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[5 pe imary interes utility concern 

is that of continuity of service. many different 

methods of such service from accidental interrup- 

of lines tion have been 

service supply 

devoting t: 

examination times research, to a 

timate production, wit 
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per day or cause too high a or 
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procedure of examining chann 

order to give the public a d 
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this reason the industry is 
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it will remain so for some © 
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The Tyr is no doubt in most common use today e of relay that 

is the overcurrent relay. This instrument contains a current and 

a potential element, and operates on the principle of the induec~- 

tion watt hour meter. It is selective only as re is amount of 

overload; that 

In order to provide a definite 

of becom] ng saturate. a 37 Ccesglive currents and consequen 

value of 

obviously almost universal 

been developed th 

w
 3 

sectionalizing of lines 

directional overcurrent relay has F
 

a combination oir tne been developed. The directional relay 

a wattmeter element. ICL 

Torque will be supplied by the le 

flow of current, but it actuates a : 3 

2
 

F
e
 

O
 

9,
 

2
 

ei
s 

current element, the relay as a unit 

t only when excessive 

direction. The instrument may therefore rate 

directionally with respect to the equipment it protects. 

provided for by 
IN oy hd 



damping m and torque compensator. 

Present~day complicated systems make difficult the accurate 

during line trouble, 

oment of the impedance, or so-called 

ay. The instrument consists of an overcurrent element 

age element. The operation of the voltage element is 

dependent upon the distance or leagth of line between relay and 

fault, and the action of this element is in opposition to that 

¥ x SEE 
of the current element. Hence, if a fault occurs at a 

vely great distance from the relay, a higher voltage will be 

impressed on the potential winding and its action will increase 

the time of contact closing. A short distance from the 

tage into play and hence less opposition 

- dal 

to the closing action provided by the current coil. The od
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then. will mean thet if there are severa 
bl 

relav-operated breakers in a certain 1ige, ‘and a fault occurs 
Fo 

’ 

the breakers nearest to on either side of it will open I 

of the two sections 1n service. up first and leave 

Ilo other relays will trip their breakers by the time the nearest 

ones have cleared the fault, or isolated it; provided, of course, 

have been that time settings on all these 

adSuneted for Hroner one stg Mhe ya av has rec tly 

2d justed for proper operation. Lhe impedance relay has recently 

* 

mroved by the addition of the directional element =
e
 

bed in a preceding A wider scope of use is 

possible if such types are avallable, anc the problem of obtain- 

ing the most logical sequence of operation of equipment dw 

fault is therefore more nearly solved. 

Closely associated with the directional overcurrent rela 

is essentially a contact-making is The power 



watimeter. Contact closing occurs when power flows in one direc- 

time. The uge of on 
tion only, and only after a definite value of 

such an instrument is necessarily limited, but for its purpose 

it heg shown reliable operation; as a general rule, the power 

relay is used to prevent excessive interchange of power between 

small plant and a large plant generating in parallel. In the 

event that the larger source of power were suddenly disconnected 

it would be undesirable to allow the small station to ascume the 

entire system load for an uncertain length of time. 

The over-voltage and under-voltage relays mentioned above 

have been developed primarily for the purpose of protecting cer- 

types of equipment against accidental high voltage or un- 

desirable changes of voltage. Such relays may be set very ac- 

curately to actuate a signal when impressed with voltages above 

or below definite limits, and the use of these instruments for 

this purpose is almost universal. Recently, the addition of a 

i 

resistor element has permitted a wider range of adjustment for 

the limits of potential at whieh the relay will operat 

The phase-balance current relay has been developed and util- 

ized in the protection of installations including polyphase 

machinery. A rotary converter or induction motor, if accidentally 

operating with one phase open or short-cirev 1ited, or with one 

phase reversed through faulty connection, will draw excessive 

1ine current and will overheat rapidly. The phase-balance relay 

brought forth by the Westinghouse company consists of two sep- 
go oJ = 

arate current element is, there are two independent disks 

mounted in the relay case, each of which is operated by two cur- 

+4 I] 

rent elements. The elements for each disk are mounted on op- 



and are so connected that the two 

torques produced by a flow of current are in opposition to each 

- 

other. Whus, when a balanced condition exists between the curr
ents 

4 

in the three phases, neither disk will rotate; in the case of any 

unbalance, one or both disks will move and close the contacts 

to the switch control circuit. The contacts on either disk are 

front and back connected and the two sets are connected in paral- 

lel, so that rotation of either disk in either direction will 

operate the tripping bus. The current elements are so coanected 

wo right hand elements are in series and inserted in
 

what might be termed the common phase, while the left hand element 

of one pair is in a second phase and the left hand element 
of the 

phase, ratio differential and selective differential, and spe- 

cial types designed for one definite field of operation
, as is 

the case with high voltage installations. The temperature relays 

have been developed mainly from two principles; the first, the 

change of resistance of a length of conductor with changing 

temperature, and the second, the unequal expansion of the two 

sides of a bimetallic strip. 

The development of the type GAX relay by the General Elec- e/ 

tric Company has followed closely upon 

manufacturing, ,and more recently the le 

forth the first and second designs of a type HZ, which came in 

response to a call for a comparatively impedance 

directional relay. The American Brown-Boveri design of relays 

is also of importance in this connection, but will not be dis- 
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Valdeau | 

Substation 

Corter St. Ridge dale 

Substation Substation 

H—3-cz Relays 

@—/-cwc Relay 

@—3-co Balonced Current Relays 

@—r-co Balanced Ground Relay 

Frgure / 



there are three type CZ relays (one per phase) oh each of the four 

: a 
lines coming to that station: Valdeau, Ridgedale, and the North 

FN and South lines to Hales Bar. There is also, on each of the first 

two lines, to Valdeau and Ridgedale, a type CWC directional ground 

J. 
and South lines are similar sets 

4-1. relay. On the Hales Bar North 

1 

of one type CD balanced overload relay per phase, and one CD bal- 

anced ground relay per line. Relaying for these t wo lines is 

ntical. 

The Valdeau relaying is similar to that at Carter Street, 

xcept that of course there is no 44,000 volt connection to Hales 

Bar. The relaying scheme of the 110,000 volt Hales Bar line will 

not be taken up. There are three CZ relays on each of the two 

outgoing lines to Ridgedale and Carter Street, and one type CWC 

directional ground each of these lines. < o
 

5
 

At Ridgedale substation, the relaying duplicates tha 

Valdeau on the lines at our sclected voltage of 44,000: three 

CZ relays on the Carter Street line and three on the Valdeau line, 

Fed 
with one directional ground on each of these lines. he location 

of these various relays may be more easily seen by referring to 

figure I, which shows the scheme diagrammatically. 

In the following paragraphs, one example of each different 

type of relay will be considered. The purpose of locating the 

particular type of relay at a particular point will be given with 

the intended principle of operation, while some information will 

be included as to the theory of the operation of the relay, and 

possibly some data on the time and current or voltage settings 

of the instrument where such information is considered of impor- 

tance in this paper. For the first example, it may be well to P&E 13 ’ c
h
 

take one of the impedance dire @)
 

c
t
 

laped-relays, since they are used 



wniversally in this network and the ¢ importance. In 

the schemes outlined above, the type Ci mpedal directional 

relay is used for phase protection; that is, for The purpose of 

clearing equipment in case of a phase-to-pha short. At Carisr 

Street and at Hales Bar, impedance direct relaying is provide 

only for the purpose of backing up Th peration of the balanced 

current relays; but this tyr f relay was i balled at each sub- 

station in the 44,000 volt loop in order furnish phase protec- 

tion primarily. 

All calculations for relay operations 

at the substatic 

lines between 

have been set 

supplied merely with impedance eirectional relays 

at each switch, for the purpose of explanation of 

relays afford phase protection. Figure IiI shows a wird 

gram of impedance relaying as ih red on the Tennessee Electric 

Power Company system, showing also the removable terminal blocks 

the switch board below the relays, used for routine testing. 

actual service, of course, the directional, balanced, ground, 

and balanced current relays are also in the scheme. 

Assuming then ne impedance directional relay 

each end of each of the three lines forming the loop, 

fault on one of the 1be busses; sa] 

point marked 

stations 

inst 
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Substation 

Corter St Ridge dale 

Substation Substation 

(@) 

D—3-CZ Relays 

@)—/-cwc Relay 

@)—3-co Balornced Current Relays 

@)—/-co Balanced Ground Relay 

figure 2 
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Wiring Diagram of Type CZ Impedance Relays 
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relays op- 

were made for the settings of the relays on this loop, twenty 

for leeway. Thus, if a relay is set to at twenty cycles 

instant of over-current, a total time of sixty cycles, 

or ohe second, is assumed 

fault is cleared--that is of Tl 

operating 

rectional elements. Th are set for outfeed of current at all 

h 2 opens next, since there is an outfeed of current 

safely be assumed that, with a relay setting 

similar to that on switch 1, about twenty cycles more will 

~ LR ~ - ad yd impedance of the length 

of line from 2 to the fault. There is an outfeed of current through 

are still farther behind due to line 
’ 

impedance present from there to the fault. will tend to op- 

4 

erate, but after 1 and 2 have isolated the fault they will return 

similarly to the one assumed above. The impedance of different 

loop, under conditions of short-circuit of fault, 

PR ee 4 

will determine of the CZ relays at different points. 

o system of parallel feeders tha lowever, in the case 

not have the characteristics of the loop return, the impedance 3 



relaying would be much different. The return circuit through 

the earth is relatively long, and it is believed that such a large 
o 29 

nyppthetical loop has relatively high reactan
ce and hence low 

power factor on short circuit. This has much to do in determining 

the time of relaying done by this type of rel
ay. 

The value of impedance of a section of line between two sta- 

tions will not be a straight line if plotted against the distance; 

at each station it will leave a sharp slope, becoming more hori- 

zontal between sta ns Hence, in case of a fault near to one 

station in a system of parallel feeders, a much high 

impedance would be availa ble due to the earth circuit than that 

due to line impedance, with consequent delayed 
timing on any CZ 

i 

relays near the fault. Hence, it has become advantageous to use 

d= 

plain directional ground relaying on such s
ystems, and TO include 

1 + 

directional elements in relaying loop systems What may be called 

the standard system of directional ground pro
tection for the Ten- 

nessee Blectric Power Company consists of a
 grounding bank and 

1 

two directional ground relays. The high side of the transformers 

may be connected in X, with the neutral grounded through a current 

transformer. The secondary of this transformer supplies cu
rrent 

to one element on each of the two relays, while the other element 

of each is supplied by the totalized currents
 from each side of 

the transformer bank. The load at such a station would be supplied 

bv a low side winding in delta or some si
milar arrangement. Oo 

At all three of the substations on the Chattanoo
ga loop, 2 

directional ground protection scheme simi
lar to the above is used, 

but all three have a so-called cross-connection of current leads 

A ol 

supplying the lower coils of each pair of CWC ground relays. 4b 

valdeau and Ridgedale, when grounding banks are installed, the 

14 
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lower coils of the directional ays are in se 

receive differential current from the cross-connection 

4. sets of current 

to each station. Figure IV shows the scheme used 

substation [0
] 

at 

of the two 

transformers of the two 44,000 volt lines coming 

these two 

ahd shows in addition an auto-balance current trans- 

former used to compensate the neutral connection to reduce secondary 

current to one-half its normal value. The purpose of the cross- 

connected current leads in to provide double relaying current in 

ase of fault, speeding up the switch tripping. 

the current transformer secondaries are 

g twice normal cr rated current 

3 
suns 

tof 

the lower coils of the directional relays. As may be 

the diagram of figure IV 

" 

however, only one switch has 

place on the faulty 

condition 

low through 

transformer bank, dur to the directional connection of the ground 

relay contacts. Due to the difference in the inp DY; 

oh either side of the Ridgedale, lean, and Car 

o 

a
 

an unbalanced of current woul 

if it were not for the current balance effected by 

adjustment of auto current transformer shown 

in service at the Carter Street 

no grounding bank is available. A glance at figu 

that a current transformer in the neutral 

former bank supplies current for the upper element 

tional relays at Ridgedale and Valdeau. Figure V 

izing connection of the current transit 

3 the corresponding pair of elements in the directi 

be present under Ifa 

edance 

whe “17 a 
ter su 

the 

in. Tt 

~conn 

at © 

proper 

gures IV 

ection is 

his point 
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Carter Street. The of 

from the same phases, 

seribed at Valdeau and 

current transformer is 

described above for ti 

tional ground relays a 

relay is manufactured 

Ridgedale and Cart 

are practically the same in operation although 

ent design. The type IC-5-Y1l relay is manufactured by 

Electric C 

In 2ddition to th 

4. 1 Carter Street 

Hales 

TN xr 
Dy 

on each line, but are 

CD's time to beat them 

sarily back up the oper 

importance 

1€ 

Qf mn + 
Street 

two 

ent n
 

her set of elem 8 supplied w 

and in much the same manner &as 

Ridgedale. The so-called 

as 

shown in the schem and ‘serves the 

other stations. Incidentally, 

t Valdeau are the only type CUC 

by the stinghouse Electric Cox 

type IC~-5-Y1 relay 

- 

directional e impedance and ground 

1bstation, there is balanced overlos 

th and South lines, provided 

ct 
pe YI gives the id ralles line 

lin Impedance relays ax 

ith 

those 

the 

used. 

the Ge 

relay 

agral 

current 

de=- 

auto balance 

diz 

J 2 0 

neral 

ring 

9 
L pro- 

by the 

mmatic 

set for slow operation in order to give th 

out. In other words, the CZ relays ordin- 

ation of the balanced but are of 

single line ope 

scheme, on each of 
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