systens being fed by the secondary feed are operating properly. In
addi ti on,wohe1dmaadsbeari ng capacity of the feed may be asyTass@d/51203
exanpl e, via an anprobe on the | oad sid3de of a 3-pol e breaker coupled to the
power source. 5[0063] At 508, primary power is disabled or disconnected at a

poi nt i gcbhdarPrdctBs sheRoWerns C W@ﬁﬂcat{cmﬁ%] W mBddthaf ©16 @B Aer fstedi Wing fed by
mai nt enance operations may be performed on the power distribution system
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FIGS. 2 eed may used to carry out a live pomg
duri ng povedrabti@ti on of an ATS at the rack level. After installation, the
| oad bearing capacity .of the PDU ¢circuit through the ATS nay be verified,
f or 5exa@¢9ﬁél, il SaRr P BRUCTOH frbladcprodisforadiied e neim i he PRSIy Cr
512, afygt, performng the at |east one reconfiguration or maintenance

operation, the primary power system nay be reconnected or re-enabl ed.
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[ 0067] Aluppikng Bow&t Briht BadtéR | ForBdmpidIat Redcribed apdvcOllalvt @9 FOGS. 2D-2F, a

mai nt enance procedures are needed for additional racks. If so, all or part

of kthe packteedmay beaypedio eappyl qubd [ve padigl cutonvar dRng iastkbation &p8 AThatsbersack
enbodi nt,s, he. | ut. feed, lines.may remai C cted,t.0 the.s ower
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in a dateiffednforexarhpleSBing @rdigstobesi the laadsgdontkac yirfilged nmay be establ i shed
to numerous PDUs. For each PDU, tests may be performed to establish the
appr opr i0863] phaseAhnd 2wtrdtcneperprmate: Khexdt s iegsth eneriscadighetionngr tRyNfcAMIAC

lines t ckf i s rack PDU for 25 a
one racﬁ“ﬁ%g%hgﬁgﬁggﬁéESV%ﬁﬁ“%ﬁﬁﬁgpg%éggEggﬁgyﬁgﬁfﬁﬁgg?he rack PDU for
anotsher [Waek nay Aay s, phvsrcomddri faedGBaypbadBcaorbict dtonothe omer detrdbutioh ungonme
cases, a.single rack P may _have sets_.of receptacles on different phase
Conbi nabsight. Thiess WM@%&%%@, that @a&%éoopﬁr%%cnmﬂmn%éhat no

per f or nag-Hiul L bRksé bt RPN oSNl € rack PDU (for exanple, once for each

phase conbi nation on the rack PDU from which power is being supplied).
30[ 0068[0007]s o\ tertoodideenmmatipm puimadlé whsthamyecheli gmitianhedmbiotcaanicf frecaiutes
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be opened and renoved fromthe power source at 520.
power source while reconfiguration or maintenance is performed on several racks in a data
center. In some embodiments, a secondary feed may be established to numerous PDUs. For
cach PDU, tests may be performed to establish the appropriate phase and whether a match exists
before connecting the input lines to a backfeed line for the PDU. For example, the rack PDU for
25  aone rack may have power with an AB phase combination, the rack PDU for another rack may
have power with a CB phase combination, and so on. In some cases, a single rack PDU may
have sets of receptacles on different phase combinations.  Thus, in some embodiments, a
backfeed procedure may be performed multiple times on a single rack PDU (for example, once
for each phase combination on the rack PDU from which power is being supplied).
30  [0068] In some embodiments, input lines may be switched to a different power source (such
as a different floor PDU) when reconfiguration or maintenance is performed for different racks.
[0069] When no more circuits will be back-fed, the breaker coupling the input lines to power
source may be opened and removed from the power source at 520.
[0070] Although in the examples described above, the secondary feed or backfeed was

35  established by feeding into a power distribution unit, in certain embodiments, a secondary or



[ 0070] Al t hough in the exanpl es descri bed above, the secondary feed or
backf eed was 35established by feeding into a power distribution unit, in
certain enbadimamiss, a secondary or WO 2012/ 047453PCT/ B620k241063278 14
tertiary feed may be established by f®eeding into other elenents in a power
di stribution system In certain enbodinents, a secondary feed is

est abl i ghegdy Eaédt}ﬁ%kbe%ﬁkblﬁl@hbma? fedifTite ofRVRIenidanein. a p&O1diAkibiestgkystoin t he
exanpl es descri bed above, a secondary feed is made into a rack-level 5 PDU,
a secondasSitagbapodigeatsnayscrondagy fesdsis extablashed ritys baskfeedimg inky atremgteypower
conmponent .jn a system In one enbodiment, a backfeed is established into
out put teceptacles of a floor PDU, such as floor power distribution unit
114 des@0ibled alitweglh & whticxamplos BtsCribdd abve, pawendsptiedds made aooe ridkeleveny
source, such as different f|oor PDU, a UPS, or other system A floor PDU
bacl® f eBdUmiyeepndait pasrsr Sheimay ¢ vasiaipirebodimgenty Br speplicddp aayicompPagitdh 2 n
the flo ) : ' : ' [ i rat,i
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enbodi ment of a feed systemthat may to provide
syst em 800 as flougewer diseputioh enpdiélde8ibed ntoyrarcidtiveltd M§Gpan€he pOBer Joeant

t em 800 i f PDLJ 801 d t em 80
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and receptacl es 808. In one enbodi nment, isolator 806 is door nounted

(1 oldkabl08y2lpar dllGef iheysihsolatic dragram dipsra® os3crabssmentd afty fced systam that may
provi ded on ;hoth side f.thedsolator. e.receptacle 808 b rovi ded
Por "eactt et eRdie §etl rde resfamiat oIt Gt RGi R B o BeaReie

conponepdngl 845 reeé Ry ach S0p ansgl re&lide pRyerlfeorh dos@ @D 8o, el ofdire S00 Ay 2R
conponent s_of parallel%gg panel 805 may be housed in a separate encl osure.

I n cer t ¢aupledrip danerdtitd 80d dyvar of MEB B | Esomoanbadiments MEB i 513G apar Hpele

enC|°SUb%uP%%A§ | ustrated by boxes 809. [0075] Paralleling panel 805
i ncl udes pl ug 0, cable 811, receptacle 814, isolator 816, ameter 818,
t errd najoora]i | s R&2éhtadls phrad 804 ilRARIcs &othtdd 86 andrrekepB2ies 8D8.ollatoar eBb6dimeynt,be

d 25 d. (I ockabl | 1eljing isol d AC23, 63 ,. Wth
Cest  poRnEEraPb i droa T ip-Sraspat e L et Ao SbiC3ean. §3b ERoiE
doubl e pglRied IABoARMAL &F the QKA €bne rr@ée??ag?cg 8&0 nﬁgpo;e p%ggizﬁ]fg} E?chB&@tHes

provided at the end of cable 811. Recepta 14 may provide a safe
housi ngvdrmus phasg c8tbinatipnoimemelohodPPEMO]. pl ug 810 is NEMA L6- 30P and

t | 80 d 30 814 NEMA L6- 30 0077] FEl ds 824
el o e odipemis o e Bal IR a6t diotied O &b SitThsreL o iy
pl uw angbniments ast ?ara@ahigepgﬂle@n@ts Y BE Holsdduaed t&aRit®\eheRsEsal InGeamd/ or

strain relief for flex cords 824 where flex cords 824 pass into the
encl osu¢mbaestimpats a¢ackof mercptinlsh 889%s haysed it aserarge #nplagurbeasridusteated by paxds
PDU 826809.
[0075] Paralleling panel 805 includes plug 810, cable 811, receptacle 814, isolator 816,
ammeter 818, terminal rails 820, isolators 822, and flex cords 824. Isolator 816 may be a door
25  mounted (lockable) paralleling isolator rated AC23, 63 amps, with test points provided on both
sides of the isolator. Isolators 822 may be double pole, door mounted (lockable), rated at 20
amps.
[0076] Plug 810 is provided at the end of cable 811. Receptacle 814 may provide a safe
housing for plug 810. In one embodiment, plug 810 is NEMA L6-30P and receptacles 808 and
30 814 are NEMA L6-30R.
[0077] Flex cords 824 may be glanded to the enclosure of paralleling panel 805 or may be
connected by plug and receptacle. Cable glands may be included to provide sealing and/or strain
relief for flex cords 824 where flex cords 824 pass into the enclosure of paralleling panel 805.

Flex cords 824 may be routed to rack PDU 826.



WO 2012/ 047453PCT/ US2011/ 051273 15 [0078] Fl ex cords 824 nmay be coupled in
receptacl es 827 of rack PDU 826. Rack PDU 826 may i nclude plug 829.

Recept aclwo@aR/mmys3be provi ded for safe housing of i nputrCcphusgo1d®91273
[0079]FIG 5 illustrates a front panels vi ew of one enbodi nent of a backfeed
control unit. A backfeed control unit may be used, for exanple, as a
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1. Backfeed control unit 860 includes front panel 864 and input cable 862.
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control power outputs . [0082] Backfeed control unit 860 includes supply
pr eld et wehdeh@iRutirpteptacBRY Satedt padeid 8P0.aammete s, emdekitdotidet 892. Supply
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portions of backfeed control unit 860 according to one enbodinment. FIG 7
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pre-return gheck sockeé 892 is a | EC 60309 2P+NE, 32 A receptacle. [0084]In
var i ousCOHRORY HEUPUELERE i bed above, a synchroni zation system provides for
manual g3} nd Heki:Sy REREANIAESAPHRBLSEHIA pRANRIM SHVEC BANDO2RONE pre-
distribution unit to be fed. In certain e Ogl ments, however, testing'to
est abl i shurs ghedhrsonket #O2 orSupply pre-rpertd orark dnlat@ Wnmtiuded fest pornts 894.  Load pre-

et~ aul QLG btk 198 WALt pdis Q0B 0cESSOr 11 @ synchr oni zat i on

20  [0083] FIG. 6 is a schematic diagram illustrating the input cable 862, master control 866, and
output 868 portions of backfeed control unit 860 according to one embodiment. FIG. 7 is a
schematic diagram illustrating the supply pre-return check inlet 890 and load pre-return check
socket 892 portions of backfeed control unit 860 according to one embodiment. In one
embodiment, supply pre-return check inlet 890 is a IEC 60309 2P+NE, 32 A male connector

25  portion and load pre-return check socket 892 is a IEC 60309 2P+NE, 32 A receptacle.

[0084] In various embodiments described above, a synchronization system provides for
manual testing for synchronization between a power source and a power distribution unit to be
fed. In certain embodiments, however, testing to establish synchronization may be performed
automatically or semi-automatically, for example, by a processor in a synchronization system.

30  In addition, in some embodiments, coupling of a power source (via, for example, a set of input
lines) with a power distribution unit to be fed (via, for example, a set of secondary feed lines to
the PDU) may be performed automatically or semi-automatically, for example, by a processor in
a synchronization system.

[0085] In various embodiments described above, a feed system is wired to provide any

35 combination of phases from a three-phase power source. A feed system may, however, provide



30 In addition, in sone enbodi nents, coupling of a power source (via, for
exanple, a set of input lines) with a power distribution unit to be fed
(via, forwexamplseissa set of secondary feed |lines to thepreDuS2mapsizes
perfornmed automatically or sem -automstically, for exanple, by a processor
in a synchronization system [0085]In various embodi ments described above,
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and neufgogh) Of 12 vBAbK BRAREENS HERHPLOORAL! BABhIRY e ARAULBRIE regShhRed
above, gﬁsecondayy feed Is estab%ﬂkhed for’ sﬁsteﬁgy 8r|ng Speratlon oe
systensmnh@(qenn@nnﬁehqukmﬁnt§pChdmmuEmXﬂsnﬁﬁsde@WH?e¢mtheaﬁp£ﬂﬂnsmwnma

data cente be taken out o erat on du es i shnent .of a
Secondathy Jubih o A Atk AT PRTS R EihecalehBR S EL ORI n an
addi ti ofpaB7[ eed\iidugh %@@&ﬁ@%ﬁ%oa&efn%e@es@ﬁmﬁﬁér@ﬁt bR aRakishdleeed & & sédoagt@
primary feed, power feeds may, in various enbodi nents, be added to systéns
havithg g connsbied imparelitide antderrisaryTheds powar feadi mapria Walp@wamb@eraemtbebe
a Seconda% Xt(p ermsf I?a%gﬂgr a"%lgtnq{ tﬂe?l’oyeﬁ?t\{l\?rfee(?sedl" f OI'% ci(cfat)trgl)la?t[)owerffe eec{j may Jb8a
syst em T e€Cei Vg power mTWo exi’s ower syste

[ 0088] Alccbidagh pbiver erBod itdreintySpoaae eedheye eibﬁﬁqﬂe de &editbedsyistent eRsiviler pdl &
detail, 15 nunerous variations and nodifications will becone apparent to

t hose sHPM|twE CritingBOWPESYSIEE)-ie above disclosure is fully appreciated. It

vari at | 88 kil (B, QR0 hRofRobenhit SLAT Ttk AR RTRYE Jui

addisng mmmmmr viregidng mctmtiﬁ‘matuvm;l Wil bdeems yuppast tarthoderskdkdperthd admnce the

conpri si_ng a .set in i.nes t a po source suc that
t he .np%ROVFldﬁS@?Sateels ik aowciors. dt iy BaSgediat Pifalod Oang\A%alﬁ‘b“\/\l%ﬁr G

power SGHhEEe all such Vaﬁgtltjtﬁls A8 ndddSlatiBhs backf eed lines to an output
receptacle in a power distribution unit, wherein the output receptacle is
connect®d89ln parallel with at |east one other output receptacle, 25 wherein

the at |east _pne ot tp ecept acl n rimar ower to one
or nore systgﬁﬁ o PO @@9.ﬁ§d@ﬂ%a at’e % %g% gﬁﬁ %@Eeﬁﬁﬁm%H§ 8ot of
input | degionOcsinp@ing:ne a match between at |east one pair of lines in the
set of backfeed |ines and at |east one pair of lines in the set of input

| i nes, wher eaiphag epsefiofiint lines toatnonves 6orpes sish thedtlechinpet lings apstegsacadd toré  at

lofeais;polpgﬁt%%eghase o%gltalg v]:/eer%fjonlllth%powertsourahe phase of the at |east one pair

coupling a set of backfeed lines to an output receptacle in a power distribution unit,
wherein the output receptacle is connected in parallel with at least one other output receptacle,
25  wherein the at least one other output receptacle is supplying primary power to one or more
Systems;
testing the set of backfeed lines and the set of input lines to determine a match between at
least one pair of lines in the set of backfeed lines and at least one pair of lines in the set of input
lines, wherein determining the match comprises matching the phase of the at least one pair of
30  backfeed lines with the phase of the at least one pair of input lines; and
coupling the at least one pair of backfeed lines to the matching at least one pair of input

lines while primary power is maintained to the systems and the systems are operating.

Clause 2. The method of Clause 1, wherein the power supplied to the input lines

35  comprises three phase power,



coupling the at |east one pair of backfeed lines to the matching at |east
one pair of input lines while primary power is maintained to the systens
and the syetemm4aase oper ati ng. Cl ause 2. Theprgetusea10612@3 ause 1,
wherein the power supplied to the inpit |ines 35conprises three phase
power, WD 2012/ 047453PCT/ US2011/ 051273 17 wherein testing the set of

backf eed |i neherdidedtitg tBelct 0f badkifed linkH@sd the setaiferiiit ifeLtoRiceiepiich es
determ ning the phase and polarity of at |east one pair of the backfeed
| i nes; ¢aweprises deteigppingithe plngp andwgolﬁw oftat |eagiome pais opHicrbagkfophirgsearfl | i nes

tot he nat Ch\'ivﬂgfe%tcgluﬁﬁ?%thg gflegﬁ'o'he ir o?Bé’ckaée' Nigs T2 Eﬂa%c%%g%f%us{ &% ahre at

| east one palr o Imes to a palr |nput I nes es the
phase asfinpallmes tympiiset beumingltkasitlcanengpdir ofdjacbﬁeck fieedtolaipagsof input hneﬂ ause
3. The et hod of O ause wherej n coupling the at | east one pair of
backt ecdtal MaEaCythe phisc aad epiRHE ofith s BhfePgLpD aak#epﬁga%sw i nes conprises
installing a feed unit input cable plug coupled to at | east one pair of the
backfeed lines into a phase selection panel receptacle that 10is coupled to
a mat chi ng p@lapso}. [Thoestlfd daf{dagset], stherempenupling 8. at least one@aaud dadkfedthe
wherein testi ed lines.and the set

t hod of t of. b
o e B Rfypt B Bt Pt Al a0l Emo e AR e s o drai g Ao

of the %ﬁg%uﬂléd‘%sat\ﬂéa"sﬂ'b@ pARVETHRY BacRfced liRad intPd plae kéie@nl JaR€Seccbacle that
Cl ause d Clause 1, wherein the power distribution unit is a

rack) poiwseupled tord atching naniaf livenef Gasewfinpuslipgi y power to one or nore
conputer systens in one or nore racks in a data center. 20C ause 6. The
nmet hod of Cl ause 1, wherein the power distribution unit is a floor power

di stributi onClankd 4. T\hkemeihadbhela@l@wrwﬂérsﬁlrtéd@mgitwseuB'fbaoikSeeao)m%é G @d sétof
supply power to one or nore conputer systenms in a rac Cl ause

7. The WauHHs spmprispsslsterminipig Biafrhtbebvesavier asirrptef 4 Iéalli of the pyuhRey Wenker

chain Cl ause 8. The nethod of C ause 1, wherein
t he pongé&{sf%%l?gfeéﬁa}gﬁ@%ﬁeedhn%lse fl oor power distribution unit. 30C ause 9.

Thelaret hod of C ause 1, wherein the power source is separate froma primary
ower distriputio st em
P 8fajluse 9 "ﬁ{e rnethod of Clause 1, wherein the power distribution unit is a rack power
distribution unit configured to supply power to one or more computer systems in one or more

racks in a data center.

20 Clause 6. The method of Clause 1, wherein the power distribution unit is a floor power
distribution unit, wherein the power distribution unit is configured to supply power to one or

more computer systems in a rack.

Clause 7. The method of Clause 1, wherein the power source is in a primary power chain

25  for the systems.

Clause 8. The method of Clause 1, wherein the power source is primary side floor power

distribution unit.

30 Clause 9. The method of Clause 1, wherein the power source is separate from a primary

power distribution system.

Clause 10. The method of Clause 1, wherein at least a portion of the tests to establish a
match are performed automatically.

35



Cl ause 10. The nmethod of Cl ause 1, wherein at |least a portion of the tests
to establish a match are perfornmed automatically. WO

2012/ 047458R0CR/I452611/ 051273 18 Cl ause 11. The nerhowsed1Gsruse 1,
wherein coupling the at | east one pai® of backfeed lines to the matching at
| east one pair of input lines is performed automatically. Cl ause

12. A nmet hodCrbsdvel. T Methed 6f eRiusd Calh@penwebuplihgaheet east 8he paipbemRkicdd
operation 5during reconfiguration or maintenance of a power distribution
syst em kings t¢ Hie ragtelipg ptlgpst 998 paingl inpuidyios 4§ pryformed autopitigallyng a set of
input lines to a power source such that the input lines are connected to at
| east one phase of AC power fromthe power source; coupling a set
of feed |ine€lause K. phwesthati gltmaibtaidigneluettitaltposter tosclsup] yydigmpin oparatiopower
to 10 one. or nore systens; testing.the sef of feed |lines and the set of

i npat | {HE TEePNAIBHEAIRR QB MEIHeRAR e Bt DK dittribuionsyRR fenihe chetiGahstems. ¢ he
set of { ididgnes and at |east one pair of lines in the set of input |ines,
wherein determning the match conprises matchi ng the phase of the at |east
one pair of {aptnghrgofwiiu lintsetophaser sdurtheichtthdt dlasinparimep aierconfiedterptotat

| i nes; @nsg 1SCgu Ii;&%the q:ft | east one pair of feed lines to the matching
at | easCAB9BC BAISF 6% POWR' T AL RN &°WFYnary power is maintained to the
systems and {R@lify & karsy f&lddilp ey @%M&; digABuiSERNALGE kil 1Ahe BHERB) pditer to
primary power at one or nore points in a prinmary power chain. C ause 13.
ThelOret ¢rspraporeisgsieas; 12, further conprising performng at | east one 20

reconfiguratjon operati.on .qn the, power di stri buti system whil e primar
power i o seSmeaBE i o g Py A oribth Lo ol R R A e bR s TR

syst enmsoncPanisfink4in thbectrEtfdeadinet afd ausst dd pahef 1&ics itk fser sfifglt liaes, at
| east one reconfiguration operation conprises connecting a reserve

power syBerer deeriping Bikanateh sempiies msichamsips pame ofitha s deaptoneTiig ardeqtoléncs
G ause I3 MR8 5 ME L RETLRIpLiPES Abul BRI adNe

15 coupling the at least one pair of feed lines to the matching at least one pair of input lines
while primary power is maintained to the systems and the systems are operating; and

disconnecting or disabling primary power at one or more points in a primary power chain.

Clause 13. The method of Clause 12, further comprising performing at least one
20  reconfiguration operation on the power distribution system while primary power is disconnected

or disabled and the feed is supplying power to the systems.

Clause 14. The method of Clause 13, wherein performing the at least one
reconfiguration operation comprises connecting a reserve power system to the power distribution

25  system.

Clause 15. The method of Clause 13, wherein performing the at least one
reconfiguration operation comprises coupling an automatic transfer switch between a floor power
distribution unit and a rack power distribution unit.

30

Clause 16. The method of Clause 12, further comprising performing at least one

maintenance operation on the power distribution system while primary power is disconnected or

disabled and the feed is supplying power to the systems.

35 Clause 17. The method of Clause 12, further comprising;:



reconfiguration operation conprises coupling an automatic transfer switch
between a floor power distribution unit and a rack power distribution unit.
30 whauem4i63 The net hod of C ause 12, further cowmpmitskeg/opers orm ng
at | east one nmai ntenance operation ondt he power distribution systemwhile
primary power is disconnected or disabled and the feed is supplying power

to the syst epgformWg «0dadf Sbrd oIl 498 01 tahdrhAde dferation on hepb@EM Ng at
| east one reconfig%éation‘or mai nt enance operation on the power

di st ri bdisFrigHIQYSER While BripeihRewer pohissonnscted ecdisthded ay the Tagddapirelyinghd t he
feed is Mg%ﬁjerggstg&@er to the systens; reconnecting or
€

re-enab?lng rimary power after performng the at | east one 5

reconf i gur at icommmettimpomntenablae thp eriakiyopywantecdpstomiecte aglchdient eed aft er
primary powpr has been reconnected or re-enabl ed. Cl ause 18. A system
for SupEPYHHETHIORSY TRINERYICE BRHARIYFPAt i on or mai ntenance of a primary

power syst e”&l\/\%&%ﬁ?&tﬁ%ﬁﬂ&fee&@ﬁ?@grgfel Iﬁfﬁ)!'o%e’f ﬁé‘s%e%ﬁ?éc%ﬁné‘c@é&l%riréjeﬁ%lf% set of

a
feed |ines, ereln e set o d'I'ines 1s configured to couple with an
out put receptacle of a power distribution unit; an input cable conprising a

t of i t ] fi dt | ith ;.
synchr oni zat £ Bt ArveBAt OganYEE Povpidinhg et EhsEn of HEbTgrnetf ¥ eed
cabl e anEn&RGHoNer BR%EN| doRfeisRl: t he input cable to establish a match of

phase and polarity between at |east one 15pair of lines in the set of feed
| i ns and at oncexgnorgdiecdables gpmpiisiag a set of iecddines.ofhdreipdlie ot abfeed dneb ia

couplin St confi gured t oupl.e at .l east e-.pair of lines fromthe
cet Tor TR SO SR b R Thr5OR FNEPERM Bl o the st of
i nput i nes. arfGnpus@bkLompingyssdeest aputdinbisenfl@redoainapld wittea Soumglsotge;
system conpri ses; 20a phase sel ectign panel conprising two or nore

recept acl es &oush©#izagon pystanp corieuraheito testpas or paeey bngs of therfeedt cable anskane one

of the fegant Bthk Snfi? BB i%h § YRR Yo PRUES antil R &8
supply (lg n %@Aﬁ% gr elreltn p (E"lsﬂegl([)brrgS |b:h$her ent‘J poof&arw?e{%}ldfp%o% g?e%gﬁst 8%2%% her
of Ihe paceflimeslirethe satrud feed lines and at least one pair of lines in the set of input lines; and

a coupling system configured to couple at least one pair of lines from the set of feed lines

to at least one matching pair of lines from the set of input lines.

Clause 19. The system of Clause 18, wherein the coupling system comprises:

20 a phase selection panel comprising two or more receptacles coupled to the set of input
lines, wherein each of at least one of the receptacles is configured to supply power from the
source power supply in a different phase or different polarity from at least one other of the
receptacles; and

a feed unit input cable coupled to at least one of the feed cables, wherein the feed unit
25  input cable is configured to plug into at least two of the receptacles in the phase selection panel to

establish a feed from the input lines to the feed lines.

Clause 20. The system of Clause 18, further comprising a paralleling panel comprising
two or more output receptacles, wherein each of at least two of the output receptacles are

30  configured to supply power to at least one of the feed cables.

Clause 21. The system of Clause 20, wherein the paralleling panel comprises at least one

switch configured to switch power in at least one of the feed lines.



a feed unit input cable coupled to at | east one of the feed cables, wherein
the feed unit 25input cable is configured to plug into at | east two of the
recept aclwe 20r/iuhs3phase sel ecti on panel to establish apteagémomzthe i nput
lines to the feed |ines. Cl ause2020. The system of O ause 18, further
conprising a paralleling panel conprising two or nore output receptacles,

wher ei n eachCRiisal2. | BasdysfewofiflatiRe00Whpidin the peRllalkdesanal eondiisenht g4kt 66 t 0
supply power to at |east one of the feed cables. WO

2012/ 04 Emorfigeed 10 pwischoppgvep an at least oy afithe igppt lingse syst em of O ause 20,
wherein the paralleling panel conprises at |east one switch configured to
swtch power in at |east one of the input lines. C ause 23. The system of
Cl ause 20, wWikned 28.t ac pastah bEClange p@veleraoiprpasdkliap phieAsdmpriess ankharone
confi gurabl e tfo di spl ay the anount of current in at | east one of the feed
i nés. meter configugghlto splaphibe spopaipigurentingelesy ongré s fhcd ¥respar al 1 el i ng
panel conprises at |east one neter configurable to display the anount of
current in at |east one of the input lines. 10C ause 25. The system of

Cd ause 18, fQlkuke4.cdhpsyssimgf Gtaube2$twhenan thet feralbbng ipgnal abinprisas at ksst one
synchroni zat i of the.feed lines with the input lines. . . Clause 26.
The. sy sPERT o1 EUEPLE TP P PR Ve LySEEA BO e P TRdBPY St onat i cal | y
determ ne a nmatch between at | east one pair lines and at |east one pair of
lines of the input lines. 15 G ause 27. The system of C ause 18,
whellkei n t he Slpssein.i dhe eysténgaf ethuso l Gdnshacomaribipg eblepstenamdiageniigrablpai r
lines wth. at least aone tching patr.of lines of the input |ines.

Cl ause é.eStﬁneChgglnsl%aél%ng ﬂ%fg%dsg&féxfﬂmft&retl eurt PII(%%Sr'rpri sing a circuit breaker
configured for 20installation in a floor power distribution unit, wherein

the input cable is configured to couple with the circuit breaker.
O ause 29. ACkysq ¥m flbe S%%%P?C%S%bgwheﬁm e ysteBon £PRfiguae] erpugnmatically

mai Nt engRGe iRt a thallh! YTRLSenPP St cﬁ?é%taﬁ*rﬂneg QNP4 18dsPGne pair of lines of the input lines.
15
Clause 27. The system of Clause 18, wherein the system is configured to automatically

couple at least one pair lines with at least one matching pair of lines of the input lines.

Clause 28. The system of Clause 18, further comprising a circuit breaker configured for
20  installation in a floor power distribution unit, wherein the input cable is configured to couple with

the circuit breaker.

Clause 29. A system for supplying power during reconfiguration or maintenance of a
primary power system, comprising:
25 a set of input lines configurable to supply power in at least two phases from a
source power supply;

a phase selection panel comprising two or more receptacles coupled to the set of
input lines, wherein each of at least one of the receptacles is configured to supply power from the
source power supply in a different phase or different polarity from at least one other of the

30  receptacles; and
a set of feed lines configurable to supply power from the phase selection panel to

at least one electrical load.



25a set of input lines configurable to supply power in at |east two phases
froma source power supply; a phase sel ection panel conprising
two or nowe exmapisacl es coupled to the set of input |inest/ush@nesn7each of
at |l east one of the receptacles is canfigured to supply power fromthe
source power supply in a different phase or different polarity from at
| east one ot ORIsOS0.tTiR S3ORLATIAGIED; fidihdr comprising a feed @nf @ipu@tatileesuplédies

configurable to supply power fromthe phase sel ection panel to at |east one
el ect ri ©art ofdaed lingppvhereny tha fed aptnuseable iownigered fo plug intoef lpastdwaef thehe

system : f [y rlsing:.a.f (I : dto
set of %‘é%p% (%kﬁlgsﬂ,%eg%agérjééll%ﬁoﬁgﬁﬂgé%E%%@%Sﬁianfgu rééﬁgg{ﬂeeln? QHE:%GE?(? ghgr%@%gpl ug
into at least two of the receptacles in the phase selection panel to
establish a feed fromthe input lines to the feed |lines. 5C ayse . The
system of O Gl 29, Thpayssm of flsuse 9,arherdip e sef %@pwslm%&ﬁqogﬁg%gé o
suppl y dvir & PHARSSForh HRVROLRE RRQKE WeHerch BR! phasMRRIELA phike
phase sﬁ@gﬁQ%rpane%@%nprioses at0 Iefg’t oﬁlgjpﬁ)}gceggacl el%h(%)l? eagh pRase
conbi natangprises attlhast bhe eecphds rpaviephdsa combingedn af the fpet phasapewerlidChases e
32. The fsxéstqm of Clause 29, further conprising at | east one neter

conf i gu?dBP¥ 1965t est synchroni zation between lines in the feed |ines and
one or nore lines. WD 2012/047453PCT/US2011/ 051273 22 WHAT IS CLAIMED I S:
1. A nethod of mmintaining electrical power to electrical systens in
opelati on du€langs ¥ecdhe sypieraef Ghwust 2dndhihesampasiog ablepgwar miitestconbignrrla
system Jo Estts?r(lach?olnel%attiroh%%%wesex?itngsnFth?S ﬁe% it'ill Sidine ormore HAAP ling a set of
input |inés”™{ o0 a power source suc a e I nput I'inés are connected to at
| east one phase of AC power fromthe power source;



coupling a set of feed lines to a power distribution unit that is supplying
primary power to one or nore systens; 10testing the set of feed |ines and

t he set oWoinpu74s8nes to determ ne a match between at lpeaats2anespasr of
lines in the set of feed lines and at22l east one pair of lines in the set of
i nput lines, wherein determ ning the match conprises matching the phase of
the at WgasaT ISFeLABMEDiS:feed lines with the phase of the at | east one pair
of input lines; and coupling the at |east one pair of feed lines to
the matching at |east one pair of input lines 15 while prinmary power is

el Al ned P AR bERRi AL DR SYST R & RN LBG: Ak HCARAGC! ! N0
or disabling prinmary power ne or re poln s In“a ry power chain.
2. The meddfoairafonalranaimténarice bf mpOWerodmﬁbsmmgsyperﬁ for mer‘fgecafhcdl g@s¢myne
reconfiguration operation on the power distribution systemwhile primary
powet | CRRTSEMAnect ed or di sabl ed and 20 the feed is suppl yi ng power to the

systens. oulphn a sdF iRk Iﬂﬁ?sl Bfa ol Dukce Suthihg rthé:ﬁ'lgﬁ)tr it BE connected to at

perform ng at ea3t one reconfiguration or maintenance operation on the
power diea&tlonbphasormféxﬁpcemwﬂmnhﬁlemawmsqurp@v\er i s di sconnected or disabled

"o~ enabl i ng SHERE RREHAS RSB B B BebrEp Ry TR et yopblbE BEH pW

reconflgwg@%hgﬁsyﬁaﬁylntenance operation; and disconnecting the feed after
prinary power has been reconnected or re-enabled. 304, A system for

suplfl yi ng poseiingdle bei@f fesddines gmdtdmeusotrpfompuﬁémm terfgremiinsfa matgh bavopn polsest
system coO in ¥ & feed cabl e i SN & of feed
Y rea URAREL gingae seor PR3 e ARLS RREBaT FOL PRSP o st out pu

r ecept awh&cif deterpinigg thdirbitch borhpriNes widitdhingthe pﬁmtofcﬂaéodteeaso&wpasﬂ df¥cdl Iseks of
input lines configured to couple with a power source; WO
2012/04Wﬁ5§ﬁ&ﬁ@88@@hiﬂb@%ﬁ?86Q@TOfﬂmut@“§y%6%ron|zatlon system confi gurabl e

to test one f f

mput cabl o TusPIRE S 15 St hltor R ERH) e AP o PBACHY M RITEY®
pairs ofwhilmpﬁm'alry pdve:rmhamfalﬂeel&d thd sye&mmddahe dyeaﬁts aone@papating; efd | i nes in
the set of input |ines; cou I|ng systen1conf|gured to. coupl e at | east

g a
one pair of IPFREECEINgArdia lé%&praﬁﬂ HOOWf P SPTe POINEHER HRATHROVAT A ibai r

of lines fromthe set of input |ines.

2. The method of claim 1, further comprising performing at least one reconfiguration
operation on the power distribution system while primary power is disconnected or disabled and

20  the feed is supplying power to the systems.

3. The method of claim 1, further comprising:
performing at least one reconfiguration or maintenance operation on the power
distribution system while primary power is disconnected or disabled and the feed is supplying
25  power to the systems;
reconnecting or re-enabling the primary power after performing the at least one
reconfiguration or maintenance operation; and

disconnecting the feed after primary power has been reconnected or re-enabled.

30 4. A system for supplying power during reconfiguration or maintenance of a primary
power system, comprising:
one or more feed cables comprising a set of feed lines, wherein the set of feed lines is
configured to couple with an output receptacle of a power distribution unit;

an input cable comprising a set of input lines configured to couple with a power source;



5. The systemof claim4, wherein the coupling system conprises: a phase
sel ection panel conprising two or nore receptacles coupled to the set of

i nput |inee,20areas3n each of at | east one of the recept aciras2013/0s82n3 i gur ed
to supply power fromthe 10source powsr supply in a different phase or
different polarity fromat |east one other of the receptacles; and a

feed unit i npuinchabliZAticen k@l coifig@kallersitst@ne oPotdibnds@E thccREd &fble Mg n
the feed unit input cable is configured to plug into at |east two of the
r ecept a@llmeercilines piethe irpgis cable tocestablishyamatchy of nhasexsydipolardy petaigen pidasst RBS i nput
i nes to;t mitfeﬁﬁg'ih:elsgteo%'fee]dl‘:’ﬁne and at l@ast EH@ péiyg} EIIESQIE tlfe' S (?P i utflﬂlreg'hﬁ'a
conprising a paralleling paneF conprising two or nore ou pu? recept acl es,
wher ei n eacha odupdihg seaah configuetd tohmuplstap itastremegpiradiiass fom thosd offoced dinto
supply power to at |east one.of the feed cables. 207. The system of claim
6, wher@i aﬁ%ﬁ@ﬂﬁéﬁlﬁ?hl@% Pﬁ@ofg%%fr%hbﬁr%%@na@ﬁmsést one switch configured
to swtch power in at | east one of the feed |ines. 8. The system of
claim6, wherein the paralleling panel conprises at |east one neter

confi gur abl e5.t @hdisggtmyf chen dnwhetcinothe conplmgtsystamatonipeiast one of the feed

lines. 25 9., Th t f.claim4, furth i si east
oter con i hPMSF SCleg naRte e MaRiving Sk dioro obHEdpEERPl e dh Rt af R | oot
lines. lines, wherein cacH Of at 18Rt SNSEQRR &fceﬁhabms%ogf;]a@gé@{dkuw@ ok &hd the

configured to autonatqcaljé determ ne 30a match between at | east one pair
| i nds  asedrestpovea stprinian pdifierast phasaes didferem olappufromiat kogst ong@ther of the

2012/ 04745 P@T[U§;011/051273 24 12. The systemof claim4, further
. Leceptacics, and . . . . .
conprising a crrcuit breaker configured for installation in a floor power

di stributi ona fisad tunit WiR#t €ible thilédpuk 1casiang off sheCfodd cldsehheinctat fded unitt h t he
circuit breaker. 513. A system for supplying power during reconfiguration

p
or mai nignGIele ipForfigredhiamugiciedt lwé%ﬂf theysepaflayin the phase selection panel to

establish a feed from the input lines to the feed lines.
15
6. The system of claim 4, further comprising a paralleling panel comprising two or more
output receptacles, wherein each of at least two of the output receptacles are configured to supply

power to at least one of the feed cables.

20 7. The system of claim 6, wherein the paralleling panel comprises at least one switch

configured to switch power in at least one of the feed lines.

8. The system of claim 6, wherein the paralleling panel comprises at least one meter
configurable to display the amount of current in at least one of the feed lines.
25
9. The system of claim 4, further comprising at least one meter configurable to test

synchronization of the feed lines with the input lines.

10. The system of claim 4, wherein the system is configured to automatically determine

30  amatch between at least one pair lines and at least one pair of lines of the input lines.

11. The system of claim 4, wherein the system is configured to automatically couple at

least one pair lines with at least one matching pair of lines of the input lines.



a set of input lines configurable to supply power in at |east tw phases
froma source power supply; a phase sel ection panel conprising two or nore
recept aclwe 2onuphesd to the set of 10i nput |ines, wherei rceashkoafsers | east
one of the receptacles is configured M40 supply power fromthe source power
supply in a different phase or different polarity fromat |east one other

of the receptaciTassysaifl of claim 4, furthePeom@iristfg £ @Mitlrouksr eifguepdrfabl e to
supply power fromthe phase sel ectiaon panel to at |east one el ectrical .
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i nput cahl - to set of feed lines, wherein the feed unit input cable
i's conf?%ﬁ?g%P#%Q% ug into at least two of the receptacles in the phase

sel ection panel to establish a feed fromthe input lines to the feed |ines.
2015. The syften1of cl?in113,,mherei the set_of input lines is ,
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“hereiny&ﬁ%s?%%??aﬁﬁﬂﬁ§ﬁ%ﬁ”’ panel conprises at |east one receptacle for

each phase c0 nation of the three phase power in the set of input |ines.
2516. The syst em o$etof aiput idss coofigireble tcosgpplyspowgeran at leas twopbaseetrem a
configurable to test synchroni zation between lines in the feed Iines and

one or TYFE ROWFESUPPLY:

a phase selection panel comprising two or more receptacles coupled to the set of
10  input lines, wherein each of at least one of the receptacles is configured to supply power from the
source power supply in a different phase or different polarity from at least one other of the
receptacles; and
a set of feed lines configurable to supply power from the phase selection panel to
at least one electrical load.
15
14. The system of claim 13, further comprising a feed unit input cable coupled to set of
feed lines, wherein the feed unit input cable is configured to plug into at least two of the

receptacles in the phase selection panel to establish a feed from the input lines to the feed lines.

20 15. The system of claim 13, wherein the set of input lines is configurable to supply
power in three phases from the source power supply, wherein the phase selection panel
comprises at least one receptacle for each phase combination of the three phase power in the set

of input lines.

25 16. The system of claim 13, further comprising at least one meter configurable to test

synchronization between lines in the feed lines and one or more lines.



