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CHAPTER [ . )

GENERAL PROTECTION PRACTICE o

The' purpoee or any power system is to prOV1de a continuous sup-
ply of e1ectraca1 energy to its ut111zat1on equ1pment at a reasonable cost.
The greatest hazard to this service is @ short.c1rcu1t caused by an insula-
tion %ai]ure It is necessary to 1nterrupt the, flow of current to such’a
failure in the shorteét pract1caﬂ time and to remove only the faulty por-
tion of the syggem without removing serv1ee to other parts of the system.
The detection 6f faulty conditions on a power system is done by relays or
fuses, commonly referred to as circui£ protective devices, and the discqn-
nection qf the faulty system is déne by c#rcuit-breakers or fuses.

'The.oyer;ajl arraqgement of relays and- fuses used is commonly .

9

‘referred to as a protective systenm.

N
LR ' , - '

-1.1 DisconNNecTION oF DEFECTIVE ELEMENTS

=

The elements that make up the complete system are:, generators,
transformers, buses, transmission lines, distribution“circuits, and utili-’
zation apparatus. These elements are connected fnﬁmégt cases By circuit
breakers and in somelcaﬁes by fuses so that the opening of one or more ﬁ
L

breakers or fuses isolates an element from the rest of the system.

' .
To maintain maximum service reliability, only those breakers or .

fuses shou]d open which connect directly to a defective element. The pro-

tect1ve devices wh1ch control the tripping of the breaker or fuses should
be so co- ord1nated with reSpect to each other as to attain reliable ‘service.
The ab111ty of the protect1ve system to operate so as to trip.dnly the mini-

A,

mum number of breakers or fuses d1rect]y supplying the defect1ve element

&

s called "selectivity".
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1.2 OVERLAPPING OF‘PROTECTIVE ZoNES AROUND CIRCUIT BREAKERS

. S .
The variaus, types ofyretays chosen to protect the different ele-

:ments df the system have known charactgristics from which Can‘be &etermined

‘their rangé or zone of.operation as applied to the system. It is.highly
desirab]é to have these zones arrénged sd‘that there‘ei%sté on the systém

fio location where an insulation failure can occur without causing the ress
ponsé‘of~thg\pnoper units of the relay ;ystem. These units shoﬁld n turn
i§o1ate ghe éhort circuit throuéh the opening of the proper circuit breakers;

which is best obtained by having the zones of protection.overlap. Due

‘to the construction of peta]-c]adNSWitchgear, on]y.the cur-

reﬁt transforiers oyeriap. With this protective system arrangement, fault
occuring in the common area enclosed by two protective zones cause the‘res-
ponse ofrthe'pfoteétive‘relays covering each zone ana the consequent open-
ing of both sets of breakers. Such operation of more than the minimum
required numbe} of’breakérs is preferred over that obtained ui§b~glggygxéaﬂfi
1app1ng system in which cettain faults can occur that fail to cause any ris-
ponse of the protective system and thgrefoke can be cleared only by back-ub
prbtection'or by ﬁanua] operation. Overlapping protection cannot be obtained

with fuses alone.

o
Ve

1.3. Back-Up ProTECTION AND SELECTIVITY

[

'.The protective system should operate so as to cause minimum serVice‘
interruption (Fig. 1). However, short circuits must always be 1so1ated from
‘the source of power supp]y even though this 1nvo1ves a comp1ete 1nterrup-
tion of service. It is, therefore, accepted practice to provide a protective
relay system including back-up protection, which will operafé not only for
faults up to the next protected zone but also for faults in’aT1 of the next .

'
)
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zone. This 'back-up is generally optaine& by havini the protectiVe system )
\ N N *
, respond quickly for faults close by and after a lenger time for the more
reméte faults, thus permitting selectivity with the proteEtive equipment

of adjoining system elements. By this means the system.is relieved of a
short circuit even though the prot ve equipment interMed to isolate a
' NG \ . . '
certain system element is temporarily odt of service. \

\) ‘ ,
1.4 MeTHOD OF OBTAINING SELECTIVITY

[}

Differential protective reléying wherein're1ay oberation is ob-

tained when there is a difference between the vector sum of the clrrent eﬁ;
tering and leaving the protected.elements is the most positivé selective
iriqciple. j , N o -4

This systém of relaying requires é pilot channel Setween the
terminals of fhe protected element which can be used in.making the current

’ < comparisons. It is ﬁfmited at the pregth time to equipment terminating
o at points relatively close together. ”

Where a pilét channel is not 'availablé, fault locations can be
indicated through the use of distance relays, wheréjn the relay elements
respond to indi;ated jmpedance or a cemponent of the impedance such as
reactance. This ohmic indication can be used to permit relay operation- - j
only within a certain range. By using more than one operating ohmic ya]ue :
with varying time setting§)back-up protection to adjacent s}stem elements

. can be obtained. Most distance relay applications permit dperation below

i

. the predetermined ohmic settifig only when the cur‘;nt flow is in one direc- ~

, tion. ' ' - .
. ; Where neither differential nor distance relays (both of which %
* permit fast trippibg for faults ﬁithfh‘thgir protected zone) are used, :

oL ‘ :
) selectivity can be obtained by graded time overcurrent relays or fuses.

g

o
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“ Directional relays may be used in combination with the overcurrent
relays to prevent operation except in one predetérmined direction of power

flow. Instantaneous: overcurrent relays set above max1mum through fault

'current are then used in addition to the time overcurrent relays.

¢ : : o R
.\\¢~, . . . i ) . .
1.5 TrRippING SPEED

T _

£

The speed with wh1ch relays and c1rcu1t breakers or fuses oper-
ate hqs a bearlng on
a) the qua]1ty of service in the plant ° l | ot
b) the sgabili;y-of the system

'c) thé amount of*power that may be transmitted without exceeding

4 ~

the stabiTity Timit

]

d) the damage done by a short circuit and consequent]y\the cost and .
~
de]ay in making repairs and loss of productlon ) 1.
e) safety to life and property. -

s

Service to all sections of a plant may be intefrupted if the 1ow;

vo]tége conditions accoﬁpanying a fault are not quickly remedied. (\\Q

. On motor circuits, fuses and éircuif,breakers.mqy open on overcur-
rent and synchronous motor may drop out of step{ Increasing the speed of
clear%ng faults so as to keep the principal loads on the system fb]lowing
a fault will greatly improve service. i

. The effect of fau]ts on systen stab111ty should be 1nvest1gated

to determ1ne what speed of clear1ng faults is necessary to keep the several
generating stations in synchronism. It ‘should be noted that the more
quickly the fau]t is rgmoved, the smaller is the ‘change in phase between

the synchronous machines, .and consequently a larger load can be transmitted'

P

. N .
.
. ! . N ' . R
. ' ”
. v A B
v . . v -
. P ,-\.—~. P A® WY e PR s y REDE QT I WP Pty PR VP g‘ " b




NN

FUFRRRR oo o wl ys

o . N .
K . L]

»

over the lines cbnnecﬁing these machines without exceeding the limit of

stability. Fig. 2 shows in a general way the relation betﬁebn relay and

’

‘ breaker time and the maximum power that can be trqnsmffted. Increasinéuthe

speed of circuit breakers and relays may permit carrying greater load over

existing transmission lines. - _ N S
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_Relay and Breaker Time .. .. .
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Fig. 2 — es T Z'Lustratmg Relation Between Relay and
. Bredker Time and the Maximum Power that can be Trans-
) mittdd Over One Particular System Without Loss of
' SyncHroniem when Various Fault Occurs.
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CuapTER II -+

TYPES AND_CHARACTERISTICS OF- OVERCURRENT

wo*

PROTECTIVE DEVICES

]

The first step in'designing an adequaté short circuit'curreqp.pro-

-téctive system is to select’ the correct devices to do the job adequafe1y for

If the protective system is to function as expected to detect trouble and
e1iminate it with a minimum of disiurbdhce to the system, it is essential

1 that the dev1ces selected have such time current operat1ng characterlst1cs

t that they can be c0eord1nated 1nto an integrated protective system
The objective ofath1s section is to describe the various types,
characteristics, and principal uses of some of the fault-current protective

devices commonly used on industrial pfant electric eystemé.

2.1 Basic Types oF SHORT CirculT DeTECTION DEVICES

-~

d
There are three fundamental types of devices designed to detect

N [

overcurrents due to short.circuit or overload somewhere in the system

‘The bas1c devices are: ° ‘ ' ‘ ) .
i) relays
v ii) direct-acting trips on circuit breakers
iii) fuses

- 2.2 OPerATING-TIME CLASSIFICATION OF PROTECTIVE DEVICES .

. A11 short circuit current protective relays and other devices

'cén be classified under one of-these headings:

the syétem involved. Some of the devices will have adjustable time current ’

| characteristics, while others, such as:fuses, will Pave fixed characteristics.

-
n i o e mttateamsh




) Instantaneous
, 2) High Speed

3) Time Delay

4) .Combination Instantaneous or High Speed and Time Delay.

By ASA definition, instantaneous relays are those which have no intentional
time delay. Some.of them operate in 1éss than 1/2 cycle, while others may
take as much as 0.1 secdqu (6 cycles). Those tha; bperate‘in 3 cycles

or less are also classified as high spge d re1ays.

- Time delay relays- may be é}tﬁ‘r induction, hinged-armature, ar

e

soleho1d type. Usually, the time- de]ay\1s adjustable. Most of them are
1%duct1on type with an inverse character1st1cs That is, the-re]af speeds
up progress1ve1y as the actuating quantity increases. o »

_ However, a few time delay ?e1ays have a substantially definite
t1me characteristic predeterm1ned by adJustment, and are independent. of cﬁr-
rent magnitude as long as the current exceeds the pickup setting by a small
amount. Thgfe areykhown as definite time re]ays.

~ The direct-acting trip mechanisar on circuit breakers may be instant-

aneous, or time delay, or a combination of the two. The melting time of fuses -

varies from very fast to quite’slow, depending on the magnigude of the shorﬂ(ﬁ
circuit current; ' that is, they have .an inverse characteristic the same as
the relays do. Some fuses are designed to give extra time delay on moder-

ate values or overcurrent in order to ride through permissible high overloads.

2.3 ReLavs

Relays are devices installed on the system to detect trouble and
complete a circuit to electrically ﬁrip their assotiateﬁ circuit breakers,

or conduétors,"whenﬂnecessany to isolate the faulted circuit or eqqiphent.




!

Relays may be simple ové}currenf devices responsive to current mggnitude
only, or they may have a combinatioé_of current énd voltage, or current and
. current flow; current’balénce, différences in the curéent at two ends of &‘
circuit, distance, etc. The majority of relays in modern powef systeﬁs
operate from the-secondéries of current transformer§ and potential trans-
LT ﬁ?

Relays are more vﬁf%at11e and provide the best protect1on Also,

“n
they. can be designed to operate on on]y one dxrect]on of power flow to the

formers.

point of fault, or loeate the fault by meésuring the line iméedance (¢is-

tance) from the relay to the trouble spat.

2.4 DistaNce RELAYING

The basic principle of operation of a d1stance re]ay is the 1mped-

ance measurement of a transmission T1ne up to a given po1nt
LY ) ' PN
The measurement involves the comparison of the secondary current B

of the C.T. equivalent to(fhg/ﬁ%imary fault current and a’ secondary voltage

equal to the fault current“times the impedance of tﬁe line up to the‘point

[

Cof fault. T - o€ o y
. There are three basic types of d1stance re]ays.

a) The 1mpedance measuring relay. c .

b) The admlttance measuring relay (S and__

c) The reactance measuring relay

¢ . ." J

» - ' T ' ' “ M <
For the operating characteristics of diatance relays.refer to~various manufac- .
turers' manuals.

4

2.4.1 APPLICATION OF DISTANCE RELAYS v

1
Ay

* The transmission 1ine "A¥, on the system diagram shown in Fig. 1

@

is a typical 23 KV network supplied from a 69 kV‘system through two step, K

-
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down transforrers. The following example shows the necessary calculation °

to check the suitability of applying distance relays to Tine "A! cqnnect-'

ing substations 1-sub-2 to the metal clad switfchgear cell ﬁu%ber 6.

1. Check the setting range of the relay. ‘ A
" 80% of Tline impedance =7 x0.8=58x0.8=4680mms ... :.. (1)
-3 l- . CT‘ 3 .ﬂ -~
e 7. Ratio . 400 . ‘
55T 00X WMo OV XX 0 = 8.87 ohms.. L . (@),

e

This value should fall within the relay setting.

2. Check the minimum volts at relay for fault at Zone 1 Reach Point.

The 30 MVA transformer impedance is:

ZIT = ZZT = 0.015+ij'.25 ohms

Assuming ZOT = 1,2 Z]T = 0.018 + j 0.30 ohms, (Refer to Eng]i‘ish ’
Electric Distance Relays Manual).,

The ‘total fault current, caﬁ be calculated as following.

s ‘ . 0.8(2.6 + j 5.2) x1.2 (2.6 + j 5.2)
Ly=3 212+ 005 +30.25+ =586 73 5.2) + 1.2(2.6 + 3 5.2)
o, . 0.96 (2.6 + j5.2)(2.6 + j5.2) -
:.0.015 + je.37 + 7(2.6 + 35.2) A ‘
N b “‘*&
) ' . ' , _'D 4
.= D0.005%j2.37 #1.25 + §2.5 = 1.27 + j4.87 . . . . .. .. )
. é " h I .
- . co ! . . T s ~ "
Fault Current . Il

- -\If] _ E__ 23000

. =2680 A ... .. ... (5) .
IL AT (.27 + ja.87) ST )
LE'S .

Volts at Relay = I_ x Z, where I. = 2646 A. .
, . f-l L‘ P f] ™
. _ : , ‘

e @) T

- rem s oo
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The/ fault qurrehj: ise '

‘. ,
]] . . 2 ]
_ 0.8 (5.8) x 1.2 (5.8) _ ., .
I, = 08 l58 + 1.2 (5.8) - 2-78ohms

V= T ex U 2640 x 2.78 = 7,339 volts primary ‘ ’

: anvertmg to phaseé-to- phase secondary — ‘ o , «
& X100 i o C \

7,339 x W = 60.8 V91t5 . R . : 4

.. * -

Check with manufacturers manu?ﬂ for voltage reach curves. ‘ ‘
N . . o
’

1

3. Check mxmmum volts at re1ay for phase -to- phase/earth faults at
. a
Zone 1 .reach pmnt L1.ne Zo to Fault = B

a

¥

+ j2l. 5) - n . -
TN 0.48(7.8 + j21.5)

n"°
oo
| oo
e
~g~
[se]fee]
|+
[ AN AN
™~ N
| pnd
(5,104, ]
R
+]%
ol | c——d
e
—————
N[~
COOJ

<>
4 ,‘Fﬂwwm

= 3784 FI0.32 0MMS . 4 e e e e e e e e e S . (6)

From Equ. (4) and (6) we have ( . l . g

Z] + Z2 + Zo = 221 + Zo = 2(1.27 + j4.87) + 3.74 + j10.32) ‘=

\

2.54 +°39.74 + 3.74 + j70.32 = 6.28 + j20.06

The total e’af%h fauld resistance with one éar‘thing resistance in service is:
i ' s . I ’ ¢, .

. . C .
96.28 + j20.06 ohms. . ... .. ... {(7)

L}

=3 x 30 + 6.28 + j20.06

oo

I . ¥ . 3x23,000/ 43 o A v
2T L %.28 + 320.06 : -

'3 x13, 279 f )

= 96_ 32006 I=',405 .A.:-_---.‘::.'e.’-.-:Tll..'(al)' .
"-i.' ‘\ . ] . ' -, ' ,‘ .

S
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X (
S ' o | | . 12 ‘,
yos v s 3 . x . . 5
. . Volts at relay = I N Lo

¥ S o ) ’ ‘f2 *rZgs where Ifz =405 amp and Z. = earth lodp. impedance.

’ y, ‘ N . © . : . ’ s ” ‘A
e B 0 1o= 100127 + j4.87) + (1.27 + j4.87) + (3.74 + §10.32) ] =
. ‘ %6‘23+§]20'05=7ohms..'...............v.’. “w oo (9)
At ! ‘. . . ' ) . <
V= 1] C ANE v T = o . ~ )
fo X Z, = 405-x 7 = 2835 volts primary . .. . . ... . ... (10)
- ' ;‘% )
B A . \', ) o4
- Converting to secondary phase tg feutral = & \
. | ) :
. o ‘ N
L o, 2,835 x 110 _ ~ y « §

g , , , S = 13,56 volts & i

Cd . . Check with manufacturers. manual for voltage reach curves. ‘ \'

RS ' : o . i . ‘

4. Determining the setting on the r‘%la'y. s
o . N : ’ ‘ { [
N , a) To set Zone T to cover 80% of protected line primary. impédance j
‘}' o s Z] = 2.6 + 35,.2 converted to.secondary impedance. 5
r - Impedqﬁce - . o ﬁ .
. » . R 1. . ;
. ) g , 4 . ;
SR 0:8 x (2 6+ 35. 2) x 100 00(CT) zygoo ) - _ B .
s =13,98 + 37.96 = 8.9 / 63.4°. ohms b
r\{\ o ’ . . . * - . ‘
" Reactance: relay setting = 7.96 ohms '
o Admittancfe‘ relay niax; torque angle 450“1ipe angle 63.43°
. . - . X ' e » “\
Admittanca Relay Setting = —=8:2 R - 1
: S ~ cos(63.34° - W’) : . :
! 'Q - f\ “ N t ‘e P 1
B . e 1 : ) ,‘ . 5 ) .. |
b) To set Zo‘ée 2 to cover the protected 11ne plus 50.% of the next line

o sec- \*
., s ;o ) ' “ pe o
) m.' thl‘l (F g. 7) T o - o L
. ' N L | o ‘
(2 6 +Jf5% 50% (3.8 + j7.6) :‘/4.5 + j9 ghms o

’ .
[ [ d v .
] .- .oa e <y
1] N ) 8 .

N . v e g e T [ v o il
o 4 e - o " : by e

e . .
P - ‘ . N «
8 s R o AR 32 0 e 10 AN T Ak {
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RCLK

. 3 ' 1
- ) . N ' N . -
L gﬁt’Converter to Secondary = (4:5 + j9) x 59%3%6%%9 = 8,5‘+'j]7i?1 A
\ ¢ AL .
= 19.24 /63.4° ohms.

-Reactance Relay Setting 17.21 ohms'or 217% of Zone 1. ‘

- ' - . i

Adn1ttance Relay Setting  _ 19.24 = 20.27 ohms

c)

2.5

\
‘Admittance, Relay Setting =

cos (63.40 = 359)

or 217% of Zone 1.

To set Zone 3 ta cover the protectedt]ihé plus 125% of the
section. - ' : '

- s
j5.2) +1.25(3.8 +.j7.6)

Primary impedance = (2.6 #

Cdnverted to-secnndary

= (7.35+ j14.7) x 23,000
) = 14 + j28.12 = 31.4

"Reactance relay setting® 28.12 ohms or 354% of Zone 1.

.

31.4
cos (63.4° - 45%)

= 33 ohms

Lo

—~—

or 354% 6f Zone 1. . \

DiFFERENTIAL RELAYS - GENERAL

<

next line

o v

63.4° ohms

?
¢

D1fferent1a1 re1ays depend for their operat1on on the fact that

when cond1t1ons are nonma]. the current flows into one end of a gererator

w1nd1ng, one side of a transformer, or ohe end of a circuit 1s ba1anced

" by an equiva1ent cwrrent flowing out the other end;

N v Voo . & .
hag to-come out, if everything is in order.

when a d1fference between them indicates that thaw

" that 1s wh

Thik makes it pdss

pis a fgh1t

protectéd equipment or circuit. = - A

AL TN R TV

a2

D A 0y S s T e Pre e on et RIS, % LA W 0t WA A sl

at goes in

ible to

inside the, )

= 7.35 + j14.7 ohms

-
o Rk B e b A

.\ build relays that “watch" the ingoing and outgying currents and operate ;"'
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~ with gther’ generators, If‘may equal I, - I, or I

. between the outputs of the two current transformers, that. 1s, I]

Cow

There are;three.baEic types of'differentia] relays used on power *
syetems_today. Cow |
’ ‘The basic relays are: ,— Y

1) Generator differential relays |
2)~éus-differential.revays ' | |

3) Transformer'differentia]ﬁre?ays. e

Refer to manufacturers manual for their.operating characteristics.

4

'2.5.1 GENERATOR-DIFFERENTIAL RELAYS S o o

As shown in Figs. 3 and 4, two current transformers of equal cep-
acity and similar characteristics are installed in opposdte'ends of each .
generator phase\n1nd1ng and their secondar1es are connected in series with
~each other and the restraining coils (RC) of the’ d1fferent1a1 relay. " The
operating coil (0C). of "the relay @s‘connected in para11e1 with the two cur-
rent transformer secondariest Under normal operating condjtions the same
load current flows through the two curréni cransformer primaries, and their
correspondinéjy equa1 secondary‘currents (11 and 12) circu]eﬁe in the djrec;
cion of the arrows through the series circuit‘inc1uding the restraining |
coils (RC) and none goes ‘through the operat1ng coil (OC) of the relay.. When
a short c1rcu1k.deVe1ops inside the generator, the pr1mary current I.l
no longer equal ‘to current I, 25" and current (I ) flows through the re]ays o
operat1ng coiT (OC) If the generator is .wye connected as shown in: Figures?
3 and 4 and IS operct1ng a]one, the fault current (IF) is the difference
L.
When the machine is Eerrying‘load, I2 is the Toad current and when it is . -
‘running un1oaded\>1 1s zéro If the same generator is runnnng in para]le]

+ I It w1]1 be I,-1

2 1 2° 1 72
. . _ J C
B ,\> . v " . ‘e ‘
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.t ) S \when the‘fau1t is minor and the ﬁachine cofitinues to supp1& some current .
to the bus, and~I] + 12 for a severe fault with.the.other generators fged-
. | ;. ing current into fhe short circuit.
When tpe current, Ig flowing through the operating coil (oc)
equals the re1ayls hinimum pickup current, and also exceeds-the current ‘
in the restraining coils (RC) by a certain percentage the relay operates -
"to trip the generator-line and field circuit breakers through an auxiiiary
relay. The purpose of the s]opehin the two relays is to preyent fa1;e >
. operation due to CUrrent-traﬁsformer error currents that might flow in the
differential relay ciréuit=during a severe spﬁrt circuit outside the differ-
\ entially prdtected zone. Error curreﬁts'occur becausg no two current tréns~
formers w;11 perform exact]y alike even though maﬁg to the same spec1f1ca-
.+ tioris and from the same 1ot of mater1a1 If the current transformers satu-
rate unequally, when high currents flow through them during severe short
, _  Eircuits on'feeders their secdndary currents will pe unequal even though
the séme extérna1—fau1t éurrent flows through béthgiurrent-transformer,pri-
) laries‘ Any different in their outputs will f]ow through the relay's oper-
B ating coil, and the relay has no way of knowing whether ‘the current it

» o : . sees indicates a fault in the generator or a “mistake" on the part of the

' current transformers which it should ignore.

52.5.% TRANSFORMER-DIFFERENTIAL RELA#S B .

Trans former d1fferent1a] re]ays are of the constant percentage

(o ,' .- differential type. They work on the same basic principle as generator d1f—

'{. ferential relays; that is, they watch to see that when current enters one
winding, a corresponding amount léaves the other winding, or windings. The

connections of a transformer differential relay are the same as for a genera-

.
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#
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”tqr differentialJre]ay,'exceptfthat the current transformers in the leads
to the two or more -windings of transformers have: to be ofndifferent ratios
to compensate for the fact that there is diff@rent‘vOltages in each cir-
. cuit, hence,‘the line currents are not the same.
Transformer,differentjal re]ays require more slope: that'is, a
greater per cent difference in the output of their current transformers,
than generator differential relays do, to- a]]ow for the unba]ances in cur-
rent caused by transformer tap changing, current transformer saturation,
and the fact that it may not be poss1b1e to have the rat1o of current trans- |
formers exactly match the d1fference in current due to.the voltage ratio.
Without theaextra slope, it would be necessary to readjust the relay taps
whenever the‘tap ratio of the transfarmer was changed; " for examo]e,'a's'%
change in transformer taps Eauses a corresponding change in the current in
) that winding, whereas the currént in the other winding remains the same for
a given kVA load. The currents in ‘the dlfferent windings of transformers dif-
fer depend1ng on the voltage rat1o and consequently, d1fferent current-

transformer ratios are required. o

»

Since it is necessary for economical reasons to use standard
v eauipment, it is se]dom possible fo obtain a combination of primary.and ‘
o A .seconéary current transformer§ that will produce exactly equal current in i
/their secondaries for a'given load, or through (external) fault conditions.
Therefore, most.transformer ‘differential relays are prov{ded with two.sets.

of taps in their windihgs to permit balancing the ampere-turns in the relay ' o

. elements connected to the different main transformer circuits. |

2.5.3 BUS DIFFERENTIAL RELAYS

[ ' There are three varieties of relays available for differential

protection of buses:

. N . * "
. .
v ' N -
il ! . - .
. . N .. A
BNk B A AN T I W ] ey 1 PTh ARy T RE YT g 3 o PRAPRN b W Wy §7 T LTI P A, TiA L Sy 3




18

1.” Ordinary time delay ovércurrent relays. e

2. . Current actuated bus differential relays with restraining coils.

€

3. Voltage actuated relays.

Ordinary ove;current relays can45§'diffe?eqtia11y connectea, so that they
will oper&te on the difference between the summation of the currents enter-
ing and 1eavfng a bus or bus section. They are not particularly well '
, adéptéd for the purpose, however, because the only way to prevént éheir
\ fauitsopera{ion when the ra@io.of a gurrent transfqrmér brgaks down due to-
dc and ac satqrétion during a severe external fau]t on a feeder, is to
set thiem high in both currené and fimé.' When so set, they are toot§1ow and
insensitive to be very effective. The cyrrent~actuated dif;ereﬁtialyre1ayst
have restraining coils amd are somewhat better than the overcurrent relays, 5
: but they are still not as effective as the voltage actuated relays. The
latter are able to discriminate instantly between faults: in the'bus and
external short circuits on feeders outside the differentially protected zone,

even though one or more of the current transformers in the group become

' completely saturated. The voltage actuated relay is known.as a differéntia]

¢ [y

Ny L

voTtage relay. It is designed for use with-bushing type, or the window

. , &
.type current transformers used ih méng-clad switchgear. The relay is con- .
nected across the paralleled secondaries of current transformers in‘each of !

)

" the incoming and outgoing circuits (Fig. 5). Under normal load conditions,
or in case of é short circuit on a fqeder that does noi caus: ggrrent
transformer saturation, the vector sum of these secondary currents is zero,
and no voltage appears acro§§ the relay coil. When a bus fault occurs, the
)Veétorssum is no longer zero and the flow of unba]anced currents'createg 3

voltage drop across the relay causing it to operate instantly.. Severe

Ao S

short circuits on feeders may cause current transformer saturation result-
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ting in an unbalance in the vectlwr sum of the currents in the paralleled ' N
current transformer secondaries and a voltage drop across them just as‘ﬂn |
internal bus fault would do. The relay will nog;operate falsely, in the

latter case, b,eca.use the voltage appearing across it for any magnitude of

-bus faul't is enough more than that during an exfernal feeder fault to enable

it to distinguish between the two conditions, assuming that it has been

properly set. source ' source ' 4 :
CT's ratio as  CT % - CT 8 :
required ) |
' Bus fault{Internal) : . )
e ' > A — A 'y
ﬁ T / : : B “To .
) ' Relay
e - . — — 17
. CT S L . CT 8 CTE
: 3 L ) I3 ' " b3
. — .
' ' : 7 XExternal fault
Feeder - ) " Feeder . ‘Feeder
- ' v, ” ' "
Fig. § — .Current transformer comnectigns for voltage actuated, bus

differentiﬁl relay in one phase of a three-phace' circuit.
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2;5.5& EXAMPLE OF SETTING DIFFERENTIAL, CURRENT BALANCE AND WIRE PILOT
) ’ - " RELAYS °

" Generator and transforﬁer differential, para]]éﬁ\]ine current:
balance, and wire pilot relays, operate only ‘on faults within the zoﬁesk

they protect, and therefore, do not require timé current co-ordination with
‘otﬁer devices. However} some of these devices require current-tap adjust-
ments to insure.cohrect operation. ‘

GeneraiOr—differentia[ relays and cﬁr?ent—bai#nee relays for line’
protection requi;ed no adjustments of ény kindﬁ
‘TransformerJgifférential relays hawe current iaps to permi% bai-
ancing thé odtput of the current transformers (CTg) on éppo§ite sides of
- a traﬁsformer, and to combensate'for Ehe fact that one set of,the CTg on.
4Y-A or A-Y (to compensate for the 30 degreees phase shift);ithereby MU]tir"
plying the CT secondary, current by 1.73. " The CTg are conﬂ'cted in A when
the poWer transformef winding is wye connected, and in Wyefwhen the trans-
former iskconnecteé in A. Fig, 6 shows the connection for theﬂCT second-
aries in the primary énd secondary of the transformer T5 in Fig. 1 an& -
' the differential relay current tap se]gction.
» ‘. "The transformer primary is delta connected so its CT secondaries
n are wye connected. The 4,0 ampere taps on the relay are in éhe CT second-
. aries for full load on the transfbrmer, so the CT seconﬁary leads are con-
nected to them. .
Thé transformer se;&ﬁdahy is wyerconneéted, so it's (T are deltés
'connected,which automatically multiples the 2.78 amperes in their second-

ar{es (transformef fulllload output), by 1.73. The difference Between the

resulting 4.8 amperes and the nearest higher'tap.dn the relay (5.0 amperes)

(? | e g/t
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is small enough to bé taken care of by the slope in the relay's operating

characteristic, so the CT secondaries are connected to the 5.0 ampere taps.
As explained im Section 2.5, the slope, which is the amount by which the

current in the -operating coil must exceed that in the restraining coil ’ -

béfore the relay will operate, is provided for just such contingencies
v N - , \ y

at this. The combination of transformer primary and secondary current-

, tfansformers, such as 400/5 and 2000/5 cou]d)also be used sgtisfactorily. '
' |

With this gombfnatfbn, the secondary current in the tréhsfdrmer-primary
' {
CT's would be 3.77 A as before, but the current to the ré1ay’fr0m'the
. .

delta connected transformer secondary CTs would be 4.17 %‘1.73 ='f.2 A .

’ [ o
If we select a relay with gxhigher-rated tap, 8.7 A, we can see that this

is far above the 7.2 A aygiiable.al1owénce in se1e§tiﬁg the relay tép‘for

the primary CTs_ in.order to have satisfactory relay balance '

(i.e. <§L% x 3.77 = 4.55). Therefore, the proper relay taps would be B

4.5 A for the primary CTs and 8.7 A for the secondary CTs.

' ‘ . . . v ‘_;
When a choice is possible it is preferable to use CTs that will
oo ‘ . . o
give moderately low values of secondary currents, which means lower volt-

amperes (IZZ) Toss in the secondary circuits aga consequently, Tower

- burdents on the current transformers, which in turn means more sensitive

relay performance. : .




- .22
27kV, 301 A.
| S T
Y &] E E 3.77Azp.
409/5 N - 1
T 1
. To 4 ,A.
' Ty . tap
‘ N4 RC '

\ oc . ’ ¢
| udoau _ Differen- |
Iz,ooo~ TR-5- A —}" tial Relay
kVA R 260hcs . :

L ' . . RC To 5 A..
- ) ‘ tap
L. 8amb. F
4.I6kV, 1667 A.

Fig, 6 — Transformer dtfferenttal--relay schematic diagram for ALY
_ connected transformer showing relationship of currents in
the primary circuits and the cuz'r’ent transformer second-
aries.

ki

2.6 ac WIRE PiLoT ReLAYS

'

ac wire pilot relay protection is a modified form of current

differential relaying, ' It is designed to prov1de fast phase-phase, three,

phase and ground fault. protectwn of the cab]es or relatively short trans-
m1ssﬁ1on Tines. 1In an ordmary differential relay circuit, the full output
of the current ;ransformer secondaries circulates. continuously through the

4

relay and current transformers over a set of four wires. Since the four

~
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wires must[be,large enough to 1imit the impedance sufficiently fo avoid
saturation'ttoub1e by overbprdening the current_transformers; sucH a system
) is impractical unless tﬁe current transformers are within a few hundred- .
feet of each other. -This obstacle is overcome in the ac " wire-pilot pre-
tection system because the relays and auxiliary devices are designed td take
just a "sample" of the current flewing -in the current transformer second-
-aries at each end of the cable or transmission 11ne, and then compare these
\ samples over a pa1r of relatively smal] pitot w1res. Under normal cond1—‘
- tions or even when short circuit ‘current flows through the 11ne to the. ,
' fault outs1de the protect1on zone (through:short-c1rcu1t), the current-sam-

ples match each other and the relays do not operate.’ "When a fault 6ecurs on

the Tine between the relays (protected zone), the samples no longer match ‘\\
and the're]ays operate instantly to trip their respective circuit breaker.

~ . . . . ‘ ‘ .

: o There are two types of wire-pilot relays, one of which operates ,

P , ’

on the circulating current principle, and ‘the other'on the opposed voltage -
s .

v

‘ . ‘ i .
princip]e In the circulating current system, current is circulating con- C o
t1nuous1y through the p110t wire circuit, whereas in the opposed vo]tage sys-
tem, no apprec1ab1e amount of current’ f]ows in the p11ot w1re circuit, un-

less there is trouble on the protected line. Fig. 7A shows an ac

wire-pilot relay system operatﬁng on the opposed voltage principle. Upder
normatl eonditions with power t]owing in eithet ditection, or for thrpugh
faults, the ‘current samples at opposite ends of the 1ine match each other
and produce equal and opposite voltages in their mixing transformers and

‘ .1nput-trgnsformers. These voltages cause current to flow in the relay po]ar-
izing (PC) and restraining (RC) coils, but since these voltages areiopposed
to each other, only alneg11§ib1e amount of pilot wire charging current '
flows from each end through the relay'operating ¢oils (OC). This charging

; current is insufficient tO‘operate the relays even though there ‘is current

v s
*

e s S - ¢
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Assumed normal current flow
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. protection for two terminal lines.
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, . " When a fault occurs in the ;rotectfon zone on'a power line with
generation at both ends, the/sample Currents produce voltages that are in '
series (Fig. 7B) and cause currents to flow in the pilot wires and, conse: \
quent]y, through the relay operating coils. Meant1me, very little current
flows through their re]atively high 1mpedance restraining coils (RC) and
thérefore, the relays operate.
( If. thé‘power source at one end of the line is shut down‘(ésshme

*Bkr. 2 end Fig. 7).* The relay at that Jend will not'.opérate because-there -

!

ating and restraining coilsy but the 2y could not operate withgut{cur—
rent in its po]arlz1ng co11 Usually, this is not objectionab1e | ‘
However, if 1t is deszred to have the breaker at both ends of the
_line tripped 1mmediate]y in all‘cases, it 1s possible te send a transfer-
trippﬁne signal dVer thevpi]ot wire supervisory circuit so that ‘the relay
at the. power source end of the line (Bkr 'l .end) can trdp'hoth breakers.
- - ”ac wire pilot relaying works best on two’ terminal 1ines; that is, sing1e
. circuit with no' taps or branches, But it can be mod1f1ed for use with some
comb1nat10ns of 11nesnw1th branch circuits or taps. The relay system in-
;{?Eludes_the necessary restralnt features to prevent false operat1on due to
. current transfcrmer errors during severe short circuit outside the protecﬁed

. : o . . -
zone.. . y

2.7 .CURRENT LIM]TING AND‘.STANBARD Fuses . 7 .
The two bas1c types of fuses are the current 11mit1ng, and non-r
, current limiting or what m1ght be termed standard fuses Pract1ca11y an

fuses will melt in consnderab1y less than 1/2 cyc]e on a 60-cyc1e basis

5 . will be:no current ‘in its polarizing coil (PC). Current would flow through

the piJot wire from the other ‘end of the line and go th?BDgh the relays oper-

n
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_ when rubaected to high va]ues of fault current However the 4rc is a con-

* permit using a smaller fuse and, consequently, in some cases, a smaller.

ductot and enables the current to reacthts maximum crest va]ue un]ess pro-

* A

v1$101 is made to put’ 4t.out before the crest is atta1ned Hhen such pro-

{
r‘s;pncj made, the fuses are c1a551f1ed as current 11m1t1ng

’are*

fo®. any value of current within their interrupting cabacity rating limit.

Most fuses'

Se f—protect1ng, that is, they are capab1e of ext1nguish1ng th€ arc

Current 11m1t1ng fuses for motor protection, which are purposely des1gned to
B (.7

carry low values oi current for consideraﬁﬁe per1ods of time to perm1t

. -
*

repegted starting of Joglng of motors, are an except1on to this ru1e

-—

,EQEY are usqd/1n conaunctlon with a thermal .relay and conductor whosewfunc-' A

tion 15 to open the’ ctrcu1t/6n magn1tudes of current so low as to requ1re

more than approx1ma§ely ten seconds to me1t the fuse Tine. 0therw1se, the

quartz sand in the fuse’ may become so hot that 1t cannot coo] the arc

.y

—enough to enab]e the fuse successful]y to 1nterruptthe current when the

R4

Tink f1na11y me]ts : - T
Most fuses have a’ smooth' that {3, a continuods. melting- -time
.curye, bm%,some are eéégned to ‘giwe more time on- moderate overlioads of -

twc? or three tiwes {fusegﬁ The 'latter ha‘e a .jog in them me1t1ng-

. time curves, which dees them a much Tonger melting time than standard,, . !

fuses at moderate overloads. . The purpose of this characteristic is to ‘

-

FY

‘sw1tch for motor start1ng rerv1ces. Fuse time-current 0perat1ng character-
istics are given in terms of the me]txng t1me for afgiven va]ue of current,
but unfortunately,: there is no accepted 1ndustry—w1de standard as to the =

method of showing. them" that 1s whether they- should be p]otted on the

e
bas1s\of short, min1mum, or average, melting tlme, or tota]kglear1ng time.
- N )
o . . ) * ‘. ' . oy ¢
. > i -
l‘ ~ . - ’ '
‘ T .
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The various time current characteristics of a‘fuse can he ca]cuiated from
the given. character1st1c by the s1mp1e process “of adding or- subtract1ng
a]]owances as shown in F1g 8 If for. examp1e, the fuse character1st1c
'1s g1ven 1n termslof minimum me1t1ng t1he, the maximum melting-time can
be determwned by plott1nganother curve 20 gerzpentlhigher in current for

each- value of time. This 20 per cent is to allow for variation in nanufac-

ture of fuse wire. If the curves are plotted in terms of average melting

time, the maximum'and minimum me]tind’times are approximately 10 per cent
above anﬁ be1ow‘the average. A}ter the fuse melts, a certgin 1ength ot B
time hs'requtred for the arc' to go out and this time allowance for the part-
icu]ar'fuse uhder‘consideration must be added to the maximum melting-time )
, curve as shown to obtain the.total clearing time for 2400 volts and ahove Y
fuses. The 600 vo]ts and belqw c]ass of fuses also have an arc clear1ng
tlmezyfsomewhat shorter duration.: Another factor that must be considered .
in determining the overa]] time current characteristic of a fuse for coordin-
‘ at1on purposes 1s the damage to]erance. This. is an a]]ouance that ndét be
‘made if the fuse is used ahead of some other short c1rcu1t deytce " If fhe ;
fau]t is on the ldad s1de°of one of these other. dev1ces, the ]atter must

. ra Ce
o operate and c]ear the fau]t in.less than the tlme ‘shown by the damage to]er— .,

ance curve, in rder to avo1d any ststb111ty of ovérheat1hg the fuse link .

¢ ‘

. . syff1c1ent1y to eaken 1t.and thereby eVEntua11y cause fa]se operattont Thef'
" Z’damage to]erance may be ' g1ven in terhs of current or tté;\ks shoﬁnvkp

F1g 8 In some caseg; the. damage to]erance varies and, theﬁefore, in qase

e . ofa very c]ose co-ordination prob]em,.spectfic curves’}br the partncu]ar
fuse 1nvglyed shou1d be obtained from thelnanufacturer. AR .o
RS 1{' . q A " T
.-»‘ . SO . ) . %
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2.7?1 INTERRUPTING RATING

% . The basic interruoting rating of a cdrrent Timiting fuse is\l.é )

times the maximum (or first cycle) symmetrical value of avai]abie current -
the fuse shaTl be required to interrupt. Power-fuse 1nterrupt1ng ab111t1es
are sometimes alternately shown in terms of three phase MVA TheSe.;hree ' \

, . ! ) : "
i phase MVA values are . .

. , - , voltage F'se inst. cufrent
MVA = qg‘ (%use r?ggd) .9 u o )

o

//:od they are based on the maximum symmetrical values of avoi]able gurrenf ¥
to which a set of fuses shall be subjected in idterrrupting a three—ohase

, short'circuit at fuse rated vo]tage. The 1isted thfee phase MVA values ' i
must be adjusted to correspond W1th system base voltage before a compar1son j
may be made with system duties from short c1rcu1t ca]cuIat1ons A system
short-c1rcu1t duty may ‘then be determ1ned in either of two ways for compar-

ison with the Anterrupting ab1]1t1es of these fuses: -

’ Total RMS amperes = -6 (ba;e amperes ) n - . o
Three-phase MVA = 3 ohaeexease MVA) L ‘ o

where X" is the per unit value.of system subtransient reactance, recognizing

short-circuit contribution from synchronous and induction ootors as well as -

A - from normal power sources.

2.7.2 FUSE CO-ORDINATION WITH OTHER PROTECTIVE DEVICES

In app1y1ng fuses, it 1s frequently necessary to choose proper ampere

T

'rating so thet select1ve operation is prov1ded between the fuses ahd other

)
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4 protecfﬁge devices that are used on the §ystem.ﬁ
| | Co-ordination is based on the principle that the minimum porEion
of a system should bé isoiated in the event of a fauif. Therefore,‘protec-
tive devices farthest.from thg power source should operate first. Those
nearest the soqrc§ should require more time to operate.
o ‘ " ‘ , Such coordination can be determined by plotting the fime-current
 characteristic curves of the devices involved on the same sheet of graph
' papér, and se]ecfing relay settings and fuse ampere ratings sa that the
desired selectivity is obtain;d. |
\ . . The following exqmp]e illustrates the broceduré‘involvgd in.sel-
ecting a motor starter fuse, coordinated wiyh_a-P&B overload relay and

s -7 a vacuum contactor.

0

The perform;nce of the fuse, the contactor and the overload relay
must be coordinated Fo achieve:
i. Protection of the motor against sustéined overload an&'sta]]éd rotoﬁ‘«
conditions by means of the overload relay. |
y 2.-‘Makfng'and breaking of thé circuit by means of the contactor within \
0 the, interrupting capability of the contac@or: 3
3,ﬂ Protection of the circuit by means of the fuse for fault currepts'above
the interrupting capability of the contactdr, up to the maxiﬁﬁm fault

current available,

.
(<]

& o These three conditions are necessarily inter-related and must over-
lap such that the fuse takes over from t%e contactor>with sufficient margin
between them for éafety. The same relationship also appfie§ between the |
fuse minimum interrupting current and the over]oad‘relay. Correcf coordina-
tion in this respect ensures that at all times the fuse will not be required

to operate on a current less than its minimum-interrupting capability. The
‘ - -~

(

™~
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coordination of the characteristic can best be illustrated by reference
to the curves shown on Fig. 9.- Fig. 9 illustrates the characteristics of

a,1200 HP, 4.16 kV motor (ref. to Fig. 1 motor M1), a vacuum contactor

3TL5, the: operatirg limit of a typical P&B thermal overload relay and the

"1 characterisic of a 200A 3GA HRC,,motor circpit fuse; which has been selec-

ted for this application, superimposed on the characteristics of the motor,

the vacuum>contact6r and'the thermal [overload relay.

" In considering this presentation, the following. points are impor-

tant:

a) The éelected fuse permits up to two successive starts with an adequate

margin of safety.
b) The overload relay will operate before the fuse on all values of over-
load up to motor sta]liqg conditions. In doing so it ensures that

the' fuse will never be called upon to opeﬁafe near or below its mini-

mum fusing current. ;“
c)% The maximum switcﬁﬂﬁfcapacity of the vacuum confacfor is well above
the value of current permitted by 6peratioﬁ of the overload relay
- and permitted by the fuse in the event of a high value earth fault
‘ occurring. For lower.values of earth fault, the vacuum, contactor

would operate normally. ;

|
To facilitate co-ordination st#dies"miqimum melting and total

c1earihg time current characteristic ;urQes are provided for this fuse.

These curves and the time current characgeristic curves of the thermal

- overload relay arf on translucent paper from which prints can be made.
By means of these‘curves, fuse &atings can be selected rapidly

PO Q [ ]
by holding the sheet for the fuses togethbf‘with similar sheets showing

1 " b '
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overload relay time current characééristics on'a light box, with éo—o}din-
“ates matching.- The . fuse selected is thg one for which the over}oad relay
characteristié crosses the mfﬁ%mum me]ting characteristic at a current
greatég thaﬁ the motor adjustéd, locke& ;otor current. fhe adjusfed‘Tocked

rotor current is the motor manufacturer's bub]ished Jocked-rotor current,

'“ipcreased by 10 per cent. _ v ’

This adjustment makes allowances for operating the motor on an

electrical system whefe the opérating voltage is at the plus tolerance above (

‘rated voltage, and for variation in motor locKed rotor current due to varia-
. . , :

tion in material and manuficturing tolerances. This co-ordination then pro-

tects the fuse from unnecessary operation due to motor starting, plugging,

- or jogging, and overload or stalling. Thus, the fuse is called on to inter-

rupt short-circuit curnents'aﬁd lesser fault currents beyond the rating of

the contactor, which handles all the repetitive operations and minor over-

loads within its rating.

2.8 CIRCUIT BREAKERS

\ R a

'
¢

. A Circuit breaker is a devize designed to open and close a circuit
By non-automatic means, and to gpen the circuit automatically on a predeter-
mined overlbad éf current withouE:injqry to itself when'properly apg}ied
within its rating. -~ " '

Ratings are~character%stic values for which circuit breakers of

accessories are designed, which are assigned to them, and to which other

‘vated values are related.

Rated values include: rated voltage, rated currént, rated asymmet-
R .

.ricai current, rated short-time current, rated interrupting curﬁent, rated

L]

'interrupting capacity and rated frequency. Insulation rating is a standard.

Tk *

:
)
&
H
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term to characterize the rating of the insulation of a circuit breaker or

e

accessory,

2.8.1 RATED INTERRUPTING CURRENT

Paragraph 4.6.11 of ASA C37.4-1953 identifies this current as

" . the RMS value including the &c compdhenlt, at the instant ofb'contact -

separation as determined fi-om the envelope of the current, wa've;."

‘ When a short cir‘.cu:&gccurs in a power system,‘ (or when any resist-
ance ipduﬁtance cir}cuit‘is energized with an aic vo1tage); the current that
flows will consist of twe components: a steady §tate component as deter-
mined'by e voltage z;nd the impedance, (R+JX), of the cireuit, and a dc
transient component whose initial value and rate of de]ay are determmed by
the point on the vol tage wave when the short circuit occurs and the relative
amourit of resistance and inductance in t‘he Jcircuit usually expressed in

rms of ‘t'he ratio X)R. Fig. 10 shows single-phase short circuit currents:
a) symmetrical, and b) asymnetr*ig:a]. The symmetrical current resulted from
fault initiation at a time close toyv;ﬂtage crest, and the asMetrical cur-
rent from fa.ult initiation at a time close to vq]tage zero. The asymmetry
can, of course, occur to any degree 1‘n between ;) and b). . In Fig. 10b .
the ai\syrrmetmcal current is shown with initial asyrrmetry or dc component,
of 100%. It is completely offset w1th the initialde component equa1 to the

’» crest of the ac, or symetrical, current. At any point, the total RMS, or ‘
total current can be expressed ds the RMS value of the ac and dc. |

components of current:

Total RMS Current = NCac )* + (de)?

a
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.2.8.2. INTERRUPTING CAPACITY

pole circuit breakér-is‘given by the following equation.

35

-y

The'current at contact separation could be asymmetrical or symmet-

r%ca] depend1ng on ‘when (on the vo1tage wave) the fault ~occured, and on
when t contacts parted.under this standard, circuit breaker app]1cat1on
was made on the basis of the ma;1mum total current possible at contact \
.separapion, cons{dering X/R and thentimé from fadlt initiation to coﬁtact ]

separation'(ref%y time plus trip to contact separation time):

i ‘° . 60 Hz Current’Waves,

“fﬁﬂﬂﬂ R
RRTAYAY

ne@@ N

N Ve
, | ‘ C « :

(b) Asymmetrical (§= I5)

Total rms current at any instant =

J(aC) + /(dc)2

“t

Fig. 10 —--Single phase short circuit current wavejbrms;

\

The symmetrical rated interrupting capacity Pa (in ¥) of a three

L
4

© o pa =43 Laly L

. {a) Symmetrical L - )

b

L e e, b —— A o =

bt Amarates ¢
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Val ' . J ) . ‘ ‘

* k \’b
where -
I, - is the symetrical rated interrrupting current (in A) as
at the time of the first separation of the contacts, and
Uy - .is the system recovery voltage (in V) between the conductors

' , . «

after interruption of the current iq all poles and deca& of‘

the restricting voltage transient.

1
L

The interrupting capacity is a hypothetical value, as the ‘two components which

make it up, "rated inferrupting current" and "recovery voltage", do- nof occur

‘ simultaneously, but donsecutively. As a resylt of international respr sen;a—
tions, the fateg interrubtieg current alone should in future be used t

. classify thé breaking capacity of a cifcuit breaker.
l Fig. 11 shows the interrupting capac1ty of a circuit breaker as

.a funct1on of the Operat1ng voltage. : B sty

2.8.3 INTERRUPTING DUTY

Arc.extinction in the threepo]es of a lhree-phase c1rcu1t breaker
- does not occur simultaneously, but consecutlvely in accqrdance with the nat-
- ural current zero of the ihree phase§ A; well as this, the stress in thé
o _‘three po]es is d1fferent w1th respect to maximum vo1tage and duration of
| current flow.. As shown in Fig. 12, genera]]y the first pole to clear is
f, . most heaV11y stressed by the 1ncreased pole recovery voltage. ,
The highest voltage 1oad1ng, which the dielectric strength of the

g . 1so]at1ng distance must be capab1e of withstanding, occurs 1nmed1ately after

the 1nterruption of the current, before the decay of the- restrxcting vo]fage

—

transient and is referred;to as the restricting voltage ep in V.

T

|

r

o Som bl a1 R

PTK LR VAV AR Wl r "y A P | B P AT =TT it IS SIS YA PRSI e IR R 2N S i P

i



Pa |
100% ==~~~ -
- ‘ |
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: ! |
| 1 -~
U
.UnI 5 . Una ‘
Un, Lower rated voltage . K
' Un‘.2 Upper rated voltage @ ° SN
Ub Q\perating voltage S ’

Pa ,Irfterrupting capacity ‘

. R ’
-

F‘Lg 11 — Basic dmgra.m of the interrupting capamty of a cwcuw breaker
as a functton of opemtmg voltage. A

. . <
'
- . - I3
a

Ua Ub,Uc Phase voltages . T L
UwI Pole recovery®valtage at the first .
pole to clear after in terruption
S of the current and decay of restri-
Cking voltg;:e transient. *

- [}

F1.g 12 - Valtage star befare and aftez' the znterruptwn of the current e

. in the pole which is firet extinguiehed (phase A). during the
_ m§emptwn of a three phase short echuw.

> .
. . A
L
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) Table 1 — Natuml frequenczes of the restmcttng voltages and amphtude *

factors (line A for eireuit breakers with a lower 'rated- voltage
' of 45 KV and below. Line A or Line B for cireuit breakers with

Zme

B).

»

L

- BN, L W meuww-;mm O A T g e T d
~wp - » PN v N ‘

Wiy

Yy

a lowver rated voltage above 45 XV and for a dauble earth- fault

's It is —
. ”"1 M
. where, ¢ ‘
g Uy, - 1is the recovery voltage in yolts at tie first pole to clear
' as shown/inFig: 12, and v is .the amplitude factor.-
Of importance. for the voltage loading of the isolating distance is’
the time’ characteristic of the restricting voltage. It is determined in .
" the single-frequency circuit by the natﬁra] frequency (fe in Hz).
. ) e ] ‘ ‘ *
y A -

L where t is the“tirtj (in s) bétween zero va'lue and peak value of the restric-
ting voltage. For he various . rated voltages the foﬂowmg vdlues are spec1-
fied for amplitude factor (v) and natural frequency (fe) of the restrlctmg

‘o, ' voJ tage which are.to be observed when testing circuit breakers.
. . -~ .
Rated |Lower—| 3-6 | 10 15[20) 2530 | 45| 60 [110 | 150 | 220'| 380
Noltage toorer —| 3:6-] 12 |17.5| 24 |27.5| 36 | 52 |72.5 [123 | 170 | 245 | 420
- . kY 7.9 : ¢
Natural ' . | L
N A fre- Aly=1.4 (100 |7.0| 5.5|4.6}4.0|3.6 |2.8] .2.3| 1.5} 1.3 1.0} 0.7
quency ‘ 1 ‘
kHz Biy=1.2 }4.0 3.0 | 2.2{1.8]1.6 {1.4 | 1.1} 0.9]|0.6 0.5} 0.4} 0.3

—~%
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')struction

' dlfferent breaker des1gn and frame size. -

- C
‘ therma] and electromagnetic instantaneous trip:
oA

"delay thermal dev1ce is the same for all rat1ngs,‘

- 2.8.4 MOEDED CASE CIRCUIT BREAKERS \} " \

A comb1nat1on of therma1 and 1nstantaneous magnetic trip is com-

'monly used on the molded case low voltage circuit breakers to provide time

delay operation on moderate overcurrents, and. instantaneous, operation on
high maQnitude short circuit currents. In some cases, the thermal element
only is used. e 6 .
The thermal characteris%ic is nsuel1y7n3nadjustab1e in the field,
but ;he'instantaneeus trip is available in edjuétab]e or nonadjustable con-
'Fig 13 shows. the ac.. time-current tripping characteristic
curves of the nonadaustable therma1 trips in combxnat1on w1th adjustable

1nstantaneous tr1ps for the various ratings ava1lable in a 600- ampere frame

s1ze molded case breaker. ¢

It w111 e noted that the minimum tripping time curve of the time

whereas, the maxxmum trip-
gr

p1ng/N1me curve varies with the current rating of the trip un1t Arc c]ear--

. ing t1me is 1nc1uded in both the t1me delay and 1nstantaneous trup curves

' The 1nstantaneous trip on the Gdo—ampere frame S1ze ‘breaker is

g adaustab]e from 2.6 to 10 t1m§s normal -in seven uniformly spaced ‘steps,

1nc1ud1ng ‘the e and "LO" posxt1on " The number of steps varies with'

I 4

' There are some mo]ded case breakers w1th adaustab]e in the'field
Fig. 14 shows the time-
current character1stics_of the 3VS56 to 3VS66 mo]ded case breakers with

adjustable thermal and instantaneous trip.
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Fig. 14 “— Time curvent charczctemstw curves for adjustable ther-mal and

e electranagnetw overcurrent release for 100A to 800A frame
size molded case circuit breakers, Siemens Type 3VS.,
*  getting range ' .

a) delayed thermal overcurrent release .

n)’ instantaneous electromagnetic overcurrent reZease »

8) high speed tripping feature characteristic as multiple of
maximun rated breaker current.

-t

. NI | N
. ‘ﬂ'.rx-_nm“n.——‘
oy i v ad b o




+2.8.5 DIRECT ACTING TRIP DEVICES FOR LOW VOLTAGE CIRCUIT BREAKERS -

b The direct acting trip devices of low voltage circuit breakers

(600 volts and beloﬁ) are of e]%ctromagnetic, hinged armeture-construction

actuated by the flow of current~throogh coils in series with the circuit.

Short circuit ‘protection is provided by magnet1c forces suddenly

overcoming spr1ng restraint. A separate aQJustab]e un1t is requ1red for
each circuit breaker frame s1ze '\

Three tr1pp1ng-dev1ges are provided on each three phase breaker.

They can betnﬁ]t‘%ﬁth instantaneous end 1 \or short time delay trips.

These different prips can be used in a variety of cohbinations: 1)‘in§tanq.'

tareous 2) long and short'time delay 3) instantaneous and long or'short

time delay 4) instantaneous and both long ano‘short time delay. A]thoogh ’

direct acting trip devices have been applied to Tow voltage circuit breakers

for many years, they do have some inherent disadvantages. The trip point
o

will vary; depending on age'and severity of duty, and they have a 1imited

» calibration range. Because the trip character1st1c curve of electromechan-

]ca1 dev1ces has a very inverse shape w1th a somewhat unpred1ctab1e broad

operating band-(Fig. ]5), coord1nat1on of tripping with other devices is
f . i .

sometimes difficult. S~ : - : ‘ 7

The ‘current setting of the.long time delay trip devices in Fig.

15 is adjustable in the field, and they have pick-up setting calibrated at

80 - 100 - 120 - 140 and 160 percent of the trip coil rating. They can

also be set at any iotermediete value between theee calibration points.
When selecting breakers and:makino settings it should be borne '

{dgmino-that the trib‘coi] rating is fhe maﬁimum pontinuous éurren; that

the unit can carry.

B

For examp1e, a 1600 A tr1p set at 100% w111 operate at the same -
. _ . ’
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value of‘curreﬁibas a 1000 A trip set at 160%, but their continuous current
ratings are quite different. The purpose of a setting hxgher than continu-

ous rating is to énable the trip mechan1sm to ride through.short durat1on

peaks such as motor starting loads.

i

The current setting of the short¥ time delay trlp ¢3V1ces is also”
adjustable and they can be obtained with calibrations anywhere in the range
of 3 to 10 times the trip coil Trating, as ldng as the desired maximum set- A

ting is not more than 2 1/2 times the minimém setting. “Instantanous trips,
! !

« 7 vhen supp]ied; are generally adjustable in the field. The standard trips

are uslially calibrated in the range of 4 to 12 times the pick.up setting.

2 8.6 STATIC TRIP DEVICES

Static trip devices on power circuit breakers operate from & 1ow

current signal generated by current transformers in each phase. The output

from the curflent transformers is fed into a static tr\p un1t whwch eva1u-

ates the incoming signal with respect to its ca]1brat1on setpo1nts and dcts

" <to trip the circuit breaker if preset values are exceeded. ‘The static trip

_devices are available with ground trip protection in addition to phase protec-
' !
tion.

The most important advantages of static trip devices are the shape
of the trip characteristic curve, which is a straight line throughoutffts
working portion having a very narrow and predictable operating band and the

much easier calibration procedure.

2 8. 7 EXAMPLE OF COORDINATION BETWEEN PRIMARY FUSE AND SEGONDARY MAIN CIR-
CUIT BREAKER OF UNIT SUB-STATION 1

The transformer TR-6 on the secondary unit substation 1-Sgp-1 is l
1000 kVA, DRY-TYPE 4160/480V Delta primary, wye secaondary, solid grounded

,
N U

e by e b Ko s hable
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o E
with 200 MVA short circuit Eapacity an the primary.
The secondary full load current is — - )
[ - = 1000 = 1204 A. ‘ \>

SFL 43— x :48

The sefécted main secondary circuit breaker‘is Siemens fype LA with stat}é-
trip device 1600 A frame and 1600 A trfpping tran;former. Refer to time
current chq;acteristics curves (Fig. 16) for LA type circuit breakers and

to coordination curves sheet, Fig. 17. From the coordination curves; F%g.17, -
we can see that an air switch with current limiting fuse type CL-14-200A is
satisfacto:y1for primary trqnsfonner protection. $be secondary. feeder

breakers LA7600A and LA-1600A are selected with tripping transformers 400A

PRI ¥ N

and 800A and their long time pick-up settings are 400A ,and 700A accdrdingly.

The first step for drawing thq time-current characfetistic‘curves
of Fig. 17 is to select the largest fuse which both‘protects the transformer o -
for a bolted secondary fault at the terminals and carries transformer mdg¥
netizing inrush current.

The total clearing time curve of tﬁ%s fuse ﬁust pass through or
t0'tﬁe1eft of ﬁhe point representinj the maximﬁm time that the assumed
delta-wye transformer can safely withstand a bd]ted'secondary short-éircuit

according to the American standa:ds. This po?nt is obtajned if the primary short -~

| circuit cu}rent is multiplied by 0.58 to allow for a sing]é-phﬁ;e line

to ground short-circuit on the delta-wye transformer. . §

1000000
10.0575 x N3 - x 4160 -

]

PFimary Short Circuit Current Ip;c

2416 -A.
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per ASA Standard - cszxiz-oe.ﬁz, The transformer must withstand for 4 sec-
onds 2416 x 0.58 = 1402 amp.

The fuse short-time character1st1c curve must pass to the right

of the point, 12 times transformer full 1oad current at 0. 1 seconds, to per- -
.mit transformer magnetizing-inrush current to flow without blowing or damag-

ing the fuses. The tr1p_rat1ng of the main seconddry feeder breaker should

be selected 50 that in no instance does its chaﬁgcterdstic curve (plus the

M * ‘ » . 3 ° K3 )
16 percent margin for the -1ine to line secondary short circuit) overlap the

fuse short time curve.

b

The 6 times full load current of the transformer shall be indlca—
Ead on the coordination curves accordlng to CSA Standards

The medium voltage feeder overcurrent relay p1ck—up should be 1ess
3

.than 834A (6 x fu]l Toad primary current of the 1000 kva transformer) and

more than 4800 x (480/4160) x 1.16 = 643 amp. where 4800~A - is the short

time pick-up of the transformer noin secondary breaker. Since this setting

will also protegt the cable supoﬁying the substation the foWest possib]e

pick-up should be selected, and it shall be a]so‘doorddnated with the protec- .

b
{
tive devices on the other feeders connected to 4 16 kV bus.

~The total connected load on the 4. 16 kV bus is 5.500 kva. The

‘correspond1ng current on the secondary of the CT is —

5,500 x 5/2000 (1.732x4.16) = 1,97 A P
Therefore, the standard 2A 'tap is used. The corresponding current in ‘the
primary circuit is —

. 2x2000/5= 800 A— ., ©

The instantaneous element is set above the available asymmetrical’ short cir-

cuit current on the 480V bus so that it does not trdp for 480V faults. This .

£

B ettt o

»

o Dt B

TNy s PP e i daas i AL L S gA fad as



- AR S M e
v
—

Ry

- .

s i 2 € e
£l

\
o

iS, - ' s .

/18000 x (480/4160) x (5/2000) x 1.6 = 8.5 A

- ’ Therefore_, the instantaneous )1's set. at approximately IOA: ,
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3.1 SQOPE'OF'THIS SECTION

_trial plant.

50

| CHAPTER 3 -
PROTECTIVE DEVICES FOR CIRCUITS BETWEEN UTILITY AND INDUS-
' TRIAL PLANT POWER SYSTEMS

This sect1on dlscusses the app]1cat10n of reIays and -other protec- :
t1ve dev1ces between the utility, company and the 1ndustr1a1 plant of F1g 1.

"The d1scu§$1on covers only devices that are involved d1rect1y or indirectly.

®

in the protection of the circuit between the utility and the industrial

o

system. . ' ' 'g

3.2 BASIC CIREUIT,ARRANGEMENT AND RELAYING_REQUIREMENIS‘

N The circuit shown 1n Fig. 1 4s a rad1a1 feed w1th the ut1I)ty

system be1ng the onTy source of power or fault current..
: In a radial feed system the relaying system is normally des1gned
on the basis that fault current ca? only flow from the utiTity into the
industrial blant. Thé rare except%on to.this would be where there were
some very large, very\high inertia load synchronous mators in the indus-
of fault current far a'considerabTe period. A relatively long duration
of current flow, would be possibTé because the power factor of short ci%—
cuit cgrrent is very low (unless there is a considerable amount of line

resistance involved). ' Consequently, there would be Very Tittle §!<. -

Such motors could conceivably contribute ‘a substantial amount: -
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component to slow the motors down dnd‘stopkthéjr/éperation as generators.

1

/
The fault protective relaying for such a system’would be the same as for ——— ~

an industrial plant with load generation. IndQction motors alsojact as

L generaiors during an exteﬁnal short circuit, but the major part of their

fi
contribution dies out so auickly that it is unnecessary to provide reverse

kY

current relaying for thém. . .
. There is a source of short-circuit currentsat both ends of the
[

line when there is Tocal generation, hence the prote

‘,Eg able to determine whether.the failt current is flowing intb or:out of 5

the industrial plant, and operate se]ectiVeTy.iﬁ either c$§e. Normamly;/ ‘
ihere ié‘hq difficulty in accomplishing the desired objectivé, but”sﬁe&ial
attention. is needed when: 9 )

.- 1. The tie circuit. is of high capacity ;nd the magnitude of

- fault current from the industrial plant generators is low

" due to the size and/or number of déneratoks in use.

2. .Provision is made for the industrial plant to supply a sub- .

stan?ial amount of power to the utility sysgém‘at.certain TN

‘times.

r 3. Modefniiing the relaying for an industrial plant with a )
high-capacity utility-system tie, a small amount of existing
generating capacity, and planning for a-major expansjon of“ | . .

generating capacity.

In Condition 1, the required high-current réting of thé current transfor-
mers in the tie circuit might make it difficult to obtain the desired
degree of sensitivity with ordinary overcurrent relays when current flows -

from the industrial plant generators into a fault in the utility tie or

" system. o : ' o ‘

iYe relaying must .




%
2™\

¢ " .
g number of machines in use..

‘

3.3 PHAse FAuLT RELAYS

L

" protectable by plain overcurrent relays.

-y

or 5IN_ for‘time de]ay protection.

0

~In COnd}tion 2, the impedance of the tie circuit may be so high-
thafzfae current flowigg intd a fault at its far end may- not be enough
greater than the.éeyerse f]Bw’ﬁf load currenf to enable qrdinary over-
current relays to digtinguish between them. This samé problem arises when

relaying a line from a remote industrial engineering station with a varying

{

. . & .
When Condition 3 is iqvo]veﬂ. the high-capacity tie requires large
] '.. _ line CT's, and there may be such a big difference between the magnitude of

present andifuture fault-current contributions from: the industrial plant

-

generators.as to necessitate installations of low current -rating re]ays

initially and subsequently replacing them with re]ays of h1gher capac1ty.

#

~ N . - s

" ‘ Three-bhqsé.fault relays and a ground fau]p\relay provide adeduate
.prqtéction égainst the several'typés of faults that can occur on cgrcuits
-The three phdse.overcurrent relays
\\‘ - are usually the #50/51 (refer to Appendix,'B' %or relays function and defin-

ition) and the ground fault relay is the 50 G.S. for instantaneous protection:

~

"

N Co -ORDINATION OF LTILITY AND INDUSTRIAL PLANT RELAY TIME

" CURRENT SETTING

-

Co Many industrial plants are qu1te large and complex and have almost

tive devices as there are in a utility system. Th1s

cob as many staps of pr
i .
i creates one o \

problems involved in relaying the connections between-

- ' ~utility and .industrial-plant pover systems.

Ve

The reason is, that as far as:

the utility is concerned, the industrial plant's incoming-line breaker is




PP S

' " protective relaying system. This ptoblém is simplified when there are
¢

. 4 ‘ , l ,.‘ . B ’
the "end of the line', whereas it is just the beginning of the industrial's

Q

A Y

5
transformers -in the tie circuit. Transformers usually introducé enough
impedance in the circuit to limit the maximﬁnﬁhsymmetrica1 fault current

A\

on their secondary sufficiently to permit setting an instantaneous
device on the transformer primary so that it will operate ggiy/for faults
in‘the transformer. The ability to use such an instantaneous relay makes
it possible for the util%ty td start a new timing sequence at this pojnt.-
There yi]]wbe casés; however, when the transformer capacity is
g? large that its iﬁpedé;befwi11 not 1imit the secondary fault current
enough to bermit.using such an instantaneous re1ay'5n‘the.uti1ity side. A
simiiar'cs?dition arises when the ufi]ity supplies thé*indusgrial plant at
uti]ity-substation voltage with no transformation at the jndustrial end.
}n either case, the-uti]ity-sysiem overcurrent relays have to be slowed

down to co-ordinate w1th the industrial re1ays. If th1s is unde51rab1e

because of the effect on other ut111ty system relays,. some other type of

‘proﬁﬁ\f1on sucqut distance or p1lot re]ays must be used.,

Since the many variables 1nvg1!/d/affect both 1ndustria1 and
utility-system ‘operation, the selection of protéctive devices for the con-
nectionnbetween‘the two systeﬁs shpyld bé discussed co-operatively by eh-
gineers from the utility, the industrial plant, and the,manufacturer sup-’
plying the equipment. Such cooperation will preveﬁt the possibility of
instai]ation of équipmenf in the industrial plant that is incompatihle

with that in-the utility system..

\
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~The pha’&'overcurrent ‘ihstantaneous and time delay'rehy #50/51 ‘

" ®

_and the ground overcurrent relav #50N/SIN in the 1ncom1ng utility circuit
proviie cdequate protectlpﬂ for the c1rcu1t arrangement shown in Fiag. 1.-
This ype of bus fault. protectmn is usuaﬂy used in most metal-clad smtch—

. gear 1ns..a"1]at1on If max1mum protect‘lo}; is desxred bus d1fferent1a'l -

relays must biyd’ﬁ\‘; ‘ . - o ; \ L

u; . . l" ' /‘ L

3.6 TRANSFORMER DI?FERENTIAL_PROTECTiON T S
. oo , TN ’

Tpﬂﬁormer d1f‘f£rént1a'l re]ays 487 are recon?n@nded for all mam

‘ ‘
powervtransformers and somet'imes for 1ar'ge umt substation transformerg/

>

‘ when there 15 a primary.circuit breaker avaﬂable which can be tripped in -

ase of trangformer faults. Refer' to Section 2.5.4 for se.ttmg transformer

3 3 <’ : ’ ’ — ’[»
- differential relays. A » . o . o

.
R

w . . s
1

i

-3:7 TrANSFORMER MEUTRAL RELAY < L | '.'¥u

4

‘.'. " The time deldy, ground fault re]‘ay(#S'IG shown in the tranm
Zneuftra] connection 'in Fig. 1 prov1des (1) back -up for other ﬁ'S]N .ground,
re‘l‘a'ys on the 1ndustr1a1 system and the transformer d1fferent1a'( relay 787
dunng transformer grqtmd faults and (2) ti;e on]y protectwn for ground.

cfau]tg on the bus -when there is no bus- differential re]ay. ] .":'

L ) A : N . o
2 . A . ‘é& : .
3 8 PHASE AND GRouuD “FauLT ReLays AT UTILITY AND INDUSTRIAL
, I ENDs Of THE Line

' Both 1nstantaneous and t1me de'la_y phase (#50/51and ground fault
(#50,'51») overcurrentTelayS will be used . in pract1ca11y A casps at the .

¢




utility end of the supply line (Alin Fig. 1).. ) )

Ay

h

E 3

Similar reiays vould normally. be used"at the’ industrial plant

end of the line also if there ere transformers with primary circuit

~

- breakers in the:1ine as in Fig. 1. When there are no transformers, only

» —~— €

time delay. relays can be used.

»If the 1ine is long enough, its)impedance will 1jmitfthe current = °

y

for faults .near the industrial plant to values that will not operate'the

' re]ays atrN thus making it possible to co—ordinate instantaneous as well.

as t1me—de1ay re1ays at A and B, Ih1s provides d1rect indication of- fault:

\locatwon. If there 1s not enough current dxtference to’ give se1ect1ve tr1p-

'~ping of’the instantaneous- relays, both sets of re1eys would operate for

" severe faults'in the transformer primary. In that case, location of the

/
fault would have’ to be determined on the bas1s of whether one re1ay (A)
or both‘sets of relays (A and B) operated If- both operated, the troub]e

would be in the transformer, whereas 1f on]y A re}ays operated, 1t wou]d *

1no1cate Tine trouble. B \‘ f '

~

4
“Instantaneous phase-fau]t relays could not be used at. B and" have

co-ordinatﬁon between them and the plant re]ays without the benefit of

A . L]

the transformer 1mpedance

Instantaneous ground fault re1ays #SON can be useg on the primary
of transformers connegted to so];d]y groonged systems aspshown in Fig. 1.
Th% reason for this is thet the maiimﬁmgiround-féuTt current on such a o
system is so much greater-than the.asymmetr1cal transformer magnet121ng

N
current 1nngsh that a #50N re]ay has p]enty of “e]bow room" when set high”

enough to avoid fa]se tripping. The same is not an res1stance qrounded systems,

therefore 1nstan5aneous gréhnd fault relays are not recommendeo on them un- |,

* less a ring type CT is used. o - s z ;t‘ri
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g

The shase fault relay #50/51 can-a]so be ysed on-the secoﬁdary

of transformers with® primary c1rcu1t breakers but th]S is genera]]y not

* considered sufficiently 1mporta‘ to Justn"y the extra cost and the nec-

essary slower settlng on 'the #51 relay on the primary of the transformer,
art1cu1ar1y when there 15 a transformer d1fferent1a1 re]ay N

The ground fau]t relay #SlN in secondary ‘of transformer with

primary circuit'breakers is optional. ’ The reason is that back op re1ay‘

>

#51G" adequate]y protects "the system aga1nst ground faults and operatlon of +

gither relay. w111 (1) shuéga radial feed plant down, or (2) cut off the

[\

. ut111ty supp]y'to a p]ant w1th local erat1on. -

The only reason 1n havxng a #51N in the transformer secondary .

is to be able to d1fferent1ate automat1ca11y between ground faults in the
' A o .
. plant, and in the transformer secondary circuit: i e :

‘ C
3.9 UNDéRFREQUENtY ReLay '

Y If the power company has hlgh speed (]5 20 cycle) automat1c reclos-
ing on the crrcu1t breaker‘1n the 1ine to an 1ndustr1a] plant w1th synchron-
ous motors or generators, pr large 1nduct1on motors (over 200 H P.), an’
underfrequency relay #81 is recommended to prevent re- energ1z1ng the motors
ogt of phase whenlthe 11ne is rec]osed The re]ay shou]d be connected to
trip the main breaker, . ' ° u”

An Underfrequency relay is alsd *recommended as a means‘bf 3pen1ng
the ut111ty t1e c1rcu1t breaker and d1sconnect1ng non- essent1a1 load to -

-

prevent complete col]apse of its power system when an industrial p]ant

“with 12§dequate Tocal generat1ng capac1ty loses its ut111ty system power
\supp!y-

-
-
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CHAPTER

" RPPLICATION OF RFLAYS FOR MISCELLANEOUS FEEDERS
BUS, AND LINE PROTECTION |

%
This Chapter covers the application of relays and other devices

for the protection of the miscellaneous feeders, buses, tig,circuits; and’

Jlines involved in an industrial power system, exclusive of the connection

* N ' » * ' «
to a utility system. The various protective functions and the.devices
used to ascomp]ish them will be discussed in greater detail in the follow-

ing chapteﬁs.

H'l "RELAY PROTECTION $OR CENEBAL PURPOSE Rapial FEEDER

' ?

3. deviCes #50/51,
and (20/80 A )

overcurrent, (4/]6 A ) t1me delay

3

(0.5/2.0 or 1.5/6.0 A )
time delay, residually connected, ground fault
relay. ‘

- g S .
-1 - device #5IN, overcurrent,

37 conventional current transformers. :

An in8tantaneous ground fault-relay device #506G;. (0. 5/2 0 A ) can bé used
on a feeder if there are no other ground-fault re1ays on its load side 'T‘f“\\\

instantaneous phase fault relays. ' »

“with which j}?nmst co- ordlnate, e. g s @ féhder supp]ylng only transformers

\

w

wr

+

4,2 ‘DIRECTIbNAL-OVER CURRENT PHASE FAULT ReLavs.

Directiona]

K4

t1me and 1nstantaneous or t1me overcurrent devices

#67 are recommended at the indystrial plant:” (1) when there are two \ g\

L o i
~ .

e e e i,
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'(3) both sets of~#67.re1aysysee the same current, but the directional

~ | 58 .

v

-radial-feed circuit,operaiing in parallel as 1ine "A " and "B " in Fig,. 1; S

(2) when there is’a source of power at both ends of the circuit. In Case

feature prevents operation of the rélay in the healthy line. The& must :
be set at ﬁeast oqe time step faster than the non-directional #51 relays, , ‘2
which provide ﬁ]ant protection; In Case (2), the #67 relays operate for |
fault current f]owiﬁg from the’industria] generators into the ﬁti]itylsys-

tem, and the #51 relays operate on fault current flowing from/}hé utility

into the industrial system.

Y

The #51 relays are set slower than the #67

relays. - ) BN

-
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EQUIPMENT PROTECTION

‘530 ) ' A * \

* <

Various dev1ces each with a spec1f1c protect1vé funct1on to
perform, are reguired to proper]y protect p0wer equ1pment in the event
of short c;rcu1t and other abnonma%’or undesirable operat1ng.cond1t19ns.
\ Following is a 'dfasl:riptior; of the various funct’ions to .be"/'*
performéd for the protection of rotating machines and transformers.
5.1 SyNcHRONOUS SPEED INDICATOR

3

Device #13 indicates that the machine Mas attained the speed at
) : - , , .
which field should be applied. For unlodded ggq;t synthonou§ motors
"Device #13 is an gvercurrent relay connected to a line'current transformer.

It picks up oanotor starting current and'drops out when the starting cur-

rent drops abrupt1y between 95 and 100 per cent speed céusing the f1e1d .

contactor to close. : - .“

¢
- quency relay which operates when the percent slip in the field circuit
. . A Y
(motor-rotor) has reduced to a value which indicates that the machine has

‘ attained the desired percentage of synchronous speed.

5.2 AUTDMATIC‘SYNCHRONIE}NG FOR' GENERATORS =

Dev1ce #25 sometimes réqu1red to close the generator circuit

, breaker, in order to avowd the possxb111ty of damagwng the. mach1ne by

ﬂ_ ' ) ) ~ ' o ‘\ .2{

W PR . F———— , e

e g iy

t
{
For a loaded start sxbchronous'motor; Device #13 is a Q]ip fre- . ;1

e

13

§ o
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acciderntally copnecting i#“to-the bus out of phase during manual éynchron-

izipg. Yhe usual procedure is to connect the contacts of the synchfonizing .
relay in Sefies with ihe~génefator circuit breaker control swﬁtch, and " |
allow the relay to give the circﬁit,breaker elosiné signaT, és.soon as’
the opgrator has brought the on-coming machine into synchron15m with the

bus by\ranual control of the prime mover' s governor,
. A\

, . A
5. 3 SyncHronous MoTORS, SQUIPREL-CAGE INDUCTION MOTORS,
TRANSFORMERS WINDING PROTECTION.

“ : e

Device #26 is used to grotect the W1nd1ngs of squ1rre1 cage or
synchronous motors from overheating, part1cu1ar1y 1f the motor is sta11ed
and the winding of 1arge power ransformer§\{:r extended over]oad cond1t1on

It is standard practice to include \Device #26 to give’ thermal
protection to the rotors of loaded stért.synchrgnous motors. The'protéctive

, equipment consists of the relay, a reactor, and resistor. The latter are
connected in the motor's field digcharéé resistor}c%rcgit with the relay

f {
heater element paralleling them. ‘

5.4 UnpErvoLTAGE PROTECTION * - S ‘,

E{i:y ac motor, with the exception of essential service motors,
should have protection aga1nst undervoltage on at Teast 1 phase during

both starting and running.

Undervoltage protection is not recommended for essential service .

—

station auxiliary motors as' it is preferable to let them re-accelerate
- . automatically fol]ow1ng a voltage d1sturbance Such protection might be
des1rab1e, however., on other ‘essential service' drﬂves if automat1c restart
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5.5 Lloss oF F1eLD PROTECTION — SyncHRONous MOTORS AND GENER-

was desirzble for some reason. Device #27 operates on single phase, 1ine-

1]

line voltzge. .On medium voltage equipment the undervoitage device is con-

nected to the secondary of a potential transformer of the control power

transformer. On some low voltage equipment the device is connected direct

to Tine voltage and in others a_potentih] transformer is used. Undervolt-

"'age protectidn should be time delay for motors rated 2200 volts. and above.

In the case of motors rated 600 volts and below contro]]ed by maEnEti-

cally held in contactots//the undervo]tage release is automat1ca1]y sup-

: p]led by the dropping aﬂérof the contactor when vo1tage fa1ls or drops to

Q -

an excessively low value.

’ \ "~ ATORS

Loss of f{e]d protect{on is recqmmendéd for synchronous motors
and for generators rated 10,000 kVA and larger. In the case of the synchron-
ous motét, the relay prevents: (1) stator qurheating due to the high
currentithe monr would draw wﬁi1e trying to carry load without field
excitatiéﬁ, apdn (2} Potor overheating that would result if the motor con-
tinugd téfrun wi thout excitation, i.e. as an indqction motor.

1
The purpose of the relay on generators is to protect both the gen-

'erator and the system. If a synchronous generator loses field it will con-

tinue to operate as an induction generator excited from the ather mach1ng§
{

on the System. When th1s happens, the generator rotor overheats dangerously ’

> L 4
.in a short t;pe, due to the slip frequency current induced in the rotor..

i
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. prevent thé motor from starting, and also would trip on the current which

)

5.6 Prase CurRRENT-BALANCE PrROTECTION — — ° ' T

Device #46 is recommended, in circuit breaker starters to protect

SN L o o ) ‘
large motors aga1nst/s1ngle phase (open c1rgu1t) operation. . \

%

The rotor of a large motor will ovéthzat rab%d]y due to the flow
of negative ﬁhése-sequente current in the .event of single phaée or badly
unbalanced 3-phase operation. o \s___,f.gih” -

The Tine current operated overload relays (Deviceg#49) are depen-
™ . [

ded upon for protecting small and medium size motors, for both of these

PPpp——

conditigms. These relays are relatively slow, however, and the economic N\
value of large ﬁotors justifies better protectidn in the form of .current
balance re]éys. These are recommended for induction and’ 0.8 PF synchronous -
motors over 1500 WP, and for 1.0 ﬁirsynchronous motors over 1750 HP. o "
. ,'f“ . -
5.7 InsTanTANEOUS AND TIME DELAY OvER-CURRENT PHASE-FAULT -
ProTEETION FOR MOTORS,

~ N

The flow of short circuit current is usually accompanied, by grcing
with consequent damqge to insulation and punching of a macifine. Hence, the"_ ’
short circuit current should be interrupted as quickly as posg$;1é without - :
shutting down unfaulféd”equipmen; unnecessarily. Motors are farthest
froa‘the power source, hence short circuftéin éhem can be interrupted in-
stantaneously-(for_a11 current magnitﬁdes greater than asymmetrical start-

ing cu}rent) by means of.simple overcurrent relays, as well as differential’

\

relays, An instantaneous retay cannot be set any lower because it would ' |

the motor could [feed into an external short circuit for which the motor
circdit should nat be interrupted.

- :‘ N N ‘ . \
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‘ Pract%cally, this means that instantaneous aperation of an
overcurrent protectioe device is permissible’for currents greater than aoprox—' =,¢*°
1mate1y tw1ce symmetr1ca1 full voltage, 10cked rotor motor starting current.
Time delay, phase fault protection, is theoret1ca11y des1rab1e
on médi&m—vo]tage c:;cq1t,breaker type motor sterters, because it is posswbie
to set e-standard ioduction relay to.opeﬁate in a fraction.of a second on

phase, fau]t currents Just -above the symmetr1ca1 1ocged rotor starting cur-

rent. This ﬁs poss1bIe because such relays are not affected by the dc

..component” of motor‘stantwng or feedback current, as-the instantaneous #50

relays are..
5.8 INSTANTANEOUS OVER-CURRENT GROUND FAULT\PROTECTION FOR
V] ' Mororzs )

|

A sen51t1ve, 1nstantaneous, ground fault-relay, Device #506, is

standard equ1pment in all med1um vo1tage motor. starters This protection

is prov1ded by a 0.5/2. g A { 1nstantaneous re]ay connected to the second- Cod

ary of a ring-type current transformer enc1rc11ng al% phase conductors.

when all phase conductors pass through one CT, the fluxes created by the

p051t1ve and negative phase sequence current neutra11ze each other add on1y A

zero sequence Q;PU"d fault current appears in the cyrrent transformer 1

'secondary. There can be no de saturation error currents because the dc -

ucomponents.of assymetrical phase currents cancel each other. o .
o g A ground relay supplied from a ring type CT can be more sensi-

tive than a.residual]y—connected ground relay because the'r;;ing of such

: CT's is’independent of load current, whereas the current transformers,éor *(

a residually-connected relay must be large énough to carry it.

[
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S
* AN 1nstantaneous ground fau]t re1ay ‘SON supphed by res1duaUy—

conn‘ected CT's cannot be set low enough m! res1stance grounded systems to

be of much value w1thout risking false operatmn due to ermr-currents

caused by CT sataration by fhe dc’ component of motpr starting and exter-

' na1 fau]t current. . .

’
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CHAPTER 6 , o

BASIS OF RATING ac SHORT CIRCUIT PROTECTIVE DEVICES

A

3

The backgrggpd of the circuit breaker rating structures and
other protective devicesaes well as the basic characteristics of'shory
circuit currents must‘be understood to enab]e the engineer to select .
the proper rotat1ng mach1ne reactaqus .and mu1t1p1y1ng factors for the

@

de component to determ1ne the short c1rcu1t current magnitude for check-

-ing the short circuit current duty, on a particular device, such,as_momen-

‘tary duty or interrrupting duty.

N .

6.1 Power Circuit Breaker RATING Basis ; .

L3

L The’sfandard Magne-blase circuit breakers as used in metal-clad

switchgear will be used here to explain power circuit breaker ratings. Th€\¥

" same fundamental principles apply to all other high VOTtagp powen\cﬁrcnit

breakers. - ' h

3

The "power circuit breaker rating structure is'complicated because

/

-of. the time of operation‘oT the circuit breakers when a short circuit”

!

occurs.

. The few cycles needed for the power circuit breaker to open‘'the T
'cwrcu1t and stop the flow of short-circuit current consist of the time

", required for (1) the protective reTayst;o close their contacts,i(z) the

circuit breaker trip coil to move: its plunger to reTeaee the circuit

'
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br, aPer operating r=chan1sm, (3) the c1rcu1t breaker contacts to part and

’

) | (4) the circui- breete<\gg’lpterrupt the short-circuit current in its ar¢

chamber, Dufﬁngn}his time,  the short-circuit current produces high ’

*

@ - mechanical stresses in the Circuit breaker and in other parts of the.cir-

cuit (Fig. 18).

. phase .with the cuc}ent, and vary as the square of the current. Therefore,"

/ ~
they ar'g greatest when maximum current is“Tlowing
¢ e

‘During the time from tHe'dnception of the short circuit until ®

- ‘o

“the gtrcu1t breaker contacts part, the current d@speases in magnitude be-

» < '
. eyuse of the decay of the dc component: and the change in motor reactance.

Consequen;]y, che current that the circuit breaker must interrupt, four
or five cyc1es'after’the'1nception of the fault, is ‘generally of,.less
magnitude than the max1mum value of the f1rst loop. -

" The fact that the current changes in magn1tude with t1me has Ted

¥ -
3

to the estab1wshment of two bases of short c1rcu1t CE:;;nt rat1ngs on power

. c1rou1t breakers (1) the momentahy rat1ng or its abpility to close aga1nst '
1

:and w1thstand mechan1ca1 streéses due to high short-ci®uit current and

(2) the 1nterrupt1ng rating or.its ability¥to interrupt the f1ow of short-

. circuit cyrrent w1th1n its 1nterrupt1ng element. . v
. ]

) t; j K \ S ~ ' \
bl ' 6 2 WHAT Limit APPL{<§T10N OF PoweR CIRCUIT BREAKERS ON SHORT
o CIRéUIT DuTy Basis
P - ‘ m~ 3p . . o
: fﬁ a £3, 1ying power circuit breakers on an interrupting

" duty basis is concerned, it can be seen frqm the fo]10w1ng table that there ’
&  are four 11m1ts none of wh1cb shod1d be exceeded.

' j .
checked for any app11cat1on b

S —
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These must all be

These stresses are produced almost instantaneously in i
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Withstand TesiSholt Time _ |RMS Total

Rated, NMaximum| Minimum Low; fr¢Impu- |Momen- | 4 secdAt ra-| Max.

.f .® .
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P
| L R
( ' ‘kagneti\b\) . o
o forces P -
4 12 ) .
. lfagnetic :
8 force .
J 4 ‘
. g Current
Magnetic ™ } )
force P
.(Based - on - I 23 b4
fixed spacing IR
of conductors) , / JA i ,
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. ‘ Current ‘ , u i
) , - . o *
o - _ -
Fig. 1§ — Short eircuit stresses vary as the square of the time.
1 2 |3 | & 5 | 6 7 | 8 | 9 |10
— ' , « ' T200-2000 S50 HVA
], ' ‘4 _ImlL_Lﬂ.el__cnmﬁLRaf..A_ 7 t

KV esign |Gperat-|quency|lse |tary ted < Ratin#
~| kV ¥ ling kV'| RMS [Crest Volta~|
’ . . . 01: “R e+ kv kv ’ ‘b ' . Eev « &
LI ! ' A @ ‘ O
3 ‘g’;‘g'”’ 4,16 . | 4,76 [3.85 {19 | 60 .[60 ka | '37.5k435n B7.
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Table 2 — Typical ASA cireuit breaker ratmg aahedule, none of ‘which .

. catwn - ’
° L}
z. :
\ . -
-
A
4
1)
.
Fy
(4 1]
. R
Q
. .
V— e Ew NPy T e -

.

should be ezceeded These must all beé checked for any apffti—. .

—_—
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Operating voltage;

11m1t of cdﬁpn 3,

*

‘fms va]ue shoiﬂd never at any t1me exceed the

Tab]e, 2, i.e., the ma‘wmum des1§n valtage

v

-y

. _This should never be exceeded at ahy voltage. This

v even though the product of thlS current t1mes(the v01tage times the

‘agé.

. tr1but1on f'?om l1'f1otor's, g check of the mterruptmg duty on'l_y is

- 'sary.

.o

motot's the momentary ratmg of -the cweuit%reakér may be exceeded.

hm1t is s1gn1f1cant only when the operatmg voltage is between the *

jhmts %f“ co]umns 3 and 4, Table 2, It is not s1gn1f1cant when the © \
Vg
'operatmg voltage- is be]ow the limit Of co1umn 4, Table 2, because

"j maximum interfupting Ampers hhnt the MVA to' valuest 1ess than the MVA

«

ratmg SR SR | 1 - . i

* oy . . . .
This should never be exceeded A

o . w— — — —

(

‘ "

) square root of. three is 1ess than the 1nterrupt1ng rat1ng in mva This

f1gure is the cont}:olhng one 1nsofar as 1ntenruptmg duty 1'5 mvo]ved o

when the voltage is below that of column 4, Tab]e 2 {(minifum operatmg

-

’ .ot

vo]tage at rated MVA, ‘ ' . B

" , ‘
e

. ,._le_omenta Ly_ cur’rent- This should never be exceeded at any operaﬁinq volt-

Modern _power curcwt breakers generally have a momentary rat1ng

-

1n‘rms amperes of 1.6 or moret:imes ﬂte maximum mternuptmg rating-in T

As a result, where there 1s no short circuit curre |

g '

. ®

S .
.

If th1s is w1th1n the.circuit bre‘aker‘ 1nterrupt1ng ratmg tthen

rms amperes.

the maximum short-cwcu‘it cur‘rent,‘ 1nc1ud1ng»the¢dc

component, will

p o
: /l . Where Rhere is short-circmt contmbutlon from : '

,f

be vnthm the momentary ratmg of the cn'cuit breaker.
¢ b

A}

' "
before the 1nter‘rupt1ng ratlng-ls exceeded a"giveﬁ’ circuit.” When-

ever ther% ar! mQtors to be consuk*ed in the short-mrcmt ca}cula‘twons,

the momentary duty and. the mterruptmg duty ;tya()'ld .both be checked
. \.w'% - .
~

.

L

-~
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19,_which opens the c1rcu1t before the #first current peak or! of the non-

current 11m1t1ng type which opens the cirguit within one or two cycles - “

Id -

o
after the mceptwn of “the short c1rcu1t For standarduatmn purpos s, all”

fuse 1nterr‘upt1ng r‘atmgs are on the bas’ls of maximum rms curre

:
.

that will
f'low in the- f1rst cycle after the short c1r‘cu1t occurs. Tms 15 the current f,

that wﬂ] ﬂow if the fuse did not open-the circuit previously, %.e. fuses

are rated in terms of ;vai-lable shokt circuit current'. ‘ . -
. ‘ r . \
b o oo .
- - _A ,I \\ ) ‘ ¢ ‘: . . } .
. ' .Y~ VWave of avallable ’ -
R /asymetrical short’ :
’ L / \ circuit current ° . :
S JVave of.available P '
symmetrical short 3
& circuit current ' ' e
| . e ‘
4 \\ . , |
. \‘( o \’4 l
R . /'t sec.
C oy / * ) -
. . [ r
I * ,,’ . . . .o ¢
’ R ) » I’ : & . ’
. i [ . \ I’ N . : “-‘v\ ’ !‘ . . 4
. C ) - ‘ ) . q
P \ \ P ) \\ . ’r Y ad . . . \
LY ) A //‘ .. , .
* | The fuse elements melt before peak Value
. | of availablg short circuit curgent is reached L
'~" R ~ ‘ ‘ ' ‘ .’ " x ’ N S
. e oy ' N ‘ ) }
s = -th 19 — Explanatwn of cunrent Ztmttng action’of fuses. h . U
.' v A - . ‘ . [ ‘ .
. ) ‘To deternhne t,he avaﬂab'le short c~1rcuit current at the f1pst . e
cyc'le er the applicatmn of hugh-vo1tage fuses, factor‘ the sabtn,ansient - .
o . . o BN ) - ’ . ‘ ‘ ','
) i v " ‘\ £ ' - . * ‘ , ‘ . R l . 1
’ " = ‘,6 SRR - ’
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. L . reactances of all generators,. induction.motors, synchronous motors, and

utli'h'ty sources and allow for the maximum‘ ‘dc offset. Thg mu]tipiying
"~ - factor for allowing for dc loffs’et is 1.6, the same a f'o.r aﬂowjng’ for
o e ‘ fi,cl component when dete’rm%n'i_ng the momentary duty on a. pbwer cireuit .
o breaker. . | ) . )“ \ y § C .
.' \?j K .- © The %nterrupting ra‘ting oflfuées in amperes is exactly pa'raﬂel,; ’Ef

.
A

‘insofar as short-circuit current calculations are concerned, to the momen-
\ * ‘ . ~, \

tary‘ rating of power circuit breakers. P
~ Tiwe ampere interrupting rating of high-vq1tage fuses is the

,j.; \ & only rating that has any physijgal s1gn1f1cangg\ For the sake of simplicity

4 of apphcatwn, some fusles are cnven 1nterr‘upt1n‘§'rat1ngs in three phase

AR kv‘h. The three-phase kVA 'mterrupt'mg rating has no physxcaﬂ swgmﬁcance, f

i : : because fuses are slngie-phase devices, each fuse fu.nctwmng only on the’

At

¥ current wh1ch passes thrdugh it. .- ‘\ ' ‘ ,
: TN

hase kVA ratings have been selected so they will

s -

These three

Tine up with powertircéuit breaker ratings. This line-up permits app‘lymg

£ . I3 =

N . power circuit breakeré and high-voltage fuaes on“exactﬂ' the same basis

|
. e - s
as far as short-circuit current calculations. are concerned. .'Fbr‘examyy‘,‘* ’ o
P ' P 1 ) ‘

* a high-voltage' fuse rated 150 “MVAand 590(; circuif breaker rated 150

-
ot SCVPEUR

/ ", mva can be appH'ed on the'ba‘sis of the same‘short-circuit current calcula-

&

P o ’ ‘tlons 0f course, the ap,p]iéat’ion voltage must be factored in each case.

n?

Hencé, only one set of short-circit calculations is necessanry for applying ' n

{n‘eakérs or fuses rated-on. a three-phase, mva basis. S S

. . s '
. . .
a e LS . . . . . . B , N L
U s * Nt ' . .. ot o "
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6.4 CALCULATIC\ OF A.Cfi SHORT-CiRCUIT DUT‘Y

Several sieps prec“ede actua‘] ca]culating work, and this work
so(lgetmes commands z 1arge part of the time devoted to a study. The fnxst . |
.step is to obtain cr create an accurate one line diagram of the systeg show1ng
the types and ratirgs of all components and the manner in which they are
interconnected. Tre diagram will also 1:nd'1'cate all devices or Tlocations
in the system where ‘the short circuit duty iswmned Ancther.
step is to 1dent1fy the kmds of short circuit dut1e\tglbe derwed because
these must conform with the ratmg bases of the kind of equ1pment being
checked. The kinds of shoyt circuit duties- a1so deterrmmng which of
alternating va'lues of certain machine reactahces will be~used <A furthe}‘

i~15tep is to establish which sw1tch1ng units are to be cons1dered open and

whlch closed. Equivalent network\mampu]atwns .prov1de the means of inves-

. +
-

tigating maximum or minimum duties. =~ . , vy
6.5 SHORT CIRCI}IT CURRENT AS A FUNé’TION OF;E&
! &’ [
~ "~ An accyrete fms current expression as a funct1on of time can be

“ S
written in a form based on an envelope c}ncept of an actual oscﬂ'lographic

=

'cunre;nt.' This express‘ion includes fch}'ee fundamental-frequency ac terms

s » s . . i
and a single dc term. Each ac current term is itself an integral-cycle _
L3

rms value. The three ac terms are considered to be 1n phase and thE'IY‘

)

arithmetical sum is the value of the ac component of the' total current

¢

A1l but the steady-state ac term are of transient pature and decay to

zero exponentially. . t o , .
The short-circuit current (Iac) tj}n has the_fo'liowing composi-
. \ ..
. ‘ I . : ‘.4‘ < .
tion of ac and dc components: . » o L -
1 ' - .
W
, .
('./‘;\._a‘,,‘ ' . ' \
A -
dets ) ) *

¢ b e,
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_ (e E) —t/T" (E E\ 1 NE
" = L e ] F’ , + 7y 7 5 )€ +% 5—
g e (2 Z \ ' Igd Zes
R - * |
and " \
£ < £ -t/T
oo ' Idc=ﬁ "¢ Yls .
i :
; \\ - '
| ‘ . If resistance can be neglected, the above cimponents will have
| these forms‘ ltha,t are more ‘readﬂy evaluated: S B
1 ! ' " <\| : * f = | /
L . " | E El -t/T"  [E E -t/T! E
I A VY S
\' | o g ac X* X X Xés XSS .
\"' “ - 4 . i
} ) »
.\.: . ' '/ omy v -
v Vand 1, S47 (E)e-t/Ts L %
) dc X' - a4 J
R . f . 3
¥ ’ . .
* Certain symbols z‘n the above expr‘essions have the foﬂowing meanings:
R
; - W t= elapsed time to the mdpomt(o&the desired 1ntegra1 cyc1e
‘ i .« TV = subtfa(nswnt t1me comstfnt in seconds ? 9‘
. L,
« . 4T = transient time constant in sectonds: . s
' ) 5 dc time constant in seconds / o e/
. ‘ ) 1 « U.
/ __—<The 1nc1uded magmtude of dwect current represents a wave with
'_ '\IK fu,]] 1mt1a1 offset. Lesser amounts of the dc component (to as httle
d .
BT B q as zero. value) can be present dependmo on the pomt in the voljage wave
¥

©

at which the short c1rcu1t takes place (
. |
- Fig. 20/ Hustrates the early part of a fuﬁy offset sustamed

’

short*circuit cfuvjrent ".Also shown are the usua'l four components (three

»
i

""abﬂb‘arts and a single dc. part) with’ reahshc proport]ons indicated by

. ™
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the following numerical expressions of integral cycle rms currents:

.

Subtransient rms = .6e”%/0-03 ) v
%rensient xms = .§e't/2;0" ) _ ,
Steady state rms = 1.0 \\\\" "//vf
de = 3.117/0.04 | | b

¥ .

, “ .
During any particular integral cycle of the Short circuit cur-

e
rent. the effect1ve value of current can be approximated by tak1ng the
square root of the sum of the squares of the values of the Gg and dc

1
components at the m1d-cyc1e time.

S

4 2 2 \
(Tye)™ + (Idc) -
et
. L .« ..
The ac components of current in an\e1ectric circuit is correctly

expressed as E/|Z], where:" -t
12| YT 7 v
X5+ R® = X1+ (R/X)C .
The factor "1+ (R/X)z is seen to be the ratio [Z[/X and is

) Ly L , L ] .
consequently tge‘rat;L of current calculated with resistante neglected
to current calculated wi;ﬁ resistance included. This factor is plotted
against the c1rcu1t\(X/R) rat1o in F1g 21 and shows large errors of

ca1cu1at10n by neg]ecting resistance 1f ‘the ratio (i?:? is low, but

neg]1g1b1e‘errors (1e$s than 3% 1fhthe (X/R) ratio is greater than 4.0.

1
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‘Circuit (X/R) ratios are typ1ca11_y h1gher than 4.0 in short

circuit ca’lcu]a&ons work, and it is therefore customary to ignore resis- .
" -tances in the 1mpedance networks. .

The system component most Tikely to) have Tow (X[R) and signifi-
cant resistances, are the conductors (cab]e;, buses, or open-wire lines).
In such cases when ).th”e\()@/R) ratio is less than 4.0, a caalculation uith
the component lmpedance included W“J’” prowde a more accurate estimate

of short c1rcu1t current.

6.6 FIRST CYCLE CURRENT

o . The ﬁrst cycle current 15 generally the greatest in magmtude
and for this reason is used to measure mechamca1 strenqth hm]t’s
| ]

also serves to define interrupting duty of fast operatlng 1nterrupter§ as

fuses and 1-ow vo]tage circuit breaker's + Settingt =0 m the current

v .. expression presented in the prekus sectmn gives the foHowmg resu]ts
% — v ) ‘ ’ ¢ ( .
‘ Iac = E/X .
and : "
. S I, = NZE/X

' . dc - -

- If the ac .and dc components remamed unchanged the f1rst

cyc]e tota'l rms current of thé comp]ete]y offset wave wou]d be: | o

«f*fr“r‘z‘m“v TER oy

% .
OnT,y a smal] change 1n the fac. component of current will occur

Y -
~

)

R dunng the first c_yé]e but a re'fatwe}y large change will take place in !
B the dc component Practlcal mu'ltip'hers, differing from the ¥3~ value, ..\,, .

"‘or

. have been standardtzed in the s1mp11ﬁed caicu'la%mg procedunes.

¢
.
S
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6.7 PREPARATION OF IMPEDANCE DI1AGRAM
N

For the single line diagram of Fig. 1 there can be sévera],imped-

.. . . \ ; N .
ance diagrams differing-in that they display different characteristic imped-

_ances for some system components. Thé majority of short circuit ca]culaj

tions employ the positive sequence network only, but st111 may requ1re

d1fferent impedances in the same or generally s1m11ar diagrams to estab11sh

‘the duties for diffesent type of components. -An eXamp]e of this is. check- ’

- : -

igg the duty for app1yjng'a power circuit breaker at a given point in the

system. Initial or subtramsient jmpedances (reactances) would be §e1ected,

\

for checking the mpméhtary‘duzy, while certain other values would be used

~

in checking the intErrubting duty where the calculated current would be

representative of the actua] current ‘magnitude 'a few cycles after fault

inception. The proﬁer reactance to select under the standard ca]cuTat1ng

pro%edures for various classes Gf 1nterrupt1ng devices are g1ven by ASA
b}

_and shokn in Tab]e 3. ‘ ' A ‘\

\ ! e . . . : X
Unbalanced-fault’calculations involve the negative and the zero- -

sequence networks as well.as the positive sequencg. The duties from un-
' /

balanced faults are not often critical industrial~éy§tems; and seldom

“require careful evaluation. Impedance values shall be expressed in terms

of one of several possib1e unfts. Throughout. th1$ s@ct1on for uniformity

"and s1mplle1ty, 1mpedances will represent per unlt’va1ues on an ass1gned

.

- three- phage raference kVA base. -

6.7.1° TRANSFOhMERS T : Lo .

P
Convers1on of % XT to a_per unit va1ue on the study k%A base;;s
accomplished as fo]]ows. o ', U t. . =
lf . . ‘ - > r.'
. vyt . .
° L] "~ , 3 B i
. o ' ) ” :
v . ‘\..

B 5 ADoKt g | e ot L 4
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“1
AN

X ; (% XT)- (Study Base kVA o

100

Transf. rated kVA¥

‘o

. S

Type of sﬁBrff

Circuit Duty &
Kinds of
Equipment

E =2 pamae

uSyn.Generator'

Syn. Motors

P =g

Ind. Motors

Multiplying Factcr

to be Applied tc- .

‘Calculated Sym. Vs ue

Interrupting
duty power cir-
cuit breaker

8 cycles to

2 cycle

Subtransient

Transient

"1 Momentary duty

power circuit
breaker

1

Subtransient

Subtransient

1.6

Inter. Duty
Power Circuit
Breaker

1.0

Interrupting
Duty Molded
Case Circuit
Breakers

1.0

Interrypting

;.6 A\

uty Fuse
Akove 1500 V

Interrupting

Duty L.V. Fuse -

1.0

‘Interrupting

Duty L.V. .
Motor Con-
trolled

. '1.25

calculations of short-circuit duty.

£

N

£3

Table 3 — Machine reactances with multiplying factors used in }jmplified j

ety v ey
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6.7.2 . TRANSMISSION LINES AND CABLES.

l

With reactance known 1n oé&; .per phase (2/8), the d@swred per un1t

L]

%
value on ‘the study base kVA is obtawned as follows:
Y ,
s - (/8) (Study Base kvA) . - .
. T CT000(KV)Z— — 7 . o ‘v S
. , - , ) . , . ' :
6.7.3" ROTATING MACHINES o T
It is the effect of the s?inning rotor which creates many,kecul-
Jarities to the machine reactance. A termina1 shorf-ciﬁcuit causes the cdn-
tributed c1r2¥ﬂt from the rotat1ng machine to be 1n1t1a11y h1g? (contro]]ed
o
by*X"). .The current will thereafter decay to a much 1ower va]de or to zero. .
" In synchrondgs mach1nes the presence of ipduced currents in the ma1@ exc1ta- L
tion winding -only wou]d account for an 1ntermed1ate current (controT]ed by
Xl‘)- . ,“ ' ’ . -
. .
To convert the machine reactances to per un\t on the study base
we use the same ru]e that applles for transformers. The following gu1des
can be used in determining the machine rated kVA." f . o j
. Kind of Machine Three-Phase Rated kva - ‘ N
o ' ) ' |
Any . Er IR i3 .
. —s_n 1 exact
" o ' —Too0 - \exact)
Induction motor“and ’ : ‘ ¢ J
, 0.8 PF syn. motors 1.0 x rated Hf (approx.) ,
1 N - ' . { . .
‘ . 1.0 PF syn. motors 0.8 rated HP (approx.):«
N U ' ] : .
’ . X ’.’ N ‘ v
* 6.8 SymMETRICAL CURRENT CALCULATION :
' \ , . -
to With \impedance diégrams at hand, a speEific\eleqtrica] network a
- with a singie driving vaoltage -and a $hort circuit connection is efined.
. ‘s ) . v . - . - ' . ¢ L . ,
N ) ) b N - %
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Thei proble now is one of calculating a single equivalent -impedance to

the point' o7 short circuit The most common procedure invalves combining
two 1mpedances in series or ip parallel. "With diagram"ihpedances expréssed
in per umt the computed current will also be in per unit on the a551gned

weference base (IPU = PU/ZPU)' Mu]hphcatwdn,of this result’ by‘base..

cwrent will convert the anser into amperes. If the duty s desired in

PR l”wﬂ‘%&:ﬁ'(‘z*:'ﬁm“i:wmr"“p‘:r‘:%(.‘k’ﬁm‘lu-'r"v PRV
. K

PU kVA rather, than current the resu]t comes from the expresswon - -

Y .

(E u)‘/Zpu . Thev product of this va]ue and base kva gives short circuit

S

kVA.

- . 6.8.7 THREE PHASE BOLTED FAULT X '
Three-phase bolted values of sho'r\bcircuit cubrent are the m&;s\

-
R ey B et g

N

S b’asié reference guantities and in a large number of studies will be the

<

>

only guantities needed. In almost all casegs knawledge of the thfee—phaée
e’ ' .

bolted-fault values will be wanted. Accordingly, this case is singled

out for independent treatment. Furthermore, the steps involved in Yhe

$olution of: this-case wiﬂ set the pattern to be used in other cases.

-

— e e cma - —— et - —

'ations, momentary-current checks, and interrupting duty for fuses and '"‘3

&
{ E ° © - other fast ‘1'nterrupter;‘s%i?ihe first-cycle currents are sought. This current. ,

is calculated from the shb‘trar‘sien't impedance network in which each. cir-

.-
ﬁ .
) .

1 - cu1t branch is represented ‘by its su;?transwnt reactance (X"). \
3 o , ~ . ¢ t
~ '7 Viewed from a part1cu1ar fault point,’ the ent1re 1mpedaqce net- :

work can be resolved into a single-impedance c1rcu1t as 111ustrated be]ow

-

-

RNV
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cahplete detailed impedance diagram as the one shown in Fig. 22:
. \ ° ' , . q i -
3) Maximum Toad current on all circuits including the starting-curgent
o ~ ] . . ‘
requirements of major motor§.

4) Manufacturers'characteristic time current perfo}mance curves of the

"relays; trip coils and fuses to be coordinated.
' .

é) “Any special overcufrenffprotective requiréments,,suqh as those stip-

-utated by CSA standards and NEC, ordictated by load characteristi;s.

6) Any speciq] overcurrent protectivé dev{ce setting %equirements stipu]a-

ted by the public ut111€y company w1th whlch the industrial plant may

°

be 1nterconnected

3

. .
3 ' B ' . ‘,"'ﬁ'

7) Manufacturers' gurves showing current transformer performance with
» « ;
vary1ng mu1t1 les of short-c1rcu1t current ‘in thé1r pr1mar1es and
1
varyrng secondgry burdens. L ' N

* ’
-

~7 2  SHORT Cchun CURRENT NEEDED FOR THE- OPERATION*OF PROTEc—
. TIVE RELAYS | -

s ®
° 1) Instantaneous gﬂunger type_relays. These relays are responsive to

direct current and to alternating current and are fast enough to
moperate on the first half-cycle of fault curﬁent. Therefore, thetr
operating current will be the‘initial @symmetricartgéult gurrent con-
tribhteﬂ by a]lvrotating machines calculated on the basis of its‘sub-'
transient reactance (Xd“). Use a l.ﬁ'muTtiplier to obtain the magni- -

tude of the asymmetrical current. \ °




N .
[ - ~ < . o
. »
v N r

'?) ﬂig'(_.Sgegd_Igdgcjc;ign;txpg' B“éla‘xs. Since these relays operate in three .
cygles or'%ess, and inQuction relays i;:\.generéﬂ ‘are not affected by
.D-C, the 1initial asymmetrical I"4 fault i:urre;mt may be used as their '
.opérating cg.rren«t‘.

&

© 3) Ifme_Dg]éy_Rfe_]gyg. The devices of this class.are too slow to be

. . appreciably affécted byA"che‘very- short dur;’ation _Id" -bo?tion of.th;a-
fa’u]t' cllj.urren{. 'T.herefore,' the initial symmetrical qul current can
be used as their maximum operating current. " Those ‘thi'me—delay devites .
that can operéte in about 0.1 second (6.cycles) or less are an excep-
tion to the rule, bﬁt they are4 u§ua11y the first in a series (farthest
from the power sburce); hence, any reduction in their operjati'ng time

\ due to neg]ectaing the effect of the '§ma11 subtransient portion of o s

- . ”

the current simply increases the ‘time margin between thenl and the

devices nearer the power source. ’ . 2

T . . ° ' }
. . 0

7.3 CurreNT SETTING OF ReLAvs as ArrEcTED BY.THEIR FUNCTION

. . o When the short circuit c‘u?rents are all ca]cu1atedq, .the next

step .in a relay coofd.i_natibn study is to select the time:cur‘rent set'tings

for: the various adjustable devices starting at the load end of each ci;cuit @
‘ and’ workiﬁg back 'toward 1\ﬁhe power source. The current settings musf be

 high erbugh to carry norma1 Toad swings, and yet Jow enough to. be éure

the device willoperatepositively on the minimum expected short circuit cur- '

o “
‘

rent.
. ‘ Also, the settings should conform to CSA rule'\s, where the latter

’ . . N, . ,
are applicable. ’ :
A ,
¢ olfir

%

. Law - A T el B WV S S A . - y )
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.

Minimbm current is the magnitude of current calculated with

1

minimum power supply available and assuming. a solid<short circuit with
no allowance for curren;,Jimitation due to impedance in the fault itself, .
for example, arc-resistance. Normally,'there will be ample margin between

the minimumgﬁhort-circuit current level and the relay setting dictated

by tﬁe maximum permissible load. Occasionally, that will not be “true, as

" in the case of two or more high reactance denerators whose’' total output

—

is transmitted over a single 1tne.”. Such possibilities should be recog-
nized and pfov%ded for when designing the protective system by specifying
devices, such as distance relays, that do not depend'on'CUrrent magnjtude

for operation and selectivity. L

4

alone

: .The following general rules serve as guides in déterminiﬁg the
" minimum relay current\sqjtings that will not.trip on'permissible’ 1oad

- i
¢

currents.

]

I
. ®

v

7.3.1 RELAYS ON TRANSFORMER FEEDERS. :

The CSA Standard €22.1, Article 26, states that the timé'deia; '
overcurrent re]éys on a feeder for a single transformer should be set :
not more than 2.5 times the full load rating of the transformer for uéits
withéut secondary circuit b;eakers, and up to six times trangformer full
1oad'cufrenf if there is a secondary cirguif breaker and the transformer
reactance is Qot more than 0.075 per unii,.but only four times-if'the
- fransformef reactance is between 0.075 and 0.10 per unit. The fact ghat'
\ the standard penﬁits~it, however, does not mean th@f the relays shbuTq
\\\\\flways be set at these upper {imifs_ For example, if the transformer load
,,//%s a diversified one with no relatively la}gé motors ‘whose starting current

e st

might pe Fﬁe limiting item, a relay curreﬁ@ sbfting of 1.5 times transformer

+
a

% o




° ) P

" rating may be sufficient, Ordinary time delay-overcurrent relays are’ too
slow to be operated by thé’transformer pagnétizihg curreht inrush.

' ~ When sevéraT transformers are connected to one feeder,°a're1ay
’.current setting chrresponding to 1.5 times the total full load rating ofs
the several transfqrﬁers shou;dfbe enough to clear load swings except in
those c?ses haviné large indiyiduéf motors. Ho@ever, the'setting selected
_ should meet-the CSA st;ndard requirement§: ~

3 When each transformer has its own primary fuse or circuit breaker
‘protectwon, the main primary feeder relays may be given the lowest current
setting that will coordinate with the transformer primary Fuses w1thout
regard to the individual transformer rat1ngs. An instantaneous relay in
_ the primary circuit ot a s%ngTe trﬁnsférmer'with aHFﬁnStantaheods1y tripped
secondary breaker shou]d be set a little above the asymmétrica] I“d current
it will see during a three-phase ;ault c]ose to the trangformer secondary

This is usually high enough to prevent-re]ay operat1on on transformer mag-

netizing inrush and will coordinate. . - 1

-

©

If a transformer primary feeder breaker trips when the circuit ' e

L]

is energized during insta]latioh tests, and there is no+fault, the instant-

aneous-re]ay'g currgnt setting shou]dqbe intrea§ed just enough to preyent
reléytoperation on the magnetizing inrush. The minimum setting of‘the

instantaneous relay on a.feederfsup lying se&era] trang;onners will usually

be dictated by the neéd for riding SVer theiy total magnetizing current in-

"rush., This w111 be in the nemghborhood of 10-15 t1mes norma1 Such a set-

tlng would be h1gh enough to prevent tripping the ma1n feeder breaker w1th

a soT1d secondary fau]t on one of the transformers and full 1gad on the . "

. . & -
otherst . ‘1 o (’“"““““M a
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7.3.2 RELAYS 0% SINGLE MOTOR FEEDERSy
. ' ' SN :
Instzntaneous and time delay relays may be used on single motor
" control circuits- as: : < ' oy

k]

S

1. Locked or stalled rotor protection
2. Stator short circuit protection <:§§

‘ 3. Substitute for stator thermal rélay.

- Separate re1ays should be used for these funot1ons, because the .

‘a@ ' 1 3
proper time current sett1ng for one fuﬁct1on is usua11y unsu1tab1e for the

o

others. e

-

i

¢The type 2E time delay static re1ay, shown in ng 23, when used
as protection against stalled- -rator trouble, should be set so that 1t w111
ride‘through(pormal starti&g current with a reasonabie margin for variation
in starting timg? and yet operate in-time tb protect the rotor agginst
dangerous heating in case the ro;of‘sta11g. There are numerous POsSjblé h
combinations of the current setting that would acqomp]isﬁ this objective,

but each of them will make the fg]ay too slow to provide acceptable short-

‘c1rcu1t protection.

Y e L St —'Q'Mrm.)wmmw M Wrvet P P bt ALl V0L ainle S

One point that should be' kept in m1nd when setting the Type 2E
relay\for locked rotor protection is that the percent qf the time dial set-
ting should bé selected such as, the starting time will be below the maxi-.
mum stalling time and above the starting time of the motor. The time set-
ting‘range of the relay is from 5 - 40 sec. The percentage of the current
sett1ng of the 2E relay is determ1ned from the ampere-turns -of the relay,

thg full load current and the CT's ratio.

(2 : B . ‘
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' * The current setting of the HFC51 or HFC53 time délay relay

4 -

when used to prov1de short circuit protect1on on 2 single motor 'feeder

should preferab]y be above the motor's locked rotor starting current, be-
¥

c#bse such relays are much too fast to ride through any apprec1ab1e amount

of motor starting current.. - °

LW

- Plunger type, 1nstantaneous reldys, are coﬁmonly used to proyide

. ¢ . v

fast short circuit protection in case of a fault in the motorof its leads.

A

These relays should not operate on 'the current which their motor will con-

» tribute to a fault .elsewhere on the system, that should be cleared by some"

other breaker and relay combination.

Since they are faet.enougﬁ te operate in the'first'hajf;cy61e
and also qre'affected by the D—C.compoﬁent, they should be set slightly '
above the asymméttica] I“; current their motor can supply to ad-externa]'
fault. The symmetrical c5mponent'ofhthis current canbe calcu]eted frpm the
motor'sﬂl"d or estimated on the basie that it is approximately 26 per eent
higher than the motor'szleéked-rotor starting current.. For example, if

the instantaneous relay HFC50 heg to be used for the motor M2 (Fig. 1)

800 HP, 0.8 PF, 0.93 EFP. with full 10ad current 111 amp. the instantaneous

Fe1ay in the feeder to it should be set at about 35 amp.
“ That settlng is based on the fact that the motor cou]d contri-

bute 111/0.2 x 1. 6 888 amperes asymmetr1ca1.l current to the fault

~

on the other circuit.
The corresponding'current in the setondary of the 150/5 CT's

is, 29 6 amperes, and the difference between th1s ‘and the suggested 35'
R
amperes _ settlng 15 to allow for var1at1on in the sett1ng and performance

2 "~

of the relays. Such setting affords satisfactory protection for faults in

\ e ; ‘ .
the motor, since the fault current from the rest of the system is’'many times

@

w*
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such a mator relay setting,

s ° »
. N ,

7.3.3 ‘RELAYS ON_INCOMING LINES AND FEEDERS WITH MISCELLANEOU51LOADS ’

The minimum setting of a t1me ~delay oyercurrent rela_y on an in-

o

coming line, or a feeder with miscellaneous load which may 1nc1ude large

\ 7
motors, should be just abov.e the tota]\ of the ‘starting current of,the big--k

Ed

: sho%’]d be set a little a?aove the total initial asymmetrical.Il"y current . .

“expected magnetizing current of any transformers on the circuit to be sure .

gest motor b]usa full load on the other circui%s unless it‘is intended to

start more than one fnotor at time by manual contro] or the motor controls

are so designed that the motors wou'ld restart automatwaﬂy when the cir-"

cuit is re-energized foﬂowmg an outage /fn the case of w1de1y ﬂuctuatmg g

q’loads, such as those encguntered in steel mills, the’ relay curren‘t settJ'ng o

should be high enough to allow. for peak loads on .some of the motors as well '

as starting the largest onexv , ‘ ‘) - <
Instafitaneous relays cannot be used‘on cur‘rents where there are

other mstantaneous re1ays with which they must /coordinate, unless there

is suff1c1ent c1rcu1t 1mpedance in the form of transformers or overhead 1ines

betwedn them and the other relays to reduce the fau.lt‘éurrent that the other

re'lays work on tp -a valye too small to operate the‘ main-circuit relays. J

This problem is di;gussed in more detail later in thischapter’ under ther . T

heading of "Co-ordination of Relay in Series”. If they can be used, they ° f“ e

which aTl the motdrs on these circuits could contiibute to a short circuit

elsewhere on the system. This, seftﬁng should be checkeé against the

3o
Y

that it exceeds it.
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7.3.4 RESIDUALLY CONNECTED GROUND-FAULT RELAYS - .

7
Regidual1y—connécted ground relays (Fig 24) are connected in

€Ne Y of the secondar1es of the 600/5A line transformers of the 1ncom1ng liné

of F1g 1. They will see only the unbaJanced reswdual (zero phase sedquence) -

current flowing dur1ng ground fau1ts It should be noted, however, that

third harmon1c currents due to CT saturation, w111 f1ow in res1dua11y-

‘A
«t

connected re]ays and may be the/;aﬁse of’ fa1se'operatnon in unusual cases,

as d1scussed below.,

Since no current f]ows ih 2 res1dﬂa11y connected relay under
normal load cond1t1ons, it can fiePset at muc™alower current levels than
pbase relays can. ThlS charactertst1c permits sens1t1ve operat1on on

. L . .o
§round Taults, which are the most common var1ety. Such relays are normally

1

'rated 0.5 to 2.0 amperes, or 1.5 to. ? 0 amperes. These reiays will operate

sat1sfactor11y over thetr eptire tap range whén connected ‘to h1gh accuracy

‘

.current transfdrmers but they may not on the 0.5 ampere tap when connected,

" to the 1ow—turn ratio taps of some bushxng current transformers Th1s,ns

_due to the fact that the bush1ng current trapsformer ratio breaks down :

. both.

due to the high volt- ampere burden 1mposed by tﬁe—ﬁe1ay on the 1ow current
tapt If & check of ‘the bush1ng current transformer performance curves '
with‘the eipected volt-ampere burden indicates\tnat-the,relay may not -

operate, it will usua]Ty be poss1b t obtain satisfactory operation by

+ Ground-fault-relay current and time settings are handled'in'the

same manner as for phase+fault re1ays However, the ground ~-fault current “éff

il usua]]y be of different magn1tude than the phase fau]t current, and L\

-4t nay:not appear in all parts of the system since all transformers except

. . . - ' ~ A
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grounded Y-Y units block its flow.

Incoming line §9 kV,3¢,60Hz

‘. ‘ Phase relay
. s (&)

IR

| p —‘ o

Ground .rel ay o .

Fzg 24 — 'Typwal diagram of reszdually eonnected graund fault
relay 5.‘ZN of the’ mcomng lmg of Fig. 1.
i

"Usually, ground-fad]t re1ays can be set to.operate faster than

,the phase re1ays at the same location.: For example, the phase re]ays on

. the incoming 11ne of Fig. 1 must have- enough t1me delay to coordinate

with other phase overcurrent protective devices on the ma1n transformer

"

secondary, whereas, a residua] current ground re]ay on the primary side

of the same’ transformer‘woulq not see fault current in the secondary system -

s ™
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design the system to have sufficient ground fau1t current to insure positive

<

¥
—
/4

- unless the transformer was Y-Y connected and grounded. Therefore, a primary

circuit ground‘rélay on a A-Y, tranéformgr would not have to coordinate with
a’secondary-circuit device and could be set for minimum time delay.- -

. Resiéua]1y-connected ground relays are subject to possible falge

» 1

. ! . .l .
. operation due to current transformer error currents during severe phase

faults: This possibility xs "due td the fact that the D-C component of the
fault current differences in volt- ampere burden, and slight var1at10n in
charactenist1c§ wi]l cause current transformgrs to saturate unequally dur-

ing severé phase-phase or three-phase -short circuits.. This may cause a .

sufficient amount of unbalanced current to flow in the Y. o#\cgsidually

connected current transformers to operate ground relays having the Tow

current Sett1ngs One solution to the error current tripping-prob]em is to

tripping with the ground-relays set above the expected maximum current

transformer error-current.
) fHowever, ava1A;b1e data regard1ng current transformer saturat1on
1nd1cates that the poss1b1e magn1tude of error currents caused by unequa] '

saturation due td’d1fferences in their burdens “plus the d1fferences

perm1ssb1e under manufactur1ng tolerances, may be guite substant1al Con-

sequently, th1s solution m1ght require ancreas1ng the ground fault current

AN

to very high va]ues and therefore causing much greater damage during a

ground fault. B . S
The ather, and seem1ng]y better way, is to~keep both the magn1-
tude of the ground—fau]t current, and the currgnt setting of the ground

felay at a minimum consistent with positive relay operation, and prevent

false operation by timing the ground relay to be selective with any phase

relays on its load sjde.  This, of course, raises the guestion as to which -

.
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causes more damace - h1gh ground fault current and Jess sensitive re]ay
A

pmckup wifh minimum re]ay operating time, or 1ess ground-fath current ‘and
a more sensitive, but perhaps one-time-step (0.4 second) slower relay set-
ting. It is a.difficult question to answer, but it seems reasonable that

the odds are in fdvor of the latter combination. ~

Residually connected instantanedus ground relays are not recom-

‘mended on resistance grounded systéms bécause it is exceeding]y_difficult,

if not impossiple to set them so that théy will operate on the limited
ground fault current and not dperate falsely on error current%\and trans-"

former magnetizing current.

7.3.5. GROUND FAULT RELAYS IN SERIES WITH TRANSFORMER OR GENERATOR NEUTRAL

It is general practice to connect a final backup ground relay
3

to a current transformer in the transformer or generator néutral earth
L J

eonnection A 1ow curreht relay and a current transformer, whose rat1ng

\

is 25 or 30 per cent of that of the neutra] ground1ng res1stor, is the

'comb1nat19n generally used,

..~ This combination affords good sensitivity and protection, and "

© is permissib1e‘since current flows in” the neutral of a'baTanced, three-

phase, three w1re c1rcu1t only during a 1line to ground fault.

The. relays usua]1y furn1shed for this purpose are capable of

—

being set s1ow enough to permit the f1ow of ground -fault current up to-

,the thermal limit of the neutra1 grounding resystor, when there is one.

Some users set the neutral relays to do that. Siﬁce it is fair]y general
preéehé-day practice to use 2?-sec6nd rated resistors, the relay would
be set for 1 to 2 seconds in such cases. A

Another method of setting the neutral re1ay ijs to ‘time-it to

1

co-ordinate with the other ground re]ays on the system; that 1s, one time
/ .

L]
b
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seep sigwer, 'This seemS'preferable,‘siﬁce experienﬁe indicates that if a
relay or circuit- breaker trip is going to work at all, it will do so in

its scheduled time. Hence, any moré delay than the norma]\coordination

B time tztween refays sﬂnply means more damage caused -by the continued flow
of ground-‘auit current. Incwdenta11y, 1; should be borne in m1nd that

the. gererater or transformer neutra] re\ay is the only protect1on for
main-bus ground'faults 1f~xhere JS no bus differential re]ay.

. Thekneutra1-1e3d‘ground relay is nérma11y used to shut the system‘
down 2s a last resort in the event that a greund fault has not been removee
by some 6ther‘re1ayl . L

{

7.4 How 1o SeLecT RELAY CURRENT TAP AND TiME DIAL SETTINGS

1

In Fig. 25 there are two examples how to useya relay's family
of curves to (1) eetermine the operating time of'en overcurrent re1ay with
.A’ S g spec1f1ed time dial and current tap setting when a g1ven amount of fau]t
'current flows through it, and ‘(2) select a suitable current tap SEttlng

t

., for the relay in a particular circuit and then find the time dial setting

- &

needed to give a specified operating time for a given amount of short cir-

cuit current. o t . ) -

‘ Eiaﬁg]e 1 : Required to find thg ope}ating time of/the relay 51 on QelT
No. 2 of Fig. 1. ' |
1. Reiay is a very inverse time 12HFC53 with 1-12 amp Tap .
2. Fault Eurrent is 2080 amperes symmetrica]q
+3. Relay is set on its 5 emp.tép and 2 time diai.
4

Relay is connected to a 200/5A (40/1) current transformer.

. F1rst, determ1ne the multiples of relay tap sett1ng represented

' . . by the fault current. The :current transformer (cT) ratio is 40/1 so.there

A gk 'v' AR AR TR 8 U NP AT GRS % 1. Mt WIS Lkt AN FRes Y g, s Nﬂmﬂjvﬁmmw‘-“w—rl‘.m o kA AR,
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‘; will be 2080/40%52 anpereéﬁin the CTiseoondary and relay coil. This is
0 5?/5 = 10.40 mnltiples of the'relaye‘s amp tap or pick-up.setting. Now
_enter the relay's family of £§me current curves at 10.4 multiples of tap
settino end follow the arrows vertically to ﬂbint A where the current
ordinate interSECts’EDEJ%Ef:iESIEEEEﬁZ t1me d1a1 curve, and. then go hori-
zonta11y to' the time scale~dnd read the operating time, wh1ch is 0.275 sec.

4
3

| Example 2: Requived to f1nd the re]ay t1me dial and current tap setting,
‘~of the relay 51 connected onkthe secondary of the ma1n power
-\transfonner T1 in Fig. 1, and it must meet the following condi-
tions: ' | )

}.'Relay is a very inverse time with 0.5—6amp tap

2. Maxfmum load .current on the circuit is 1004 amperes

3. Re]ay is connected to 1500/5 (300/1) current transformer

\ ‘ . 4, Fau]t current is 12,000 amperes symetrical

5. Desired re]ay operating time is 1.2 sec.

First, decide on-the re]ey tap setting to use. The maximum
full load current is 1004A so the CT segondary current will be 1004/300 =
3.35 anpéres. ] \ ‘

Since this is the maximum current the transformer can deliver
with fan coollng, a.5.0 amperes tap would allow suff1c1ent margin for
- relay operationaT variations.- This tap setting corresponds to the CT's
1500 amperes primary rating,‘so the relay will see 12000/(300x5) =
multiples of relay tap setting. Now enter the chart in Fig. 25 at the
'desired:tine of 1.2 sec and f011ow.the arrows horizontally to the inter--

section (point B) with the vertical liné starting at 8 multiples of tap
. . setting. The point dig] 6urve passing through the point of intersection

-

-

¢
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(curve T in this case) is the desired timéiﬁig] setting.

]

7.5 IMPORTANT RULES 'FOR COORDINATION oF TiMe DELCAY RELAYS

The .time current characterisficscﬂ’re}ays are represented by

"families:of single Jine curves (see Fig. 25), whereas the time current

curves of d1rect acting time de]ay tr1ps and fuses include the necessary
a]]owance for overtravel, manufacturlng to]erance, etc. Since their opera-

ting characteristics are shown by s1ng]e lines, 1t is necessary to make a

.time allowance between relays operating .in series with each other, so that

they W111 operate in the correct sequence. A t1me margin of 0.4 seconds
w1th max1mum three phase fault current f10w1ng is sufficient to afford sat-

1sfactory selectivity between induction overcurrent relay settings. This

"marg1n al]ows 0.13 second circuit breaker opening t1me (8 cycles) 0. i

-

and (2) the current setting of the slower relay is equal to, or prefex-

\
second #e]ay overtrave], and a safety factor of 0.17 second to cover manu-
facturing vgrlatlons.

When two time delay relays are set to coordinate properly at the-

_ maximum expected value of three phase fault.current, they will be selective

on Tower values provided (1) they have the same shape time-current cugﬁes,

ably slightly higher, than that'of the faster relay. .
~ This rule is applicable for.all three phase faults and for line-
line faﬁ]ts except when there is a wye-delta or delta wye transformer in
the circuit between the relays or othef devices being coordinated.
When choosing between fﬁo combinations of current tap and‘time-
dial settings, either of which will give the desired operating time on |

maximum fault current, the combination with the lower current and higher

ek Pt o

time dial setting is uéua11y preferable. The reason is that a relay with
the latter setting will be more sensitive and faster on low values of

~
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- fault current.
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7.6 IMPORTANT RULES FOR ‘COORDINATION OF INSTANTANEODS RELAYS

The on1y way to make-instantaneous, electromagnetic attraction-

fype relays and direct acting trips to éoordinate,is to select a current

*

setting tha will prevent oPenation of the device nearest' the power source,

ee during a fault on its "l1oad side.
N\

ThlS is necessary because such dev1ces respond to both ac and»&_-

(relay A, Fig. 17) on the maximum asymmetrical current the other device
(Breaker B' Fig. 17) will
dc components of fault current and operate 1mmed1ate1y whenever the cur-

rent in the circuit exceeds their setting. .Therefore, there must be suf-

ficient impedance in the circuit between instantaneous devices in series

to create thé'necessary current differential.

If this objective cannot be .obtained, ane of the aévices'must be
made inoperative, or omitted initially if selective operation is desired.
Usually, a transformer's impedance is sufficient to permit coordinating
instantaneous devices on qppqsite éides of it. For example, an instant-
aneous relay. #50 on the primary of a transformer n111.coordfnate with an
instantaneous trip on the secondary circuit breaker (Fig. 17) provided

the primary circuit's current transformers are not too small. If the

ratio of the current transformers is too low, their secondary current

will be so h1gh during a traﬁsformer secondary fau1t that the 20/80 amperes
1nstantaneous re]ay normally supplied on swltchgear equipment (or the new
type 6/250 amperes instantaneous relay), could not be made selective
with the instantaneous trips on the secondary breaker.

Instanfaneous relays can sometimes be coordinated at opposite

ends of high-voltage (2400V and aboVe) cable of overhead lines (Fig. 1 in-

©
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com1ng 11ne) of the 1ength ]1ke1 to be found in 1ndustr1a] p]ant power
systems. In many cases, however,‘the circuit impedance w111 be too low:
“to caese the necessary current d1fferent1a1.

Circuit impedance is much more effective,in.reducing the magni-
tude of fault current in Jow vo]tage circuifs (600 rolts and‘Below), and
therefore 1t is usually p0551b1e to coordinate the operation of instant-

aneous dev1ces at opposite ends of such circuits.

i

7.7 EFFECT OF CURRENT TRANSFORMER A-C SATURATION ON RELAY
‘PERFORMANCE"

- The breakdown in current transformer ratie due to.saturation mey |

. . affect re]éy,operetion: Industrial plants often have some re]ative]}

‘ . smaf] féeders‘operating which may beieubjetted to high levels of short
circuit current. Consequenfly, some;of-the current trahsformers in such

. o plants may be §ubjec;eq to short circuit currents as high as 200 fimes their
rating, and multiples of 50 to 100 times current transformer‘raﬁing'ﬁiII
be quite common. When subjected to such magnitudes of fault current,
most ‘current transformers will saturafe, and then their accuracy breaks
down. The.extent of this breakdown in Current transformer ratio deﬁEnds/I
on the vo]%—amperes/burden imposed"Py\the impedance of the relays, instru-
ments and leads connected to their secondaries, ahd"the mu]tip1e§3?f )
ratéd primary current imposed on them. The avai1ab1e‘data is not conclusive,
but it appears.that their ratio can break down to the extent that only 4

 fraction of the theorefical}y correct}secoﬁdary currenti&i]] be available

fpr relay operation as ‘shown in Fig. 26. .

e o For example, the particular current transformer, whose character-

istjcs are shown, would deliVer about 49 multiples of rated secondary

t
arrgpn:
1
N
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current rating

Multiplen/-of secondary .

current rating
" ) ] ' 1 . - 9

-

Fig. 26 — Approzimate performance of type je-d 40075 to 800/s
current transformers with varying secondary burdens .
and primary overcurrents. ’

.
i

current with a prfmary current input of 100 times iis.nating and a burden
of 0.5 ohms, which would be the approximate burden imposed b§ a IACSI.’
re]ay plus an ammeter and ‘the pane] w1r1ng The burden of rel ys, meters
and instruments -is usually given in terms of resistence and impedance with
reactance the pr1nc1pa1 factor.

The effect of current transformer saturat1on 'should be cons1dered
when making close settwngs between relays connected to CT's subJected to
hIgh values of fault current, and having substantlally d\fferent ratlngs
and secondary burdens. )

To illustrate the effect of CT saturatmon on/phase relays, assume “

an HFC53 relay set at 16 amperes tap and 4 t1me dial connected to a CT with

oy



X

W o LT ot P o4 < et i o,

rl

s

PR . i .
3 AR LD B ey P ety W e By Aot BT B S ST 0 ) er S 0N e Ty AT R B S e aa TN el

106

&
t

. a burden of 1.0 ohm and;the characteristic shown by Fig. 26. If the current

was 100 times the CT primary rating, the secondary output, as -shown by the
« curve of Fig. 26, would be only 32 times norﬁa] and the re]hy hou]d See
on1y‘ten times its fap setting instead of 32 times based on perfect CT per-,

formance. ot
W

The effggt of CT saturation can be 1gnored in sett1ng the majority

of 1ndustr1a1 p1ant relays, because-even though the CT _secondary output

is drast1ca11y reduced, there w111 st1]1 be suff1c1ent current to cause

the relays to operate on the flat port1on of the1r curves, so that the reduc- -

tion in operating time w111 be negligible.
/

L3

7 8 ALLOWANCE FOR FAULT CURRENT DECREMENT IN SETTING OVER-

- el * CURRENT RELAYS . :

N’

It is usually permissible on industrial plaht systems to ignore

the'slowihé down eifect of the fault-current decrement when sefecting time
B ! ’ '

current séttings for devices that are expected to'operate in not over

approximately 0.6 seconds after the short circuit occurs. In such cases,

I3

he settings are made on the basis that the short circuit current is main-

“tained at? jnitial symmetrical transient or subtran’sient current, value.

depending the character1st1cs of the protect1ve device involved. How-
_ever, those dev;ces hav1ng longer time settings, such as the generator and -

main feeder overcurrent re]ays, are usuallyraffected suff1c1ent1y by the

reduction in operat1ng current due to generator decrement.

The. prob1em in setting a generator external- fau1t backup protec-
tion relay is to select time-current setting_that will make it selective '

with the feeder relays, and also enable T~{o distinguish between fault

[
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currents, and permissible high oyerload qurrenfs on the generafor. The
recommended current setting is between 2.0 and 2.5 per unit Bf generator
full load rating if there is a génerator vo]tgge requlator, and ].5-230
per unit if there is no regulator. The reason for the différence in set-
ting is that, as shﬁwn in Fig. 27, the short cirpui% current output of a

generator with a voltage requlator decays to a gteady-state value of 2-3.5

* times normal depgﬁding on generator characteristics, but without a regula-

p—

tor, the steady state fault current would be Tess than twice normal. In

the case shown.in Fig. 27, the generator fault current decayed to 2.75

times normal with the regulator in use and 1.75 times without the regu]étor.

 Short circuit current in

times Generator rating 19 375 kVA
3
3600 RPM

1 .
I2
10 |

1t
I.d 'current

13,800V oo
Ié current

© .With voltage regu-
lator 13,000 V Bus 200Q kVA

) ?o . j v e

PN . \ 0.055 PU
s \e®1j _____________ o .
-] 4,160 V, Bus, . » 160V ;

0 0.5 I.0 I.5 2.0 Seconds :
o 30 60 90 120 cycles -
. ! ' -

Yo

Fig. 27 — Decrement cu.r'ves of *short circuit current from 9375 kva gener-

ator for faults on own Bus, and on 4160, bus fed through
transfomer. "

o

— 7

-~
T R T Mol A, 1M Srog bR




108

7 9 EFFECT OF WYE-DELTA AND DELTA WYE CONNECTED TRANSFORMERS ‘
0N OVERCURRENT ProTECTIVE DEVicE Co- DRDINATION i

A

A wye—delta or delta-wye connected'transformer ¢auses a 30 de;ree
shift in the phase re]at1onsh1p of the fault current on opposite 51des of 5.
tt. In the case of three-phase faults, th\S does not affect overcurrent ) ) r\
protective devices, because the currnents in the three phases orf each s1de ‘. )

&

of the transformer are still equal in magnitude. In the case of\phase-
phase faults, however, the currents on opposite sides of the transformey - N
are in phase, but the current in the faulted phase_wiﬁ]'be‘ghly 0.866 per

unit of three phase fault current on that:side of the transformer, whereas

the current on the unfaulted side w111 be equal to three phase fault ur- .% !
rent (1.0 per unit of it) in one phase while: only ha]f that much flows 1n ‘

the other two phases ’ Therefore:'the overcurrent dEV1ce in one phlse of*
the transformer will see 1.0/0.866 = 1.155 per un1t of the current that: G;"‘
the device in the faulted side sees and therefore w11L operate faster” 1n

proportipn. Thts re]at1ve decrease in operatlng time of the device on

the unfa Ited side may be suff1c1ent to prevent selective operat1on of

. %

devices \z oppos1te sides of the transformer, unless a1lowance is made for

it. As shown in‘Fig. 17, it is a very simple matter to make the necessary

q L]

a11owance when coordinating & secondary main breaker tr1pp1ng mechanism

with a transformer primary fuse or relay on a rad:a] feed»transformer

First, locate the breaker operating, band in the norna1 manner on the bas1s -
of its, pickup setting, then move it.0. 16 per unwt in current to the r1ght
and cbordinate the primary and secondary dev1ces on the basis of the new o
bohhdary. The other set of “transformer-primary and secondary'devices in '

the.faulted phase will see corrent'in;thé ratio of°0.5/0.865,of three phase

i~ ' '

. . .
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fault current. This doés not create any problem, however, because the

14

.

current unbalance speeds'up the transformer'secondary devicé with Fespect

i

to the primary device, and therefdre increases the time margin between

-

them. - ' .

There is no phase shift‘in delta-delta or wyg-wye transformere.
Hence the current in the primary of: 1lrad1a1 feed transformer durlng a. ;
secondary 11ne to line fau1t will be 0.866 per un1t “of that during a three-
4

phase secondary fau]t Therefore, “the re]ays on the pr1mary shou1d be .

coordinated with those on the secondary fau1t on the bas1s of three phase

‘%
e
fault current.
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CONCLUSION - (
& - ) . 11

&
In th1s paper the use, selection and‘application of protect1ve

devices in power d1str1but1on systems were demonstrated

\

The selection of the number of steps,~of short circuit protective

relaying was determined by many cd%siderations, including degree of

desired selectivity, type of equipmemt to be protected and kind of

industrial process.

Specific knowledge of the system and its requirements is needed to

s .
make this decision and thus no general rule can be made to cover al

situations.

1

The differential and distance relays are not.co-ordinated with the

°

other short c1rcu1t\protect1ve devices, and the1r operat1ng t1me is

norma11y 1ess than 0.1 sec. (6 cycles),

N . \
by the breaker. claaring time-p]us’a safety factor. In applications

where electromechanical relays are used, two add1t10na1 factors must be L

¥

-considered: Overtravel, and back-up‘relay reset time. ;

8

Solid state relay to relay co-ordination .time interval is determined

Instantaneous ground fauht protective devices used dn alr secondary

feeders are set at m1n1mum However the primary transformer neutra
res1stor ground fault protect1on is a time delay re]ay in ordér to

co-Ord1nate with the down-strear ground,fau1t dev1ces.3

A}

1

, In genera1«the cost of the protective devices is approximately' -

f1ve to ten percent of the cost of the equipment theQEWGuld be protect1ng

‘ This is a sma]] price to pay for protect1on aga1nst serious damage.

s
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: L ApPENDIX A

SELECTION AND COORDINATION OF PROTECTIVE DEVICES FOR MARINE
GENERATION AND DISTRIBUTION PONER SYSTEMS

~+  The marine switchboard is deseribeq in this chapter for the .

‘ control and'protection'of:three (3) 800 kw, 390V, .3-phase, 50 Hz ship's
service\generators fbr indiridual or parallel operation One 1500 kw
shaft generator for single operat10n and all outgo1ng sub- c1rcu1ts at

’ 390V, 3-phase and 220V 3- phase 50 Hz.

Equipment to be built to DNV'requirements and other regulations

¢ listed on Table 4.

/ . ) 7

| . S

. ' f/j o Isolating switches (no current) to be fitted on bus bars to
separate the generat1on selections from the essential and 1mportant
d1str1but1on sect1ons The non- 1mportant section to be isolated at the

preferentia] tripping breaker

ATI distribution circuits should be protected moIded case

 circuit breakers calibrated for 50°C amb1entvtemperature

|- ; )

. . Al circuit breakers above 100A size:to be plug-in type and to

have sufficient interrupting capacity to meet classification ru]és,
. Al P v

L1 SHIp'S SERVICE SWITCHBOARD

" The equipment included in this switehboard shall incorporate ..

= et e e

the following for the three main generators 800 kw, 390V, 3 pH, 50 Hz.

S .
i 4 . .8
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11,

12.
13.

1,2 SHAFT GENERATOR

. . ..

10.

13

>

Main generator air circuit breaker,ﬂ43'kA rms, interrupting capacity
at 500V, 2000 amp frame, 3-pole, electri¢ally operated, dfaw out type,
comﬁlete with LTD, STD and‘instan;aheous overcuérent trips, auxiliary
switche; and undervd]tagg trip.
Combined overcurrent and reverse power relay.
ac ammeter and ammeter gelector switch to read the éurreﬁt~of each
phase of generator. _ . - \
Polyphase wattmetér (red Tine at 764 kW),
Ki]bwatthour\méter. C
Hour counter. _ ‘
Governor motor control Qwi%ch with sp}ing returns.
7

Voltmeter and voltmetenr selector switch.

Cifcuit breaker control switch.

Circuit breaker '6peh' indicating 1ight (white) and circuit breaker
. . ‘ s
'closed' indicating light (green).

Gontactor, 2-pole, 220V, ac for generator space heater, The contac-
tor would be interlocked with the generétbr circuit breaker to ensure

that the heater is switched 'off'; Qhen the generator is in service.

Indicating 1ight (blue) to indicéte égnerator'space heater is 'on'.

Current’ transformers, potential transformers and control transformers

for metering. o v

7

Description generé]ly as for the 3 main generators exéept:'

* 1. Generator and circuit breaker to be 3000 A frame.

2. No reverse power relay and governor motor control switch to be provided.
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1.3 CommoN EQUIPMENT 70" SHIP*S SERVICE GENERATORS

-
2.
3 L]
.

3 gfound indiﬁating light§4ahq ground switch. | T | _ f
1’ground detéction monitoring instrumen£. | |
1 preferential tripﬁing breaker. |

1 vo]iage and frequency monitoring instfument.

[
Y

1.4 SYNCHRONTZING EQUFPMENT

1.

&~ w

oo.\la:m

""1,5 'SHORE SUPPLY

1.

(3, > w ~n
L] a [} .

N

1. synchronoscope. . S ’ ) ; . '

o synchronizing switch, for paralleling ship's service generators and

shaft driven generator. - . \
2 clear synchronizing lights (dark synchronizing).
2.voltmeters.

(
2 frequency meters.

-

1 manual/auto switch for synchronizer.
auto synchronizing and load sharing instrument.

necessary switches, transformer, control relays, timers, etc,

N P
f/mo]ded case brk. 400A‘frah¢. 25 kA rms inter}upting capécity at
390 V cdép]ete with uqdervoltaje coil and auxi]iary'switches.
Iammetéréndapmeter selector switch. S e
1 voltmeter and voltmeter selector switch. '
1 pblyphase watthour meter..

an electrical interlock system between the shore, the shaft, and the

" diesel generator breakers to be provided so that the\shoré'breaker Ean-

not be closed when anyléf the shaft or diesel generator breakers are in
. . L

'closed' position or vice-versa. C -




|

2. Ammeter and selector switch for single phase reading for essential and \m\“*ﬁ\\\

¥

. 15

1.6 390V DIsSTRIBUTION

-

1. Total of 36 molded, case circuit breakers 100 a.f. to 606 a.f. for
‘essential, important and non-importaﬁt distribution as per attached

single line diagrams, Fig.28..

)

important service feeders as per single line diagram.

o

L4

1.7 220 V- 'DISTRIBUTION

¢

1. -Total of ZT molded case circuit breakers 100 a.f. 22 kA rms interrupt-

‘ W
ing capacity for essential and non-important services.

S

¢

2. Three ground indication Jights and ground switch,

3. Ground detection monitoring instrument.

1.8 AutoMaTION OF THE ELECTRIC POWER PLANT

The production of electric power shall be done by three 800 ki

diesel generators capable of functioning in p&ka]le] and .by one 1500 kW.. ¥

" shaft driven generator f@r\sing1e operation,‘para]]e]ing.of shaft generator

with diesel generator and vice-versa to be possible.for a very sho¥t period
‘ . . . . : /-
of time to avoid black-out during transfer time. o L. )
Xy Automatic'load dependent start and stop. of diésel generators
and fully automatic synchronizing, parallelling and®load sharing to be pro-
vided. Automatic start to standby gene?ator to be provided in case of:
a. high voltage
b..low voltage L
c. Tow frequency | , ,
d. overload ' : . Y
. e. shutdown of working generators - . . .
L} . ‘ N . . . /‘
' ' ,._.; h v
k4
~ "wff':-:"“'.”"**‘ww”r‘* L R S e I I By o T KT LTI, W AL A, ‘ i i ”}‘

-t
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.. ' . 1 .
Autostart of two generators-to be provided in case of failure of
the shaft generator. S .

Manual start stop shall also be possible from electrical control -

<

room durihg normal operation or loca1iy at the engine in emergéncy.
Interlocking scheme to be provied so that the bow thruster

‘operatjon will onTx be possible when the three diesel generators'ryh in par-

allel,” g A

-

' Prefergntial tripgi?g pircuit to b incorporated <in .the system \
to prevent overloading of generators in/gQase 6f~faijufe of a paralleling
'unit-or of the shaft generator. .

/7 ‘

2, PROTECTION PRACTICE FOR MARINE EQUIPMENT

PRSP VRS

The same p}otection princ{ple discussed in the previous chapters of
tﬁis paper are also applied to:sévera] electrical equipment used in a marine ° v
. switchboard. In IEC publication 144, of August 1976, Section DIN-40050, '..

Sheet 1, indicates the degree of protection for mérine,equipment.

L " Table 4, following, gives the minimum degree of protection for \
' r » N .
some marine classification societies. ‘ ‘ -
I
IX A
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. ] ] .
' . } . . Type of Equipment
\ ‘ a Marine SWGR &
' . Classification] Equipment to | Switch- | Measur. | Control |
. Socjeties Country be installed | Boards -{ Instrum.| Gear Transformers
. ABS USA | In service, | IP 12 P 23 | 1P 23 Ip 13
\ ' : ' ' engine and’ i 191
, : - | voller re- I 12
) ! dms, in o :
‘steering
gear com-
t. parturent.
. | BY | France | On deck, in | IP 56* IP 56 |{IP S6 -
open control B .
g stations ¢ LT
GL -W. Germ. — ‘ :
o LRS United In the wheel-| IP 23 ~ 1P 23 -
Kingdom house . ‘ 3
- . F
. NY ' Norway |' In the radio | IP 23 . - - . -
: N ‘ and chart. -
. . PRS . Poland roos
+ ‘ . , - _ 4 _
. RINa ] Italy In the crew's| IP 2? ‘ : R
? quarters U
i USSR USSR In sanitary IP 44 . - . < IP 44
- - N | rooms, in '
’ . . o . thé galley
' and store
K ToOoms
' . < . Tt N i
w
3 .
- . -? b : - . \
. S . Table 4— Minimm degree of protection for marine equipment. <
‘ X . YFor items developing a large amount of Heat. . . ’
v . *Waterproof distriburion boxes.
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¢

. 2.1 OverPOWER AND UNDERPOWER PROTECTION

-

Occasionally, ft is ‘necessary to 1im{t the q%ount of power sent
over a line in a particular section. ’ )
Such a need arises, for example, in the ship'§ generating sta- ‘
tibh‘haying it own local load. The generatbﬁs have enough capacity 0.
supply the ship load-when the generators run in paraliel. “In case of
. " failure of a paré]]e]ed'unit or 6f the emergency generator an: overpower
relay is used to trip the preferential trippigg breaker to prevent overload-
iﬁg the genérator(s). An underpower relay.may be used, to disconnect one

¢

or more generators if the load falls and remdin below a given value.

3. " APPLICATION OF PROTECTIVE DEVICES FOR ac GENERATORS

This section covers the application of protective devices for
the photectiBn of ship's service generators. Relay pfotéctipn for, genera-
tors varies widely depending on many factors. The protective devices dis-

- cussed in this section are recommended as standard equipment for the rating

and class of generators 1isted on the single line diagrams.

[

3,1 Overspeen

. Overspeed protection is recommended for all prime mover driven
s ‘ ) ‘ . oA
l generators. However, such protection isgu$Ua11y part of the prime mover

. or its spéed goevernor. It’shuts down the prime mover“and also discopnects T
the éenerator from the ac ‘§ystem. | . |
Openiqg the generator breake? prevents;overfrquency operation
'd? 1oad connected to the system aqd prevents possible injdry to the prime
méver due to its Peing motorized by the generator on power taken from the

system,

3

t
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. . 3.2 AuToMATIC 'GENEE}'ING STATTON : oL

L

‘7.4

Sy . Hgs 29 31 of the single Vine d1agran15 shows the equipment required

\o-

"m oo ~for manual. operatwn of the\three d1ese‘l generators and one shaft alterna-
\: , \t‘ For automahc generatmg stations we use the safie’ eqmpment as

o - attended stations but havé the fonowmg addit1ona1 units for auto-synchromsm.
. 'Speed machme., 1oad shar1ng°° automatic start and stop, and emergency shut-
(B Y * \-? ° a .
' + downt devices.. . ¥

Al -
' El

4

| / 3.2.1 TﬁAnsroRﬁER'umT QHFG 112. \
. . . . '{hls umt is an adaptwn umt between the synchron‘izmg and ]oad shamng
unit QHFQ 102 ~ It enab]es direct tonnectlon to the generator and main bus-
' bars,‘gwmg vo]tage supp]_y and reference voltages for load measurmg
The presencemf this vo'ltage is checked by one relay gwmg an internal

alarm’ to the centra] umt The two transformers enable d1rect connect1ons

. ~ o L T
: -, to the generator and main bus,bar - . ‘ o S

°

v

R G -\vxa.z'.z ) CHRONIZIN& AND LOAD~S‘HAR!NG UNIT QFG 102.

!

‘1 A ‘ { 3k combiriation w1th tﬂe‘transfomer unit QHFG 12, the fonomng :
e functwns are prov1ded s : L . j
L ‘ R ..'IJ. Synchronizing of the generators with™ the ma'm bus- bars, j.e., br1ng1ng ’§
’\\' | ' ) 'Ehe Qggnerator voltagé in phase with the main ,bus bar vo]tage." ; .
‘ ‘ 2. Load 'sharing between connected gerierators“ | ;
i . S Fréquency sustentat1on, keeping the frequency constant mdependent of . ;
’ i v the 'load N T . ' b - k |
' 4. OverToad a]arm with an opening contact function iﬁtended for the general
”g\ S a‘larm system. The output stage is desnggd for a speed-settmg tor ‘;
C on M’ 1ntegqat1ng governor ,
‘\ o " - ‘3. :f‘~':,"v~ :\
o .
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‘functions: .- o “
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The output sigpal is on-off, parallel to the manual increpse-gggreaie

T

i \

H

'Powe? supply is taken from'the‘three»phasé generatar via
V& v <

switch.

.transformer un1t QHFG 112

. o \. . ) } L8

3.2.3 , BASIC UNIT QHFG 101 X

The basic unit has the following,functions: K

P

.1, Start and stop proéram. v - o G

" '2. "Manual start-and stop.

3." Start and connection of diesel generator on the dccurrence of a

‘
Ve 14

btack-out.

» S

. 4. Mon1tormng of eight channels programmabf% for external sensqrs or

1nterna] circuits Tor 1nd1cat1on of:

4.1 startlng failure t
4.2 synchranizing failure . : , S
4.3 overspeed b . : -
4.4 low.frequency o e :
4.5 high voltage . . .

" 4.6 low voltage - ° . ‘
4.7. prelubrication failure-
4.8 other fau1t (on]y for external sensor)

A1l channels are programmable for critical (direct stop) or no
cr1t1ca1 funct1on ‘and 1nd1v1dua1 defay 0-15 sec.

f ee'contacts intended for the general a]arm.system with the fq]lowing"

»

L

. - opens at initiated alarm.
s . , .

- opens at initiated.internal alarm, .

’

-

E opens. at running engine. a - R

5. *?re1ubrication system programmable for intermitfeni 5 min/hour or

continuous service when the engine is not running.

. . o ' LY . ' .
6. Synchronizer, giving closing order to the generator circuit breaker

,s“

when frequency-and phase conditions are fulfilled. The synchronizer

can also be aé%ivated via-an external contact.

.t 5
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ﬂ‘ The‘outpuf centro1 stages have the fd11owing functiops:
o 6 1 Intermitient activation of the starting eir'QaTee until
the 1gunt1on speed has been exceeded g ‘
6.2 Act1vat1on of pre-excitation at start until vo]tage has
been obtained. AL L
6.3 Act1vat1on of fuel 11m1tat1on program at start until
normaT speed has been reachéd. 1
6.4 Tr1pp1ng'of c1rcuit breaker when ari order i; issued.
: 6.5 Activation of the ;top solenoid when a stop orderyis
, 6:6 Closing of the circqit brEaker by~the éyﬁchronizer or on
the ocgurrehce of a'black ougr .

€

"+ 6.7 Activation of prelubrication program. L

3.2.4 RELAY UNIT QHFG 111,

The baefc'unit QHFG TO]‘héS“seven~outEUt?stag%s capable of

- driﬁing'a 1oadlef 0.3A at 24V. Moet//gntrol devices required‘more current
or different voltages. The relay unit QHFG 1M has eight 24V DC relays
-and two transfonners ‘The relay contacts are rated 250V, 5A and/;fe pro-

1 vided with ext1ngu1sh1ng devices. For norma];app}1cat10n the contro] va]ves

' for starting and stopping will be supplied by a separate 24V D.C.

¢

3.2.5 CENTRAL UNIT QHFG 104.

The load of each generator is measured fn the QHFG 102 unit as
described on paragraph 3.2. These individudl signals are added in the
cengra1 unit and the sum gives 1nformatlon about the load on the main bus ‘
bar. Adaustable Tevel detectors determine at which busbar lodd a generator‘
shall start or stop. According to the starting sequenge, selected with

s &by An oA ke e erae et




'set. Then' there is 20% in reserve until overload. -"Assuming that 20%

! ‘0 . v ‘ , . ) ]26

push buttons at the front-start and stop orders are distributed to the
QHFG- 101 units. |
These ‘orders are delayed one minute in order to preuent actions

iffitiated Ey temporary load varijations. The delay will, be hypassed when a .

: fau]t occurs on a running set, OVerioad1s detected or a contro]led load is

’
requested

The unit aTso determlnes whether -or not the number of  connected
sets is suff1e:ent to cover the requ1red Toad under normal conditions.

{ﬂ_this case a signal to the QHFG 101 unit will permit a set with

. » R o N
.a noncritical fault to be disconnected and stopped. This signdl will also

permit a requested controTled load-to be connected. .In the central unit .
the Toads of the connected sets are added and thus the totai load of the
main busbar & known. Start and stop orders are determ1nedvby means of
level detectors measuring on that total load.

In the case of three sets the level detector for start of the.

sepond set may be adjusted to a load corresponding to 80% qf the first

‘reserve is suitable for this plant, then Etart of the third set will be

o adjusted to 180% or 90% on each of the connected'sets.

Another assumption may be that the load. normally fluctuates with

20% of one generator capacity. Then the stop Tevels can be adjusted to

60% and 160% respectave?y After execut1ng these stop orders the load
of the remaining sets’ w111 be 60% and 80% indicating a profitable utiliza-
tion of the plant. )

The sets of a ship can be rated differently which is of no con-

' sequence but in the folTOW1ng respects: . '

— the power reserve in kw may differ according to the sequence and the\cqn-

qectedlsets.

U
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, E> — The setting of the heavy load control has to be calculated on the basis

of. the lowest rated set.. i : ‘ /

P

~ The ;¥1Towing Figs. 32-34 show the interconnection of the equipment
described in paragraph 3.2 as well as start-stop levels of load variation.

3,3 MoTorRING OF PRIME-MoVER BY ITS GENERATOR .

o

Anti-moto?ing protection is required'on all steam and gas-turbine
driven generators and interna]-coﬁbust;on engine driven geherators. The
Genop-21 senses the reverse power in one phase and emits selective trippiéé
commapds,when the set limits are exceeded, thus disconnecting the generator.

The reverse power monitoring is achieved by means of a converted
d.c. current proportional to vo]taée, which is amplified and evaluated by
a 1imit monitor.. The assqpiate& potentiometer is'adjustable from 1 to
20% reverse po&ér, refered to 5A respécti§e1y, 1 A active cugrent.

The output sigﬁa] of the 1imit monitor, which is indicated by
a light-emitter diode, is forwarded to an outpu£ relay fﬁrough a timé dglay

v

unit (adjustable from 1 to 5 sec) thus'tripping the generator breaker.

“Auxiliary relays with floating throw contacts are coupled to the output

signals for signalling and tripping. .

o

2.4. GENERATOR OVERLOAD PROTECTION

The Genop 21 is an electronic device of high accuracy for the
thermal protection of three phase generators. It sensés the generator . )
current in alll three phases, and emits selective iripping commands when the

set 1imits\are exceeded, thus disconnecting — -
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12 Pig. 32 — Generator lay-ou

P%el 4

o

I sel connected 2 sets connegted 3 sets connected °.

To

b 7811

DIE3LL

o

100%

90%
80%

T
i —

i

I
|
|
!
|
|

l

80% start

}
{
)
|
]
]
|
i
j
2nd set :
|
|

I80% start
3rd set

t of the GENA-S automatic conirol system
for the three service generators.

. ey

Y ég? stop 2nd set 160% stop 3rd set

Pig. 33 — Start and stop levels of load variations.
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1) The non-important load in two groups.-

2) The generator. ‘ ' ‘ f

.

"The terminals provided for overcurrent signgTs can also be used
for giving starting Sigha1s to another generator set in autoTatiéa]]y
controlled marine power supply plants. . | ,

The ‘instrument consists of three cu%rént s;eps I, 1., I; each
adjusfable from 2 to 7A reépective1y‘an a}e converted into d:c.lvo]tage ;

, ‘ proportional to_Ihe,current.' The highes} of the thrée voltages istfed
' ‘lfo the differentia]‘limit monitors. These compare the d.c. voltage from °
the é&rrent sensor with.the'rated value. As soon‘as the limit value is
+ exceeded, the respective 1iéht-emitting diode lights up. 'Siﬁu1taneously
i three adjustable time relays Ti, Tz, and Tgvare fed, which then giQe ;
\signal to an ohtputzr?lay after the delay has elapsed. If the currént
drops back be1oﬁ,the limit while the’delay time is elapsing, no sfgna] is‘.
given to the output relay. During instantaneous response-gf the higﬁer
T curreqt steps 1, and f;, the-time,de1ay of the apprépriatéilowe% cuMment
steps I and I, is reduced to 5 sec. and the app1ifab1e output signa1.is

given correspondingly sooner.

‘3,5 GROUND-LEAKAGE MONITOR

Non-grounded a.c. sygtems‘pf more than 43V must incorporate
facilities for monftoripg the insulation resistance. ]
fhe'ground~1eakage monitor, 7VC50 on Fig. 30 both measures
and monitors the insu]atiqq~hesisiance of the ship's electrical
supply systfm. Because the entire shipp's supply system has to be monii
toned‘continuohsly, the 390V and 220V network haye its own ground 1eakagé

moni tor.
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The monitor is connected’to\the ship's supply system via a trané-' .
former incorporated in the unit' and monitored by the unit. The supply

tapped off from the transformer is rectified, smoothed and

to 36V.

stabilized

o

The measuring circuit is'connectgd to one phase of the network
to be monitored, and to ground or to the ship's hull. The circuit is .
closed via the insD{:tion resistance of the netwo;k.,'The insulation resist-

ance is steplessly adjustable with calibrated position 2.5, 25 and 250 kg...',

. If the resistance drops below the preset level, an output relay picks up.

' 1 v
The change-over contact of this relay can be used for visual or audible sig-
4 - ‘ :
nalling. _ . .

A light emitting diode indicates the fact that the monitor is
ready for service.and also that the.res{stanCe level is above the preset
value. In the event of the supply failing or the insh]ation resistance’
dropping below the setting, a ;igna] is initjated by the output relay as
described above. A separate measuring instrgﬁgnt, which is calibrated in K .

between 0 and'infinity, permits the insulation resistance of the particu]ar' ;
. ) I

network to be monitored continuously.

n..;..#..- -
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5.6 GENERAL COMMENTS

!
The short circuit protective devices discussed in Chapter 1 through
Chapter 7,.provide” fast, sensitive, and inherently se\ect1ve protection for

transformers, motors and generators for various types of faults in industrial

[

powe? plants. The relative merits of the different protective devices and

their method of operat1on are d1scuspbé at 1ength in these chapters. Hence,

this d1scu551on 15 avoided here since many of these protect1ve J;vices are .
vapp11ed te marine generation and d1str1but1on systems.
In Appendix A, we briefly discussed some special applications of

protective devices designed to meet the requirements for marine application

such as the GENA-S power plant control system. The GENA-S system -is designed

to meet the special requirements for marine‘applications with regard‘to

necessary functions and environmental conditions.

hY

. Lo
N The GENA-S system offers a.number of combinations, from a simple

automatic standby system to a complete .control sys?em.for'up to four genera-

. *

“tor sets, of which one may be a turbo generator set.

The system'is designed to meet the requirements of the classifica-

tion socieites 1isted in Table 4.

- L e Ot
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APPENDTX B
ANSI Protectlve Device Desxgnatlons 1

- S

1. Master Elemeut is the tnitiating device,
such as® control switch, voltage relay, float
switch,. etc, which serves cither directly or
through such permissive devices as protective
and time-delay relays to place an equipment
ih or out of operatiors

2. Time-Delay Starting or Cloxing Rclcy 1sa
* device that functions to give a desired amount
of time delay before or after any point of
dperation in a twitchin: sequence. or protec-
tive relay system, excet as specifically pro-
vided by device functiofls 48, 62, and 7.

- 3. Checking or Interlocking Relay is a relay
that operates in response to the position of a
- number of other ‘devices (or 10 a number of
predetermined conditions) in an equipment,
to allow an operating sequence to proceed. or
to stop. or to provide a check of the position of -
these devices or. of these conditions for any
purpose.

4. Moster Conlactor is a device, general)y
controlled by device function 1 or the equiva-
lent and the required permissive and protec-
_tive déviges, that serves 1o make and break the
‘ necesssary control eircuits to place an equip-
ment.into operation under the desired condi-
tions and to take it out of operation under
other or abnormal conditions,

5. Stopping Device is'a control device used
primarily .to shut down an equipment and
hold it out of operation. | This device may be
manually or electrically. actuated, but ex-'
cludes the function of electcal-lockout (see

‘device function 86) on abnormal conditiens. ]

€. Starting Ciremit Breaker is a device

. whose principal functioa is 10 connect a ma-
" chinetoits source of staning voltage. oo

N

-

18From ANSI 63'2-1970 Mmud and Automatic Subon Control, Supcmsor)'. and Auociated

Telemetéring’ Eqm;x:::n

. -
!

.1. Anode Circuit Breahfr is a device used in
the.anode circuits of ‘a pfwer rectifier for the
primaty purpose of intefrupting the rectifier
circuit if an arc-back shduld occur.

"8. Control Power Discognecting Device is a
disconnecting device. such %s a knife switch,
circvit breaker, or pull-out fuseblock. used for

_the purpose of respectively connecting and

disconnecting the source of control power to
and from the control bus or equipmen{.

NOTE: Control power is considered toinclude auxiliary
power which supplies such lppnrnm o sioall motors and
beaters,

9. Reversing Device is a device that is used
for the purpose of reversing 2 machine field or
for performing any other reversing functions,

10. Unit Seq‘&encc Switch is aswitch that is
used to change the sequence in which units
may be placed in and out of service in mul-
tiple-unit equipments. '

11. Reserved for future application.

12. Over-Speed Device is usually a direct-
connected speed switch wh\ch functions on

machine overspeed.

- 13. Synchronous-Speed Device is a devnce
such as a centrifugal-speed switch, a slip-

‘frequency relay, a voltage relay. an under-

current relay, or any type of device that oper-
ates at approximately the synchronous speed
of a machine.

14. Under-Speed Device is a device that
functions when the speed of ‘a machine {alls
below a predetermined value.

15. Speed or Frequency Maiching Device is

adevice that funcuons to match and hold the
speed or the [requency of a machine or of a



re

. device that is used to close or to cause the,

\

.

system equal to, or approximately equal to,
that of another machihe. source, or system,

16. Reserved for future application.

17. Shunting or Discharge Switch is a
switch that serves to open or to close a shunt-
ing circuit around any piece of apparatus
{except a resistor), such as a machine field. a
machine armature, a capacitor. or a reactor.

NOTE: Thus excludes devices that perform such shunt.
ing operations as may be necessary in the process of
starting a machine by devices 6 or 42, or their equivalent,
and alss excludes device (uncuon 73 that serves for the
switching of renistons

— 18. Acceleratmg or Decelerating Device is a

closing of circuits which are used to increase
or decrease the speed of a machine,

18, Starting-to-Running Tronsition Con-
toctor is a device that aperates to initiate or
cause the automatic transfer of a machine
from the starting to the running power con-
nection.

* 20. Electrically Operated Valve is an elec-
trically operated. controlled or monitored
valve used in aqluid line..

NOTE: The function of the valve may be indicaged by
the use of the suffixes in Section 2-9.4.

21. Distance Reloy is a relay that furictions
when the circuit admittance, impedance, or
reactance increases or decreases beyond pre-
determined limits.

22. Equalizer Circuit Breaher is a breaker
that serves to control or to make and break the
equalizer or the current-balancing con-,
nections for a machine field, or for regulating
eguipment, in a multiple-unit installation.

23, Temperature Control Device is a device
that functions to raise or lower the tem-
perature of a machine or other apparatus, or
of any medium, when its temperature falls
below, or rises above, a piedetermined value,

NOTE: An example is a thermostat that gwitches on 2
space heater in a switchgear assembly when the tem-
perature f>lls to a desired value az distinguished from a
device that is used to provide automatlic temperature
regulation between :km fimits :nd would be designated
as device function 90T, ™ .

24. Reserved for future application.

25. Synchronizing or Synchronism-Check
Device is a device that operates when two ac
circuits are within the desired limits of fre-
quency, phase angle, or voltage, to permit or
to cause the paralleling of these twg circuits.

26. Apparatus. Thermal Device is a device
that functions when the temperature of the
shunt fiefd of the. amortisseur winding of a
machine, or that of a load limiting or load
shifting resistor or of a‘liquid or other me-
dium, exceeds a predetermined value; or if the
temperature of the protected apparatus, such
as a power rectifier, or of any medium de-
creases below a predetermined value.

27, Underuvoltage Relay is a telay that func-
tions on a given value bf undervoltage.

28, Flame Detector is a device that mon-
itors the presence of the pilot or main flame in
such apparafus as a gas turbine or a steam
boiler. .

29, Isolating Contactor is a device that is
used expressly for discqnncctin_g one circuit
from another for the purposes of emergency
operation, maintenance, Qr test.

*30. Annunciator Relay i1s a nonauto-
matically reset device that gives a number of
separate visual indications upon the function-
ing of protegtive devices, and which may also
be arranged to perform a lockout funetion.

31. Separate Excitalion Device is a device
that connects a circuit, such as the shunt field

of a synchronous converter, to a source of

separate excitation during the starting se-
quence; or one that energizes the excitation
and ignition circuits of a power "rectifier.

32. Directional Power Relay s a device that
functions on a desired value of power flowin a
given direction or upon reverse power re-
sulting from arc-back in the anode or cathode
circuits of a power rectilier.

33. Position Switch is a switch that makes

.or breaks contact when the main device or

piece of apparatus which has no device func-
tion number reaches a given position.

34. Master Sequence Device is adevicesuch

as a motor-operated multi-contact switch, or

* the equivalent, ora programming devite, such

as 8 computer, that establishes or determines
the operating sequence of the major devices in
an equipment during startinx and stopping or
during other sequential switching operations.

35. Brush- Operati.ng or Slip-Ring Short-

Circuiting Device is a device for raising, lows .

ering. or shifting the brushes of a machine, or
for short-circuiting its 'slip rings, or for en-
gaging or disengaging the contacts of a me-
chanical rectifier.

36. Polarity or Polarizing Voltage Device is

. 2
. a device that opdfates, or permits the oper-
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ation of. another device on a predétermined
"polarity only, or verifies the presence of a
polarizing voltage in an equipment.

37. Undercurrent or Underpower Relay is a
relay that fufictions when the current or pow-
er flow decreases below a predetermined val-
ue. _

38. Bearing Prolzcgge Device is. a device
that functions on excessive bearing tem-
perature, or on other abnormal mechanical
conditions associated with the bearing, such
as undue wear, which may eventually result
in excessive bearing temperature or failure,

39. Mechanical Condition Monitor is a de-
vice that functions upon the occurrence of an
abnofmal mechanical condition {except that
associathd with bearings as covered under
device filnction 3B8), such as excessive vibra-
tion, eccentricity. expansion, shock, tilting, or
seal failure. : ’

40. Field Relay is a relay that functions on
a given or abnormally low value or failure of
machine field current, or on an excessive
value of the reactive component of armature
current in an ac machine indicating abnor-
mally low field excitation. s

41. Field Circuit Breaker is a device that
functions to apply or remove the field ex-
citation of a machine.

42. Running Circuit Breaker is & device
whose principal function is to connect a ma-
chine to its source of running or operating
voltage. This function may also be used for a
device. such as a contactor, that is used in
series with a circuit breaker or other fault
protecting means, primarily for f[requent
opening and closing of the circuit.

43. Manual Transfer or Selector Device is a.
manually operated device that transfers the
contro) circuits in order to modify the plan of
‘operation of the switching equipment or of -

some of the devices. !

44. Unit Sequence Starting Relay is a relay
that functions to start the next available unit

* in a multiple-unit equipment upon the failure

or nonavailability of the normally preceding

unit,
4%. Atmospheric Condition "Monilor-is a de- -

vice\that functions upon the occurrence of anw.
abnoripal atmospheric condition. such as
damaging fumes. explosive mixtures, smoke,
or fire. ' .

.. v
»

46. Reverse-Phase or Phase-Bolance Cur-
rent Relay is a relay that functions when the
polyphase currents are of reverse-phase se-
quence..or when the polyphase currents are
unbalanced or contain negative phasese:
quence components above a given amount.

47. Phase-Sequence Voltage Relay is a relay
that functions upon a predetermined value of
polphase'ﬂollaze in the desired phase se-
‘quence, . {

48. Incomplete Sequence Relay is a relay
that generally returns jhe equipment to the
normal. or off. position and ocks it out if the
neormal starting, operating, or stopping »e-
quence is not properly' completed within a
predetermined time. If the device is used for
alarm purposes only. it should preferfably be
designated as 48A (alarm). °

49, Mochine or Transformer Thermal Relay
is a relay that functions when. the tem-
perature of a machine armature or other load-
carrying winding or element of a machine or
the temperature of a power rectifier or power
transformer (including a power rectifier trans.
former) exceeds a predetermined value.

50. Instantaneous Overcurrenl or Rate-of-
Rise Relay is a relay that functions ine

‘stantaneousty on an excessive value of current

or on an excessive rate of current rise, thus
indicating a fault in the apparatus or cifcuit
being protected.

51. AC Time Overcurrent Relay is a relay
with either a definite or inverse time charac-
teristic that functions when the current in an
ac circuit exceeds a predetermined value.

52. AC Circuit Brecker is a device that is
used to close and interrupt an ac power circuit
under normal conditions or to interrupt this
circuit under faull or emergency condit.ipns.

53. Exciter or DC Generator Relay is a relay
that forces the dc machine field excitation to
build up during starting or which functions
when'the machine voltage has built up to'a
given value. -

54. Reserved for future application,

'

55. Power Faclor Relay is a relay that oper-

ates when the power factor in .an ac circuit
rises above or falls -below a predetermined
value, | ‘

56. Field Application Relay is a relay that

field excitstion to an ac motor at some pre-
determined point in the slip cycle.

" automatically controls the application of the -

- ¢ . . - .
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B7. Short-Circuiting or Grounding Device is
a primary circuit switching device that func-
tions to short-circuit or Lo ground a eircuit in
response to sutomatic or manpal means.

68B. Rectification Failure Relay is a device
that functions 'if one or more anodes of a
power rectifier fail to fire, or to detect an arc-
back. or on failure of a diode to conduct or
block properly.

69. Overvoltage Relay is a relay that fune-

tions on a given value of overvoltage‘

60. Voltage or Current Balarce Relcy is a” -

relay that operates on a given difference in

voltage, or current input or output, of two
circuits. »

. 61. Reserved for future application.
62. Time-Delay Stopping or Opening Relay

‘is a t\me~delay relay that serves in con-

junction with the device that initiates the
Shutdown stopping, or opening operauon 1n
an autlomatic sequence or protective relay
system.

. 63. Pressure Swuch is a switch which oper-

ates on given values, or on a given rate of
change, of pressure.

64. Ground Protective Relay is a relay that
functions on failure of the insulatién of a
machine, transformer, or of other apparatus

to ground. or on flashover of a dc machine to '

ground.

NOTE: This function is assigned only to a relay that
detects the flow of current from the fume of a mvachine or
enclosing case or structure of a piece of apparatus o
ground, or delects a ground on a normally ungrounded
winding or circuit. 1t is notiapplied to a device connected
in the secondary circuit of a current transformer, or in the
secondary neutral of current trans{ormers. connected in
the power circuit of aanormllly grounded system.

65. .Governor is the assembly of fluid, elec-
trical, or mechanical control equipment used
for regulating; he flow of water, steam, or
other mediund to the prime mover for such

“purposes as starting. holdmg speed or load, or

stopping.

66. Notching or Jogm De%tcc.fi‘:ua device

that functions to allow only a specified num-
ber of operations of a given device, or equip-
ment, or a specified number of successive
operations’within a given time of each other.
1t is also a device that functions to energize a_

circuit periodically or for fractions of specxﬁea “

time intervals, or that is used to permit inter-
mittent acceleration or jogging of a machine
at low speeds for mechanical positioning.

.

. .

.

67. AC Directional Overcurrent Relay is.a
relay that functions on a desired value of ac
overcurrent flowing in a predetermined direc:
tion. '

68. Blocking Relay is a relay that initiates'a
pilot signal for blocking of tripping on ex-
ternal faults in a transmission line or in other
apparatus under predetermined conditions. or
cooperates with other devices to block tripping
or to block reclosing on an out-of-step condi-
tion or on power swings.

69. Permissive Control Device is generally a
two-position, manually-operated switch that,
in one position. permits the closing of a circuit
breaker, or the placing of an equipment into
operation, and in the other position prevents
the circuit breaker or the equipment from
being operated.

70. Rhegstat is a variable resistance device
used in an electric circuit, which is electrically
operated or has other electrical accessories,
such as auxiliary, position: or limit switches.

71. Level Switch is a switch which operates
on given values, oron a gwen rate of citange,
of level. . »

72. DC Circuit Breaher is a cnrcuxt breaker
that is used to close and interrupt a dc power
circuit under normal conditions or to inter-
rupt this circuit under fault or-emergency
conditions.

73. Load-Resistor Contactor is a contactor
t is used to shunt or insert a step of load
limiting, shifting, or mdlcatmz resistance in a
power circuit, or to switch a space heater in
circuit, or to switch a light or regenerative
load resistor of a power rectifier or other
machine in and out oi' circuit,

74. Alarm Relay is a relay other than an
annunciator. as covered under device function
30, that is used to operate, or to operate in
connection with, a visual or audible alarm.

75. Position Changing Mechanism is a
mechanism that is used for moving a main
device from one position to another in an
equipment: as for example, shifting a remov-
able circuit breaker unit to and from ‘the
connected, disconnected, and test positions.

78. DC Overcurrent Relay ic a relay that
functions when the current in a dc circuit
exceeds a given value.

77. Pulse Transmitter is used to generate
and transmit pulses over s telemetering or

pilot-wire circuit to the remote indicating or

receiving device. -
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