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1. FUNCTIONS OF THE ITG 7XX5 - 7XX6 RELAYS

GENERAL

The ITG 7XX5 and 7XX6 consist of a compiete range of avercurrent relays of the independent or dependent {inverse, very
inverse, extremely and moderately/slightly, inverse time) types, with or without high-set units. Relays of the 7XX6 series
provide the possibility of switching the differert functicns 1o the twa output relays using a switch on the relay faceplate. They

are also capable of having a time-delayed high-set unit.

With respect to earth fautt protection these relays may be residually connected using 3 line cts or feed from a 100 turn ccre

balance ct.
TABLE N°1
PROTECTION |FUNCTIONS |CEFINITE |INVERSE |VERY EXTR MCD CASE
i TIME TIME INVERSE |[INVERSE |INVERSE |TYPE
| TIME TIME TIME
1 PHor E/f t> ITG 7105 ITG 7205 ITG 7305 ITG 7405 ITG 7505 Rz
! j
‘20r3Ph tl> ITG7135 ITG7235 ITG7335 |ITG7435 {ITG7535 [R2
2/3Ph + Eff ‘1] >+ tlo> ITG7185 |ITG7285 |ITG7385 |ITG7485 [ITG7585 |R3
o |
1 Phor E/f > +tl> ITG7116 ITG 7216 |ITG 7316 ITG 7416 ITG 7516 I K2
[>>rtl>> :
"3 1 . .
2cr 3 PH I>+tl> ITG7166 [ITG 7266 |ITG 7366 |ITG7466 |ITG7566 |R2
[+t >>
2
213rh + Ef tl>+tl>> |ITG7196 ITG7286 ITG 7396 TG 7496 ITG7606 |R3
tlo > + lo>>

*1 Selection of the 4 functions towards the 2 output units "2 and *b" is obtained using a 4-pesition switch (/b selection)

on the facepiate, according to the combinations given in table N'2.

TABLE N°2 - FUNCTIONAL VARIANTS FOR THE QUTPUT UNITS OF ITG 7XXX6 IN R2 CASE

| Pposition ot a/b selection switch

Functions associated with unit

-aﬂ
tl>+tl>>
tl>

tl >

ti>+ti>>

Ibu

| >>

t] >>

| >>

*2

Selection of the 4 functions towards the “a" and "b" units is obtained using the switch (a/b selection) on the faceplate,

according to tabie N'3




TABLE N'3 - FUNCTIONAL VARIANTS FOR THE OUTPUT UNITS OF ITG 7X96 RELAY

!r Position of a/b selection switch Functions associated with unit
} ; "a" llbll

‘ tl>+tfo> tlo=+1lo>>

tl=~tla> tix>+lo>>

2. DESCRIPTION OF THE RELAYS

2.1 SYMBOLS USED ON THE FACEPLATE

[50] / 150N] ANSI code used for instamaneous phase/earth (ground) units
(51]/ [51N] ANSI code used for time-celayed phase/earth {ground) units
| >lo = Phase / earth {ground) low-set unit

fo>/l0>>

Phase / earth {ground) high-set unit

ti>/to> Phase / earth {ground} low-set unit time-delay

tl>> Phase high-set unit time-delay

K/Kao Coarse setting of low and high-set phase/earth (ground) units
1723 Fine setting of low-set phase |>/ earth (ground) lo> units
T2/=4 Fine setting of high-set phase |>> / earth (ground) lo>> units
/T3 Setting of low-set phase |/ earth (ground) 16> unit time

T t2 Setting of high-set phase time-delay

a/ b selection Switch for output unit functions {tables N° 2 and 3}

5 Second

a Identification of the "a" unit

b [cdentification of the “b" unit

£ Infinity . postion where high-set units is out of service

1N CT nominal seccndary currert

A Relay characteristic current (the value is indicated on the relay identifying labet)
FN Nominal frequency

V aux Auxiiiary supply voltage

R ext External resistor

AcorB Type of cutput unit cortacts




2.2 FACEPLATE - ADJUSTMENTS AND INDICATIONS

Figure 1
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2.3 OPERATING CURVES

Figure 2 : Inverse time curves type A - |[EC 2554
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2.3 OPERATING CURVES

Figure 3 : Very inverse time curves type B - IEC 2554
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2.3  OPERATING CURVES

Figure 4 : Extremely inverse time curves type C - IEC 2554
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2.3 OPERATING CURVES

- ITG 75-5.75-6 Moderately slightly inverse

Figure 5
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2.4 BLOCK DIAGRAMS FORITG 7266 & ITG 7185
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2.5 RCLE OF THE GREEN LED(S) ON THE FACEPLATE

A green LED is associated with the |> and, where applicable, the lo> units. It allows the operator :
- to check that auxiliary supply is presert (LED Lit)

- to have visual indication of the low-set I> and/ or lo> operating levels (the LED goes out instantaneously at the pick-up
level). The LED goes out at approximately :

100% of setting for independent time relays
110% of setting for dependent time relays

3. SETTING THE RELAYS 1

3.1 CURRENT SETTING RANGES

3. 1.1 Overcurrent Protection

The formulae for the setting levels [> and |>> use a concept of base current |A whose value, which is a function of the
neminal current and of the chesen ranges, is given on the refay iderntifying label. For the phase-fault level the K switch
always takes the values 1 or 2 matter what the chosen range.

_ow-set unit 1>
Formula on the faceplate ;1> = (0.5 + 1Y KA

‘ 1A VALUES FOR

| IN = 1 OR 5A TOTAL RANGE K =1 ; K=2
3 !

RANGE STEP RANGE STEP
! 0.1IN 0.0510 0.4 IN 0.05-0.2 0.01 0.1-04 | 002
! 0.21IN O.11t008IN 0.1-0.4 0.02 0.2-0.8 0.04
i
0.5 IN 0.25t0 2 IN 0.25-1 0.05 0.5-2 0.1
; 1IN 0.5t0 41N 0.5-2 0.1 1-4 0.2
High -set | >>

Formuia on the facepiate . [ >> = (2 + Z2) K. A

IAVALUES FOR

IN =1 0R 5A TOTAL RANGE K=1 K=2
RANGE STEP RANGE STEP
0.1 1IN 0.2t05IN” 0225 0.05 0.4-5 0.1
0.2IN 0.4t0 10IN 0.4-5 .1 0.8-10 0.2
0.5MN 1to 25IN 1-12.5 0.25 2-25 0.5
1IN 2to 50 IN 225 0.5 450 1.0

10



Note 1 . The effective limits of a high-set range |>> depend on the fow-set setting (the value of switch K.
Nate 2 If the switch is set to the position, the high-set unit is out of service.
3.1.2. Earth fault

a) Residual connection.

The formulae for the o > and lo »> settings make direct use of IN, and the Ko switch takes values 0.1/0.2 or 0.2/0.4
according to the version chosen

Low-set lo>
Formula on the faceplate - lo > = {0.5 +23) Ka.IN

TOTAL RANGE | KO =0.1 ; Ko=0.2 Ko =0.4
1 RANGE | STEP HANGE éTEP RANGE STEP
| 0.051004IN | 0.05-0.2 0.01 0.1-0.4 0.02
|
; 0.1 toQ.8IN 0.1-0.4 c.02 0.2-0.8 r 0.04
High-set 10>>
Formula an the faceplate - lo>> = {2 + Z4) Ko.IN
TOTAL RANGE Ko = 0.1 ( Ko =0.2 Ko = 0.4
RANGE STEP RANGE STEP RANGE STEP
0.2 to 5IN 0225 | 0.05 0.4-5 a1
0410 10N 0.4-5 0.1 0.8-10 0.2

b) 100 turn core balance Ct

The formulaes for the lo> and la>» settings are expressed in primary amps (A}, the Ko switch takes the values 0.1 or 0.2.

Low-set lo>

Formula on the faceplate : o> = 100 A (0.5 + Z3) Ko.

TOTAL RANGE RANGE WITH RANGE WITH
K=01 K=02
5t040 A 510 20 A, step 1A 10 - 40A, step 2A

11




High-set lo>>
Farmula on the faceplate - lo>> 100A (2 + Z4) Ko

TOTAL RANGE ‘ RANGE WITH RANGE WITH
‘ K=01 K=02
20 {o 500A ‘ 2010 250A 40 to S00A
‘ step 5A step 10A

3.2 TIME- DELAY SETTING RANGES

3.2.1 Low-set time-delay t>

Independent time reiays TG 71X5 - ITG 71X6

FORMULA ON FACEPLATE

i
i RANGE STEP
|
|
: 0.05t0 3 sec 0.5 sec
! 0.5t0 30 sec 0.5 sec

L

t> = {0.05 +3t1)s

ti> = (0.5 +It1)s

Dependent time relays 1TG 72X5 - TG 72X6
ITG 73X5- ITG 73X6

ITG 74X5 - 1TG 74X86

RANGE : STEP

FORMULA ON FACEPLATE

0.051t0 3 sec 0.05 sec

t> = (0.05 + St1)s

322 Low-settime-delay tlo >

Independent time refays  ITG 7285 - ITG 7296
ITG 7385 - ITG 7396

TG 7485 - TG 7486

RANGE STEP

FORMULA ON FACEPLATE

0.05t0 3 sec 0.05 sec

tl> = (0.05 + Zt3)s

12




3.2.3 High-set time-deiay t>> TG 7XX6

RANGE STEP FORMULA ON FACEPLATE

0.05 to 1.6 sec. 0.05 sec tl>> = (0.05 + Z12)s

3.3 OPERATING CURVES FOR DEPENDENT-TIME RELAYS (ITG 72XX, 73XX, 74XX, 75XX)

According to the different modeis. these are inverse {type A), very inverse (type B), extremely inverse (type C) to IEC 255-4
or moderately/siightly inverse.

Each curve is defined by its operating time at 10 times setting (I> or la>}, a time-delay which is adjustable from 0.05 to 3 sec
in steps of 0.05 sec using the switches T t1 for 1> and < t3 for o> {this sefting is valid up to 3.2 sec on the relays).

All of the curves are asymptotic to the setting vaiue I> or lo>, but the minimum starting value of the curves is deliberately
offset to 110% of setting. |t is possibie to visualise this value using the carresponding green LED on the faceplate.

Defining the operating time,

Ogerating times may be defined 1 two ways :

a) oy direct reading or interpolation from the curves offig 2, 3, 4 or 5.
Tweive curves have been drawn for each relay type {comresponding to 0.05, 0.1, 0.15, 0.2, 0.3, 0.04,0.5,0.6,08,1. 2and 3

sec at 10 times the setting 1>).

b) using the equations for the curves whilst these are within the dependent time range i.e. between 1.5 and 20 times
setting for ITG 73XX, and between 2 and 15 times setting for ITG 74xXX.

Mathematical equation for types A, B and C to IEC 2554

tg =] T X St 0.025] + 0.025
(1) -1 3

Where . T =0.14 a =002 forinverse time curvas
T=27 o= for very inverse time curves
T =300 a=2 for extremely inverse time curves

Using the mathematical equation

T Is the general for dependent time refays types A, B and C accarding to IEC 255-4
(I11=) -1 - T is a coefficient corresponding to the type of curve. Its value corresponds to the base vaiue of the

curve passing through 3 sec at 101>
-1/l > is the ratio between fault current [and the setting [>.

It + 0.025 is the multiplying coefficient which is a function of X t (Zt1 or Z13) on the facepiate
3
+0.025 * is a fixed time-delay of approximately 0.025 sec, corresponding to the operating time of the output
unit

13



Example

Calculation of the pcint at 5i> of an extremely inverse time curve passing through 1.2 sec at 10>

1. Finding the vaiue of T 11
t(l>) = (0.05+3M) =12
t1 =1.2-0.05 =1.15

2. Finding the operating time at 5l>

t =300 a = 2({extremely inverse time curve)
M=>=5 1= 1.15
tis) = [ 300 x 1.15+ 0.025]+ 0.025
(52 -1 3

= [ (300/24} x (1.175/3) | +0.025

= 4.9 sec

Mathematical equation for the moderately / slightly inverse curve

t(s) = 0.3153 x (St+0025)] +0.025
0.339 - 0.236
(11>)

{Ising the mathematical equation.

i/l > :is the ratio between the fault current and the sefting 1>

Tt + 0.025 : is the multiplying ccefficient which is a function of It (£t, or £t3) on the faceplate.

+0.025 : is a fixed time delay comespending to the operating time of the output unit.

3.4 OPERATING CURVES FOR INDEPENDENT-TIME RELAYS

Far these relays the timer starts exactly at the set operating level. No matter how high the fauit curent may be the operating

time remains constar.

3.5 HIGH-SET UNIT(S) I>> - lo>>

For those mdeis having a high-set unit, switching to the ~ pesition will put this out of service.

4., CHECKING THE RELAY AND COMMISSIONING

4.1 RECQMMENDATIONS

All the relays are sealed after calibration and final inspection and before delivery. This seal should be remaoved only by a

qualified person when commissionning.

14



It is important to check that :
- the relay has not been mechanically damaged

- the electrernechanical cutput unit operates correctly {if the armature is pressed home using a convenient tool, the
operation indicator should fall and the contacts operate in a normal manner).

WE STRONGLY ADVISE AGAINST TESTING THE RELAY WITHOUT ITS BASE BY PLUGGING STANDARD
COMMERCIALLY AVAILABLE PLUGS DIRECTLY INTO THE TERMINALS OF THE RELAY.

4.2 CHECKS BEFORE COMMISSIONING

These are designed to check that the device has not heen damaged during transport or storage and constitute proof of
operation at the set values.

These simple tests reguire a certain minimum of equipment :

- a current generator fitted with a timing device, a device for automatically tripping the injected current | as well as a
sourcz of auxiliary supply.

- taking account of the fact that these tests are carried out on site and not in a laboratory, the
precision of the operating level should be allowed a tolerance higher than indicated in the commercial publication.

- if the test equipment does not incorperate a system to trip the injected current automaticaily be tripped immediately -
after retay operation.

NCTE : for the injection of any current < 1A, we recommend that a resistor of =10 ohm be inserted in series with the source
to increase the source impedance and improve the stability.

4.3 REQUIRED INFORMATION

For commissioning of relays of the ITG 7XX5/7XXE series it is essential to check that relay and network characteristics
correspond with each other. Check :

- that the relay nominal current agrees with that of the Cts supplying the protection

- the value of characteristic currert LA for the phase-fauit settings

- the type of relay, its charactenstics, its auxiliary supply and connections

- for relays of TG XX6 series the function of the output units "a"* ang "b"

- the vatue of the different settings to be applied; the settings are aniy valid when the switches are pressed completely home

NOTE - inthe evertt of two-phase cannection the retay is always a three-phase one with one phase not connected,

15



4.4 TESTING THE LOW-SET UNIT(S)

SEQUENCE OF CPERATIONS RESULTS OBTAINED
- Provisicnaily set the hign-set unit{s) to & - the LED(s) shouid be it
- Apply an auxiliary vottage witthin the allowabie

| toierance
! . Checking the chase-fauit iow-sat unit |>
_connect the currernt generator to 2-3, 6-7 or 10-11

according to relay type

. apply required settings using K and =1 - the LED will go out at 110% of the required setting
. siowly increase the injected current up to the (dependent time types) or 100% for independent

time types telerance + / - 10%
- relay "b” should pick up instamanecusly for 7XX6
relays in A2 cases with a/b selection = 4

aperating level.

|
|
|
|
!

- Checking the phase-fault icw-set time ti>
_sat the time-delay cf the low-set unit ti> as defined at

10 imes setting |> using St1 for inverse relays. Far
cefinite time relays this is valid from 1.5 times setting

. use a cantact on the comespending cutput unit to stop
the timer ang current injecticn

. preset the curren to 10 times sefting or above

1.5 imes satting for definite time types '
. tnp the current and reset (he timer

| . inject the current - the green LED shouid go out immediately

- - the output unit "a"* should pick up after the time-
delay

- the time measured shoutd te equal to the setting
{see NOTE 1)

- Checking the eanth-fault low-set unit fo>

and its time-defay o>
. cornnect the currernt generator to 14-15
. carry out the above procedure - similar results should be citained but the out-put

unit which operates will vary according to the /b
selection

= Cther goints on the cifferert curves may be checked in a similar manner, particulary those a 2, 5,15 or 201> (see
para 3.2). Allowanle tolerances are to be found in the fcilcwmg tabie.

Mutticle of setting current 2 S 10 15 20
n
Thecretical ITG72CK | +/-128% | +/-7.5% +/-5% +/-5% +f-5%
tolerance ontime | TG 73XX
of cperation <
+ -15ms ITG 74XX | +/-18.75% | +/-11.25% | +/-7.5% +/-7.5% ---
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NOTE 1 These values are the theoreticai tclerances when the device is maintened at nominal envirenmental parameters
frequency, auxiiary voltage, temperature), for a perfectly sinuscidai waveform {rom a pure current source source, and for 2
perfectly synchromised start of the timer and the curent injection. For tests on site these tolerances should be multipiied by

2

NOTE 2 : Tests cn levet 1> shoulc be carried out on phases not previously tested

REMINDER - For ITG 7XXB relays, and depending on the position of the a/b selection, the time-detays tl> and tl>> couic te
assocated with the same cutput urit. To ditfererntiate between these time-delays it is necessary to set temporaly the hight-

set unit to the  position.

4.5 TESTING THE HIGHT-SET UNIT(S) (ITG 7XX6 ONLY)

ATTENTICN : In order to avoid senous overioads an the relay, the hight-set unit is checked by two consecutive curent
injecticns, one 10% telow setting and one 10% above setting. If there is no automatic tripping of the injected current, do nct
allow 1njection to continue much longer than cperating time set on the relay.

SEQUENCE OF OPERATIONS RESULTS OBTAINED

! . Checking the phase- fault high-set unit |>>

. _temgcraniy put the selector on position T or 3
TG 7XX6)

_connect the current generator ta 2-3, 6-7 or 10-11
agcording to the type

- set tne high-set using X 2

; _ after presetting inject a current at -10% of relay
Psetting (1s miny 1 - Qutput relay *b" shouid nct pick up
\

| after presetting inject a current at « 10% of relay
setting (15 min) - Qutput relay "h" shouid pick up
(stop injecticn by "B contact)

-Checking the nigh-set time-delay tl>> (ITG 7XX6)
_temporarily put the setector on position 2

. use a cantact of "b" to stop injection

_inject 2 currert equal to at least 1.5 times the
hign-set setting - Qutput unit “b* should pick up after the time set an

the relay

- Checking the earth-fault high-set jo>>
. connect the current generator 10 14-15
. carry out the above procedure (no earth-fault unit

time-delay)
- Similar resufts to these above

. RPeset the a/b selection switch to the chosen
positian

NOTE 1 - Ifthe current gererater cannot provide a current close to the chosen setting, check a lower settting peirt then
replace £2 or T4 to their required values, or have the K or Ko settings at minimum them after testing.

NOTE 2 - Tests on the high-set unit {>> should be carried out on phases not previously tested .
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4.6 COMMISSIONNING

Before commisionning it is important to check that

- the Cts have a nominal secondary currert equal to that shown on the relay identifying label and have a minimum precisicn

power of SVA, 5P10
- the network frequency is that indicated on the relay label, and that the external resistar is correctly connecteq if the auxiliary

supply is above 125V
- the relay 1s correctly plugged in and that the fixing rods are screwed tight home

- the tnpping circuit 1S correct
- the &b selection switch is in the chosen pasition for ITG 7XX6 relays

Checking the breaker tripping circuit

During the tests the breaker tripping circuit may be checked by putting it inta the "test” position. It is then only necessary to
close the breaker and check that the corresponding relay output unit contacts cause the breaker to trip. If this is not possitle
‘or some reascn the trip circuit should be checked element by etement using an ohmmeter, starting on the relay base to
ensure that the contacts change state at relay operation. Ensure that the wiring is not “live" whiist testing.

if during previcus tests the relay did not function, check that current is drawn by the relay from the auxidiary supply. by
inserting a milliammeter an a 300mA or 500mA range in series with the supply.

5. APPENDICES

5.1 EXAMPLES OF SETTING

Setting a dependent time relay type iTG 7266 for exampie

Hypetheses
- Protect a transformer of BMVA, 15/3. 3kV, 72 = 6.5%

- The 15kV network short-circuit level is 150MVA
- The highest protection settings immediately downstreamn are a low-set unit at 0.45 sec and an instantaneous high-

set at 1000A
- The CT ratio used for the 15kV side of the transformer is 250/5A

Choosing the reiay
To allow brief possible averloads on the 3.3kV side of the transformer {eg motors starting up) an inverse time curve is

perhaps the best choise for this application. The refay is therefore an ITG 7266, IN = SA, 1A =2 5A > =0.25 to 2IN of the

ts, > = 0.05t0 3sec, I»>>=1t025INCT.
&/b selection = 3 (overload on "a", short-circuit on “b* - table N2},

Setting the low-set unii
I> = transformer nominal current {for example) = 230A, or approx 0.5 IN CT

On the relay this becomes 0.9 x SA = 4. 5A
i>={05+ ) KIAwithK=1and A =25A
I>=(05+ZN)x25=45
Hence 1 ={4.5/25)- 0.05=1.3

Choosing the operating time curve

Ta maintain selective tripping with the downstream protection, the curve passing through 0.45 sec at  times setting
has been chasen

tl> = (0. 05 +Xt1) = 0.45 sec

T =045-005=04
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Setting the high-set unit

To avoid any false tripping, the high-set unit set at approximatety 15 or 20% above the 15kv equivalerﬁ of the
transformer short-circuit level at 3. 3kV.

The calculaticn gives a short-circuit curent equal to 2, kA at 15kV, thus a convenient setting of >>

at 2. 8kA, or 10IN CT.

l>> = (2 +Z2) K. [Awith K =1andJA = 2.5A

l>> = (2 + £2) x 2. 5A = 50A

£ 2=(80/28)-2=18

18
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5.2. ITG 7335 AND ITG 74656 TYPICAL BLOCK DIAGRAMS
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