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'(1V) 'i'he circuit po,r;;"::Jr~t,,:\.s b~ so .;ma= t.\.:ul.t t,i"s ctQ.'ront-'tr<u.).;ll'ol;ro",,,,,
!!J'e not 0\1'01"-burdened .7~

~..Y.l!LConsidemt.iOO!l

Dearing the atlo'll&-=t.:I.oncd p:>ints in mind, the des:l.gn W'lI.'l eSI'.cmbly procedure arc
very s1J:1ple. For ext",mple, fer l!. 25RVA e\!iI'1'£mt t1'l1iiilformer, the llWt1mumpeI'i1d.s9ible curt.
ill 1 -':lbmat 5 8lll;PIJ. 'lhie dictate5 the ~ue.G or the bridge ps.._tera. Ai; the first
attempt, hoveVex', these values need DO't be very aecurmte. A purely :J.nduetive <:oU at
approx1mate .-aJ.ue rrB:J!' be talrel1 c,w,iCO!ll1lected in series 1I1th a vw:-iable l'es:l.stance r to
form the (iXln ,..4 of the bridge, Another variable realetel1ce R maybe used to :rom the
arm 1-2. '.the remIl.:I.n:l.1iJ3two arms consist of tlro identical l!llIIllIe~rs. By adJUBtiJIgthe
resistances r and. R, Oil e. '-lJh,a.se ba.la.nced G'flltelll, the meter Po.. Il1lall give a de1"'...ection,
while til,. will :l'E!Qdzero, the nEl£llitivo-scqusncc current be1l:!g z~ro. Obvlously, ~ will
ind1'JS.te the llIl8lUtwie of the positive-ooqlJ.ence current. tbler these comll:t10Xl5, the ar.:.
3-1. allGJ.l have a ph9.Ge-s.."rl.ft ot exe.ctJ.y ('00, A.i:ter obta1n:l.1lg such e. bI.lU.nnee, the resist.
Mcca r and R should not be di8turbOO.. JI.1'urther check 'ItBY be made at this stage by
0pen1ne up the plw.se c of the ;'i-pb.aceouanced systom. rn "t.'Us case, if "the bridge ia
prolJE'rly b!:lJanCed, the meteI'll Ax and A-J shou.1.d relild equal, since the negn:l.1:t1des of the
positive- awl. ne~tive-se'lucnCle currents are equtll in the o~d. ];ilase,

"

:Based em the a.boVedJ.seuss:l.Q,n, usine; an eleet~ter-type _tel', .the, follow'"
iDg is a circuit (F'...g. 2) ooa:l-8Md fol:' 'I;he mewmret!leltte 01' positive-- and ue~t:h"e-'."Jequ;,;a!~,,,
currents llIld.tbeir relat:l.= ~~lWP.,les. It i6 Ilelfin the sense ~t only one l'DllIileter 1"
needed to IlI'l1.kII!aU the ~u:reJ,JentG. c.ua. it oon _.l.J:'e the ~tudeo of the ooqUl"..nee
Ct1l"TentIJ lIB wll 1M! the1r relat:!.1Il'! ~e~auelea, In this circuit, use huGbeen I!I'1M of
t.be :f'&cn;~t an elec~tel' :I.rul"r'.4W->nt :res]}andn not only to the product0: th,e
currents tbrou.'lJt :I.'l;s co:l.1s oUi; !lJ.ao to the phasC-fW.g.les between thr: ,,'UX'l'El'nts. T.his vould
beco;ne DlO1"O evident by-eferring 'co m.'1tching Opcrot:l.oo,9 given 'belO'tf:

1. left open

II l':1~t l'igp,t left open t<:2 'b.
lei

III open right r1/",ht closed Iel'1.02C04.( }c,
IC2

As !lh0',m inli':!.g. 2, to l1'ake l1<llleWlu:reT'"cnt, the 'hvo current tmnsfonnera are co~e~~'
to the linM a and b MU the n>ewr rel'lpondo to the IlCf!UenCe currents of' l:I.ne c. :ru Get.!;•....
I and II (11ie5, 3a.. IUId jb.) the /L't'Iter acts as au ordill.'U'",f mlllOOt.er and reads directly th-
positive- lind rw~:t1.1T,"-SC<.luenee c:1.:r!"CU'tll XCI nnd 1C2respectively, In scttil'g III {Fie. ", '.'
hO'.leVC1', 1i; =< be tK'Cn th!lt ~h",\:1,'0 coils of: the mater :forla the tw 1lJ.'I:lS (l-Z;' and 2.4) ~> > • ,

the ol'i<'le;e, In th:l'.a NJ,;;~ the tlc"'~(;r deflection is I,roportiolliU 1"..0IClo IC2 ,~oaLlcll Ie,.,.
IC1 tuld 1C2 M\i'ilV.l been all'OOdy fli,w:::'lniIl.E,l 1':roln ti.e Gettj.ng,3 I and II, tho rb.ll.3e-ADgl,
between Iel "nd tee can be com);1nt.ed,

To Gumup, t.'lc d,l'cuit csnentiaUy ::--cqu1.r~;;an electrodYlll:llJ1Ol':eter t;,rpe Struet'"l' "i t.b
the two cons h.w:t1lG IdenttC!:lJ. j.rJ!'<:-<UulCl";S Qudthe le-9IJs brought 01,•.1; in:J.cIJ<?r~"ntly; l\::l'~t'
coU MII'ing an imI"-'UU:&lCC Ct~vt!l .w hrlec ',;],,~:Lmpcdl.'J1ce of. either of the mete•••.colls; 1;1','0
curx-ent t~d'ox1.~~'t"n; eo Pllr'i:1 res;1stim'l<:c; f1 GOo..,;p1vJ.ac-::lrl.:tt coil; tlu-ce Q.oub:te-polc doti~:' j

t.h..'V,; mr.i t(:h.aaj Q.TlUD. sin3J.e-pnlc 3\,r.J.t.cll.. It con aloo be Rceo. from Fig~ 2,. t."'1.at th... '!t'

c:ircui ting :;11'1ten 0:)" tl)." <;u.rre"t trm:>foxl1l>':I'o should "-lv!!;y$ be kept closed e;cceyt ,,; , .,
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switcbes p. Q,' RandS occ~ rm.yof the pos:l.tiolWindicated insetting I, II or lii •

. '1'!!E SEQIENCE-VOLTAGE BRIOOE---,------= ..=""-
'l'be.bridae is show 111. Fig. 4. It 1s sJ.lllilGr to the current-bridge described in. the

preceding section. III the absence of zero-sequence vo1tsges. the meters respond to the
positive- and nepUve-sequence voltages, as given 1..>;;tho 1'ollow:l.ngequations:

•\I}; EO v~

• Vy •• V<:az

if ft(Z+~) ••-az(R+Zm),where the symbol.sare sho".min Fig.
as dei'iDed in the _clature. -

(:;)
(4)

4 lIDl1 a 1s the pbaaor-operator,.

1l'ollov1ne;the ll81ll.e ree.soni~ as tbI;.'I;for the current-brld&e, it IlIfq be readily seen
that thetollov1ug condl tiollS should 'be tul..filled in order tbI1t the sequenee-ecmpoDeDts
of volt&ges uey be msauX"6d:

(1) The voltmeters should have exactly the same 1mpedwlce z.n.
(11) Arm3~'~oX the bridjs-e should have Q phMe-ehift of exactly 60°.

(U1) Arm1-2 should be purely ralliative.
(iv) . The c1rcuit pe.r&lll:'!'terashould be so chosen that the potent1al.-

transf'Ol'lOOl'8 llJ'e not over-burdened.

For the me68wrementeof rP.lative ~1IJ-~e8 between .the sequence-voltages, tbe
principles govern1D1S the current-bridge (Fig. 2) lIl&Y be ut;i.lized. A circuit 811ii:Llar to
that shown in Pig. 2 lJl!!.y be set lIP, Wl'ing a.u el.ectrodynlli:lllOlOOtervoltllleter baving two
exactly identical coils. With proper switc!l1ns ~ts, the _ lIII!ltercan be used
to respond to the positive- Md negative-sequence volta«cs. and to their relative pbaHn
anales, M in cP..Ileof the lleqlJJence-c=nt britige.

Af'ter the sequence-compou.entaof curreillta and voltages M'!!fl' been segregated, the
sequence-power memsuremell.tscall be ~.ed out u.slog two ordinary wattmeters. The C'/.'l'Imt
coilll of the wattmeters tOI'll! the arms 1-3 t'..nd.2-4 of the sequence-current bridgG, "~/lle
the voltage-coils tom the IU'll'iiJ 1-' aod 2-4 of the seQ.uencevoltage bridge. With 4uch a
cOllllection, the two idenM.oal wttmatere respond to the sequence-ccmpoaems of pc~r.
However" care should be t.lllken to apply the ooooastU'yphase-augle and sC&1e-fBct,f/rcorrec-
tiou (ts).

r
t,

~

..
,.

"¥"" • ...,..-~.",."..,....=-".",'~1...;>{~~<- • - ': --' :," ~ ,.,.:,

'l'be applications of' the uet.~s ot sym!lletriooJ.components are too UI1'/~rouato mention
(2, " 5). These components Cim be detem11U~ either by l1!llIlyticeJ. meth'lda or by db"ect
methods, that is, by V,£lIureuteuts. Obv1c:>usl.;,',the diract methode are mr,'r.;.rapid am. lese
tedious. The IlIethodesuagested in t.h1s papel' 8!ve cOIllplete information regarding the
sequence qUlUltities ot em Ulliba1.Imcedsystem. ~'l1E!eemetbods can be US;":! to correlate the
theory with experiments. Convent1onnl methods d.eecribed in text books and elsewhere, do
not Give eo complete llJIIIlys1sas the l:'el!:,ti'i!'epIw.seMgles owmot be mev.sured by t\lesc
methods. 1'he method given here can a1so be ooed in usU!lJ.. 1Il.boratory teaching IU!d research
to ~e unbalanced syster.lS. and for the 1'lll1fMlurementa of sequenae qUlWtit1es in rotnt1n{'.
lIti>chinery, ro'f;ary belllZlCCrB eo.nd otJl.er lJpZ!ciaJ. i'tlGehinee(4. 8). &.dng a br1dge llI!!tllod, thllmethod oo.naleo find appllc!l,tioJ:!S in do'c;eet.1ngunbll.1.ance and actuating control elel':l"mt" to



•
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• • -
restore b9i.0.nceto the B:lmtem. A further applicat10n could be in conjunction witil pro~
tect1ve-;rel3ys for eenaillg the flow of oogat1ve-sequence POWI'.

£Q!CLUSI0NS

beta1l~ mathematical aneJ.ysis is given' to prove the val1dity of the metho<ls
dlscusoed. A6 auch, 1t is oot available 111textbookll•

(2)

(3)

(1)

•The bridge methode are extended 'to 1ileWJln'e the oequenee-<lO'lIIpolilentsof. power.

Modifications are SUl".gestedin oroer t.ha>t phase-aogles between sequsnce-cOlllponentEJ
of currents Clm be measured. 'l'hia can 'be further extended for the msasurements of
phase-angles between :requence-componentsof voltages •

. (4) Ml!aauremooteof the sequence-components&lidtheir re13t1ve phase<>fmglesgive the
cOlllplete1nfo:tmQt:l.onregard1Eigthe n!1ltUI.'eand degree of Ui1balance1n a system.
'rb:l.e:l.s1n contrast to the aerl:!.er methodewhich give ol'lly the Ill1AgIl1tudesof
eequence qU!l.ll.titieS.

(5) 'fl1emethod ill useful in correlating theoretiCBl predictions with experimenteJ..
results. The method t1:msM8 an educational wJ..ue. A:l'urther application 1~
that it gives direct end rapid. results while the I1U1ltericalcalculations by
analytical methods rre.ybe too involved.

(6). n 113~ed that the suggested circuits are r-ellllt1velYe:lf1i'8uiveallIdthe design
is sOlllE!Wbat critical.
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Let the secondary current;a divide lUI show. in Flg. 1. Then, by' l\::l.l'choff's law:

I •• I' + :1:" (5)
ill a III

I~(Z+\t) '" ~(R+Zm) (6)
•

where Z i8 the :lmpt!dImce of oi ther of 'the Sl:l:\iCtel'll. :From(5) and <6}, theref'ore, uri t:h:lg
in ted of ~ and. :re;.: .. ......z<) S\T

I~" !s(R-i.~)

I.b'" ~(R:~)
III

From the superposition t..heo:remit .follow:

(8)

(9l .

(10)

(ll)

(13)

(:1.4)

Similar.J.;y •

(15)
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(16)

EqUll'!!:ioo.'l (;.5) t',ll1 (:l6) 11= id(~l1i;;i(";.a,.l to E'lU;,t;i'JIlS(l) I!md (2), ,:,xcapt that iu t,lIe JJ'>,tt<';':'
tlfe t1eg;ativ'G 5~g., hlits 't:x5en u.x'oJ,>J;led•

.P:roo:i:"~..E~E1~~J.)J,~~J1.tl: .
T..e-,;"the'vol:tages n<h1 l;.'11"X'ell:\;S' be &~shoo,).'! in rig. 4. 'l'han. by K1:>.•chofi"s 11111.."3:

•

'IT 'I) '"' X'" + I Z ~ ~z -} Ii!' (:1:7)
Ii!. rr' Yi':'l ' .,.

'i{
"" l: 2. lzZ '" T Z ,,~ I"R (18)

be: ym :Ji.m ••

V'l:>
+- V. tl:: I ••Z••.•. "S' ri'., ;:1' 0;')"" r.- .,- L~2'f .". ~R (19j(,;,A ~,

'"'t 'be ....• J..~:.;lm -x 111 ••
~- I '" Xy y .(20)

'" '1l,.

(22)

~..

Z 7. Z

" Vi~(l .,. l1h ~r;r ~~p'i" 11l ,,- 7th."..•"..) '" If" ~2:~Jw ~ .-~"~\ .., (24)
,J

~t

•W.

(25) t-,

. J~

(26)

\
!r

W,l~!
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Eqootlo~ (28) Md (29) a.:r;~;Jlc'r.d:.t~~J.t.~1 E~~ur;;.;tlt.m.s(,) &DJl(4) e~eept; rCJ'X' tJ:u':~
d1ffere~ee in sign.

~ Q,m~1.trt~';.O,..~ers:.t'fj'eu 'by ~jhe EIG('!t';f:ic~i1. Ii:.\~t:!:i_~~:ez':,~~D[.:pn.~1i:e-;ltt 'i~:tS••ir~.~~"ai'~;;:ot
aal:!.1'orrii.o.1 n,:,;;;"i:f.~l~y~ 'tn I1.;'e!);1.w;~:;~,ici!1 of' t.1l,i.$'.F~lJ?(1'r- ij!, g::llt.eru~l;,~'a"e;m';:;:~.fJ.t~d-G~l,.

~.~iRtKJ'lT;r~--",,,,~~,,,,,,,,,,,,-,,_,','

I
J

I

~~'~~O::.ol ~m_<r',,;;~t!"iJ:~),lCi;"\C)~{l:tv,~,:~::t' f'.l:qil tr.xj
G•• 1, •. ::31~.l'1:.~::u:.!l"'':;. fi.';~";:"f.~;"".l'tl\-'':-'$\.C.'t '<.-n.~' 1";::'13.".~.<,,~~.:'.-.-_::--.""~;:~:.:::;'"",.,,,,~:._:,"":.•~

• >

C:L't'C~11't fJ':.;uYG:Lc. cd:' fl.C lcr'",H;j;" ~}:r:..~'i.'<Jr:r.~.~Vol.
fCl1J X11C •. r l~GlI;'y....n:k.! 1;:.>\;;'"

" ...."



'..
4.

6.

• •

Appl:l.co.tiOl1S of: ~t:lthods rj£ Syr~",'~:lool CClli\p:1lWnts, (rook). 14.V. Ivun. t4CGra1<!-Hlj.:t
Book Co•• Inc •• ~; York, 19;17.

~trieeJ.cCC/mpoll.ent; An&i.ysiBApplied to PtI,~Ccm'ert.eZ"s ,,'f the Ferraris-An,,,
Type. 'J. E. B:rowA. R. L. RUJJsell. n:2.CO~1I :qg:. !mIdm. 11'91. 105, Pt. A. 195t\
pp. 538-54Jh

~rlool ComPOIll<."lil~('book). C. '1l. t1<'J~r. R. D. l!:vans.M«tl"!J.'l,"'1I111. NewYork,;
1933;

•The. ~ic::t.1. COln);lOOOl.l.t. Meter. T. A. Rich, lfE lle"riG!. Vol. 38. 1935. pp. 222';.22.5.

8. Br1d.&c Methodfl fa:'!' D<.:t.?J:'IlI1nine; Syr"",,;t,rle~J. Co!:lp.er!.te of Current. \101ta&e il\.tId PO"-ner>
wtth Special Reference +,,0Electric;:>J, ~clliIll::!r.f. J. E. :Br'J'ifn, R. L. Russell, ibid.
Vol. 105. pt. A. 1.958. ;9P' 529v537.

..
-'rR:' ~J:



.. . /
P'-.'y .... " . .'

. . '., .
.. .

•

••.I ' •

•

, •.• ~. . <- TIIIlI

\
\
\,,..

•

I

..



•

• 'Ii

. "

•

•

•

•

','

•

•

'f I"

•
•

•

,.
..,

•

••

Fig. 4: Bridge for- Meal'Juring Sequemle=Volt&gello

•

, :.

),"',,',' '

(~Setting I

,-•


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156
	00000157
	00000158
	00000159
	00000160
	00000161
	00000162
	00000163
	00000164
	00000165
	00000166
	00000167
	00000168
	00000169
	00000170

