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DIFFERENTIAL RELAYS

WITH

PERCENTAGE, AND HARMONIC RESTRAINT

TYPES GBT2D & GBT3D

1. Instruction

Types GBT2D and GBT3D relays are differential relays provided
with the features of percentage and harmonic restraint, The Type
GBT2D are used for the protection of two-winding transformers and
the Type GBT3D for three-winding transformers,

Using the high-sensitivity polarized relay as the operating
element, the relay has small burdens and operate with higii speed
on internal feult currents,

Percentage restraint permits accurate determination between
internal and external faults at high currents, Harmonic restraint
enables the relay to distinguish, by the difference in wave form,
between the differential current caused by an internal fault and

that caused by transformer magnetizing inrush,

2. Ratings

Standard relays are as follows:

Table 1 Standard relays

Type Form Current F requency 30312 0L % |
p (a) (Hz) olvgge Slope|Target|Case|Weight
vy (%) (kg)
GBT2D BT4 5 DC 100 or 15—
or 50 or 60 110 or| Za- | ves |p-aal 13
GBT3D BT3 1 125 or| 22
220
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Current closing rating of the contacts, unless limited by the target

rating, is 20 amperes for voltages not exceeding 250 volts DC, Current

bresking rating under non-inductive loed is 0,4 ampere at 220 volts DC

and 0.8 ampere at 110 volts DC.

If the current exceeds the contact rating, sn auxiliary relay must

be used with the type GBT relay,

After tripping occurs, it is necessary

that the tripping current of these relays be opened by an auxiliary switch

or by other automatic means.

urrent circuit

The through-current transformer and the differentisl current trens-

former will continuously stand twice tap value but not exceeding 10 amperes.

The one-second rating is 320 amperes. The one-second rating for 1A rating

is 64 amperes. C.T. burdens at various taps are as shown in Table 2.

Table 2
Type Tafhyalue ifg;ure?zfaint 2§;§:§in V:;rcuit giigraining circuit
A pickup (A) en (Va)
(58) | (18) | (58) | (14)
2,9/0,58| 0,87 | 0,17 3.2 1,3
3,2]0,64| 0,96 | 0,19 2,7 1,2
GBTD | 3,5{0,7 1,05 | 0,20 2.4 1.1 -
GBT3D| 3,8/0,76| 1,14 | 0,23 2.0 1.0
4,210,84] 1,26 | 0,25 1.9 0.9
4,6 0,92 1,38 | 0,28 1.6 0.8
5,011,0 1.50 | 0,3 1.5 0.7
8,7|11.73| 2,61 | 0,52 0.7 0,5
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Notes: 1. Burden of operating coil is zero under normal condition,
2, Burden of 50 cycle relay is the same or slightly lower,
3, Burdens and minimum pickup values are substantially
independent of the percent slope setting.

- +
4, Burdens ars approximately 100 percent power factor,

[¢

2
|
g
:

5, Figures given are burdens imposed on ea

former at 5 ampere,

Auxiliary relay control circult
An auxiliary relay controlled by polarizing relay contacts is

oy - P N NS K aTe ] PR RPN £ TR, I S VUL IR S
built in, The control circuit voltage is showm in T

Target
Standard coils for target type UE3 are shown in Table 3,

Table 3
Continuous
n DG Maximum trip | ouprent Operating
Coll current | .0 istance current capacity current
0,24 7.5 ohms 24 C,24 0,248
1A 0.4/, ohms 10 1A 1

Construction and connections

A type GBT or GBT3D relay is a single phase unit, Each of
these relays are contained in a Toshiba standard drawoubt relay case

type D-4A,
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Internal Components

Fig. 1 shows an internal connection diagrams for differential relay
Type GBTD for the protection of two-winding power transformers, Fig, 2

shows an internal comnecilon dlagrams for differential relay Type GBT3D

for the protection of three-winding power transformers,

Current, transformers built into relay
In the Type GBT2D relay, the through-current current transformer (TT)

has two primary windings, one for each line current transformer circuit,
In the Type GBT3D relay there are three separate through-current trans-
formers (TTl, TT2, and TT3), with only one primary winding that connect to
the line current transformer circuit, In either type relay, there is a
differential current transformer (DT) with one primary lead brought out
to terminal 5,

The primary circuits of these current transformer is completed
through a special tap blocks arrangement, Two or three horizontal rows
of tap positions are provided, one row for each through current trans-

former winding,

Through current restraint circuit components

To obtain percentage restraint characteristics, a full-wave bridge
rectifier receives the output of the secondary of each through current
restraint transformer, The output is applied to the restraint coil of
polarized relay, In the Type GBT3D, the DC output of all three units
are connected in parallel.

The total output is fed to a tapped resistor (R;) through the
slope tap plate at the front of the relay,
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Differential current circuit component

Differential current transformer secondary output current is supplied
the instantaneous unit (X3) directly and the operating coils of palarized

relay through the series tuned circuit, and alsc the harmonic restraint

Current which pass the itrap are rectified in a full wave bridge
rectifier, The instantaneous unit consist of a rectifier (REC) and auxi-
liary relay (X3). The target is reset by pressing the button located at
lower part of the cover,

The rectifier is in series with the calibrating resistor Ry, which
can be adjusted to give the desired amount of harmonic restrasint, The
output of the rectifier is paralleled with the through-curfent restraint
currents, and applied to the restraint coil of polarized relay,

Main operating unit
The maln operating unit of the type GBT relay is & sensitivity

polarized relay (p-Ry) . This relay has cne operating and restraining coil,
This unit has 1C contacts, and its contacts are provided with auxiliary
relay X3 and X3, The contact of X; is brought out to stud for connection
in an external circuit, The circuit containing the target (at the upper
left side of the relay) which indicates when the current flows through

the relay X; contacts, connects to terminal 2, and the circuit which
combines readily with the overcurrent unit contacts to form the standard

direct current circuit, described later, connects to terminals 3 and 4,

g

The targets are provided with contacts which serve to seal-in the reley
X and X2 contacts, The target can be reset by hand through the reset

button,
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Operation

Percentage differential characteristics

The percentage differential characteristics, that is, the relation
between through-current and differential current at operating limits
when these currents are sxpressed as a muliiple of tap values, are
shown on Fig, 3.

When the through-current flows separately from two external terminals,
if their sum is shown, the characteristics will not be affected material-

ly. Pick-up at zero restraint is approximately 30% of tap value.

Overcurrent unit characteristics

This unit is adjusted to pick-up when the differential current
transformer ampere turns are eight times the ampere turns produced by
rated tap current flowing in that tap.

If the ratio matching taps are chosen so that rated CT current is
not greater than the tap rating the overcurrent unit will not pick-up
on magnetizing inrush current, If CT current is greeter than the tap
rating, there is danger that the unit may be pick-up under certain
circumstance, In such a case, it 1s recommended that the CT ratio or
relay tap setting be increased rather than increasing pick-up of the
overcurrent unit, The purpose of the overcurrent unit is to give out
trip order such as during internal feult when the CT error becomes
lergs, resulting in the harmonic restraint msking the main operating

unit inoperative.
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Harmonic restraint characteristics

When the power transfomrmer is energized, magnetizing inrush current
is supplied to the primary which establishes the required flux in one core,
This current flows only through the current transformer in the primary
winding, This causes sn unbslence current to flow in the differential

relay which would cause false operation if means were not provided to
prevent it,

The fault current are of a nearly pure sine wave form plus a direct
current transient components,

Types GBT2D and GBT3D relays are provided with harmonic restraint
characteristics to permit discrimnation between magnetizing inrush current
and internal fault current through the magnitude of harmonics component,

This characteristic is shown in Fig, 4.

Operating time
The operating time characteristics of the main operating unit and

overcurrent unit are shown in Fig, 5, plotted againsgt differential current.
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Application

Current transformers

The current transformers must be connected in Wys at the delta-
comnection of power transformer windings, and in delta at the Wye-
connection of power itransfommer windings, When commecting, make sure

that the phases are in correct, (Refer to Figs, 6 and 7).,

The current transformers should be selected with the following
points in mind.

1. Current transformation ratios should be high enough that the
relay will not be damaged &t maximum internal fault current,

2. The relay current correspording to rated kVA of the power trans-
former (on self-cooled basis) should not exceed the relesy tap
value selected (magnetizing inrush current might operate the
instantaneous over current unit),

3, The relay current correspording to maximum XVA (on a forced
cooled basis) should not exceed twice tap value, (CT secondary
current should not exceed the continuous current) rating of the
CT secondary winding.

4. The current transformer tap chosen must be able to supply the
relay with 8 times rated relay tap current with an error less

than 20 percent,

Ratio matching taps
Since it is rarely impossible to match the secondary currents

exactly by selection of current transformer ratios, ratio-matching
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tap provided on the relay moans of which the current may be usually
with in 5 percent,

If the protected transformer is equipped with load ratio control,
it is obvious that a close match can not be obtain at all point of
the ratio changing range. In this case, the secondary currents are
matched at the center value of the tap range and the percentage
differential characteristic is selected such that relay will not

operate incorrectly at the ends of the range,

External connections

The AC circuits are shown in Figs, 6 and 7.
Standard DC circuit is shown in Fig, 8, 1In this case three-

phase transformer is shown,
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Settings
Calculation required for detemmining of ratio matching taps and
% slope tap are outlined below, The representative capacity is the
largest capacity of each power transformer windings, For exampls,
in a three-phase transformer where the primary is 2,700 kVA, secondary

3,000 kVA, and the tertiary 500 kVA, the representative capacity is

+ha 2 NANN k‘"A Af +tha ananndaswr
uad Jyuvv va OL Wa8 S8oonaary.,

Determination of current transformer and realy tap setting

1, Determine maximum line current current (Max Ip) on the basic
ch power transformer winding may carry the maximum forced
cooled rated kVA of the transformer,

Max kVA
p Y3 (1line kV)

2, Determine the full load rated line currents (Rated Ip) on the
basis that each power transformer winding may carry the full

self-cocled rated kVA of the transformer.

Rated I. = Hated kVAa

P ¥3 (line kV)

3. Taking the CT ratio as N, obtain the secondary current Max Ig4

and Rated I, of Max Ip and Rated Ip respectively,

Max T_ = Max ID
N

Rated Ig = _rated I,
N
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4, Determine the CT ratio N so that Max Ig does not exceed the
rated secordary current (5 amperes), and also that the relay
current IR can be properly matched by means of the relay tap.

(Highest current not more than 3 times lowest current),

IR = Rated Ig (if current transformers are connected in Wye)

Y3 Rated Ig (if current transformers are connected in delta)

IR

5, Check for matching of relay current Ir to the relay taps to keep
the mismatch error as low as possible, This error is recom-
mended with in 5 percent, (Refer to chapter on % slope tap

setting.)

To calculate the percent of mismatch cn two-winding transformer, first
determine the ratio of the two relay current and the ratio of the two
tap values selected, The percent of mismatch is the difference between

e mpd? e AZard a3 taes dha mematd
these ratios dlvided Oy Wi Shm&i.isT ratic. FOT 8XaNp.LsS, if taps T. and

x

Ty are selected to the relay current IRj and I or the A and B windings
B KB ngs,

the ratics are

Irs Tg

The percent of mismatch is

IRA _ Ta
I T Ipa Ty
Ta IRB TB
T8
Ty Ipa
s I g Ta o Im
IRA_ Tp Ipg
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For the three-winding transformer, this calculation should be
checked for all combinations of the currents and the taps,

If the tap can not be selected to keep this percentage error
with in sllowable limits it will be necessery to chose s different

CT ratio on one or more 1ines to obtain a better match between relay

current and relay tap.

Check to see that the sum of the relay current that will be epplied
to the relay for a fault at the terminal of the power transformer 1s

less than 220 amperes for 1 second,

Current transformer ratio errors

As described before, at current of 8 times the tap value, the current

transformation ratio error must be less than 20%., This calculations are

made as follows:

This calculation listed below are for the worst fault condition, as

far as CT performance is concerned, which is an intermal ground fault

between the CT and transfommer winding with none of the fault current

supplied through the neutral of the protective transformer,

1,

Determine the burden on each CT, by the following equations:

a) For current transformers in Wye-connection
232+ 2+ 7,
b) For current transformers in delta connection

Z=226+Zr+ZL
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Current transformer burden, Sum of the
operating coil burden and ths restraining
coil burden for tap setting shown in
Table 2 divided by 25 (ohms),

where: 2Zg

Current transformer winding resistance (ohms)

2, Determine CT secondary current for 8 times tap setting,

I = 8 x tap setting

3. Determine CT secondary voltage (Eg) required at 8 times tap
setting,

Bg = Ig 2

4, From the curreat transformer secondary excitation characteristics,
obtain the exciting current Ip corresponding to this secondary

voltage Eg,

5. Determine the percent error in each CT by the expression

% error o _IE 4 100
IS

This should not exceed 20% of any set of CT's, if it does, it

will be necessary to change the current transformers,

% slope tap setting

The proper percent slope 1s determined by the sum of the following
causes of differential current,
a) The maximum range of load ratio control in percent,

b) The maximum percent of mismatching of the relay taps,
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c) During external faults, the maximum differential current caused by

current transformer saturation,

The % slope tap selected should be greater than the ratic of maximum
total error current to smaller of the through curren
the 15% slope tap is selected if the total error current does not exceed
10%, 25% slope tap if it does not exceeded 17%, and 40% slope tap if it

does not exceeded 279,

R e
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Sample Calculation

Using the protected transformer shown in Fig, 9 as example, the

calculation of the setting will be done,

1.

Determination of current transformer and relay tap setting,

12,

Transformer and line A B c

vex T, : MBI Gk w0 0 ex
Rated Ip = 40 MVA//3 (line kV) 150 350 2100
C.T, ratio 300:5 600:5 1200:5
Max Ig (less than 5 amperes) 3,00 3,50 2,63
Rated Ig 2,50 2,92 8,75
C,T, connection delta delta Wye
IR 432 5.05 8,75
Ideal relay taps (set C = 8.,7) 4,30 5,02 8,70
Actual relay tap (T) 4,2 5,0 8.7

Check mismatch error:

Ratio of I Ratio of T Mismatching
2 20 ~
Lines A-B 422 = 0,858 4.20 = 0,840 0,858-0,840 -
es 5,05 2% 4 25 2.12%
Lines B-C -r-:-—c-g.gg = 0,577 “—g.% = 0,575 M@ﬁg’?;;?‘; = 0,04%

, L 875 . 8,70 . 2,07-2,02
Lines C-A 7.32 2,02 Z-:—ﬁ 2.07 —'-—2-—.6-5—— E 2.48%

(Mismatch error is not excessive, as all are less than 5%)

Assumed that the sum of the maximum relay current is less than

220 amperes for one second,
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II. CGurrent transformer ratio error

1., Buxden on CT's

&) Line & Z=(2x0,112) + 0,400 + 0,5 = 1,124

b) Line B Z=(2x0,088) + 0,450 + 0,5 = 1,126

¢) Line G Z=0,048 + 0,670 + 0,5 € 1,218

Relay CT internal Cable
resistance resistance

2, Transformer and line A B H
3. Impedance {ohm) 1,124 1,126 1.218
4, Ig (emperes) 33.6 40,0 9.5
5. Eg (volts) 37.8 45,0 84.5
R i A o Im Tme
7, Current transformation 1001,/ 100Igp/ 100Ige/

ratio error (%) 33,6 0.0 69.5

If exciting current (IE) is too high and ratio error is larger than
20%, the current transformer should be replaced and the above calculations

repeated so as tc bring the current within the permissible error,

III, "% slope" setting

1. Assume losd ratio control maximum range ............. 10,00%
2' Relay tap mimatm : me I-n‘ O 0 9 000 B 0 20 b ts s 2.48%

3. Assume current trensformer error for external fault ,, 4,.00%

4’ Total error P 8 02000 NOIEENNOEEGEBIIOEOIEINGOENEIIBOETEES 16.48%

5. Use tap OO 8 09 0P ELCT ORI TSN I NI LNIOGEOINEICOCIOIIIONOTTTREES 25%

Nete: Current transformer error for external fault can be calculated

if the excitation curve of each current transformer and the
maximum current for external feult are known,




6r25013%9
P - 18

Adjustments and test

In testing the relay, remove the cover, and pull out the plug
at the top and bottom of the relay inside, Then start the test after
inserting the test plug (Type XRT) or pulling out the relay itself,
Fhen using the test plug, be sure to short the outer-case side terminals
of current transformer circuit, In case the adjustment is being dis-
ordered, reedjust it in accordance with the adjustment items to be
mentioned hereafter,

To make the tests and adjustments, a high hamonics power source
for harmonic restraint tests as well as a rated frequency power source
is required, In addition, the current must be supplied to the ralays
through high resistances. It i1s required that the fluctuation of the
rated frequency does not exceed 2%, If the fluctuations is large, it
is difficult to judge the test results, As an example, the pick-up
curve to frequency is shown in Fig, 10, It ie also required that the
voltage wave form contains high hermonics less than 2%, Less than 0,5%
will be desirable if it is possible,

The relay calibration is accomplished by a adjusting resistors

Ry, Ry and Ry, Change made in any one of these resistors will affect

all characteristics,

Pick-up
Pick-up should be take place 30% tap rating with the current

following in terminals 5 and 6, when minimum tap is used, Since the
relay uses a polarized unit with a very low energy level, the minimum

pick-up setting may vary as much as I 15%, depending upon the previous
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history, of its magnetic circuit, But this will heve no effect on its

application,
If pick-up is found to be out of adjustment it may be corrected

by adjusting the position of the band on resistor K.

Hammonic current restraint

For harmonic restraint test, a rated frequency power source and a
high harmonic power source are required, and the currents from these
sources are flowed in terminals 5 and 6,

If the relay is cut of adjustments it may be corrected to have the
characteristic shown in Fig. 4 by adjusting the position of the band on
resistor R,;, In doing this ad justment, fhndaméntal wave current of
approximately 10 amperes are flowed and the harmonic current changes

very gredually to find out the pick-up limit,

Through current restraint
Through current restraint may be checked and adjusted using the

circuit shown in Fig, 12. It is recommended that the inflowing current
I, outflowing current I,, and differential current Ip be measured to
check the current phase, In testing the "% slope" setting, Ip/Ip will
match the setting when the through current Ip is more than five times
the tap setting, If the relay is ocut of adjustment it may be corrected
by adjusting the particular band on resistor R3. In this case, it will
have small effect upon minimum pick-up and harmonic restraint, It is

necessary to re-check on these points,
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Overcurrent unit

An overcurrent unit equipped with indicator is located at the
upper right hand side of the relay and is marked I, This unit should
pick-up at 8 times the tap rating, when current of rated frequency

passes through terminals 5 and 6,

Target and sesl in selement

The rating is selected either 0,24 or 14 corresponding to the

magnitude of the trip current,

Check terminal ( refer to appendix )

The check terminal is used for measuring the secondary voltage
of Auxiliary current transformer (DT), which is connected across the
differential junction point, The voltage is iIn proportion to the
differential current, Therefore, if the cover is removed, the dif-
ferential current can be chacked by meesuring the voltags.

The check terminal is provided with the front of the reiay,
Differential current secondary voltage characteristics is showm in
Flg. 13,

Difference current is difference between the inflow and outflow
current, which are respectively represented by the multiples of setting

tap values, (Outflow current; GBT2D : 6 -7 ,GBTD : 6, 7, 8)
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Installetion

During unpacking, be careful for no damags for all parts, and
no disturb to the adjusted portions, When the relay is not used
immediately, pack it again, and store in a place free from the moisture,

dust and dirt,

(1) Location
The place to install the relay should be clean and free from
dust and dirt and excessive vibration, It should be convenient

for the usual inspection,

(2) Mounting
The relay should be mounted on a vertical surface,
Refer to the Toshiba standard draw-out case D-4A diagram of
Fig. 14 for the outline and the panel drilling dlagram,

Maintenance

(1) Pericdic test
It is recommended to test the relay characterlstics
periodieally,. say once a year, For the testing, remove the case
cover, draw out the connecting plug at the lower por-
tions of the relay inside, and insert the type XRT test plug or
draw ocut the relay body, When the connecting plug is drawn out,

e d

nsformer circul

ck
[
/1]
[2)
=
]
L gl
c!
[}
£
e
=

the current ir
relay circuit is opened, and no fear can exist for the current

transformer secondary opening, When the test plug is used,
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the current transformer circuit side terminal should be

shorted previously. For the details of pick up test, percentage

differential characteristics, and overcurrent unit test, see 7.

Adjustment and test.

{2) 1Inspection

Inspect and confirm the following:

(1) No loosening of screws and taps

(2) No intrusion of foreign matters

(3) No azbnormality on the control portions

(4) No insecure soldering parts

(5) No disconnection esnd shorting
Ordering

In ordering the relsy or its parts, contact to the Toshiba

informing the following clearly,

(1)
(2)
(3)

(4)

(5)
(6)

Type and name of the relay

REated current

Rated frequency

Target rated current

DG control voltage

Case color finish

office
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Operate P

1//// 25% alope

"' 15% slope —

\
NN

\

\

e
/,///_,/f4 Restraing
0 2 4 6 8 10 12 14

Through current in multiples of tap

For two-winding transformer relays "through current"

is taken as the smaller of the two currents. For three
winding transformer, it is taken as the sum of the inflow
or outflow currents whichever is the smaller. (Each current
to be expressed as a multiple of tap)

Fig. 3 Percentage Differential Characteristics
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Fig. 6 Connection diagram of differential

protection using Type GBT2D relays
for two-winding transformer
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transformer
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154kV 72,5xV/66kV/59 ,5kV
sy 600:6
300: 5 v % § {8} 'A,‘é
M—E
A 11k 1200: 5
2 $A ra1 AA
g 1M IA'AS
: Y
Self-cooled rated Forced-~cooled
Winding capacity rated capacity
A 40 MVA 48 MVA
B 40 MVA 48 MVA
C 10 Mva 12 MVA
{Representative capacity is the maximum self-cocled
capacity, that is, 40 MVA)
Data
One way resistance from current transformer to relay 0,250 ohm
Internal resistance of current transformer A 0,400
Internal resistarnce of current transformer B 0,450
Internal resistance of current transformer C 0,670

Note: 1., If the secondary winding resistance is R, per one tum

ard the lesd resistance is R, frem the number of secondary

winding turns n, current transformer internal resistance is
n R, + R
2, The resistance value is teken on the safe side for the

temperature xise,

Fig.9 Transformer used in sample calculations
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frequency is shown as

1.00 when restraint
eurrent is zero

/
0.92

0.96 1.00 1.04 1.08

Frequency -

Measured freguency
Rated frequency

Fig. 10, Frequency characteristics
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R R
A 13 A
Rated ' Mds=~
frequency {—~— I TIGBTD (~_) Higher harmonics
voltage soufyé L“??jOT GBT3U \T/ voivage source
| 1 |

R : 10 ohms or larger

Fig, 11 Test connection of harmonic restraint

Rated frequency
220V

A2

GBT20 or GBT3D

Circuit connection sample

Current Circuit Current Ir & Ip
Conditions I I
AL | A2 | A3 | A4 | A5 | (Diff, 45) I >I, |1 <1
Al A3
1 al
L 6 7 5 | AL > A3 ol 75
«
b
g 6 Al > A Al A3 o n
! g 7 5 ;i 3 e TL 4 -
=K i i
6 |7 |8 5 | a1+a2 > a3 | ALA2 A3 O RO
i = T1 T2 T3 o o
6 7 |8 |5 | a>amas| A | AL g 5 g &

Notes: 1, Ty, To, and T3 indicates the tap setting at No.l, No.2,
and No,3 tap block respectively,

2, If it is necessary to reverse the unequallty signs in current
condition column, terminal 5 must be connected to the Ag
current circuit, (Differential becomes Ag)

3, By following the above table, the other combinations can be
made when required,

Fig, 12 Test connection of percentage differential
characteristics
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Appendix;

Check terminal

This terminal is provided to measure the voltage induced across
the secondary winding of auxiliary current transformer in a
differential circuit.

The induced voltages are in about proportional to the differential
current as shown in Figure 12.

Whether the relay is in normal condition or not can be checked by

measuring the voltage of the check terminal in service.

How to use the check terminal

The terminal is mounted on the front panel of the relay.
The measurement can be performed by inserting tester leads into the
" terminal.

Beforehand, a reference voltage for judgement is calculated by
Table 4.

The relays condition is judged by comparing the. calculated

voltage and the actually-measured voliage at the check terminal as

shown in Table 4.

4
@
E 13
0
[Ty 12
Oig—:
o
gngl /
® + » 10
8 - //
—~ 4 39 =
[o N =T ¢} ]
5 0 N 8 o
Moo /
©HC7 =
S%F 6 ]
T oy
SRES -
Lo P
T Xu 3 =
T 54y
§ 85 2 ——=T
0 /
258 1>
Vl""'f'!o'

0 0.1 0.2 0.3 0.4 0.50.6 0.7 0.8 0.91.0 1.1 1.2
if i

erence between the

multiples of the tap value)

Fig.13 Differential current-veoltage characteristics
of the auxiliary current transformer in
differential circuit
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Table 4 Calculation step of a reference voltage for judgement

CALCULATION
ITEM
STE PRIMARY ! SECONDARY | TERTIARY
1 | RATED CAPACITY P = MVA
, |RATED VOLTAGE AT vom (xvA vom _
MIDDLE TAP 1 ) 2= (kva) V3= (KVA)
P X 103 P X103 P X103
3 RATED LINE CURRENT Ipj=em=c—= (a) = = (AIp3= e = (a)
PL" XV P2 xXvy : J3 Xv3
4 |C.T.RATIO Ny = Ny = N3 =
C.T. SECONDARY \ 1 1
5 |CURRENT AT RATED Is1= 47 XIp1® (B} Ig2= — X Ipp™ (A)Is3=— X Ip;= (A)
LINE CURRENT N N2 N3 i
C.T. SECONDARY
6 | conmEcmron A or A A or A A R A
RELAY A IrRy1=Ig1~™ (a) Iry2=Ig2= (a) IRY3=IS3= (a)
7 | current CESNECTION
= = A = = = =
VALUE CONNECTION | TRY1 B1is1 (A) | IRY2=431g2 (8) | IrRY3={31Ig3 (a)
LINE CURRENT WHEN
THE TRANSFORMER , , ,
8 |OPERATING. Ipy = (A) Ipy = (a) Ip3 = (a)
(ACTUALLY-MEASURED
CURRENT BY AMP~METER
191 Ip2 Ip3
9 LOAD FACTOR Xl= —— X2= —— X3=
Ipl Ip> Ipj3
10 {RELAY TAP VALUE T, = (n) T2 = (A) T3 = (p)
RELAY CURRENT WHEN -
11 |THE_TRANSFORMER TRYIX®L _ TRY2X X2 _ TRY3IX X3 _
RELAY TAP VALUE 1 T2 T3
INCOMING PRIMARY, OUTGOING SECONDARY AND TERTIARY
I X I 5 I "
Ip = &RY}‘X 1. IRY2X X2 | IRv3X X3) =
T To T3
12 |DIFFERENTIAL OUTGOING PRIMARY, INCOMING SECONDARY AND TERTIARY
CURRENT 1p = (RY2XX2  Iry3xX3 _ IRVIXX1
4 = ] - =
T2 T3 T1
13 LEAD THE INDUCED VOLTAGE CORRESPONDING TO THE
BASIC VOLTAGE DIFFERENTIAL CURRENT ON THE GRAPH GIVEN IN FiIG.12 V=
ACTUALLY~MEASURED
14 | VOLTAGE AT THE MEASURING BY TESTER vacT = (V)
CHECK TERMINAL
IF V>VaACT , RELAYS CONDITION IS GOOD.
15 | JUDGEMENT IF V<Vpcr , RELAYS CONDITION IS NO GOOD.

o V-PL N SR ) 4

1. CHECKING
2. CHECKING

THE

THE CURRENT

OTHERS (EX.;

FOTTOWTAC
- LSV AT

TAP VALUE

CURRENT TRANSFORMER
(INCLUDING CHECKING THE CONNECTION TERMINAL OF

TRANSFORMER)

THE CONNECTIONS QF THE REILAY AND

3. CHECKING THE RELAY CHARACTERISTICS
CURRENT TRANSFORMER CHARACTERISTICS,

PRESENCE/ABSENCE OF FAILURES)

W

4 F




168

Front view

s ) &
! L
B
77 —eo—77 &
} QO
] ‘-:
143
A X I ]
T i
5.4. ©
prilt T3
Holé}x% 1 _%g_gm
3R
. Y !

Panel cut-out dimensions (Front view)

Fig. 14 Outline and Panel drilling
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