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Patented Jan. 17, 1950 

UNITED STATES P. 
2,495,166; 

DISTANCE-TYPERELA 

2,495,166 

TENT of FICE 
WITH:LIMITED 

DIRECTIONAE, DISCRIMINATION, 
Shirley L. Goldsborough, Basking Ridge, N.J.,as 

signor to Westinghouse. Electric. Corporation, 
East Pittsburgh, Pa., a corporation of Pennsyl 
vania. 

Application December 29, 1945, Serial No. 638,355 
1. 20 Claims. 

My present invention relates to distance-type 
relays for protecting alternating-current trans 
mission-lines against faults. 
An object of my invention is to produce a dis 

tance-relay with a limited directional discrimina 
tion, having a long "reach,' in both directions, 
along the fault-ohms line or axis, and having a 
short “reach' for currents 90° out of phase with 
the fault-currents, or along the directional axis. 
More generally stated, it is an object of my 105. 

invention to provide a relay having a response 
curve which is elongated along the faulti-axis,- 
and constricted along the directional axis, in the 
region of the Origin. 
In many relay-applications, as in carrier-cur- 15 

rent high-speed relaying, it is very desirable to 
have a third-zone distance-element whichi can. 
'see' faults in either direction along the fault 
axis, but having a limited response to load-ohms 
and to synchronizing-ohms. 
impedance-relay (Z3) as has been common prior 
to my present invention, the center of the in-- 

In the third-zone. 20. 

pedance-circle has been displaced from the origin, 
with the result that it has been necessary to uti 
lize a separate Z3 element to “look' in the rea 
verse direction to start carrier. By my present 
invention, I provide, an impedance-element in 
which, when the impedance-circle center is dis 
placed from the origin, it is displaced in exactly 
opposite:directions at the same-time: 

Even aside from carrier-current relay-appli. 
cations in which the lack of the ability of a third 
zone impedance-element to 'see' in both direc 
tions is a disadvantage, a displaced-center. relay 
in which the circle-center displacementis-greater 35 and 
than the circle-radius has a further disadvantage 
by reason of the fact that the circle does not in 
clude the origin of the coordinate axes of line-, 
resistance R, and line-reactance X, So that the 
relay will not respond to close-in faults, of low 
ohms. A modification of my invention makes it 
possible to give the response-curve of the relay. 
a bulge or protuberance which encircles the 
Origin. - . . . . . . . 
A still further refinement of my improved relay. 

in such direction as to enable:it: the better to reas. 
spond to faults, having a considerable fault-re 
sistance. . . . . . - - - 

(C. 175-294) 
2 

provide a distance-type relay utilizing rectified 
current and voltage-responsive quantities" to pro 
dittee one or both of the relay-fluxes; 

In the accompanying: drawing, Figures. 1. and 2: 
: ... are: Curve diagrams: showing Some of the possi 
bilities of my: relay-adjustments, and, Figs, 3, 4: 
and :53are diagrammatic views of circuits and ap 
paratus: embodying my invention: in three dif: 
ferent forms of embodiment. 

I shall first explain the: mathematical printer, 
ciples of the invention, and then the specific illus 
trative forms of embodiment, thereof. 

Letius assume three derived current-responsive 
alternating voltages having instantaneous values, 

i=mav2 Isin (wt-0+ M) (1) 
is may2. Isin (wt-0--M.) (2) 

and 

is=mav2 Isin (wl-O--M.) (3) 
where I is the R. M. S. value of the line-current, 
and 0 is the power-factor angle-of-the-line, count 
ing 0 positive for lagging power-factors, and 

25 counting M1, M2...and M3 positive when they make 
their derived voltages; ii. i2. and is lead the line. 
current, V2. I. sin (0t-6); m1, m2, m3, I. and up, 
being Scalar quantities...greater than Zero. . . ; 

Now, let us; assume, three derived voltage-re-. 
30 Sponsive - alternating voltages... having instan. 

taneous values, 
v=-niv2 Esin (wt--N1) (4) 
v=-nav2 Esin (wt-i-N.) (5) 

va=-nav2 Esin (wt--N.) (6) 
where E is the R. M. S. value of the line-voltage, 
Counting N1, N2 and N3 positive when they make 

* 40: their derived voltages v1, v2 and v3 lead the line 
voltage -V2 E sin wit; m1, m2, m3 and E being 
Scalar quantities greater than zero. 
Now let us assume that each of the voltages 1 

and v1 is perfectly rectified by a separate double 
45. wave rectifier; that each of the voltages i2, is, via 

makes it possible, to distort: the response-curve. and v3 issperfectly rectified by a separate single 
wave rectifier; that the direct-current compo 
nent of each of the six rectified voltages is elimi 
nated; and that...the un-Smoothed-out alternat 

A generally stated object of my invention is to 'ing-current components of the six rectified volt 
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ages are added, to produce a restraint-voltage or 
for a differential relay. The harmonic analyses 
given in Jolley's Alternating Current Rectifica 
tion, New York, Wiley, 1926, pages 32-33, show 
that the instantaneous value of the restraint 
voltage is 

-- 4niv2 Ecos 2(wl-Ni). Cos 4 tet Ni). e O 
ra- 7 X3 3X5 

4m iv.21 cos 2(wt-8-FM) . . 1X3 -- ... -- 

- inv2 E sin (wl+N) 42ny is 

4. 
its 2 i. "cos (yl-4-Y) al-O (9) 
ta2ar 

5 "sin (t+Y) d=0 (10) 
cos 2k(wt--N) +32A3+ . . . + 

cos 2k(wt-9-M) silicity + . . + 
cos 2k(wt--N.) 3.25 

-nv2 Esin (wl-N)+2nyx 325;} sh 

+my? I sin (wl-O-FM)-2'-'X' (ii) 
where k is the kth term of an infinite Series of 
terms which are added. 
When this restraint-voltage vir is applied to 

the restraint-coil of the differential relay, let us 
assume that the restraint-coil flux hr leads the 
impressed voltage ur by an angle T, and has a 
magnitude which is h times the magnitude of the 
impressed voltage Ur; h being a Scalar quantity 
greater than Zero, and the value of the angle T 
making no difference in the operation of the re 
lay. The instantaneous value of the restraint 
coil flux or field-strength is 

(7) 

Remembering also that 

cos (yt--Y) - + cos (gt--Y) 

sin (t+Y)-+sin (t+Y) 
30 COSC COS y- cos (a-y) +. cos (a--y) 

sin a sin y- cos (a-y) - cos (a-y) 

35 sin a cos y- sin (-)-- sin (ac--y) (11) 

h = 44 y?xt E cos 2k(wit --N-T) - I cos 2k(ut-9--M.-- T+ (2k-1) (2k-1) 

(2-1)(2k-1) 
42y2(x-E cos 2k(urt -- N --T) - m2 cos2k(wt-6--M.--T) -- 

42ys. E cos 2k(vet -- Nat T) - m3 cos 2k(upt-6- M+T). (2k-1)(2k-1) 

+hy21- rv3 Esin (wt --N-T) + m3 I sin (wt-0--M.--T)) 

: The square of this instantaneous restraint 
flux hr is a measure of the restraint-force. As 
we are interested only in the average value H2 
of the instantaneous restraint-force hr, our cal 
culations are much simplified, because we can 
drop all terms containing cos (yt--Y) or , sin 
(at--Y), because 

162 

+2. (n2E2-- m?I?) > (AP-1)}l 2m in EIDX cos 2k(6-S2) 
-- s{(nE--ms?I2) Yak-1)] -2man EI X 

(8) 

and putting 
Siss M-N. 
Sre M-N. 
S. et M-N. (12) 

We find, from Equation 8, that the average value 
of the restraint-force is 

+ 
+ cos 2k(0-S) 

(4k?-1)? 
+E (néE+m, 1)-2myn,BI cos (0-S)-- 
+ r(nE--m; 1)-2mn,EI cos (0-S.)+ 

cos 2k(n-N.) 

cos 2k(0-M-N.) cos 2k(0-M-N.) (4k?-1)2 +min, Elx. it is 

cos 2k(M-M) Stre+ 
62 + hn,EX 
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- man.EX2952 N+man.EXEN+ 
+ n,n E: cos. (N-N) mm32 cos:(Ma-M))-- 

- inn, EI cos (0-M+N)+man EI cos (0-M+N)}+. 
+Enn, E: sin(Ni-N.)+mm, Isin (Mi-M,)]+. - 
+Eman, EI sin (Ma-N-0)--min EI sin (0-M+N)+ 
+Einn. E! sin (Ni-N)+mini sin (M-M)+ 

2 - 

+Etman, EI sin (M-N-9)+min,BI sin (0-M+N) (13) 
In Equation 13, 

l l l l ... -?i-Y- s > (AE-Dil-italist1225-3969. V16 )=0.1168503 (14) 
E=1.62114 (15) 

f cos 2ka cos 2a cos 4a Leos 6a icos 82. XEE-f (a)=te 6"--i-tiis; +sigoth 
cos 10c, cos 12a, cos 14ac, cos 16a 

+680+2044+380.5 + 62500+. 
cos 18ac 

+ió135+ ' ' ' (16) 
The values of f(ac) and f(ac), for different. Now.let us assume that the differential relay 

values of the angle a, are shown in the table. 40 has an Operating-coil flux or field-strength. hav 
Table ing an instantaneous value 

ho=gv2. Isin (wt-6+U) (18) 
{ f(a) f(a)) and having an average-square-value or operat 

--arm-wn -------a ----- 45 ing force (again divided by the constant, h9) of 
Degrees Degrees Degrees Degrees -: 

O 180 180 360 --. 11685 --.01365 H2 . (2I2 
5 175 S5 355 --. 1147 --. 01316 : . . 99. (19) 
O 170 90 350 --.1084 --. OlliS h2. Tha 
15 65 195 345 --,0982 -- 00964 
3. g 3. : i:85: is: Where g is a Scalar quantity greater than zero, 
3. 5. 3: 3. E. is: : 50. is any angle, which makes no difference 
is, S, 3, , Egg E.g. "Peo 45 i35 - 525 35 - 6042. +600018. The relay will operate when the restraining 
50 130 230 310 -1.0229 .00052 force is: less than the operating force, or when 
; 3 || 3 || 3: -89, i.885 - 65 115 245 295 is Sis 55 H2<Ho2 (20) 
70 O 250 290 - 084.25. --00710, 
75 105 255 285 wr. 094. --,008855 To determine the relay-operation in terms of 

S. , S: , S: , E. 8: the line-impedance Z, it is necessary to note that 
90 90 270 270 -. 1073 --. 01151 the numerical value of the line-impedance is 

ReWriting Equation 13, we find the average - z- (21) 
restraint-force (divided by the constant, h9). to be 

= +E-0.18943n+0.29736(n+n)+0.5nana cos (N-Ns)]+. 
+0.81057E2(2ning f(Ni-N.)+2nnaf (Ni-N)+nanaf (Na-Ns)]+. 
+0.42441E (nin, sin (N1-N)--ning sin (N-Ns)]+. 
--I2(0.18943m?--0.29736(ma--ms)--0.5mmacos (MMs)-- 
+0.8105712mm, f(Mi-M) --2mmsf(M1-Ms)+mmaf (M,-Ms)]+. 
+0.424411-mm sin (Mi-M)+ mima sin (Mi-M)]+. 
-0.81057 EI(4minif(0-S)+ m,nf(0-S.) -- mansf(0-S)]+. 
-0.5EIman cos. (6-S) + m3m3 cos-(6-S)--. 
-0.81057EI (2mingf(0-Mi-1-N) --2monlf (0-M.--N1)--2mnsf(0-M-N.))-- 
-0.81057EI (2man, f(0-Math N)+m2nsf(0-M.--Ns) + manaf (0-MN)]+. 
-0.424.41 EImani sin (0-M.--N) --man-sin. (6-Ms--N)--. 
+0.424.41 EI(ming sin (0-Mi+N)--mina sin (0-Mi-N.) (17) 
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This is a scalar quantity, and it is always pos 
itive, because E and I are both scalar quantities, 
both always positive. Z represents a length 
which is to be measured, from the pole or origin, 
on the radius vector which thus becomes a line 
representing an impedance-angle or power-fac 
tor angle. The radius vector or impedance-line 
is at an angle 0 from the polar axis or the line 
representing line-resistance R. 

Substituting from Equations 17, 19 and 21 in 10 
the inequality (20), rearranging the terms, and 

3 it minife-s)+W. Zs 

16 m. 2. 256 -sty(0-s)+EV(i. 

3. 
understanding that I am not limited, of course, 
to the particular settings chosen for illustration, 
The simplest case is when I utilize only the two 

derived voltages ii. and U1, which are double-wave 
rectified. 
In this case, 

m2=723=72=3-0 (32) 
Substituting from Equations 27, 28 and 32 in 
Equations 24, 25 and 26, we find, from Equation 
23, that the balance-point of the relay is at any 
line-impedance which satisfies the equation 

24 32 8 *m'n'tf(-S)-(4-3).--(1-)mn. 
6 

(2- n 

2 -8.558, co-s)+EW i3,24Lice-S)P-1+E 
=8,558 (0-S.) +8.55s,17(6-8)-0.01865 +0.07208g/html? (33) 

dividing through by IP, we find that the relay 
will respond When 

a 22--b2-cCO (22) 
whence 

2< =b+y=4ae (23) 
where 

the values of f(ac) and f(ac))2 being shown in 
25 the table, for different values of the angle ac, and 

only positive values of Z being valid solutions of 
the equation. 

Fig. 1 shows four curves, 11, 12, 13 and 14, 
showing the various values of the line-impedance 

30 Z, corresponding to the balance-points of the re 
as -- 0.18943n--0.29736(n-na) --0.5mn cos (N-N) -- 

-- 0.810572nnf(N- N) --2nnf(N-N.) --nnf(N-N)-- 
--0.42441 n1n sin (N-N) -- nins sin (N-N.) (24) 

b= -0.810574 minif(6-S) -- mnf(0-S.) -- mynsf(0-S)-- 
-0.5mm cos (0-S.) --msms cos (6-rS)- 
-1.62114minf(0-M.--N.) -- manif(0-M.--N)-- 
-1.62114mingf(0-M.--Ns) -- manif(0-Ms--N))-- 
-0.81057(manaf(0-M.--Ns) + manaf(0-M+N)]+ 
-0.42441mani sin (8-M.--N) -- man sin (0-M.--N))-- 
--0.42441min: sin (0M--N) -- mins sin (8-M-N.) (25) 

c = -2+0.18943n+0.29736(m+m)+0.5mm, cos (M.-M)+ 
--0.80572mm f(M-M) --2mmsf(M- M) -- mmsf(M-M)-- 
--0.42441m.1m. sin (M-M) -- mims sin (M-Ms) (26) 

-16 1 16/ al Y-8 50 lay, at four settings of the relay-constants of 0.18943= > tag-D-E-G g)=1 7) Equation 33, as follows: 

0.81057-5 (28) For curve 11, 
---(1-2Y-l-2 55 S= (M-N) = 75° and 5.279.2/h?m= 0.2 (34 0.29736 +( 2W 2 2 (29) 1- (M-N.) g/h?m (34) 

0.42441- (80) For curve 12, 
162114- a si-(M-N.)=75° and 5.279/h?m=1 (35) 

f (ac) is as defined in Equation 16, and Z must 
always be positive. Only positive values of Z. 
are valid solutions of the inequality (23). 
At the balance-point of the relay, the inequal 

ity-sign, <, in Equation 23 becomes an equality- For curve 14, 
sign, =. The locus of the line-impedance Z, at . 
various power-factor angles 0, is usually plotted 
on rectangular coordinates representing the line 
resistance R, and the lagging-power-factor line 
reactance X, yielding a separate response-curve 

For curve 13, 

S= (M-N) = 75° and 5.279g/h?m=1.5 (36) 

S = (M-N) = 75° and 5.279g/h?m=4 (37) 

The scale of ohms or distance has not been in 
70 dicated in Fig. i, because that Scale may be made for each relay-Setting. 

The performance of the relay represented by 
the Equation 23, and the effects of some of the 
variables in the relay-adjustment, will best be 
illustrated by several concrete examples, with the 

anything desired, by the proper choice of the 
value of m1/121. 

Equation 33 expresses the line-impedances Z, 
at the balance-points of the relay, in polar co 
ordinates, in terms of the angle ac=(0-S1), using 
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the fault impedance line of as the polar axis. 
This line represents a lagging power-factor angle 
as Sis(M1-N), which has been chosen as 75 
because that is a typical or illustrative value of the fault-impedarice angle of a transmission line. 
The polar axis oF in Fig. 1 can be given any in 
cliriation by, properly choosing the phase-shift 
angles Mi and N1 which are defined in Equations 
and 4. . . m - ... ' 

Since S1 is a fixed angle, fixed by the selection 
of the relay-constants M1 and N1 Equation 33 
also expresses the balance-point line-impedances 
Z, in polar coordinates, in terms of the lagging 
power-factor angle 8 of the - e-current, using 
the pure-resistance impedance-line R as the 
polar axis. By thus plotting the characteristic 
response-curve in polar coordinates, and then 
adding a line representing the lagging-power 
factor:line-reactance X, we have a representation 
of the relay-characteristics in 
dinates (RX) as shown in Fig.1. - 
The “reach' of the relay, or the 'distance to 

which it responds, is shown by the intercept of 
the response-curve on the fault-axis FOF". It 
is found by putting (0-S1) =0 or 180° in Equa 
tion 33. It is 

-z-m (1-1/R 97aaihan: -2(14-2908-9 Y 2-(14,527 m)-(+22s2) (as 
When 5279g?/h?mi2<1, or 

3-0.4352 

The response-curve of the relay it 
two separate loops, or ellipse-like-figures, bise 
by the line-fault axis FOF, as shown in cirve 
f of Fig. 1. The ratio of the two fault-axis intercepts is 

2. 12.298g/ him. 
Z, 1-2.298g/hm, 

when 5.279g/h?mi?si, or 
(40) 

the response-curve of the relay has an hour 
'glass shape, with its length along the line-fault 
axis FOF", and its waist along the directional 

D which passes through the origin at 
r is wo typical response 

Iown at 3 and 4 in Fig.1. The “reach of r the inter 
cept of its characte e fault-axis 
FOF", is Z, as indicated in Equa intercept on the DOD is fount 

: by putting (0-S1 in Equation 33. 
- It is 

zase (-0.9183+w-0.1568 45279,712m) 
sapproximately 0.924-23;mi 0.03'g') 

(41), 

in rectangular coor 

O 
The ratio of these two intercepts is 

1-0.435hmi/g 
(42) 

It will be observed that the ratio g/hm1, in Equation 33, affects the shape of the response 
curve, or the ratio of its intercepts Zo/Zf or Zd/Zr, 
as the case may be. The “reach' Zf of the relay, 
or the distance to which it responds, measured 

2-approximatel Z-app y 

in impedance-ohms, as shown in Equation 38, is 
directly responsive to the ratio of the relay-con 
stants m1 and n1, which are defined in Equations 
1 and 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, or ratio of coil-turns to mag 
netic reluctance, of the operating and restrain 
ing coils respectively, as defined in Equations 18 
and 8. It is thus clear that the shape of the 
curve can be controlled by varying the current 
response coefficient m1, the operating-coil coeffl 
cient g, or the restraint-coil coefficient h; and 
after 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 coefficient n1, if it is desired to 

30 

retain the selected shape undisturbed; or the 
size-scale or distance-calibration could alterna 
tively be controlled by varying the current re 
sponse coefficient m1, if a simultaneous change 
in the intercept Zo or Zd is unobjectionable. 
Examination of the harmonic analysis of the 

"full-wave-rectified restraint-voltage ar, as given 
35 in Equation 7, and the resulting derivations, will 

show that the second harmonic term, containing 
the factor cos 2(u)t--N1), is the largest harmonic, 
and that this harmonic could be 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 

of 45 they have on the relay-characteristics. The relay-characteristics can be changed by 
superimposing, on the full-wave-rectified com 
iponent, one or more half-wave-rectified com 

50 

55 

ponents of either the line-current, or the line 
voltage, or both. Four illustrative cases will be 
given, and plotted in Fig. 2, with the understand 
ing that these particular cases are only illustra 
tive, as the inequality (23) is perfectly general, 
and applicable to all possible values of all of the 
constants (or variable factors of the relay), with 
in the limitations which were indicated when the 
inequality (23) was first written. 

In general, the effect of adding a half-wave 
rectified component, by assigning finite values to 
m2, m2, m3 and/or m3, is to make the response 
curve of the relay unsymmetrical with respect to 
the directional axis E-D'. If m2 and n2 are 
-equal to each other, and if the angle S2 is equal 

(55 
to S1, (or to S1--180°), the effect of adding the 
m2 and n2 components to the curves shown in 

- Fig. 1 is to make the portion of the curve above 
(or below) the line-De-D' larger, and the other 
portion smaller, without destroying the symmetry 

70 
with respect to the fault-line axis FOF. If mi3 
and n2 are equal to each other, and if the angle 
S3 is equal to S1-plus a small angle, the effect is 
to move the fault-axis bodily to the right, while 
slightly decreasing its inclination to the X-axis, 
and at the same time increasing the "reach' of 
the relay for internal faults. 
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If 

m3 = n = 0, and M = M1, and N- N1 
(43) 

then 

n 222 a=n (18943+29736+18943, (44) 
-b 22 of 292 Yf a = 81057 4+E+2+2)f(0 S.) -- 

22272 0.5 cos (0-S) (45) 
2 2 

c=-|-- mi(18943 +29736.-- 18943) 
(46) 

KZ= B--VB, K, (47) 
K= .37886( -- nafni ( -- .59472n/m2 7. 

31057(4t maint-2nlin-2')', 
B=f(0-S.) -- 

71222 

1.62114(4mini-mn--2mon--2min) ' e 
K= a function of g/h?m (50) 

The internal-fault intercept, on the fault-axis 
OF, is found by putting (0-S1) =0. It is 

where 

2222 
B, 0.11685 + 1.62114(4n+n+2n+2nn.) 

(52) 
The internal-fault intercept, on the fault-axis 

OF, is found by putting (0-S1) =180°. It is 

KZ,' = B.--WB-FK, (53) 
where 

-- - - - 

B=0.11685 1621144mini-mat-2n+2m, 
The differential-axis intercept, on the axis 

DOD', is found by putting (0-S1) =90° or 270. 
It is 

KZ= -.1073+ W.01.151-I-K, (55) 
The value of K2, and hence g/hmi, deter 

mines the magnitude of the differential-axis in 
tercept Zd, 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, Zf and Z'f, 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 m2m2, which 
determines the magnitude of the quantity which 
is added to 0.11685 to make B2, for the into-the 
line-looking intercept Zf, this same quantity being 
Subtracted from 0.11685 to make B3, which enters 
into the expression for the out-of-the-protected 
line-section-looking intercept Z'f. 
Two illustrative curves, 5 and 6, are plotted, 

in Fig. 2, for the values of Z shown in Equation 
47, that is, for a relay in which the restraint 
winding current is made up of a full-wave-recti 
fied current-responsive component mill, a full 
Wave-rectified voltage-responsive component n.1E, 
a half-wave-rectified current-responsive com 
ponent m2I, and a half-wave-rectified voltage-re 
Sponsive component n2E, under the special condi 
tions expressed in Equations 43. . 
Curve 5, in Fig. 2 is chosen to illustrate a case 

5 

As) 20 

25 

30 

40 

5 

50 

() 

O 
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12 
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 
axis OF, corresponding to a long length of the 
protected 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=0.5m2 (56) 
Curve 6, 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, so as to be sensitively and Se 
lectively responding to currents having a power 
factor approximating the impedance-angle, S1, 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 6 in Fig. 
2, are obtained by assigning a Small value to B3, 
and solving Equation 54 for the value of m2/m.1, 
which was assumed to be equal to n2/m.1, for pur 
pOSes of Symmetry and ease of calculation. This . 
determines the value of the coefficient of cos 
(6-S1) 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 K2 may then 
be tried, to determine the relative magnitudes of 
the three critical intercepts Zr, Z'? and Zd, to de 
termine the relay-constants which will produce 
the desired relay-characteristics. In curve 6, the 
constants are - 

2222 
in 71 (57) 

in addition to the conditions indicated in Equa 
tions 43. 
Curves 7 and 8, in Fig. 2, have been drawn 

to illustrate the manner in which a still further, 
very much wanted, distortion, or departure from 
a true circle, is obtained in the relay-character 
istics. Here, the half-wave-rectified current- and 
voltage-responsive components, m3I and n3E, have 
been utilized, with an angle, S3=M3-N3=S1-10, 
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 f7, this shifting-effect 
is made more pronounced than in curve 8, by 
assigning larger values to m3/m.1 and m3/n1. In 
both curves, the magnitudes of the m2 and n.2 
components have been adjusted to make the ex 
ternal-fault intercept Z'f have any desired value 
relative to the internal-fault intercept Zf, Thus, 
in curve f7, the ma and n2 components are utilized 
to make Z'f larger, which is done by reversing 
either the current-component m2 or the voltage 
component n2, so as to be opposite to the effects 
in curves 5 and 6. Then a value of 

=1.5, and K=.01 
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was chosen, so as to make (for:example) the current component of the rectified wave-form, 
Z't intercept equal to the Zi intercept. ...En curve from the resistor. 28. The voltages it and is, 
8, however, the m2 and n2 components are ulti- ... which appear across the resistors 25 and 26, re 

lized to make Z'if smaller, so as to provide a relay spectively, are separately rectified by half-wave 
characteristic having a small bulge or protuber- 5 rectifiers which are symbolically indicated at 32 
ance encircling the origin O. and 33, respectively, and the rectified outputs of 
Curve 7 is plotted for the following constants: these half-wave rectifiers are supplied to resistors 

X'a'r 's 'w : '..sa'ma 'w.a. ' 342nd 35, through blocking-means 3 and 37, re 
E=E. =0.564, M=M+180°, N=N (58) spectively, for removing the respective direct-cur 

:t 10 rent components. 

'8==0.5, Ms=Mir-10°, N=N, (59) The three derived voltage-responsive alternat 
21 21 ing-current voltages v1, v2 and v3 are applied to 

:as 0.7276n2 (60) the resistors oriimpedances 41,42 and 43, thirotigh 

i. 62679f (9-S) 4-12418 f(9-S-10) -0.02 18-sin (0-Si-4-5°)-4- 
7ttitt 

-- 0:037 cos:(0-S. 4-5?)-0.034 cos (0-S)-0.4787 sin (6-S) (6) 
2 

": =---0-4758m. (62) 

o:22ssiz-B4-B7-0.0723+0.152037.htm (63) sitt 

B= f(0-Si)+0.1950lf (0-Sri-10°) -0.00342 sin (0-S-1-5°)-4- 
0.00581 cos(9-S-5°)---000535 cos (0-S) -0.07518 sin (0-S) (64) 

Curve 8 is plotted for the following constanits: adjustable line-energized potential-transformers 
. -a-2 n1, m2 and na, and adjustable phase-shifters Ni, 

(=E=1, Mae M, N, a Ni (65) N2 and N3, respectively, as shown in Fig. 3, the 
full-wave and half-wave rectifiers 27, 32', and 

m3. 3.0.2, M.-M-109, N.-N, (66) ) the blocking-capacitors 2936', 3, and the in '71 rectifier-output resistors 28, 34 and 35, corre 
a=0.84.495n (67) sponding to the similarly numbered equipment 

t =7.7815f (9-S,) 4-0.5188f(0-S-10°)-0.00349 sin(0-S-I-5)-- 
-Hititt 

--0.0148 cos (0-S.--5°)+0.52'cos (6-Si) (68) 

c=-E+0.87745m. (69) 
r0.217 1z= B - WB -0.6441.0.7340 fini, (70) 
B= f(g-S)--.06667 f(0-Si-4-10)--00045 sin (0-Si--5)-- 

--0019 cos (0-S.--5°)+.0668 cos (0-Si) (71) 
All of the foregoing curves are intended to be a 45 - which has already been described for the cur 

merely illustrative or typical of some of the nany rent-responsive voltages. 
types of response-curves which are obtainable The protective itelay is illustrated, in Fig. 3, as 

... with the general inequality (23). Any positive a differential relay 45, which is shown as con 
values may be assigned to any of the constants in prising a balanced beam 46, carrying make-con 
this inequality (23), and all positive values of Z 50 tacts 47 and an operating-coil mechanism 48 on 
areValid. W. its front end, and having a restraint-coil mecha 
One of many combinations of apparatus nism 49 on-its back end. The operating and re 

for accomplishing the functions hereinabove straining coils 48 and 49 have tap-changing 
discussed, is shown in Fig. 3. "The protected means g and h, respectively, which is intended to 
alternating-current line-section is indicated at 55 be symbolically representative of any flux 
2. 'The line-current, for relaying purposes, is strength adjusting-means. The operating-coil 
derived by a line-current transformer 22. The 8 is energized from the line-current transformer 
current-response coefficients are introduced by 22 through a circuit 51 which serially includes the 
three adjustable line-current-energized auxiliary primary windings of the auxiliary current-trans 
transformers m1, m2 and m3, and the phase-angle 60 formers in1, m2, m3. The restraint-coil. 49 is en 
is shifted by any desired amount by adjustable ergized from the vectorial sum of the voltages ap 
phase-shifters M1, M2 and M3, respectively. The pearing across the several output-resistors 28, 
three derived current-responsive alternating-cur- 34, 35,35, 34 and 28, through an energizing-cir 
rent voltages i1, i2 and is are derived bypassing cuit 52 which serially includes said output-re 
the derived currents through resistors, or other 65-sistors. 
impedances 24, 25 and 26, respectively, which "The relay 45 of Fig. 3 has: an-operating-char 

I may, or may not, be adjustable. The voltage is acteristic, as expressed in inequality (23), some 
which appears across the resistor 24 is rectified by of the important features of which are shown in 
*any suitable full-wave rectifier-means, such as a the eight curves of Figs. 1 and 2, which have 
irectifier-bridge 27, which may comprise tube- 70 already been discussed. It may be noted, ingen 
rectifiers, contact rectifiers, mechanical rectifiers, eral, that the effect of separately rectifying both 
for any other rectifying-means. The output of the current-responsive-component and the volt 
the full-wave rectifier 27 is supplied to a rectifier. age-responsive component on the back end of the 
soutput resistor 28, through a large capacitor 29, or relay (or on the front-end, in relays which have 
other means for blocking or excluding the direct its both current 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- . 
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 m1 and n1 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, 
it is possible to change tine 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, m2 and 122, or m3 and m3, or both. 
Thus, in Equation 7, it is seen that the half 
wave-rectified components, having the coeffl 
cients m2, m2, m3 and 13, have terms including 
the sine of a time-function of the type (ut--Y), 
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) song FY) 
Since an alternating current having a magni 

tude mil and a phase-displacement (-9-1-M1) 
with respect to another wave, has an in-phase 
component, mill coS (-0--M1), and a quadra 
ture-phase component, imil sin (-0-1-M1), the 
phase-angle (-0--M1) and the magnitude-co 
efficient m1 may be, in effect, adjusted indirectly, 
by Separately controlling or adjusting the in 
phase coefficient ml cos (-0--M1) and the out 
of-phase coefficient m1 sin (-0-1-M1). Also, 
Since the two half-Wave-rectified components 
m2 and m3, or 722 and m3, are treated in the same 
way by the half-wave rectifiers, the two alter 
nating currents having the coefficients m2 and 
m3 could be combined before rectification, and 
then rectified with a single half-wave rectifier, 
and the same applies to the voltages having the 
coefficientS 73 and 123. . . 

These principles are illustrated in the alterna 
tive form of construction shown in Fig. 4, where 
in the six alternating-current components 
m1 Iz (-0--M1), m2IZ (-0--Ma), m3/ (-0--M3), 
nEZN1, 122EZN2 and m3EZN3, as previously de 
scribed and illustrated in Fig. 3, have been 75 
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condensed into four, namely (RI--iXI), 
(R2I--iX2I), (R3E--iX3E) and (R4E--iX4E), 
Where 

R1sm.1 coS (-0--M1) (72) 
R2=m2 cos (-0--M2) --m3 coS (-6--M3) (73) 

R3=121 coS N1 (74) 
R4=122 coS N2-123 coS N3 (75) 
X=1mi Sin (-0--M1) (76) 

X2=m2 sin (-6M2) --m3 sin (-0--M3) (77) 
X3=121. Sin N1 (78) 

Xa=m2 sin. N2--13 sin N3 (79) 
Thus, in Fig. 4, the line-current transformer 

22 energizes four adjustable transformers 6, 
62, e3, 64, which in turn energize the resistance 
R!, the reactance X1, the resistance R2, and the 
reactance X2, respectively. The sum of the re 
sistance-drop R1 and the reactance-drop iXII 
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 R2 I-I-ix2I 
are utilized, in lieu of the drop across the re 
sistor 25 in Fig. 3, to produce the half-wave 
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 R3 and tapped reactance 
X3, and an adjustable potential-transformer 66 is 
utilized to energize the serially connected tapped 
resistance R4 and tapped reactance X4. The 
drops (R3E--iX3E) and (R4E--iX4E) energize 
the output-resistors. 28' and 34" in a 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, R1, X1, 
R2, X2, R3, X3, R4 and X4, 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-type relays with unrecti 

fied currents and voltages, it is known that the 
Same types of responses can be obtained by multi 
plying two quantities (AD--BI) and (CE--DI) in 
a torque-type or product-responsive relay, as by 
opposing DI with the square of (AE--BI) in a 
differential 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 
representing the rectified quantities AE and Bi, 
multiplied by the sum of the infinite Series rep 
resenting the rectified quantities CE and foi, is 
not different, in kind, from the square of either 
Sun. In either event, the result involves the 
function f(ac) which is shown in the table, and 
various functions such as sin ac and cos ac, very 
much in the manner shown in Equation 17, but 
With different coefficients and angles. In a 
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 
:tities is applicable also to product-type relays as 
Well as to differential relays. 

. Thus, in Fig. 5, I illustrate a wattmetric or 
product-type relay 7, having make-contacts 72, 
and two coils 73 and 74 for producing the fluxes 
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which are to be multiplied. In general, such a 
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 7S is energized in response to: 
a full-wave-rectified current-responsive, voltage, 
mi/ (-9--M1), and a full-wave-rectified volt 

Without the addition of one or more pairs of half 
Wave-rectified quantities. m2IA (-6--M2) 

same way, with the subscripts changed to 3 and 4, 
instead of 1 and 2, the different subscripts indir 
cating, in general, different magnitudes. 

described in Fig. 1, and no further description of 
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, 
74, 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, comprising a relay-means having at least 
two magnetizing-means for producing at least 
two separate relay-fiuxes, and having flux-re-- 
sponsive force-producing means for developing, 
from said fluxes, a response to predetermined in 
pedance values, 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 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 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 responsive to a line 
voltage, said composite energizing-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 causing the resultant flux-to be respon 
sive to a vectorial combination of the Voltages 
which are thus derived by the several trans 
formation-means. 

2. 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 force 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 flux, 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 at least two line-ener 
gized circuit-means for carrying at least two de 

and 
n2EZNa. The other coil 74 is energized in the 

The: 
apparatus illustrated in Fig. 5 utilizes amplitudes 
changers and phase-shifters, as already fully 

5 

13 
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 being responsive to a line-Voltage, Said Com 
posite energizing-circuit means also including 
separate transformation-means for deriving, 
from each of Said relaying-quantities, an alter 
nating. voltage which is substantially free of a . 
direct-current cornponent, and Which includes at 

() least a double-frequency. harmonic of the relay 
age-responsive voltage, nEZN1, either with of ing-quantity, said composite energizing-circuit 

means and its associated magnetizing-means in 
cluding, in their combined structures, means for 
causing the resultai, flux to be responsive to a 
vectorial combination of the voltages which are 
thus derived by the several transformation 

ea.S. 
3. A distance-responsive differential alternat 

ing-current relay having a magnetizing-means 
20 for producing an operating flux, a flux-responsive 

force-producing means for producing an operat 
ing force-responsive to the operating fiux, a mag 
netizing-means for producing a restraining flux, 
and a flux-responsive force-producing means for 

25, producing a restraining force 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 
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 ones of Said quantities being re 
sponsive to a line-voltage, Said composite ener 
gizing-circuit means also including separate 

4(), 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 harmonic 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 

.50; by the several transformation-means. 
'4. A distance-type product-responsive alter 

nating-current relay having magnetizing-means 
for-producing two-diverse cooperating alternating 
magnetic fluxes, and flux-responsive force-pro 

55, ducing means for so utilizing Said fluxes as to 
produces a torque in response to the product of 
said fluxes, multiplied by a function of the angle: 
between the two cooperating fluxes, in combina 
tion, with two diverse line-energized energizing 

60 circuit means for energizing the respective 
magnetizing-means, characterized by each of 
said line-energized energizing-circuit means 
including line-energized circuit-means for car 
rying at least two derived alternating-current 

. (5:relaying-quantities, 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-circuit means also including Separate 

- transformation-means for deriving, from each 
of its relaying-quantities, an alternating Volt 
age which is substantially free of a direct 
current component and which includes at least 
a double-frequency, harmonic of the relaying 

5 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, chair 
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, chair 
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 
east two line-energized circuit-means for carry 
ing at least tWO derived alternating-current re 
laying-quantities, at least one of said quantities 
being responsive to a line-current, at least an 
other 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 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-circuit means and its aSSociated magnet 
izing-means 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. 

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

ll. 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 
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20 
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 con 
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-l'esponsive 
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 also 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 quantities. 

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 

energized energizing-circuit means for energizing 75 plurality of diverse current-responsive alternat 
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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 cur 
rent-responsive quantities and one or morer of 
said voltage-responsive quantities, and means for 
substantially removing: the direct-current con 
ponent of the Wave-form from each of the rec 
tified quantities, 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 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 fiux 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 fux 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 being responsive to a line-voltage, Said Com 
posite energizing-circuit means also including 
separate rectifying-means for separately rectify 
ing said quantities, 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, chair 
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 
force-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 
producing a restraining force responsive to the 
restraining flux, in combination. With a line-en 
ergized energizing-circuit means for energizing 
the magnetizing-neans for producing Said op 
erating flux being exclusively responsive to a line 
derived current, and a composite line-energized 
energizing-circuit 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 
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current... 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 

- 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-current component,...said composite ener 
gizing-circuit means and its associated magnetize 
ing-means 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 force responsive to the operating flux, a mag 
netizing-means for producing a restraining flux, 
and a fiux-responsive force-producing means for 
producing a restraining force responsive to the 
restraining flux, in combination. With a line 
energized energizing-circuit means for energizing 
the magnetizing-means for producing Said Op 
erating fux 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 
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 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 quantities, said 
composite energizing-circuit means and its asso 
ciated magnetizing-means including, in their 
combined structures, means for causing the re 
Sultant flux 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 flux, a flux-respon 
sive force-producing means for producing an op 
erating force responsive to the operating flux, a 
magnetizing-means for producing a restraining 

60 flux, and a fuX-responsive force-producing means 
for producing a restraining force responsive to 
the restraining fux, 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-neans 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 

15 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 quantities, 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. 
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