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Patented Jan. 17, 1950 SR 2,495,156

UNITED STATES PATENT OFFICE

DISTANCE-TYPE RELAY 'WITH-LIMITED
DIRECTIONAL DISCRIMINATION:-

ShlrleyL Goldsborough; Basking Ridge; N..J.; as-
signor to Westinghouse  Electric: Corporatxon.
East Pittsburgh, Pa.., a corporation of Pennsyl-
vania

Applica.tion December 29, 1945, Serlal No. 638,355
' 20°Claims. (CL 175--204) -

. & 2
My present invention relates to distance-type provide ‘a’ distance-type relay utilizing: rectified
relays for protecting alternatlng—culrent trans- current and-voltage-responsive quantities to pro--
mission-lines against faults. duee one-or:both-of: thie relay-fluxes:
An object of my invention is to produce a dis- In-the accompanying drawing, Figures 1. andi2:
tance-relay with g limited directional:discrimina- 5 are:curve:didgrams: showing.some: of: the; possi=-

tion, having a long “reach,” in both directions, bilities: of my:relay-adjustments, and: Figs. 3; 4
along the.fault-ohms.line or. axis, and having a and:5:are diggrammatic.views:ofcircuits-ang.ap-
short “reach” for currents 90° out of phase with paratus: embodying: my- invention: in: three: dif--

the fault-currents; or along the: directional axis. ferent. forms:of emboediment:.

More ‘generally  stated;” it*'is ‘an” objéct ‘'of my 10» I shall first explain the: mathematical: prix.-
invention to provide a relay having a response- ciples of the invention, and then the specific illus-
curve which is elongated along the :faultraxis,- rative forms of; embodiment- thereof.
and constricted along the directional axis, in the Letius:assume thiree derived current-responsive”
region of the origin. alternating voltages having instantaneous values,

In many relay-applica,tlons as in. earrier-curs 185: L
rent high-speed relaying, it is very desirable to s=m/2 I sin (wi—0-+DM) (1)
have a third-zone distance-element ‘which:can. fy=mgy2- 1 sin (wte—0-+My) - (2)
“gee” faults in either direction along: the fault- and”
axis, but having a limited response to load-ohms _
and to synchronizing-ohms. In the third:-zone.:20:- ig=mgy' 2 Iisin (wt—0-HMs) ()
impedance-relay (Z3) as has been common prior X
to my present,.sirnvention, the center of the im- = where Iis the R. M. S. value of the line-current,
pedance-circle has been displaced from the origin, and9.is'the power-factor angle of'the line, count-
with the result that it has been necessary to uti- Ing 0 positive for lagging power-factors, and

lize o separate Zs element to “look” in:the: rei:- 25 counting Mi; Mz;andMa:positive when they make
verse direction to start-carrier. By my present  tpeir derived:voltages:ii, i2;and s lead:the:line-
invention, T provide:an impedance-element in  CUrTent V2l sin: wi=6); m1, mz, ms; L.and w:

which, when the impedance-circle center is dis- being scalar-quantities.greater than zero: :
placed from the origin, it is displaced in exactly Now. let: us: assume: three derived: voltage-re--
opposite -directions ati the samestime: - _ 30 sponsive - alternating volfages. having instans.

Even aside from carrier-current relay-applis. Uaneous values, -
cations in which thelack of the ability of a-third- | n=-m'2 E sin (wt-+Nq) (4)
zone impedance-element to “see’: in-both -direc~-

tions is a dishdvantage, a displaced-centér. relay ' vy=—ny2 Esin (wi+Ny) (8)

in which the.circle-center displacement is-greater. 85 gngdr -

than the circle-radius has a further disadvantage * -~ . 5 o

by reason of the fact that:the-circle does not in= vs=—nyZ E sin (wi-+No) (6)

clude the origin of: the-coordinate axes of line~ where B is the R. M. S. value of the line-voltage,

resistance R and line-reactance X, so that the counting Ni, N2 and N3 positive when they make

relay will not respond to close-in :‘faul-ts;‘of?‘lewf‘n‘i@:*their‘d‘erive‘d'-voltages v1, v2 and vs lead the line-

ohms. A modification of my invention makes it voltage —\/2 E sin wi; ni, n2, n3 and E being

possible to give the response-curve:of the relay: = scalar-qguantities:greater than zero.

a bulge or protuberance whlch encircles the Now let us assume that each of the voltages i1

origin. _: andsoris perfectlycrectified by a separate double-~
A still further reﬁnement of “my improved relay A5% wave rectifier; That each of the voltages is, 3, va

makes it possible to.distort: the response-curve. . and. vs istperfectly rectified by a separate single-

insuch direction as to enabléeiit:the better to re=.. . wave. rectifier;” that the direct-current compo-
spond to faults having a considerable fa,ult-re- . _ nent of each of the six rectified voltages is elimi-
sistance. . nated:: and; that.the un-smoothed-out alternat-

A generally stated” object of my mventmn is'to 5°J ‘ihg-current components of the six rectified volt-
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ages are added, to produce a restraint-voltage vr

fae
for a differential relay. The harmonic analyses 2—"7; ’ 02'/’ cos (yt+Y)di=0 (9)
given in Jolley’s Alternating Current Rectifica- =
tion, New York, Wiley, 1926, pages 32-33, show y {t=2xly .
that the instantaneous value of the restraint- 5 Bx)imo B (yt+Y)dt=0 (10)

voltage is
_ 1 4nV2 BT cos 2(wi--Ny) |, cos 4(wt+ Ny) .o Cos 2k(wiNY)
ve= k=0 E[ ixs tosxs o tmen@en T ]"‘
4m/2 ITcos 2(wt—o6+ M,) cos 2k(wt—04+ M) ,
- [ 1X3 l*f""*‘ -2k 1) T ]+

1 = 21,42 El 2k(wt+4N.
—3mV2 E sin (wi+N;)+ "2}/ [Z‘E‘;Z—l()lgzafg:]*'

1 . _27712'\/2—1 cos 2k (wi—o- M)
+§mﬂ/§Ism (wt—o+4- My) p [Z k=1)(2%+1) +
1 = . 2n3v2 . cos 2k(wi+Ny)] _
-—Enﬂ/2 E sin (wt-+N3)+ - E[Z(% 1) @+ 1)
1 2mﬂ/§ I cos 2k(wt—0+ M)
+§-m3\/§l sm (wi—0-+4 M;) — [Z =D (k1) ¢
where k is the kth term of an infinite ser1es of Remembering also that
terms which are added. 05
“When this restraint-voltage vr is applied to “° cos? (yt+Y) =5 + 5 cos (yt+Y)
the restraint-coil of the differential relay, let us
assume that the restraint-coil flux A: leads the sin? (yH-Y)’- +2 sin (yt+Y)
Impressed voltage vr by an angle T, and has a 1
magnitude which is k2 times the magnitude of the 30 €08 Z COS Yy =5 €08 (z—y) + cos (z-+y)
impressed voltage vr; 7 being a scalar quantity 1
greater than zero, and the value of the angle T sin z sin =3 cos (z—y) 5
making no difference in the operation of the re- in y cos (z—) cos (z+y)
lay. The instantaneous value of the restraint- . 1 ) .
coil flux or field-strength is 35 8In 2 €0s y= 5 sin (z—y) '*"2' sin (z+y) (11)
4/1\/‘7 anE cos 2k(ut+ N+ T) —m,I cos 2k(uwt—o-+ M,+ T):]+ v
‘_ (2k—1)(2k+1)
+2h42[21¢2E €08 2k (wl+ No+ T') —myl cos 2k(wt—6-+ M,+ T)]+
P (2k—1)(2k+1)
+2h{jgt[2n3E cos 2k(wl+ N3+ T) —myl cos 2k(wi—6- M3+'T):|+
7r (2k—1)(2k+1)
+ hVI [~ sin (ut-+ Not T) bmol sin (wt—0-+ Myt TY] 4+
+;12'h\/§[ —ngE sin (wl+ N3+ T) +mql sin (wt—6+ My+T)) (8)
- The square of this instantaneous restraint- and putting
flux hr is a measure of the restraint-force. ~As . 8i=M,—N,
we are interested only in the average value H,3 390 Sax=Ms—N
of the instantaneous restraint-force h:2, our cal- yT T
culations are much simplified, because we can Sy=M;—N; (12)
drop all terms containing cos (yt-+¥) or. sin we find, from Equation 8, that the average value
(¥t+Y), because of the restraint-force is

Ha= 100 { (ni2BR+m2 %) [}:‘,m] —2mm Bl 33 <22k 08 e ]}

Y 1 2k(6—S8.
+7r7{(n22E2+m22I") [Zm] - 2m‘"‘EI[2 ¢ T )" . } +
4h? 1 - 2k(6— 8.
+ { (n2 B2 mg2]?) [Z(@—“T)?] —2man;El [E 99‘(%;5(—1“):3) Jl+
+’{[(n22E2+m321’)—2mzn,EI cos (0—83)]+
+Zg[(ns’EZ+Ms2p)-—2m;n3EI cos (§—83)]+

+— 1672 {man{Z c————“-os(il;cgrfi—)fvﬁ_]'*‘mnnzp [Z gos (24’;,0(;7”1_ Mg)]f‘f‘

1)z
cos 2k(0— M,-+ N, 2k(6— M, N,
e I Sev R AR

16h2 2k(N,— N. 2k(M,— M.
s T Dol P [ s
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Lo {ma ] 3 % PR N‘)]+mln.E1[2 s 2@;;—_1“{3;% |+
+?{h2n3E 2[_2 %&i)—fv—sl]“i‘mzmap[z == ?ﬁzﬂﬁ)fl _3? }+

< (4-=1)2

_ W{mszl[Z‘, cos 2k(0— Mt Nz)] —&-mznaEI[z_‘, cos 2(0—My+N)
1|-2 : S <

I+

(4]92—1)7

+g[nznaE2 008; ( No— N3 ):-mamsI? cog:(Ma— M)+
- llzg[mzanI COos- (0-" M2+ N3) + m;’anI GOS“(‘0—7M3+ Nz)]+ S
+ 4 tina B sin. (Ni— Np) + mymal? sin (Mi— M)+

+‘§J,iz[mm1EI sin (My— N1—6) +-mn, BT Siﬁ"(a;’M‘+N2)]+

[nlnsE’ sin (Nx—Nz)—}-m;mal2 sin (M1 M;)]-i—
3 [manlEI gin (Mz— N1—9)+mx’naEI sin (9 M1+Nz)] (13)
In Equation 13, :
§ o1 1 1 1
[t =stmstmm ot o = 16_ 2> 0.1168503 (L),
1‘-3_1 62114 (15)
cos 2kx cos 2z, cos 4z , cos-6x , cos 8z
[2(4192 1)2] f (@) =g+ 595+ T35 3060 T
cos 10z | cos 12z , cos 14z, cos 16z
+9501 T 20440 T 38095 T 62500 T
cos 18z
+1oa325. T (16)

The values of f(z) and [f(x) 12, for different.

values of the angle z, are shown in the table.

40

Now: let. us-assume -that the differential. relay:
has an operating-coil flux or field-strength hav-

Table .i:n_g an»1nstanﬁaneous value
. ho=gV2. 1 sin (wt—8+U) (18)
x J@ @] and having an average-square value or operat-
45 ing force (again divided by the constant, #2) of
Degrees | Degrees | Degrees | Degrees -
0 180 180 . | 360 +.11685 | -+.01365 H 2 g
175 185 355 +. 1147 +.01316 =gt 19)
10 170 190 350 +.108¢ -+, 01175 e
15 165 195 345 0082 +.00964
20 160 200 340 -4-.0852 | +.00726 where-¢-is a-sealar quantity: greater than, zero,
2% 155 205 335 +.0697 +.00486 nd. U is 1 hich X P
30 150 210 320 iggzg : -88%32 . 50, ,f« th .18 anty angle, which-makes no difference
35 145 15 3 . +. ion.
40 . 140 gg)g . §%g . +.g150 --.000225 n the operation..
43 136.1 23. ;
b e | o i — e 000018 The. relay . will operate wh_en the..restraining
50 130 230 310 —.0229 -+.00052 force -is: less.than the--operating force; or -when
AN N e
1 - +.003 a 2 2 ‘
AR B A e -
5 0 - = 742007
;5 %gg ggg ggg —.(1)84‘1 -+ 8?%355 To determine the-.relay-operation in terms of
H T Mo "y
& R R v o Zios-- | ottt the line 1mpedance Z, it:is necessary to note thg.t
90 20 270 270 —.1073 . 01151 the numerical :value of the. line-impedance is
" i T T 60 E:
Rewriting Equation 13, we find the average Zi-T' @1

restraint-force (divided:by.the constant; 712). to be
H f

= -+ F7[0.18943n:2 +0.20736 (nt-+ ng?) -0.5mans 08 (Na=N3)1+ -
+0.81057E%2 nmzf(Nl N3)4-2nms f (N1~ N3) +nang f (N2—
+0.42441Enins sin (N1— N2) +ning sin (N1 —N3)]+-
+ I7[0.18943m,2 +0.29736 ( mz? - ma? )+ 0.5 mama c08- (MM} ]+
+0.810572[2mymy f (M1— M) +2myma f (M1~ My) +mams f(Ma—D75)] 4
+0.424411%mimy sin (M—M3) +mymg sin (My1—M;3)]+ ‘ ’
—0:.81057 EI[4myn, f(6—81) ~mansf (0—82) +mans f(6— Sa)]1+--
—0.5EI[mgn, cos-(6—8;) +msnsz cos-(8—83) 1+
—0.81057 EI2mnaf (0 — Mi+ Naj -+ 2many f (6= Ma+ Ny -+2muns (6 — My Na) 1+
—0.81057EI{2man f (0~ Mzt Ny} - manaf (6~ My N3) +manaf (0—MzNo) | -
—0.42441 El{myny sin -(0—=M3-+ Ny) “hmang-sin- (§— Ms+ NDJ+- -
+0.42441 EI[myn, sin (§— M N3)+mng sin (8—Mi+Ny))

Nyl+

an
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This is a scalar quantity, -and it is always pos- . understanding that I am not limited, of course,
itive, because E and I are both scalar quantities, = -to the particular settings chosen for illustration.
both always positive. Z represents s length The simplest case is when I utilize only the two
which is to be measured, from the pole or origin, - derived voltages 41 and v1, which are double-wave
on the radius vector which thus becomes a line 5 rectified.
representing an impedance-angle or power-fac- -~ In this case, :
tor angle. The radius vector or impedance-line Mma=ma="na=n3=0 32
Is at an angle ¢ from the polar axis or the line Substituting from Equations 27, 28 and 32 in
representing line-resistance R. Equations 24, 25 and 26, we find, from Equation

Substituting from Equations 17, 19 and 21 in 10 23, that the balance-peoint of the relay is at any
the inequality (20), rearranging the terms, and line-impedance which satisfles the equation

s 0—50 24/ Doty o—sop—(4-2 Lot (12 it [

w2 xt
16
1 (2 - _>nlz

16 m m_/( 256 —S)p—14— . O
A8 080 n,\/ (12—8)2[1’(” SO =14 5 o
- My my N _1..9.2790g%
8.558mf(0 Sp+ m‘/ 78.24[f(6—S)12—1+ i
=8.558%‘;‘f(0-—81) i8.558%’\/[1‘(0—81)12—0.01365 +0.072089% hy¥m 2 (33)
dividing through by I?, we find that the relay the values of f(x) and [f(z)12 being shown in
will respond when 25 the table, for different values of the angle z, and
aZi-bZ+c<0 (22) only positive values of Z being valid solutions of
whence the equation.
z< — b+ —dae (23) Fig. 1 shows four curves, 11, 12, 13 and 14,
% showing the various values of the line-impedance
where 30 Z, corresponding to the balance-points of the re-

a=+0.18043n,2-40.20736 (1,3 4-n3?) + 0.5n5my cos { Ny— Ny) +
+0.81057[2n:n2f ( Ny — N3) 4 2nunaf (N1 — N3) +nansf (Ny— Ny 1+
+0.42441[nin; sin (N1— N;) +-nn; sin (N;— N;)] (24)

b=—0.81057[4min. (6~ 81) +manaf{§—8s) -+ myns 1 (6—83) ]+
—0.5[‘m;’nz cos (G—Sz)-*-mﬂla cos (0-—*53)]'{'
—1.62114{mn, (8 — My -+ Ni) +man, F (80— M+ Ny) ]+
~1.62114[myn; f(6— M1 N3) +many (6 — M+ Ny) 1+
—0-81057[m2n3f(0‘-M2+N3)+manzf(9"Ma+Nz)]+
—0.42441[mgm; sin (06— Mz N1)+mgn; sin (6— M3+ N;)]4-
+0.42441[mn; sin (0M1+ N;) +mun; sin (68— M;+4N;)] (25)

c= "‘%:"‘0.18943"1;2+0.29736(M22+m;2) +0.5mzm3 cos (Mg—"Mz) +

+0.81057[2mym, f( M1~ M) +2myma f( My~ Ms) +myms f( My~ M)+

+0.42441[mmg sin (M;— M;) +mymg sin (M;— My)] (26)
__ 186 1 7|_16/x*_1\_._8 50 lay, at four settings of the relay-constants of
0.18943="5 [Z'(Akﬂ:‘l)z:'"ﬂ 1672)"! 7,  Edustion 33, s follows:
0.81057=% (28) For curve 11,
0_29736=%+(i_% “%"‘3‘2 (29) 55 81=(M;— N;)="75° and 5.279g%/h2m2=0.2 (34)
0.42441=2 (s0) ~ Forcurve 12,
; _ _ - _
1-62114=§ (31) 60 Sl—(Ml Nl) 75° and 5.27992/}&27”1’ 1 (35)
f (x) is as defined in Equation 18, and Z must For curve 13,
always be positive. Only positive values of Z o
are valid solutions of the inequality (23). - Sy= (M~ N1)=75° and 5.279g*/h*m=1.5 (38)

At the balance-point of the relay, the inequal-
ity-sign, <, in Equation 23 becomes an equality- 85 For curve 14,

slgn, =. The locus of the line-impedance Z, at .

various power-factor angles 4, is usually plotted . Bi=(M,—N;)=75° and 5.279¢*/R*m?=4  (37)
on rectangular coordinates representing the line-

resistance R and the lagging-power-factor line- The scale of ohms or distance has not been in-
reactance X, yielding a separate response-curve 79 dicated in PFig. 1, because that scale may be made
for each relay-setting. anything desired, by the proper choice of the

The performance of the relay represented by value of mi/ni1.

the Equation 23, and the effects of some of the Equation 33 expresses the line-impedances Z,
variables in the relay-adjustment, will best be at the balance-points of the relay, in polar co-

{lustrated by several concrete examples, with the 78 ordinates, in terms of the angle r=(6-S1), using
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fi==(M1=N1), which ha.s Béen ‘choseéh ‘as 756°
‘bécause ‘tHat Is ‘e t¥pical or-ilhistrative value of
“the-fatiltifipédarice argle'df @’ transmlssmn Jine.
“THe 'polar axis'OFin Fig. 1 ¢ah'be’given‘any in-
‘clindtion by ©roperly choosing ‘the 'phase-shift
-angles Mi gid N1 wHich 4redefiied in ‘Egiiations
Tand4. ‘ e

Sihce Sriisa fixed dangle, fixed by the selection

of the relay-constants Mi and N1 Eguation -33
‘also expresses the balance- point line- impedances
‘7, in polar coordmates, in ‘terms of the lagging-
power-factor ‘axigle 9 ‘of  the ‘lme-curren‘c usmg
“fhe pure-reslctance nbedance-line ‘R 74
ipoldr axis. By thils Plottihg the ‘charactaristic
“PespOrise-Giitve i polar “coordinates, dhd then
‘adding ‘a- Tine - rep‘résentin"g the ‘THgging~pi
“factor-line-redctand We'hive'a representatxon
‘of the relay-characteristics'

‘difiates (R;X) as sHowhinPlg. 1.

THe “fedch” of ‘the Felay, or ‘the ‘distance to
“Which it ¥*éspohds, is shoWn by the ihtercept of
“the YTesponse-curve ¢n ‘the ‘fault<axis FOF. ‘Tt

Y5 fotind ‘by. puttitig ‘(0-=S1)=0 6r-180° ih"Bqua~- »

tion 33. Tt is
Zj= (12000 m =n~:(1 +2:298h.‘.’—m.1> (38)
When 5.279¢2/h3m12<1, or
o <0:4352

-there wiIl “be’ a'~second 1ntercept ‘on eatch of the
iy . F iy as

%o the ‘origih, &5 sHOWM by tHe equétion

(1 \/5“27992’/h2m;2)==
(r 92 298—— _.;#(ml-;fz:zgs;l-‘i) (39)

“The Fespotise-curve “of the ¥elay ‘then ‘Consists of
“two Separate loops, of ellipselike: ﬁgures blS ctett
by the line-fault axis FOF’, as sh6wn ‘ihi'ctitve
f1 of Pig. 1. The ratio of the two fault-axis
“initercepts is

Zo_-1=2.298g/ham
7 1+2.298g/km,

‘When 5.279¢%/H3mZ>1, “or

40)

04352

the response-clirve “of the reIay has an hour-
-glass shape, with its Tength along the line-fault
‘akis FOF, “and -its ‘waist ‘along the dlrectlonal
@xis “DOD’ vihxch “passes; through the’ orlgln atb
-‘r" ht, angles ‘to FOF'. ‘Two' typlcal response-
‘tarvies of -this class ave shown at 13 and 14 ih
“F‘lg 1 The “reach" ‘of the' reIay, or the mter-

FOF’, i Zf, as ]
mtercept on’
By putting
It is

e hl HES T .
”(0——-81)‘:‘«90" or"2'10° 'in Equation 83,

= ”“( 0.9183 »w GAB63 L5 2T )
'==fapproxnnai:ely* ;z 1 092—}-2‘3— = [—”—@>

(41)

in rectangular coor- :

10

‘30

35

“40

45

50

b5

[i3t]

%

10
The ratio of these two intercepts is
1= 0:40h, /g = 0.015%2m,2/g?
150.435hm/g

Z

approx1ma,tely
-(42)

Tt will ‘be -observed -that the ratio g/hmi, in
Equation 33, affects the shape of the response-
curve, or the ratio of its intercepts Zo/Zs or Za/Zs,
as the case may®¥e. ' The “reach” ‘Zeof ‘the relay,
or the distance ‘to which it resporids, measuréd
in impedance-ohms,;-as shown in Equation 38, is

" difectly respchsive to'the ratio of the relay-con-

stants m1 and 11, which are defined in Equations
1 dnd 4. "It is also'affected by the magnitudes of
the current-response coefficient m1 and the ratio
of ‘the relay-constants g and h, which determine

“the flux-strength, 6r ratio of coil-turns to mag-

netlc reluctance, qf the operatmg and restrain-
and 8. Tt is thus clear that the shape of the
curve can be controlled by varying the current-
response coefficient mi, the ‘operating-coil coefi-
ciéint ‘g, ‘or the restraint-coil coefficient k; and

“gfter the shape has been determined, the size of

the curve, or the-scale of impedance-ohms to be
applied to it, can be controlled by varying the

‘voltage-response coeiﬁment 1, if it 'is desued to

retain the selécted shape ‘uhdisturbed; or' the
size-scale or distance-calibration could alterna-
tively be controlled by varying the current-re-
sponse coefficient ma, if a simultaneous change
in the intercept Zo or_ Za is unobjectionable,
Fxamination ‘of the harmoiic ‘analysis of the

“full-wave-rectified restraint-voltage vr, as given

in Equation 7,-and the resulting derivations, will
show that the second harmonic term, containing
the factor cos 2(wt+N1) is the largest harmonic,

‘and that this harmonic could he segregated and

utilized alone—or, in general, the relative mag-
nitudes of the different harmonics could be con-
siderably distorted—without qualitatively chang-
ing-the results to -any material extent, merely

‘changing the magnitudes of the various con-

stants and the magnitudes of the effects which
‘they have on the’ relay-characterlstlcs

The relay-characteristics can be changed by
superimposing, on the full-wave-rectified com-

fionent, ore ‘or more Half-wave-rectified com-

ponents of either the line-current, or the line-

'voltage, or both. “Four: iNustrative cases will be

‘given, and plotted in Fig. 2, with the understand-
ing that these particular ¢ases are only llustra~
tive, as the inequality (23) is perfectly -general,
‘and applicable to all possible valués of all ‘of the
‘constants (or variable factors of the relay), with-
‘in the limitations which were indicated when the
dnequality (23) was fivst written.

In general, the effect ‘of adding -a half-wave-
Tectified component, by assigning finite values to
me, Nz, M3 ‘and/or ms, is to make the response-

“eurve ‘of the relay unsymmetrical with respect to

the-directional axis D=D’. If ma2 and 72 are

-équal to-each Gther, and if the ‘angle Sz is equal

to 81, (or to S1+180%), the effect ‘6f adding the
ma - and n2 componénts to the curves shown in

-Fig.<1 is to make ‘the portion of the ‘curve dbove

¢or below) ‘the Hng-D=D’ larger, and the ‘other

-portion smaller, without destroying the symmetry

with respeet to-the fault-line-axis F'OF. ~If 3

‘and n3 ‘are equal to ‘each other, and if the angle

Ss3is equal to Si-plus-a small ‘angle, the effect is
to move the fault-axis bodily to-the right, while
slightly- decreasing its inelination to the- X=axis,
and at the same time fricreasing the “reach” of
the relay-for internal faults.
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If
m3=n3=0, and M2=M1, and 1V2=N1
(43)
then 5
’n22 V(5
a=mn,? '18943+'2973617;-2+‘18943n_, (44)
= _ s | 9T 5720
M“'81°57(4+mm1+2m1+2n1 7(6—81) + 10
MaNa
0"5% cos (0—8;) (45)
-0 mg? @)
c= ——7L-2+ m12<.18943 + '29736m12+ .18943ml 13
(46)
K\Z=B+vVB?+K, (47)
K= .37886(1 +1’I/2/n1( +.59472n22/n12 .E
Y BI057(4+ mang/ miny - 2mamy+ 2ngins) n& g) 20
Bi=f(6—8.)+
MaNg
162114 (&min; T man 1 Zmgmy T Smnyy ©08 ("“‘29)
Ky=a function of g?/hmg? 50y 28
The internal-fault intercept, on the fault-axis
OF, is found by putting (6—S:) =0. It is
KiZ;=B,+VB#+ K, (61) 4,
where
B,=0.11685 -+ Uil

1.62114(47774721 + MoNg +27ﬂ2n1 + 27’21"!22%
5

The internal-fault intercept, on the fault-axis :

OF”, is found by putting (6—S1) =180°. It is

E1Z{ =By+VBi+EK, (53)

where

MaNa

Ba=0.11685 - 1.621 14(4m1n1 + m2n2+2m2n1+2m<17§12)

The differential-axis intercept, on the axis
DOD’, is found by putting (4—S1) =90° or 270°.
It is

K\ Z3=—.1078++/ 01151 T &, (55)

The value of Ko, and hence ¢2/A2m:?, deter-
mines the magnitude of the differential-axis in-
tercept Zq, which is one-half of the width of the
waist of the hour-glass-shaped curve.

The relative magnitudes of the two fault-axis
intercepts, Zr and Z’;, or, in other words, the
“reaches” of the relay, for internal and external
faults, respectively, may then be adjusted to any
desired value by the proper choice of mzne, which
determines the magnitude of the quantity which
is added to 0.11685 to make Bo, for the into-the-
line-looking intercept Zs, this same quantity being
subtracted from 0.11685 to make Bs, which enters
into the expression for the out-of-the-protected-
line-section-looking intercept Z’s.

Two illustrative curves, 15 and 16, are plotted,
in Fig. 2, for the values of Z shown in Eguation
47, that is, for a relay in which the restraint-
‘winding current is made up of a full-wave-recti-
fled current-responsive component mil, a full-
wave-rectified voltage-responsive component mE,
a half-wave-rectified current-responsive com-
ponent mel, and a half-wave-rectified voltage-re-
sponsive component n2E, under the special condi-
tlons expressed in Equations 43. )

Curve 15, in Fig. 2 is chosen to illustrate a case .

E
<
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in which it is desired for the relay to have a very
small “reach” along the directional axis DOD’, a
long forward-looking “reach” along the fault-
axls OF, corresponding to a long length of the

_brotected line-section, and a shorter “reach”

along the reverse-current fault-axis OF’, corre-
sponding to a shorter line-section, having a
length about two-thirds of the length of the pro-
tected line-section. The constants for curve {5,
in addition to the constants indicated in Equa-
tion 43 are

m2=0.5m1, and n2=0.5n (56)

Curve 16, in Fig. 2, is chosen to illustrate the
manner in which my relay may be adjusted to
have a response-curve which is elongated along
the fault-axis OF,-s0 as to be sensitively and se-
lectively responding to currents having a power-
factor approximating the impedance-angle, 81, of
the line, while not responding to power-load cur-
rents, or out-of-step or switching surges, and at
the same time the response-curve is elongated, or
bulged, near the origin O, so that the curve en-
circles the origin, so as to make sure that the re-
lay will respond to zero-impedance bus-faults at
the relaying station. This is a very useful prop-
erty, never before attained in a distance~respon-
sive relay except with saturated current-trans-
formers which have given special curve-distor-
tions only when the line-current has been ex-
ceptionally high. .

The relay-constants or adjustments, necessary
to obtain a curve of the type shown at 1§ in Fig.
2, are obtained by assigning a small value to Bs,
and solving Equation 54 for the value of ma/mi,
which was assumed to be equal o n2/n1, for pur-
poses of symmetry and ease of calculation. This .
determines the value of the coefficient of cos
(6—81) in Equations 49, which is the term which
changes from positive to negative when the curve
circles around the origin in the reverse-current
direction. Various small values of K may then
be tried, to determine the relative magnitudes of
the three critical intercepts Zs, Z'; and Zd, to de-
termine the relay-constants which will produce
the desired relay-characteristics. In curve {6, the
constants are :

mz
- (57)

in addition to the conditions indicated in Equa-
tions 43. .

Curves 1T and 18, in Fig. 2, have been drawn
to illustrate the manner in which a still further,
very much wanted, distortion, or departure from
a true cirele, is obtained in the relay-character-
Istics. Here, the half-wave-rectified current- and
voltage-responsive components, msI and n3E, have
been utilized, with an angle, S3=M3—N3==5;—10°,
for the sake of illustration in a concrete example.
This shifts the curve in such manner as to enable
the relay to respond to faults having considerable
fault-resistance. In curve 17, this shifting-effect
Is made more pronounced than in curve 18, by

="—15 and K,=.01
N1

5 assigning larger values to m3/m1 and n3/ni. In

both -curves, the magnitudes of the m2 and n2
components have been adjusted to make the ex-
ternal-fault intercept Z’: have any desired value
relative to the internal-fault intercept Z:. Thus,
in curve 17, the m; and 72 components are utilized
to make Z’s larger, which is done by reversing
either the current-component m: or the voltage-
component nz, s0 as to be opposite to the effects
in curves 15 and 16." Then a value of

ma/mi=nz/m
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was :chosén, so:as:to make (forwexample) ::the
.Z'tintercept equal to the Z:infercept. ~In-curve
{8, however, the mz and n; components are:uti-
lized to make Z’s smaller, so as to-provide a relay
characteristic having a.smadll ‘bulge or protuber- -
.ance encircling the origin O.

.Curve 17 is plotted for the following constants:

=2 =00564, My="M1+180° No=N: - (58)
=05, My=M—10°, Ny=N1  (59)
@=0.7276n: (60)

—b
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14
~“eurrent rcomponent rof ithe: rectified “wave-form,
Jfrom the-wwesistor '28. “The “voltages iz and s,
-swhich appear:across the resistors 25 ‘and 28, re-
zgpectively,saresseparately rectified by ‘half-Wwave
crectifiers 'which<are symbolically -indicdted 4t <32
fand 33, respectively, and the:rectified .outputsiof
these half=wave rectifiers are supplied to resistors

34:2and 35, through blocking-means-38-and 31, te-
sgpectively, foriremoving therespective direct=ciir-

renfconipohents.
" The ‘threée derived voltage-responsive alternat-

“ng-current voltages 1, vy and vz are applied to
“fhe resistors-orimpedances 41,42 and 43, through

=B 26707 (1) + L2AI8F(6—S1H10°) =002 18:sin. {6 8r+5%)+

<}:0:037 rcos {(8—8;4-5%)—0.034 cos (:0*—’»&;’)‘“%0.4787 sin (8= 8y)

¢ ) 2

‘0. 2285 Z B4+ B2—0.0723--0.15208g%/h%m,?

(61)
-(62)

63)

Bi= f(0‘—‘81)+0.19501.f.f(‘o-—.szui,—flO“;) ~0:0084278in (0—SyE 5%y

10.00581 cos (8—8r-+5°)-4-0:00535 cos (—55) —0.07518¢in (0—7355)

Curve 18 is plotted for the following conslants:

Mo

)

“(64)

adjustable line-energized potential-transformers
71, e wnd e, and ‘adjustable phase-shifters Ni,
‘N2-and N, respectively, as shown in Pig. 3, the
Sull<wave and half-wdve rectifiers 27’, 32', and
33, the ‘blocking-capacitors’29’, 85’, 37’, and the

*?“r‘edﬁiﬁer-output' resistors 28’, 34’ -and 3'5’, corie~
“sponding ‘to the simildrly ntimbered eqiiipmetit

‘_v.___h__l M=, Ny=Ny 65)
-my
ma_ N3 M, — ="
=02, My=M,—10°, N;=N1 (68)
@==0:8449572 “87)
7n—-13 7 7815 F (6— S1) -+ 0.5188F (88 +10°)— 000349 sin (0~ 5%y

40.0148 cos (9-18;+5°) 40.52 vos (6—81)
o= ——+0 R7745m2

0. 2171——z By Bi—0.644110.73402 em

(68)
(69)

(o)

“By= f(a-——,Sl) 406667 (0— 8 4+10°)— 00045 sin'(6— Sy-F5%)+

+.0019 cos (§—8;+5°)+.0668 cos (6—357)

Allof the foregoing reurves are intended: tobe 45

-merely illustrative or typival of some of the thany
types of respense-curves which -are .obtainable
.with the .general inequality (23). .Any. pesitive
values . may be assigned to any of the constants in

‘this .inequality (23), and all positive values 0f-Z2 5

drevalid, o

One of .many combinations 0f apparatus
“for -accomplishing the Tunctions - hereinabove
discussed, is shown in Fig. ‘3. "The protected
alternating-current line-section is indicated at
21. 'The line:current, for relaying “purposes, is
derived by .2’ line-current- transformer 22. ‘The
~current-response - coefficients - are introduced by
‘three adjustable line-current- energxzed guxiliary
transformers ma, ms and s, and the phase-angle
is ‘shifted by any desired amount by -adjustable
phase-shifters M1, Mz and Mz, respectively. The
‘three derived current-responsive alternating-cur-
rent voltages i1, 42 and i3 are derived by passing

the derived currents through resistors.or other 65

impedances 24, 25 -and 26, respectively, “which
‘may, ‘or may not, be adjustable. "“The voltage i1
which appears across the resistor 24 is rectified by
~any suitable full-wave rectifier-means, such-asa

-rectifier-bridge 21, which may comprise tube-

~reetifiers, contact rectifiers, mechanical rectifiers,
“or -any other rectifying-means. The output-of

the full-wave rectifier 27'is supplied to a rectifier-
output resistor 28, through a large capacitor:29.or
.other means for Blotking orexcluding the direct.

55

60

A7)

-which “has “alveady ‘been ‘Hescribed for the -cur-
‘yent-responsive voltages.

‘The protective ielay is MHustrated, in Fig. '3, as
a differential relay 45, which is shown as com-
prising a balanced beam 46, carrying make-con-
tacts 41 and an-operating-coil mechanism 48 on
its front end, and having a restraint-coil mecha-
nism 49 on.its back:.end. The operating and. re-
Straining ‘coils 48 .and %8 have .tap-changing
means.g and &, respectively, which is-intended to
“ba symbollcaflly representative -of -any fux-
streugth adjusting-means. The - operating-coil

‘48 is.energized from the line-current transfermer

22 threugh a circuit-51 which serially includes the

'pmmzuy windings of the-auxiliary current-trans-

formers M, ma, maz. The restraint-coil 48 is en-
ergized from.the vectorial sum. of the voltages ap-

. pearing “across - the several cutput-resistors 287,
"397,°35%,785, 8%:and 28, through an energizing-cir-

‘cuit 52 Whmh serially includes. said -output-re-

sistors.

"The relay 45 of Fig. 3 has-an.operating-char-
acheristic as ‘expressed in ineguality (23), some

“6f ‘the' important features of which are shown in
“the eight curves of Figs. 1 and 2, which have

already been discussed. It may-be noted, in -gen-
gral, that the effect of separately rectifying both
‘the current<responsive-component and the volt-

mge~responsive component on the back end of the

a5

telay {or.on'the front.end, in. rélays which have

“both eurrent: and voltage on the front end), is to
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displace the center of the well-known response-
circle, equally in both directions from the origin,
if the adjustments are symmetrical, or, in gen-
eral, to elongate the response-curve along the
fault-axis. Thus, if only voltage were utilized
on the back end, opposing the pull of a current-
coil on the front end of the relay, the response-
curve of the relay would be the well-known circle,
with its center at the origin. Heretofore, it has

been possible to displace the center, in one direc- '}

tion, from the origin, by vectorially adding an
alternating-current current-component to the
alternating-current voltage-component on the
back end of the relay. By rectifying both the

current and voltage components, before combin- -4z

ing them on the back end of the relay, the imped-
ance-circle center is, in effect, displaced in oppo-
site directions at the same time. The rectifica-
tion renders the relay insensitive to 180° reversals
in current, but leaves it responsive to 90° shifts,
particularly with the full-wave rectification ob-
tained by the mi and n: components alone. It
is to be noted that un-smoothed-out rectification

is utilized, and that the direct-current compo- -

nents of the rectified waves are substantially
eliminated.

By adding an unrectified fundamental sine-
wave component of each of the current and volt-
age-waves, to the full-wave-rectified components,
1t is possible to change the duo-directional sym-
metry of the full-wave-rectified . response, while
retaining the effect of a response.curve which
is elongated along the fault-ohms axis and con-
stricted along the directional axis, near the
origin. One of the means for introducing such
an unrectified fundamental current or voltage
wave-form is to utilize a single-wave-rectified
component, mz and 7z, or m: and n3, or both.
Thus, in Equation 7, it is seen that the half-
wave-rectified components, having the coeffi-
cients ma, 72, ms and ns, have terms including
the sine of a time-function of the type (wt4-¥),
which is an unrectified component. I desire my
derivations and my illustrated apparatus to be
symbolic of any means for introducing such un-
rectified components onto the full-wave-rectified
components which are expressed, in Equation 7
by the infinite series

cos 2k(wt+Y)
[ D

»

Since an alternating current having a magni-
tude muI and a phase-displacement (—0+M1)
with respect to another wave, has an in-phase
component, mil cos (—64-M1), and a quadra-
ture-phase component, jmiI sin (—o+M1), the
phase-angle (—§-+M1) and the magnitude-co-
efficient m: may be, in effect, adjusted indirectly,
by separately controlling or adjusting the in-
phase coefficient m1 cos (—60-+M1) and the out-
of-phase coefficient mi sin - (—¢+M1). Also,
since the two half-wave-rectified components
mz and ms, or N2 and n3, are treated in the same
way by the half-wave rectifiers, the two alter-
nating currents having the coefficients ma and
ms could be combined before rectification, and
then rectified with a single half-wave rectifier,
and the same applies to the voltages having the
coeflicients nz and na. B

These principles are illustrated in the alterna-
tive form of construction shown in Fig. 4, where-
in the six alternating-current components
Ml (—8-+M1), M2l / (—04-M3); mal z (—04+-M3),
E /N1, 7B /N2 and n3E /N3, as previously de-

ki
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condensed ~into four, namely (RuJ4-iX:D),
(Rol+-§X2I), (R3E47X3E) and (R4E-FX4ED,

where .
Ri=m1 cos (—o-+M1) 12)
5 Ra=ma cos (—0-+M2) +m3 cos (—o+Msz)  (73)
R3=mn1 cos Ni 74)
Re=n2 cos N24-n3 cos N3 (75)
Xi=m1 sin (—o+M1) (76
o Xa=ma sin (—6Ma) -+m3 sin (—o4+-M3)  (I7T)
v Xa=n1 sin Ni (78)
Xy=nz sin N2+n3 sin N3 9

Thus, in Fig. 4, the line-current transformer
22 energizes four adjustable transformers 61,
62, €3, 64, which in turn energize the resistarice
R, the reactance Xi, the resistance Rs, and the
reactance X, respectively. The sum of the re-
sistance-drop RiI and the reactance-drop 7XiI
is utilized, in lieu of the drop across the resistor
24 in Fig. 3, to produce the full-wave-rectified
A. C. component appearing across the output-
resistor 28, as in Fig. 3. The drops Rol+7Xer
are utilized, in lieu of the drop across the re-
.. sistor 25 in Fig. 3, to produce the half-wave-
o5 rectified A. C. component appearing across the

output-resistor 34, as in Fig. 3.

In Fig. 4 also, an adjustable potential-trans-
former 65 is utilized to energize the serially con-
nected tapped resistance Rs and tapped reactance

20

g0 X3, and an adjustable potential-transformer 66 is

utilized to energize the serially connected tapped
resistance Rs and tapped reactance Xi The
drops (R3E-+iX3E) and (R«E-iX4E) energize
the output-resistors 28’ and 34’ in 2 manner
which will be obvious from the drawing and the
preceding explanations. Although the adjust-
ments are different, it is obviously possible, by
the proper choice of the eight variables, Ri, X,
Rz, X2, R3, X3, Rq and Xy, in Fig. 4, to obtain the
same kinds and sizes of response-curves, as with
the apparatus which was exemplified in Fig. 3,
and which was mathematically analyzed here-
inabove.

In the field of distance-typerelays with unrecti-
fied currents and voltages, it is known that the
same types of responses can be obtained by multi-
plying two quantities (AD+-BD) and (CE--DI) in
a torque-type or product-responsive relay, as by
opposing D12 with the square of (AE--BD in a
50 differentia] relay, where the superposed dots in-
dicate complex numbers. The same thing is true
in my use of rectified quantities to change the
relay-characteristics as previously described.
The product of the sum of the infinite series
Tepresenting the rectified quantities AR and BI,
‘multiplied by the sum of the inﬁn.it.e series rep-
resenting the rectified quantities CE and DI, is
not different, in kind, from the square of either
sum. In either event, the result involves the
function f(x) which is shown in the table, and
various functions such as sin z and cos T, very
much in the manner shown in Equation 17, but
with different coefficients and angles. In a
5 product-type relay, the balance-point is found

by putting the product or torque equal to zero.
Without carrying out the precise mathematical
.calculations, which follow from the principles
already enunciated, I wish it to be understood
that my general principle of utilizing rectified
current-responsive and voltage-responsive quan-
bities is applicable also to product-type relays as
well as to differential relays.

. "Thus, in Fig. 5, I illustrate a wattmetric or

40

45

6

<

=

< ) ) 4, Product-type relay 71, having make-contacts 72,
scribed and- illustrated-in Fig. '3, have been 75 .

and two coils 73 and 74 for producing the fluxes
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which are to be multiplied. In:general, such. &

relay develops-a torque.equal to the-product of:

the two fluxes (or quantities), times:a function of
the angle between them, and this observation
applies separately to each: term of the.product,

when (as here) the product is the resultant of

the algebraic sum of a plurality of product-terms.

In Fig. 5, one coil ‘73:is energized in ‘response t0:

a full-wave-rectified current-responsive: voltage,

mil/ (—o-+M1), and a full-wave-rectified volt-.
age~responsive voltage,  mE /N1, either with or:

without the addition of one:or more pairs of-half-
wave-rectified quantities. mal / (—6+4M2)

instead of 1 and 2, the different subseripts-indi-
cating, in general, different magnitudes.

Fig: 5 is believed to be necessary, corresponding

numerals being utilized in so' far-as-applicable,-

the numerals being applied mainly to the -ener-
gizing circuits for only the coil 13, the:other coil,
14, being energized by identical apparatus, as

shown, except for -different adjustments of the’

constants:
I claim as my invention:
1. A -distance-responsive- -alternating-current

relay; comprisinig o relay-means-having at least-
two magnetizing-means for producing- at least.
two separate relay-fluxes -and having flux-re--

sponsive force-producing ameans’ for- developing;
from said fluxes, a'response to predetermined im-

pedance -values, in combination- with line~ener~
gized -energizing-circuit-means for-energizing-the:

respective magnetizing-means -of ‘the relay, the
energizing-circuit” means: -whieh: -energizes the
magnetizing-means for producing at'least a pre-
determined-one-of said relay-fluxes being a-com-
posite energizing-eircuit-means including at least

two line-energized circuit-means-for-carrying at-

least two derived alternating-current -relaying-

quantities; at least-one of-said -quantities:being*
responsive-to-a:line-current, at least another-one:
of -said guantitiés  being responsive to--a ‘line~
voltage, said composite energizihg-circuit-means-

also including -separate- transformation-means

for deriving, from -each of said relaying-quanti=
ties, an alternating voltage -which is substantially:
free- of a direct-current component-and which
includes at least a -double-frequency harmonic-of-

the relaying-quantity, said composite energizing-
circuit means and-its associated -magnetizing-
means -including, -in their -combined -structures;
means-for ecausing the resultant-flux-to-be respon-

sive to-a vectorial combinationof -the voltages:

which are -thus -derived by~ the -several -trans-
formation-means.

2. A distance-responsive differential”alternag--

ing-current relay having 'a magnetizing-means

for producing an operating:flux, a:flux-responsive -

force-producing means-for producing an-operat-

ing force responsive-to the'operating flux, amag--

netizing-means ‘for: producing -a restraining-ﬂux-;
and a-fluz-responsive force-producing - means-for
producing a restraining force responsive to the

restraining fluk; in’ combination-with-line-ener--

gized energizing-circuit-means for-energizing the
respective magnetizing-means of the relay, the

energizing-circuit- means: which energizes- the
magnetizing-means for producing at least said
restraining flux being ‘a composite -energizing-
circuit ‘means-including atleast two-line-ener-:
gized: circuit-means-for-carrying at least two de--

and
mE /£ Na.. The other coil 14 is energized in the
same way, with the subscripts changed to 8and 4;.

The-
apparatus illustrated in Fig. 5'utilizes amplitude-
changers and phase-shifters, as -already’ fully
described in Fig. 1, and no further description of-

13
rived: alternating-¢urrent relaying-quantities, at:
least one:of said quantities being responsive to
a line-current, at least another one of said quan-
tities being responsive to a line-voltage, said com-
5 Dosite energizing-circuit means also including-
separate transformation-means for deriving,
from eaech of said relaying-quantities, an alter-
nating voltage whieh is substantially free of a-
direct-current. component and which includes at
10 least -a double-frequency harmonic of the relay-
ing-quantity, saidi-composite energizing-circuit:
means and its associated magnetizing-means in-
cluding, in'their combined structures, means for
causing the resultani flux to be responsive to a
15: veetorial combination of the voltages which are
thus: .derived by the several transformation-
means.
3: A distance-responsive differential alternat-
ing-current relay having a magnetizing-means
o for-preducing an operating flux, a-flux-responsive
foree-producing means for -producing an operat-
ing force-responsive to-the operating flux, a mag--
netizing-means-for producing a restraining flux,
and’a flux~responsive force-preducing means for
o5 producing a restraining foree responsive to the
restraining flux, in combination with a line-ener- -
gized-energizing-circuit-means for energizing the
magnetizing-means -for producing said operating
flux-being -exclusively responsive to a line-derived
4w current, and-a composite line-energized energiz-
ing-circuit means-for. energizing -the-magnetizing
means for producing said restraining flux in-
cluding at least two line-energized circuit-means
for -carrying -at least two derived alternating-
35 current -relaying-quantities; at least one of said"
quantities being -responsive -to:a line-current, at-
least-another one-:-of said gquantities being re-
sponsive to a line-voltage, said composite ener-
gizing-circuit- means- also including separate
44-transformation-means-for deriving, from each of
said -relaying-quantities, an alternating -voltage
which is:-substantially. free of a direct-current:
component and which includes at least a double-
frequency- harmoni¢- of the relaying-quantity,

‘45.said composite energizing-circuit means and its

associated magnetizing-means-including, in their -
combined structures, means for causing the re-
sultant flux-to:be responsive to a vectorial com-
bination of the voltages which are thus derived

'5071by-the several -transformation-means.

4, A: -distance-type - product-responsive alter-
nating-current relay-having magnetizing-means
for-produeing two-diverse cooperating alternating
magnetic-fluxes; and flux-responsive force-pro-

s5:ducing -means for -so-utilizing said fluxes as to
produce-a-torque-in-response to the product of
said fluxes, multiblied by a function of the angle:
between:the-two-cooperating -fluxes, in combina-
tion-with two diverse line-energized energizing-
go-circuit’ means' for energizing the respective
magnetizing-means, characterized by each of:
said - line-energized -energizing-circuit means
including -line-energized cireuit-means for ear-
rying at least two derived alternating-current

g5  relaying=-queantities, at least one-of said quanti-

ties-being responsive to a line-current, at least
another -one-of. said -quantities being responsive
to:-a-line-voltage, each of said line-energized
energizing-cireuit means-also including separate
-yy. transformation-means for deriving, from each
of its--relaying-quantities, an .aliernating volt-
age -which. is' substantially free of a direct-
current-component and which-includes at least
a ‘double-frequency harmonic of the relaying-
75° quantity; -each energizing-circuit-means and its’
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associated magnetizing-means including, in their
combined structures, means for causing the re-
sultant flux to be responsive to the vectorial com-
bination of the voltages which are thus derived
by the several transformation-means.

5. The invention as defined in claim 1, char-
acterized by the vectorial combination of voltages
comprising a line-frequency fundamental-wave
component of a current-responsive relaying-
quantity and a line-frequency fundamental-wave
component of a voltage-responsive relaying
quantity.

- 6. The invention as defined in claim 2, char-
acterized by the vectorial combination of voltages
comprising a line-frequency fundamental-wave
component of a current-responsive relaying-
quantity and a line-frequency fundamental-wave
component of a voltage-responsive relaying-
quantity.

7. The invention as defined in claim 3, char-
acterized by the vectorial combination of voltages
comprising a line-frequency fundamental-wave
component of a current-responsive relaying-
quantity and a line-frequency fundamental-wave
component of a voltage-responsive relaying-
quantity. )

8. The invention as defined in claim 4, char-
acterized by the vectorial combination of voltages
comprising a line-frequency fundamental-wave
component of a current-responsive relaying-
quantity and a line-frequency fundamental-wave
component of a voltage-responsive relaying-
quantity.

9. A distance-responsive alternating-current
relay, comprising a relay-means having at least
two magnetizing-means for producing at least
two separate relay-fluxes and having flux-re-
sponsive force-producing means for developing,
from said fluxes, a response to predetermined
Impedance values, in combination with line-
energized energizing-circuit means for energizing
the respective magnetizing-means of the relay,
the energizing-circuit means which energizes
the magnetizing-means for producing at least a
predetermined one of said relay-fluxes being a
composite energizing-circuit means including at
least two line-energized circuit-means for carry-
ing at least two derived alternating-current re-

laying-quantities, at least one of said quantities -
‘50

being responsive to a line-current, at least an-
other one of said quantities being responsive to
& line-voltage, said composite energizing-circuit
means also including separate rectifying-means
for separately rectifying said quantities, and
means for deriving, from each of the rectified
quantities, an alternating-current component or
components including substantially none of the
direct-current component, said composite ener-
gizing-cireuit means and its associated magnet-
izing-means including, in their combined struc-

responsive to a vectorial combination of the de-

rived alternating-current components of the ree-

tified quantities.

10. The invention as defined in claim 9, char-
acterized by each of said separate rectifying-
means being a full-wave rectifying-means.

11. A distance-responsive alternating-current -
relay, comprising a relay-means having at least .

two magnetizing-means for producing at least

two separate relay-fluxes and having flux-re- -

sponsive force-producing means for developing,

from said fluxes, a response to predetermined

impedance values, in combination with line-
energized energizing-circuit means for energizing
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the respective magnetizing-means of the relay,
the energizing-circuit means which energizes the
magnetizing-means for producing at least a pre-
determined one of said relay-fluxes being a com-
posite energizing-circuit means including at least
two line-energized circuit-means for carrying a
plurality of diverse current-responsive alternat-
ing-current quantities and line-energized circuit-
means for carrying a plurality of diverse voltage-
responsive alternating-current quantities, said
composite energizing-circuit means also includ-
ing separate full-wave rectifying-means for sepa-
rately rectifying one of said current-responsive
quantities and one of said voltage-responsive
quantities, separate half-wave rectifying-means
for separately rectifying one or more of said
current-responsive quantities and one or more
of said voltage-responsive quantities, and means
for deriving, from each of the rectified quantities,
an alternating-current component or components
including substantially none of the direct-cur-
rent component, said composite energizing-cir-
cuit means and its associated magnetizing-means
including, in- their combined structures, means
for causing the resultant flux to be responsive to
a vectorial combination of the derived alternat-
ing-current components of the rectified quan-
tities.

12. A distance-responsive alternating-current
relay, comprising a relay-means having at least
two magnetizing-means for producing at least
two separate relay-fluxes and having flux-re-
sponsive force-producing means for developing,
from said fluxes, a response to predetermined
impedance values, in combination with line-
energized energizing-circuit means for energiz-
ing the respective magnetizing-means of the
relay, the energizing-circuit means which ener-
gizes the magnetizing-means for producing at
least a predetermined one of said relay-fluxes
being a composite energizing-circuit means in-
cluding at least two line-energized circuit-means
for carrying at least two derived alternating-
current relaying-quantities, at least one of said
quantities being responsive to a line-current, at
least another one of said quantities being respon-
sive to a line-voltage, said composite energizing-
circuit means alse including separate rectifying- -
means for separately rectifying said quantities,
and means for substantially removing the direct-
current component of the wave-form from each
of the rectified quantities, said composite ener-
gizing-circuit means and its associated magnetiz-
ing-means including, in their combined struc-
tures, means for causing the resultant flux to be
responsive to a vectorial combination of the re- -
mainders of the several rectified guantities.

13. The invention as defined in claim 12, char-
acterized by each of said separate rectifying~
means being a full-wave rectifying-means.

14. A distance-responsive alternating-current
relay, comprising a relay-means having at least
two magnetizing-means for producing at least
two separate relay-fluxes and having flux-re-
sponsive force-producing means for developing,
from said fluxes, a response to predetermined
impedance values, in combination with line-
energized energizing-circuit means for energizing
the respective magnetizing-means of the relay,
the energizing-circuit means which energizes the
magnetizing-means for producing at least a pre-
determined one of said relay-fluxes being a com- -
posite energizing-circuit means including at least
two line-energized circuit-means for carrying a
plurality of diverse current-responsive alternat-~
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jrig~current quantities-and lineenergized-circult- -
means for carrying a plurality of diverse voltages -

responsive. alternating-current quantities, said
composite energizing-circuit means also includ-
ing separate full-wave rectifying-means for sepa-
rately. rectifying one. of .said..current-responsive
quantities and one of said voltage-responsive
quantities, separate half-wave rectifying-means
for separately ractifying one-or more-of said cur-

rent-responsive quantities and:one or more-of:

said-voltage=responsive-guantities; and meansfor
substantially - removing::the-direct-current com-
ponent of the wave-form from each of the rec-
tified quantities, said composite energizing-cir-
cuit means and its associated magnetizing-means
jincluding, in their combined structures, means
for causing the resultant flux to be responsive to
a vectorial combination of the remainders of the
several rectified quantities.

15. A distance-responsive differential alternat-
ing-current relay having a magnetizing-means
for producing an operating flux, a flux-respon-
sive force-producing means for producing an
operating force responsive to the operating flux,
a magnetizing-means for producing a restraining
flux, and a flux-responsive force-producing
means for producing a restraining force respon-
sive to the restraining flux, in combination with
a line-energized energizing-circuit means for en-
ergizing the magnetizing~-means for producing
said operating flux being exclusively responsive
to a line-derived current, and a composite line-
energized energizing-circuit means for energizing
the magnetizing-means for producing said re-
straining flux including at least two line-ener-
gized circuit-means for carrying at least two de-
rived alternating-current relaying-quantities, at
least one of said quantities being responsive to a
line-current, at least another one of said quan-
tities keing responsive to a line-voltage, said com-
posite energizing-circuit means also including
separate rectifying-means for separately rectify-
ing said gquantities, and means for deriving, from
each of the rectified quantities, an alternating-
current component or components including sub-
stantially none of the direct-current component,
said composite energizing-circuit means and its
associated magnetizing-means including, in their
combined structures, means for causing the re-
sultant flux to be responsive to a vectorial com-
bination of the derived alternating-current com-
ponents of the rectified quantities.

16. The invention as defined in claim 15, char-
acterized by each of said separate rectifying-
means being a full-wave rectifying-means.

17. A distance-responsive differential alternat-
ing-current relay having a magnetizing-means
for producing an operating flux, a flux-responsive
foree-producing means for producing an operat-
ing force responsive to the operating flux, a mag-
netizing-means for producing a restraining flux,
and a flux-responsive force-producing means for
proeducing a restraining force responsive to the
restraining flux, in combination with a line-en-
ergized energizing-circuit means for energizing
the magnetizing-means for producing said op-
erating flux being exclusively responsive to a line-
derived current, and a composite line-energized
energizing~cireuit means for energizing the mag-
netizing-means for producing said restraining
flux including at least two line-energized circuit-
means for carrying a plurality of diverse current-
responsive alternating-current quantities and
line-energized circuit-means for carrying a plu-
rality of diverse voltage-responsive alternating-

22"

currént.. quantities; said: composite.. energizing=

circuit :means. also. including -separate. full-wave::

rectifying-means for . separately rectifying one of:

said current-responsive quantities and one-of said

[+

rectifying-means:for separately rectifying one or

more:of :said: current-responsive. quantities. and :
one.or more:of said:voltage-responsive quantities,
and meansfor:dérivings from-each-of the rectified:
guantities, an alternating-current component .or-

10

- yvoltage-responsive: quantities,:separate half-wave -

components .including:substantially none of the.

direct-gurrent component, said composite ener~

gizing=circuit means.-and.its associated magnetiz= -

ing-meang including, in their combined struc-
tures, means for causing the resultant flux to be
responsive to a vectorial combination of the de-
rived alternating-current components of the rec-
tified quantities.

18. A distance-responsive differential alternat-
ing-current relay having a magnetizing-means
for producing an operating flux, a flux-responsive
force-producing means for producing an operat-
ing forece responsive to the operating flux, a mag-
netizing-means for producing a restraining flux,
and a flux-responsive force-producing means for
producing a restraining force responsive to the
restraining filux, in combination with a line-
energized energizing~circuit means for energizing
the magnetizing-means for producing said op-
erating flux being exclusively responsive to a
line~-derived current, and a composite line-ener-
gized energizing-cireuit means for energizing the
magnetizing-means for producing said restrain-
ing flux including at least two line-energized
circuit-means for carrying at least two derived
alternating-current relaying-guantities, at least
one of said quantities being responsive to a line-~
current, at least another one of said quantities
being responsive to a line-voltage, said composite
energizing-circuit means also including separate
rectifying-means for separately rectifying said
quantities, and means for substantially remov-
ing the direct-current component of the wave-
form from each of the rectified guantities, said
composite energizing-circuit means and its asso-
ciated magnetizing-means including, in their
combined structures, means for causing the re-
sultant fiux to be responsive to a vectorial com-
bination of the remainders of the several rectified
quantities.

19. The invention as defined in claim 18, char-
acterized by each of said separate rectifying-
means being a full-wave rectifying-means.

20. A distance-responsive differential alternat-
55 ing-current relay having a magnetizing means

for producing an operating flug, a flux-respon~

sive foree-producing means for producing an op-

erating force responsive to the operating flux, a

magnetizing-means for producing a restraining
60 flux, and a flux-responsive force-producing means

for producing a restraining force responsive to
the restraining flux, in combination with a line-
energized energizing-circuit means for energiz-
ing the magnetizing-means for producing said
65 operating flux being exclusively responsive to a
line~derived current, and a composite line-ener-
gized energizing-circuit means for energizing the
magnetizing-means for producing said restrain-
ing flux including at least two line-energized cir-
70 cuit-means for carrying a plurality of diverse
current-responsive alternating-current quanti-
ties and line-energized circuit-means for carry-
ing a plurality of diverse voltage-responsive al-
ternating-current quantities, said composite en-
76 ergizing-circuit means also including separate
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full-wave rectifying-means for separately rectify-
ing one of said current-responsive quantities and
one of said voltage-responsive quantities, sepa-
rate half-wave rectifying-means for separately
rectifying one or more of said current-responsive
quantities and one or more of said voltage-re-
sponsive guantities, and means for substantially
removing the direct-current component of the
wave-form from each of the rectified quantities,
said composite energizing-circuit means and its
associated magnetizing-means including, in their
combined structures, means for causing the re-
sultant flux to be responsive to a vectorial com-

24
bination of the remainders of the several rectified
quantities.
SHIRLEY L. GOLDSBOROUGH.
REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

10 Number Name Date
2,393,983 Goldsborough _______ Feb, b5, 1946
2,404,955 Goldsbhorough ______ July 30, 1946



