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)
INTROIUCT I,

Statement of Problem,

The purpose of tnis investication is to desisn, &s & typiccl
problem in Protective Engineering, a satisfactory system of relay
protection for the power networik of the Ohio Ldison Commeny. 7<he Ohio
Edison Company, located «t Springfield, Ohio, is one of thz electriccl
operat inge comnznies controlled By the Commonweulth Power Corporation
of Jackson, llichigan., The gemeral informetion concerning the power
system, and the data nz2cessary for the desism of the protective system
were supplied by the Commonwealth Power Corporation,

The power systam, as shown on the accompenying prints, consists
of two generating statiouns, 178d River stution and Rockway station, with
feeders lezding <rom each, & 37.5 kilovolt line from the ®d River
station, &nd two 12.5 kilovolt connecting circuits between the two,
no Hocikwey station is in operation &t the presamnt time, while the lad
River plant 1is under eonstruction,

On print No. 1, page 2, may be found the ratings and transient
reactance values of the various units of the power system, and the
locations of o0ll circuit breakers, instruaent traensformers, etc, as

provided by the Commonwezlth Power Corporation,
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11,
SOLUTION OF THE PROBLEM.

Generzl i‘ethod of Procedure,

The first step in the solution of the problom was to determine the
short-circuit currents throughout the systen in case of a fault &t any
one of tae various points of the system, Thasc valuzs of shoart-circuit
cwrent were first detsrmined by the analyticsl method, and then, luter,
by mecns of the calculating table, In detemining the current velues
by the analytical method, the system reactances were reduced to the
ohmic basis, while the percent reactances at a definite kv.a, base were
used for the calculating table work, These two methods of expressing
the reactaznces were used in order that a better check on the amalytical
solut ion might be obtuined when the calculating table wus used, After
the system reactances had been evalucted, the equivalent reactances for
detemmining the shart-circuit currents were obtained by a method of
sinplifying the circuit diagraums, step by step, &s may be seen wder
the actucl analytical solution, (See pages 10 to 21.)

The analytical method of solution was rouchly checked experiment-
ally, 4n equivalent system, usins common laboratory type resistance
boxes, was set up, 7ith a definite voltage &pplied on the system, the
current was measured in various puarts of the system, The result of
this experimental determination of shart-circuit current may bé found
on pages 52 -2De The values of the short-circuit current obtained by

experiment checxed very closely with those obtained by the amalyticcl

method,



The determination of the short-circuit currents by means of the
culculating tavle wus carried on in conjunction vith L'r. C. V. l'Cth-
fessel at the cJackson office of the Commonweulth Power Corporation,
The results of these determinations are found on pages 26-31, It may
be noticed that these short-circuit currents do not check very well
with those obtained by the analyticul method, This is not beczuse of
errors in either method of solution, but rather because more accurate
reactance vulues were obtained for some of the units, tw of the Rock=-
way tenerators (G, & G5) were removed from service, and larger trans-
formers were installed between the 12,5 and the 2,5 kilovolt busses of
the Rockvay station between the time that the original dauta was obtcined
and the time that the czlculiting table wus useds These revised values
of reactance are the ones shorn on primt No. 1, end the ones actuclly
used in detemining the final relay settings,

Since, in order to determine the proper relecy settings, it is
necessary to imow the values of thoe short-circuit currents under mini-
mum operating conditions &s well as the maximum condi tions, the mini-
mum short-circuit current values were next obtained, These may be
found on peges 33-34,

After the short-circuit currents were determined, the method of
protection to be used at the different points in the system were
determined, This was accomplished by muking a study of the various
possible schemes of protection for" the types of goparatus used in this
power system, and by selecting the most satisfactory scheme, The
comnarative advantaces and di sadvantaces of the schenmes considered,

along with the selected schemes, mey be found on mges 55-45, The






genoral mathod of mrotection for the entire system is shown on Print
Yo. 2, page 7,

Pollov ing the detemmination of the proper type of reluy protection,
all thet remained was to determine the reley settings and to dreaw the
diagrams, The necessary settings to give promer selectivity under all
short-circuit conditions we given on pages 46 and 47, The time settings
were determined from the curves given on page 113 of the *'Relsy Hand-
book'' (1926 edition), published Ly the N,%,L.A., These are average
curves for Vestinzhouse, type CO, overcurrent, inverse and definite
minimum time relay elements, The settings were determined to accomp-
lish the following results:

a, Give proper selective action under maximu:, minimam, and
other short-circuit condit ions,

b, Clear meximun short circuit in less than 2.0 seconds,

¢. Clear trouble under minimum short-circuit conaitions,

d, Carry maximra full load,

e, Clear all troubl~ with leust amount of disturvence,
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Shart Circenit Cileulitions,

(4nalyticel rethod),

Circuit Keuctaunce Keduced to 12,5 kv, 3asis,
Mad Piver
Gy 25,000 wv.z. 12,5 kv. 137 reuct. on rating,

Full load current = 25,000 x 1,000 = 1,155 emperes,
12,5 x 1,000 x 53

Voltagre to neutral _12,500 = 7,205 volts,

Generator react, = 137 = _,13 x volte-e
current

= _L,13 x 12,500 x 12 OO x V3 = ,81%5 ohm.

V3 x5, 000 be

x1,
1,0

Trensforuer on 37,5 kv, line,

3 - 1,500 kv.a. 12,5 to 87,5 kv, 5 react, on rating,

Truns, react, = 55 = _,05 x voltage to neutrcls
full load current (at 12,5 kv,)

205 x 12,500 x 12,5 x 1,000 x V3 = 1,736 ohus,
vy x3x 1,500 x 1,000

Rockwey Feeder-,

No. 1 end Yo, 2 are sinilar, ecch consisting of 3 - No. 4/0
at 2,5' spacing, 2,75 miles long,
Reactancc/bile of euch conductor = 620 onm,

Reuct., of each feeder = 2,750 x ,6<0 = 1,705 ohms/wire.

ocxry Ctation
Gy 2,300 V. 6,250 Ev.a. 125 reuct. on rating,

Reactance = _,12 x voltege to neutms1l
full loud current

3 x 1, Qo x V3 = ,1016 on 2,300 W
0 x 1,000

212 X 2,300
x

X 24
V3 x 6,&5



Reuctance at 12,5 kv. = ,1016 x (12,5)% = 3,0 ohms,
( 2.3)

GGz 2,300 V. 2,500 kv.a. 27 reactznce on reting,

Reactance = 12 x 2,3 2,3 X 1 X = 254 at 2300 V.
5 b'e

Reactince at 12,5 kve = ,254 x (12,5)% = 7,50 ohns,
( 2.3)
G, 6600 V. 10,000 kv.a. 8;> react. on rating.

Reuctance at 6,600 Vo = _,08 x voltase to neutrzl
full load current

= _,08 x 6,600 x 6,6 x1,000xY 3 = ,2485 ohm,
v<$ x 10,000 x 1,000

2
Reactsnce at 12,5 kv, = 3485 x (12,5) = 1,250 onms,
( 6.6)

Gg 5,000 V. 9,375 kvea. 85 rezct. on rating.

Reactunce &t 5,000 Vo = _,08 x 5,000 x 5 x 1,000 x V'3 = ,2134 ohn,
v x 9,370 x 1,000

Rewctunce at 12.5 kve = 2134 x (12,6)% = 1,334 ohms,
(5 )

Trcnsforners to Qq & _G_5_,_
12,5 kv,, 10,000 kv,a, 5 reuct, on rating,

Reactance = _,05 x 12,500 x 12,5 x 1,000 x V"3 = ,782 ohm,
v3 x 10,000 x 1,000

Trensfarnmers between 2,5 & 12,5 kv, 3usscsg,

3 - 1,000 kv.a. 6-1/2% rezct, on rating.

Reactunce = 65 % 14,500 x 12,56 x 1 b'd = 0429 olims,
Y3 x 3,000 x 1,000

3 - 2,000 kv.a. 6-1/27 react. on rating.
Reuctince = 50% of 1,000 kv.a, size = ,5 x 3,39 = 3,695 ohms,

Rewctors in 2,50Q V, feeders,

X=_Z =_29 = ,097 ohn at 2,500 V,
I 300

2

Reactance at 12,5 kv, = (0967 x (12,5)" = 2,4175 ohms,

( 2.5)
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Determine tion of “hort-Circuit Current in Cuse of a

Feult on the 37,5 Xv, Line irom the l%d l.iver Station.

(A1l Switches Closed)

The complete simplified dlasram of the Chio Zuison Cystem, snhowing the
circuit reactances reduced to the 12,5 kv, (Ohmic) basis, is shovn in Fig. 1
on fhe following page. The succeeding figures show the method of simplifi-
cation of this diagran in order to obtain the resultin~ single equivalent
reactance for the system,

Fig, 2 is a more simple diagram of the system, showrine onl; those cir-
cuits &long which powver mygy flow in case of & fault at '"'X'', wnd the equiv-
alent reactunces for the different portions of these circuits,

Fig, 3 represents Fig. & converted into a simple netvork., Iz Fiz, 4,
the pirallel paths of Fip. 3 hive beea repliced by thelir equivalent circuits,
The method of combininzy these rezctunces is the simple method used in cam-
bining parallel resistances in D,C, circuits, since the powverfuctor is being
nezlected in these compututions, The eguivalent reactinces of the generators
are also shovn in Pig. 4.

FPig., 5 is & reproduction of Fig. 4 with tlie generatorc renlaccd by tiaeir
equivalat reuctunces &nd commected at the comon point ''Q'', Ths successive
ficures from Fige. 5 to 10 show the steps in the simplification of the network

«

to ths fincl eguivalant resctunce cf 2,275 ohms,

Short-Circuit Cwrrent, Ig, = 12,500 = 3,165 umperocs,
V3 x 2,&75

Current deliveored by Yad Ziver vanerctor,

X Isc = .l.5_9_ X 30165 = 2,100 &=mperes

Igy = L.
1 .£1<5

]
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Currcent delivered by Zocliovey Steotion,

w re fod IRETE
IROCk\V&y = :”: X Isc =1.Eig x 3,165 = 1,065 wnperes
“Rockiry .

Current delivered by eccn fockwmuy Fecder,

= I T 2= 1060 ¢ 2 = 532,65 unoveres

IRock-Feeder tdockway

All the above currents are found on the 12,500 volt busis,
The actuwl curreet in the tronsmission line is

2,500 x 2,165 = 1,085 emieres
27,500

I

sc at 37.5 v,
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Deterninati on of Chort-Circuit Curront in Cure of 4 Fualt ot the

Yad River Bus or .ny Circuit Lirectly Comracted to the Pus,

(411 switches closed.) (&ll Lused ou 12,5 v, )

Tne totul rewctuincs ir this cuse iz the total reuctence as fow.l in
this cuse 15 the totel recctunce cs found in the cese for the 27.5 kv, line
2inus the reactince of the 37.5 kv, transforoers, Referriu: buck to Fi-. 10,

Xge = «5Z9 onms,

Snort-Circuit Current,

Isc = 2L5OQ = 1\1.»80 &ONErCES 4
V3 x 529 -

Current delivered by ad ltiver Lenerutor,

I,, = _Xsc x Ige = ,539 x 13,380 = 8,88Q.
r o
1 XG' 8155
1
Current delivered by Rocituy Ctetion,
IROC]C.'{&:] u-.c % Isc = .R ‘9 x 13,;\) 4'5552
“Bock"ay 1.610

Current delivered by eucn Zockwuy reeder,

s o = 5 = Y=
Iﬁoclw:ay Feedor Io‘lockway + 2= 4500/z £425Q

Currernt delivered to 1<,5 kv, Bus by G4 &« Gg,

I, . =X Rocwway “telion x I, . = 708 x 4,500 = B,09¢€.
44+35 X 12.5 kv, Rociway 1,058

Currert delivered to 1&,5 kv, %“us from 2,5 kv, dus,

= X Jockiey Sty x I Rockvey = _,7E8 x 4,500 = 1,500,
X &.5 «v, 2,798

In. .
‘.5 AW.

Igg = 212,5 ;v, x Igp ;o gs = 1.0C8 x 3,295 = 1,065
¥4 * tranc & trans. 2,008

Tos = X125 iy 3 Ig; g5 = 1038 x 3,495 = 1,620

_,_.V.,_,v,._,,,
8

%;5 + truns L trins., Z.116 Based
12000 xva, =X trans, x I35 ky, = La120 x 1,205 = 803 12,5 kv,
trens., %2000 kva, trans. 1,695
IlOOOkva, = X traus, b'd 12.5 v, © 1,130 x 1,205 = 402

X1000 kva. trans. 3,39
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Determinct ion of Short-Circult Current in Case of a

Fault on the 12,5 kv, Bus at Rociowey Ctations,

(A1l Swit ches Closed.) (all Besed on 12,500 V,)

By referring back to figure 2 to 8 and comparing fizure 8 with ficure
12, it v411 de seen that figure 12 represents the system with a fuult on the
12,5 kv, bus at *''X'',

The final eyuivulent short-circuit reactance is ,520 ohms as represcnted
by Fiz, 14,

Short-Cire¢uit Crrent,

Ige = 12,500 = 13,850 emperes,
V3 x 520

Current delivered by lud River Generatar,

IG' = Isc b4 Isc = _,620 =x 13,850 = 4,35,
1 X 20 lad River 1,665

Current celivered by euch ockway Feeder,

= I, $+2=4,325/2 = 2,162,
Iﬁockway Feeder Iu'l . 1325/ “9
Current del ivered by Rockway Station,
Iocimay = 286 ¥ Isc = ,520 x 13,850 = 3.9:0,
X Rockway 2758

Current delivered to Bus by G4 & Gg,

Vpores = 520 =
Ig4 + g5 =3 mociway X I Rockway -—'%‘,%g— x 9,520 = 6,930,
X34 + G5 trans, 1.

Current delivered from 2,5 kv, Bus,

12,6 xv, = éﬁamm____ % Inocumey = —a188 X 9,520 = 2,590,
42,5 kv,+ trens, 2,708

Iga = X34 4 GE & trans, * Ic4 +35 = 1.088 x 6,930 = 3,550.
b2
%54 & trans, 2,032

X'GS & trans,
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12000 kva, = & trans, = x Ip g, = 1,130 x 2,590 = 1,727,
trans, X2000 kva 1,695

11000 kva, = Etranse X I 5 5 = L1.180 x 2,590 = 8€3,
trans, X1000 kva. 3¢39

Yoy = Xg eg,vaq X 12,5 v, = 24868 ® 2,590 = 1,440,
3,00
1

Io = Xg 4G, +Gx X Io 5 1y, = 1a668 x 2,590 = 575
Gz L 727¥3 «0 XV, —--—7.50 200,

Xaz

I, = Xg,4GotGx X Is - 1,668 x 2,590 = 575,
6p = Xa1G2t65 * T2.5 kv, " ge22
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Determination of Short-Circuit Cwrrent in Case of a

Fanlt on the 2,500 V, 3us at Rociov.y Station,
(A1l Switcnes Closed,) (All bused on 12,500 V.)

By referring to Figs, & to 6 and comparing with No, 15, it will be
Seen thut Fig, 15 represents the systa: with a fault on the 2,500 V, bus,
Figs. 15 to 19 show the simplification of the system until the short circuit
reactance of ,858 ohms is obtained,

Short-Circuit Cwrrent,

12,500 = 8,40Q amperes,
V'3- X .8..18

Current delivered by Gy, Gp, Gz,

Ip,500 v = R3¢ X Igq = 858 x 8,400 = 4,320.
X2500 V 1, T.666

Current to fault from 12,5 kv, Bus,

112’5 kv. = Xs¢ X ISQ - .858 X 8,400 - _4_'_@2.
112.5 kv, 1,768
I, = x I 166814320=2.4QQ.
& A2500 ¥ 2500 V.* 2o ’
XG .
1
= 2800 Y X I250° 7. l.66 X 4 32 969.
fey X 7.50
2
3 XG:S .50

Current floving between 12,5 kv, & &500 V. Bussos,

T2000 iva. = X trang, X I, 5o = 1,130 x 4,080 = 2,720,

rans, XZgOO Kva. 1,695
rans,
{1000 ra. * Tttt Mz, 7 gt T MO0 T LS
1000 5Tee

Current supplied to 12.5 kv, Bus by Gg & Gge

165+G4 = ..lz.ﬁ_k:.tra.ns. x I12,5 kv, * _i_.%ézg_ x 4,080 = 2,510
5+G4 .

trans,
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IG = X"IQ+G5 trans X IG4*G = ,_@8 X 2,515 = 1‘299‘
4 T 5 3 032
X4 & trans, 032

IG = A+ % trans, X IG +G5 = R.Q25 X 2,515 = 1.285.
5 N 4 - 116
5 & trans, “e

Current supplied from l'ad River Station,

Ty = X12.5 kv -trans, * 1125 iy, = —a833 x 4,000 = 1,565,
X 1ad River & 1,665
Rodkway Feeders

Current delivered by each Rocwvwy Feeder,

Rociway Foeder = 16 + 2 = 10565 % 2 = 1920

20
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Determination of Shart-Circuit Cwrent in Cuse of a

Fault on a 2,500 V, Reactunce “rotected Teeder,
(All Switches Closed,) (All based on 12,500 V.)

The shert-circuit rewuctance for the 2,500 V. fecder is egucl to the
snort~circuit reactance for the 2000 V., bus plus the rewctunce of the curr-

ent limiting reactunce, as illustrzted by figures 20 and <1,

Ige = 12,500 = 2,200 amperes,
v3 x 3,2755

This velue is 26.27 of the short-circ:it value on the 2500 V. bus.
Therefare, &11 the other velues vill be 26,25 of their corresponding dbus
short-circuit vl uese

Current delivered by Gl’ GZ’ & (}5 = 26,85 of 4,320 = 1,13<,

Currant to feult from 12,5 kv. bus= 26,2} of 4,080 = 1,070,

Ig, | = 26,25 of 2,400 = 629,
Ig, = 26,27 of 960 = 251,
Igs = 26,25 of 960 = 251,
12000 xva, trans. = 26,24 of 2,720 = 731,
11000 xva. traus. = 26425 of 1,860 = 386,
Lo, + Gs = 26,2, of 2,515 = 659,
IG4 ‘ = 26,25 of 1,290 = 338,
IG5 = 26,27 of 1,225 = 321,
IGi = 26,25 of 1,565 = 410,

Current delivered by each Rockway Feeder

= 26,25 of 782,5 = 205,
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Svstem Reuctarnces

For Zxzperiwnental Determination of Chort-Circuit Curreonts,

Unit, Kve, Capucity % React, &t Rating % Reect, at 45,000 kva.

Gi 25,000 13% 23.45

Gy 6,250 125 864,45

G, 2,500 127 21.6%

Gg 2,500 12% 21,67

G, 10,000 8% 36.0%

Gg 9,375 (/4 38,45

Trans, G, 10,000 5/ 22,5%

Trans, Gg 10,000 5% 22,5;;

Trans, 37,5 kv, 4,500 54 50,07

Treng, 12,5-2,5 3,000 6-1/2 97 5%
1000

Trens, 12,5-2,5 6,000 6-1/27 48,7%
2000

Rockway Feeder 1,705 ohns at 12,5 kv, 49,1%

Reactance Protected Feeder 2,4175 ohms at 12,5 kv, 69,67

Values of resistance used in the experiment wnd indiccted on the dia-
gram-, Figz., 22, are eyual to 10 x I reuctonce based on 45,000 kv.&, &S shom
above,

E = volts applied between Generwtor- arnd Fanlt &t 4, 3, C, etc,

I = milliamperes in circuits us recorded,

Loc.tion of Circuit E. I).c. S.Ce Current
Fault Considered, ID.C x 164

A A 12,65 19.0 2,120

Gi 12,65 12.5 2,050

Rocicwny Feeders 2,65 6.5 1,068



Location of Circuit
Fault Considered.
B B
G'
1l

Rockuay Feeders

Gy

Gg

3-2000 kva, trans,

3-1000 &'

c c

Rockway Feeders

Gy
Gg
3-2000 truns,

3-1000 truns,

3-1000 truns,
3=-2000 truns,
Gy

Gy

Rockway Feeders

26.

1o,

4.5

2.25
80,25
24,35

1.0

43,0
14,0
6.0
6.0
8.0
16,0
7.5
7.0

9.5

SeCe Current

..
12,800
8,540
4,270
1,640
1,475
738
369
13,150
4,025
3,450
3,290

1,645

8,060
2,510
986

986

x 164

(x 164,5)







Location of Circulit B Iy e €.,Cs Current
Feult Considered. e Ip o X 164,5
o E 12.6 15.0 2,465

Determination of rmultiplier for wnvertins D,C, millicmperss &s recd in

the experimental equivalent system to short-circuit current,

At the buse of 45,000 kv.a, and 12,5 kv, the full load cwrent will be

45,000 x 1,000 = 2,075 enp,
12,500 x V™3

Since 1007 systom reactance is represented by 1,000 oims in the ex-
rerimentsl circult, the constant of the set-up at 15,65 volts corresgonding

to 100% reactunce is

I =_12,65 = ,01265 amp., or 1i,65 milliumweres,
1,000
o One milliunpere represents _2,Q75 = 16% amp,
12,65 '
and lixewise wien E = 12,6, one .., remesents _2,075 = 164.,5 ump,
12,6



Short Circuit Culculations by l'ecns

of the Celculatin~ Table,

Systen Reactances for Short-Circuit Cuileulations,

Unit. Kva, Capacity  Rewct, at Rating 4 Recet, at 100,000 Ivu.
G:'l 25,000 12 48
Gl(not run- 6,250 10 160
ing)
G2 2,600 10 400
C:'r:5 2,500 10 400
Gy 10,000 12 120
Gg(not ryn- 9,275 12 125
ing A
Trans, Gy 10,000 5 50
Trans, Gg 10,000 5 50
Brans, 37.5 kv. 4,500 5-1/2 122
Trans, 12,5-2,5 kv, 6,000 6.5 108
each
Rockway Fecder 1,705 ohms at 12,5 kv, 100

Rezct, Protected reeder 1,300 2,01 155
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SHORT CIECUIT CALCULATION

OPERATING CO. Qbia Ldison (Ca. WO S.C. OQ}O'J%.. N
STATION if sl cm Cycles_ _¢gg Made bycwa-ar»Date ! -2s5-27.
BASIS OF CALCULATIO References

( ) Present ( ) Ultimate (V) 1927 KVA Base 102, 222

PURPOSE OF CALCULATION
(v) OCB Application ( ) Bus Stresses (+) Relay Settings
( ) Reactor " ( ) P.T. Resistors( )Trouble Report

(
RECOMMENDATIONS

h

SUMMARY OF CALCULATIONS
KVAg DUE TO SHORT CIRCUITS AT VARIQUS POINTS
rcuit ||S.C.at 4| S.C.at_B] S.C.at ¢ | S.C.atD.[ S.C.at JiCob __ | 5.Ceab._

| 200,000 | 273,000 | 4/ 000

#4000 | 29,000 | 4 000
| 60,000 | HlLaoe | 8,000
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205000 | 48,000

ONE LINE DIAGRAM
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STATION [247 ﬂ’.tgn Cycles__ga Made by ad2.-cw/. Date_ /-as-g27
KVAg Constant = KVA base x 100 = 107
' 5.Co_at_Reekway &6 A} S.C. atied Rirer 34| . S.C. atMedRircr #96vfi 5.C. at |
Cir4Meter|Calculated |Cir-{Meter|Cal culated |{Cir-|Meter| Calculated|Cir-| Meter|Calculated
buitireadg {KVA Is Jeuit{ireadzlXVaAs | I [lcuit!readg|KVA I it] readz}KVA, Is
astas/ -
T 125000 . 164000 0022 1 £2,000
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Minimuwn Short-Circuit Celculations,

The condtions for minimum chort-circuit vulwes are assumed with
only G2 and G, at the Rocwwy station in operstion, The resulting

current values are detemined es follows,

Fault on the 37,5 kv, Line from !&d River,

The sequence of figures from Fig., &3 to Fig. 4§ on the following
page, shows the reiuction of the system to & single eyuivelent reactance
of 2967 on a busis of 100,000 kv.a.

% Reactance = 296 on 100,000 kv.&. busis,

Short-Circuit kv.a. at fault = 100,000 = 33,800
Re96

Snort-Circuit Current &t Zoult = 33,8Q0 = 1,560 smps,
™o x 12,5

Current in each Rociway Feeder = 78Q &ups,

Currert delivered by G4 = 454 x 1560 = 1,135 smps,
6<4

Current delivered by Gp = 170 x 1560 = 425 cmps, at 12,5 kv,
6:4

Fault on lud River Bus,

¢ Reactance = 296 - 122 = 174 (Sec Fig. 23 & 25.)

Short-Circuit xv.a. at fault = 100,000 = 57,400 XV.&.
1,74

Chort-Circuit Current ot feult = 57,400 = £,6950Q &mps,
V3 x 12,5

Durrent iun ewch Rockiay Feeder = 1,525 aumps,

Current delivered by Gy = 454 x 2,650 = 1,930 enps,
64

Current dellvered by G, = 170 x 2,650 = 7020 emps, &t 12,5 kv.
6c4
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Fault on Jockvey 12,5 kv, Bus,

4 Reuctance = 296 - 172 = 124  (Cee Fig, 24, 26 & &7).

Short-Circuit iv.a, ot foult = 193,2C2 = 80,600 kv,&,
l.ck

Short-Circuit Current ot foult = £€0,6C0 = Z2,7.0 anmus,
V3 x 1z,5

Current delivered by Gy = 54 X 3,720 = £,710 cmypi3g

6

Current delivered by G, = 170 x 3,720 = 1,010 cumys, &t 12,5 kv,
624
.

Current thru euch 12,5-2,5 kv, Trens, = 505 wemns, at 12,5 kv,

Feult on 2,5 kv, Nocizver Bus,

Fig., <9 is obtcined from Fig, <5 anu reduces to Fic. 31, which

zives a recctunce of 1447 based on 100,000 tv.&.

Short-Circuit kv.sa, at fuult = 100,0C2 = €9, 400 xv,u,

l.44 i
Chnrt-Circuit Current & fuult = _69,00C = 3,000 snps, &t .
V& x 1.0 (12,5 xv.
Current delivered by Go = L6 x 3,200 = 1,150 cmps, at 12,5 kv,

6~‘:

Current dalivered by G 470 x 3,00 = 2,05Q em s,
6!-:‘:

Cuarrent thru each 12,5-2,5 v, 2r ase = 1,008 emos, J

AN Vg B

R LT




Selection of lethods of Protection for the

Different Parts of the Systom,

Types oi apparstus to be Protected,
1, Generators,
2., Transformers,
3. Bocxway Circuits,
4, Typical reeders,

I. Generators,

A, Possible Schemes for Protection,

1, Simple Differential Scheme,
2, Self-Balenced Schemes,
3. Power-Directional Schemes,

B. Advinteges end Disasdventages of Different Cchemes,

1, Simple Pifferential Scheme,

Advuntazes, Disadvantages.
Current transformers
must hceve identical char-
acteristics, if sensitive

gettings uare required,

Simplicity,

Zase of ipplicstion,

Sensitive settings per-
mitted, resulting In gquick
action,

Fo specisl sppuratus reguired,

Protects Azainst Doss Kot Protect Against
Passe-to-phase short circuits, Ji~h resistucnce grounds.
Grounds (If neutral is Open circuits,

grounded solidly on through a low Snort-circuited turns,
resistance.) Fuults in leads from

generator to bus,

2. Self-Balanced Scheme,

Advartages, Disalvantages,

Carrying two leads (hav=
ing a large potentizl differ-
ence) throuzh the same

Eliminates the normel unbal-
ance due to two cuwrrent trans-
formers having dissimilsr

mesmsawTt ¥ A

X

3.
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characteristics, This makes
possidle a very low relay

transfarmer opening.
Difficulties in machine

setting so that the generator construction and installa-

can be di sconnected for low tion,

fault current, with small Specizal current trans-

resulting decmege, formers are reyquired,
Protects Against Does Kot Protect A-auinst

Faults actually inside the
rmuchine, as with the simole
di fferential scheme,

simple differentizl scheme,
Faults in leeds from
gaerator to bus,

3. Power-Directional Scheme.

Advantaces Disadvinteages

Compuratively simple and
not very expensive, getting, on account of cir-
culatine and other transient
currents,

Requires the use of po-

tential trunsformers,

Protects Acainst Does Rot Protect Agzinst

Severe phase-to-phase Short-circuited turns,
short-circuits, Open circuits,

Severe ground faults any fault wtil it is

(under some conditions.,) serious,

C. Sclected Protective Cchemes for Lcnerutors,

It is recomende. that the Simple Differemntlial Schieme be used for
the protection of the I'ad River Gererator and of the 10,000 kv.a. gen-
erator (G,) on the 12,5 kv, Rocicvuy Bus,

This scheme has &1l the advantaces listed above for all of the
three schames which mizht be applied to these generators, The neutrals
are solidly grounded, Therefore, there vill be no necessity for extra-
sensitive relay settings and slizht dissimilarity of instruwent truns-
former characteristics will not be troubleseme. Since the leads &re
all broucht out in both of these machines, the adaptation of this

scheme will be of relutively low cost,

Faults not detected by the

Cannot be given ¢ sensitive
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It is recommended that no protection be provided for the 2,500
kv.a, generators (G2 and GB) on tne <500 volt llociwuy Bus, The leads
are not brought out on both sides in the mamer necessury for differ-
ential protaction, &énd the advuntages of fered by any type of overcurrent
or power-directional protection c¢re not safficicnt to warrunt the in-
stallation of thec necessary eyuiprent,

II, fransformers,

A. Possible Schemas for Protection,

1, Overcurrent,

2, Current Differential,

3o Powier Differential,

4, Directional Overcurremt,

B, Advantaces cnd Disadvanta:es of Different Uchcmes,

1, Overcurrent,

Advantages Disadvantazes
Simplicity, + Is not sclectives oper-
ates on fuults outside the
trans{ormer,
Protects agidnst Not Suitable For
cnort-circuits &nd grounds Protecting &owinst open
tazing excessive cwrrents circuit,
wnether in the trensformer or Protectinr e3iinst an
in ths secondury distribution incipient or ot her fault
systan, teking ¢ snall cwrrent.

Protecting trunsformers
connected in prrallel,

.

ce Current-Differentiul Scheme,

Adventeges Disadventaces

Tnere is no interrustion in Exuct bulance of normal
cuse of & tarourh snort cir- currents is required, and
cuity thus the fault is con- calls for additioncl appa-
fined to the smllest possible ratus and ruther complicated
area, coxnections,

&0 internal fault gives a Not very sensitive to

luerge differentiul current, so grounds on unsrounded



that & sturdily-built relay
can produce & stron., sensi-
tive action,

The reluy is simple, in-
expansive, and not liable to
get out of order,

“hiere are no voltuce con-
nections rejuiring voltare
trunsformers,

Protects Against

Prase-to-pnase short cir-
cuits, short-circuited turns,
and low rasistance grounds,

3. Powor-Differentiul Zchenme,

Advantages

Oane &3 for the current-
differential scheme,

28

systems &nd systoms with
high resistunce between
ground and neutral,

Does Yot Protect A ainst

Open circuit,
High resistence ground,

Disadvantages

lore complicated, more ex-
pensive, more diificult of
adjustment than curromt-
differenticl schene,

Reguires voltace connections,

4, Directionzl-Overcurrent Ccheme,

advantages

Accurate current bulancing

is unnecessary,

Application wund zdjustaent

arc simple,

Protects Against

Phase-to-phase short cir-
cuits,
Low-resistance grounds,

Disadvantuzes

Does not discriminete be-
tween line and truansformer
feults, unless an aaded step
is introduced in the definite-
minirum time ~etting,

Reoyuires poteuticl trans-
farniers,

Reguires hisrh current
settings on sccount of poss-
ible transient conditions,

Does Not Protect A:ainst

Open circuitse

Fi~h resistunce grounds,

Short-circuited turns, ex-
cept serious short-circiits,

Applicuble only vnere there
is a source of bickx feed to
the transforner,

C. Sclected Protective Scicues for Trunsformers,

1, For Transformer on 37.5 kv, line,
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It is recomuended tnat & combination of the curremt-&iffer-
ential and the overcurrent schemes be used at thils location,
A comparison of the advuntages and disadvantages of the

scnemes outlined above shows that the mlrr.cnt-differential
scheme gives the most complete protection without excessively
nish cost, GCutisfactory operation mey be expected even though
bushing type trensformers must be balwnced egcinst standurd
type currant transformers, since it will not be necessary to
mexke sensitive relay settings,

The overcurrent scheme of protection sould be auded in
order to give protection to the system in case of & fault on
the transmission line, ratiier than for the motection of the
transformer itself,

2, 6,000 xv.a, Trensiormers botween 12,5 kv, & 2,500 V,
Rockxway Bussess.

Same &8s ubove, (For scme re&sons),

3. 10,000 kv.,a, “ransformer between 10,000 KV.&, Generctor
and 12,5 kv, Kockway Bus,

It is recommended that tne current differential scheme be
used to protect this trunsformer, The advantuges of this
scheme for this unit are the sume as thnse listed for (1) &
(2) sbove,

NOTE: The application of the current differential schemes
as recommended sbove will give a uniform system of protection
for the generitors and transformers, This will be of great

advantace In test and muintenance work after the system is
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put in operation, It snould &lso be observed that the nec-
essary current transformers for this type of protection are

already in place throuchout the system,

II1I. Rockway Circuits.

A, Possible Schemes for Protection,

1, Schemnes Commonly Applied to Purwzllzl Feeders,
a, Overcurrent Protection wita Zirectional Selectivity,
b, Overcurrent Inverse Time Protection,
Ce Current Differenticl Protection by Current 3ulancing,
d. Currcent Differentizl Protection using Selective-Differ-
entizl-Current Eeluys,
e, Current Differenticl Protection with Directional Selec-
tivity,
2e Schemes Applicudle to Loop Systoms or Networks,
8, Overcurrcnt Time &nd Directionul Scheme,
b, Pilot ire Schemes,

B, Advintoges and Disadvantaces of Different Schemes,

1, Schemes Commonly Applied to Parsllel Feeders between

Generatinze Stations and Substuations,

a, Overcurrent Protection with Tirectionul Selectivity,

(Overcurra:t relays =t source, directional at receiver,)

Advantages Disadvantages

Simple and reliable method Reyuires voltage trons-
of protecting any number of former connections,
parallel feeders, Requires time operation

Not affected by removal of of overcurrent relays,
part of the feeders from Requires overcurrent
service, elements in conjunction

“hen only one feeder re- with directionual elements
meins ix service it has over- if normsl flow of power is
current protection, to be allowed in reverse

direction,
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Protects sgainst Does Not Protect agwinst

Short-circuits on lines Hish resistance grounds,
and buses, except bus at Sincle grounds on systems
generat ing station, not solidly grounded,

Low resistance grounds, on
systems with neutrals grounded
solidly or throush low resist-
ance,

b. Overcurrent-Inverse ime Protection,

Applicadls only vhere tnere are ulwuys at leist turee
pirallel feeders in service and «ll &zre of adbout equel imnedance,

¢, Current-Differenticl Protection by Current Balancing,

Advantages Disadvantages
It is extremely simple, Does not Jdiscriminate
Eagy to spply. between good and faulty
Empléoys standard inex- lines that are paired to-
pensive apparatus, gether,
Eliminates use of voltage Not &pplicable except
connecti ons, in puirs,

Does not recuire fine
&djustment of relay,

Is not affected by throuch
short circuits,

Operation at genarating
end can be made practically

instantuneous,
Protects agzinst Does Not Protect azainst
Line shart-circuits, B3us short-circuits,

d, Current-Differential Protection using Selective-Differ-

ential-Current Relgys,

Adven tares Disadvurtages
Yo potaitial transformers Protection depends on
are reyuired, the correct functioning
Protection 1= practically of thres relasys with their
instentuineous, contzcts in series if

protcction of the remkin-
ing feecers is to be con-
tinued,



Protects Acainst

Currentc in faulty line
exceedins those in ;-ood line,
Overcurrcut in the last

line in service, if relays
are sultubly urrinzed « sct,

o
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Does Xot Protaect aruinst

Currents in faulty line
equal to or less tnen
currents in rood linse,

Bus shwart-circuits,

e, Current-Differentill Protection, wita Jirectioncl
] A ]

Celectivity. (Craiss-Connecteu Power Dirsctional Ccheme,)

vy e
advanta -es

alva;s salects the faulty
line,

Pructicully instuntancous
in operation,

It cen e set to operate
on carrants gucllsr thun the
full-load current of euch
feeder,

It may be applied to any
system, no mutter now com-
nlex, ii the feeders are run
pirallel between the switch-
ing pointe,

<
~e

Scueines Annlicable t

20p Crcotens or Networks

Disadvuntacs

Wwill not clear the
troutlc vinen the dbuses or
«11 tne fecdors are involved,

Jnere mey be trotble in
cutting fceders in «nd out
of service under neuvy loaus,

e wirino is comvlez,

It is necescary to vro-
vide & muns for chonring
the C,7, connections when
tiae circuit breiizer operctes
if the remuining fecders
are to be protected,

a, Overcurrent Time &and Directiouwl Schemes,

(Inverse cefinite-minimum time overcwrrent and directions
&l relays are put on ths loop -nere it enters wnu leaves ecuch
stution and &are mad2 operutive on pover flow in the direc ion

from the stution bus,)
Advuntuaces

Least expencive of all
satisfuctory schemes,

Simple to iastull, check
and maiantain,

applicubls to ground pro-
tection with little or no
additioncl ey ipnent,.

Tauelly satisfactory for
protecting short and long
sactions of the loop,

Applicable 7

Loops huving four sta-
tions or less,

Disadvuntuges

Yot instuntuneous,

Operctes only on over-
cawrrent values or fuult
current,

Yot Applicsable

By itseclf to loops huv-
ing more then fowr stuations,
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Loops having any number
of stations, if used in
conjunction with another
scheme,

b, Pilot ire Lchares, (senoral)
Advantures Disadvantugces
Yot uffected by taroush Cost of pilot wire,
fcults, Cost of curront truns-
Opzruting on fzult currents foruers hoving the reguired
thet are small compured with churacteristics,
loai curra.ts, JifTiculty of providiug
Oneratiny &lwunst instuntan- curent troacsformers of
eously, and not interferring eimiler charucteristics at
with successivz time settings &1l cwrrents,
employed in otaer parts of the Possibility of «n wnde-
system, tected breuiz in the rilot
oiscriminating esneciully wire,
well on short lines. Tossibility of fulse
ot requiringe adlitienel operation due to volture
eyuipzent for protection in pilot wires induced by
a~uinst ground currents, short-circuit cwrrent in
ot reqguiring short-circuit nel ~nbor in» circuit,

calculations to determine tae
current that will flow,
Simple comstruction,
Mot requiring potenticl
connectiorng.

C. Sclectzld Protective Scheme for locimty Circuits,

It is recommended thut the schzme of overcurrent protectioa with direc-
tional selectivity be used at the Rockiuy end and thut the cross-connected
vower directional in conjunction with plain overloud be msed at the lad
itiver end of t:e Rockway circuits,

EBxanminaution of the cdvantages wnd disadvantascs of the differcent gro-
tective schemes listea ubove shows tnat the cross-connectea pover directionsal
scneme, the overcurreut time end directionul scheme, anc the pilot wire
schene are all tiwt discrimincte betwesn thne £o0d énd tie faulty circuit
unless ti.e curreat in the feulty circuit is uppreciavly creuter then the

current in the ~ood circuit. The pilot wire scheme is ex:ensive to iustell,
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and at the same time no excess cwrent protection is provided, in cusc of &
bus short or other fault outside the actucl circuits protectsd, without the
addition of the common overcurrent vrotection,

A cornslderation of the problem shows that it is possible to proviie
adequate protection as lonz as the Med River gererator is in operation vy
installing over current-power directional relays &t the Rockwey end and
excess current relays at the ’2d River end of the circuits, If the llad
River generwtor is not in operation, this scheme still gives over current
protection, but it will not rive discrimination in case of & fault on one

of the feeders,

An installation using overcurrent-power directionxl relays at both enas,
as in the loop protective schemne, will give discriminution wien the lad
River generator is not running as well as when it is running, provided the
time settincs of all ths relcys are properly changed euch time the generator
is put on or texen off thoe bus, Ovviously, it woula not bo desiruvle to use
this metnod in order to obtain discrimination,

The cross connected power directional systea of protection gives ade-
quate yprotection &nd discriminztion in case of a pnhese to phase sport cir-
cuit on either feeder, Hovever, in order to leave the remaining circult
protected, in case one circuit has been removed due to & fuult or for any
other reason, and in order to maxe the scneme extardable when another feeder
is added some time in the future, it is necessary to use a complicated
system of wiring, Difficulties will also be encountered when trying to re-
move one circuit from service, or replace & circuit in service during periods
of heavy load unless the protective system 1s rendered inactive auring the

switching period,
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By using the recommended scheme of protection, which is a combimetion
of the loop protective scheme and the cross-cornected power directionzl
shheme, it is possible to obtuin zood discriminztion in cuse of & fault on
either feeder, vhether or mot the llzd River gensrutor is ruwmming, The use
of the overcurrent relays ot the liad Liver end of the circuits provides for
protection zgzinst sustained through short-circuits wnd bus faults &t Kock-
way. At the sume time they fumish more positive ground fault protection
than cun be deended upon vhen the directioncl elemmts ure used., The con-
nections for the recommended system are more simple than if tne cross con-
nected system were used throuchout. There will be no difficulty in putting
the second feeder in parallel with thes first even when heavily louded, pro-
vided the Rockway end 1s closed before the Med LRiver end 1Is closed, Like-
wise, there will be no dunger of destroyin.: tho continuity of service when
removing one of the feeders provided the I7ud river end is opcmed first, The
wiring of the recamanded system is less complicuted than that of the cross-
connected cystem and may &also be mare eusily extended when a third feeder
is 1nsta119d.

IV, ZITypiczl Feeders,

It is recamended that overcurrernt, inverse-time reluys be used on &ll

the feeder circuits, It is furtier recommende. that inauctlon type releys,

rather than plunger type relays, be used because of their grsater accuracy,

more permanent adjustmomts, and grecter reliability, end beccuse they place

less burden on the current transformers, In &1l cases, in order to provide

adequate protection from ground faults, three relays instead of only two

should be used,
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Felay ConnecZions.

Mad FRiver Generator & Rockway Gencralor *4.

.T== Trip Cireait 7o Main
g (LIIIIIIIZE Circwit BK'r, Field Sw.,
" Steam Throllle , £7<.
1!
1
Iy
$ ¢ &
'1 - H
i Over Curren?
( tt ) Relays
. @—6
Lo d
3{ i
7o CircusT Breaker
T ypical Feeder
st e = Trp Crrecu:T.
1
f { 4
4 <
' 1 Over Curren?”
Fela ys.
| A4

Y

7o Circuil Breaker




Relay Connec?ions.

12.5-3725 Av TransFormer.

p 4 A

i ¢ Trip CircurT
"
TR i
<> <> <> E

— ] —————

9 q o SRR /C';
? ?\I .L F"rore:;;'o: o ,

| Overcurrent

FHelays

Protection

ek
:

L iy SIS
B 07 A
e

< < 1
< <
$1
Aulo Translormers et
v v + 725/ amp. ==

3725 Kv. Line.

12.5-2.5 Hv Transformers.

T he connectlion diagram 15 The same as The akbove
diagram, except Thal no awlolransformers are used. T he
Trip circuiT runs 1o circuil breakers on bofh sides of The
Transformers.

7 ransformer with Gy .

The connection diagram is The same as The above
diagram, exceptl that no over/oad profcction 1s provided.
The qulotransformers arc 44/35 ampere raling.




RHelay Connections.

R ockway Crrcusts.

Mad River Bus.
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D> 4 A X <

q < < Fe/ag? — Switch E <> <>
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b
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o leo 9
|
U I3 2 iy
< 4 4 P 5 P
<> <> q> <> <> <>
L ) 2 [ { (
A
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Fockway Bus
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