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INTRODUCTION

These instructions contain the information required to properly inmstall,
operate and test the ITE-32 and .ITE-32Q solid-state directional relays.

The relay is housed in a2 sewi-flush drawout relay case suitable for con-
ventional penel mounting.

All conmections ro the relay are made at terminzls located on the rear of
the case and clearly -umbered. .

A1l controls are mounted on the front panel behind & clear cover.

PRECAUTIONS

The following precautions should be taken when ;pplying solid-state relays:

1. Incorrect wiring may result in damage to solid-state relays. Be sure
wiring agrees with the connection diagram for the particular relay before the
relay is energized. Be sure control pover is applieé¢ in the correct polarity
before applying control pewer. .

2. Apply only the rated control voltage marked on the relay front panel.
For relays with dual rated control voltage, withdraw the relay from the case
and check that the movable wire on the circuilt board is in the correct position

for the system control voltage.

. 3. Do not attempt to manually operate'target‘vénes cn these relays.
Although the targets return their indication under shock, they can be damaged
by manual operation with a pencil or pointed object. .

4. Do not apply high voltage tests to solid-state relays. If a control
wiring insulation test is required, bond all terminals together and disconnect

ground wire before applying test voltage.

5. Only the Jower circuit board of these relays is removable. This board
should insert smoothly. Do not use force.

“ 6. TFollow test instructions to verify that the relay is in proper working
order. . o

PLACING THE RELAY INTO SERVICE )
1. RECEIVING, HANDLING, STORAGE

Upcn receipt of the CIRCUIT-SHIELD relay (when not included as part of a
switchboard) examine for shipping damage. If damage or loss is evident, file a
claim at once and promptly notify the nearest Could-Brown Boveri Sales Office.
Keep clean and dry and use normal care in handling to avoid mechanical damage.

2. INSTALLATION - —_—— -
Mouniing

The cutline dimensirns and panmel drilling and cutout inforwation is given
in Figure 1.
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Connectlons

411 I-T-E Protective Relays have metal front pezmels which are connected
through printed circuilt board runs and ccannecctor wiring to a terminal at the rear
of the relay case. The terminal is marked "G" and is located as shown ,in Figure
1. In all applications this terminal should be wired to ground.

Before energizing the relay, the relay element chould be withdrawn from Iits
case, znd a visual check be made to insure that the movable control voltage
selection wire has been placed on the correct terminal for the system control
veltage. Models rated for 250Vdc control power include a dropping resistor
mounted on the outside of the case.

Qutput Contacts

Two styles of output contacts are used in these relays:

1) Models with sealed reed type output contacts are preferred when the
directional relay 1is used to torque-control a type ITE-51 overcurrent
relay. These models alsoc have a self-resetting light emitting diode
operation indicater, which is lighted when the current is in the
tripping direction.

2) ¥Models with heavier duty telephone relay type output contacts aTe
preferred when the directional relay will be used to operate other
devieces, such as a lock-out relay, or auxiliary relay, or trip a
circuit breaker, as in reverse power schemes. These models have a

.hand—reset target indicator.

Directional Overcurrent Relay Applications

Connections for the ITE-32 centrolling am ITE-S51 three phase overcurrent relay
are shown in Figure 2. Connections for the ITE-32Q controlling an ITE-51 residual
overcurrent relay are shown in Figure 2.

Overcurrent Relav Shorting Links (Torque ContTol)

-

When using the ITE-50 and ITE~51 relays with these directicnal relays, one or
more of the shorting links on the rear terminals of the overcurrent relay must be

removed according to the application. See Figures.2 and 3 for comnectlons and

instructions for rewoving these links.
3. SETTINGS '
Maximum Torque Angle

This front-panel adjustment must be set properly according to the applications.
Refer to the APPLICATIONS section for recommended settings.

For the ITE-32, the Maximum Torque Angle egquals the front pamel dial setting.
For the ITE-32Q, the Maximum Torgque Angle equals 180 degrees minus the dial setting.

Sector Width Adfustment

Certain models are provided with an adjustment whick changes the tripping
angle of the relay from 180° to a smaller angle, Refer to the APPLICATIONS section
for recommended settings, and to the testing section for procedure.
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CONNECTIONS FOR LINE FAULT PROTECTION
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MAXIMUM TORQUE ANGLE SET AT 45°

_ TORQUE_CONTROL CONNECTIONS

To control TIHE and INST function:
a. Remove links 9-10 and 10~11
supplied on ITE-S51.
b. Connect &3 shown in diagram
on left. ’

To control only the TIME fupctiom:

a. Remove link 10-11 on ITE-S1l:

b. Conrect as shown in dlagram on
left, EXCEPT onmit jumper 9-11
_om ITE=-51.

To control only the INST function:
2. Remove link 9-10 on ITE~-51l.
b. Coprect 2s shown in diagram on
- left, EXCEPT omit jumper 9-11
on ITE~-S51 and move wire starting
at JTE-32-(14) £from terminal 11
to. terminal 9 on the ITE=-51.

FIGURE 2 - CONNECTIONS FOR DIRECTIONAL LINE PAULT PRUTECTION ( Types ITE-32 and ITE;SI)

CONNECTIONS FOR GROUND FAULT PROTECTION
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TORQUE _CONTROL CONNECTIONS

.Io control TIME and INST functions:

a. Remove links 9-10 and 10-11 supplied
on ITE-51.
b. Cconnect as shown in diagram on left.

To control only the TIME function:

a. Remove link 10-11 on ITE~S5S1.

b. Connect as shown in diagram on left,
EXCEPT omit jumper 9-11 on ITE-51.

To control.only the INST function:

2. Remove link 9-10 on ITE-51.

b. Connect as shown in diagram on left,
EXCEPT omit jumper 9~11 on ITE-S1
and move wire starting at ITE-32Q-
(14) from terminal 11 to terminal

9 on the ITE-S51.

FICURE 3 - CONNECTIONS FOR DIRECTIONAL GROUND FAULT PROTECTION (Types ITE-32Q

and ITE=-S1)
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APPLICATION DATA
The ITE-32 45 8 three-phase directional relay, consisting of:
Pogitive-phase sequence voltage segregating network,
Positive-phase sequence current segregating network, and .
One single~phase directional element.

These elements are represented in FPigure 4.

SEQUENCE VOLTAGE NEIWORK

As shown in Figure &, the relay is connected to the (delta) voltages, V,, and
vbc, through the input transformers. On the secondary side, Vpe 1s phase shifted
by 60° lead, and Vg, by 0°. These quantities are summed at V.

Since V, = Vg + V1 4+ v2
Vb - VO + azvl + aVjy
2

Vc - vo + &Vl + a V2
- ¥ -7, = -a2 .y /T 330 | ap 3330
and vab VY% Vl(l a‘) + Vz(l a) 3V, e +V/3V,e
v - 2 20 _ g L4270 390
vbC - Vb Vc Vl(a a) + Vz(a a®) 3V13 + 3V22 .

~ j0 j6o
Then Vx Vabe + Vbce

- ’371(e130 + ej330) + sz(ej330 + e150)
= 3V1(ej0) + zero . v

That is,-Vx'is proportional to the magnitude of the positive~ sequence
ceomponent only.

BEQUENCE CURRENT NETWORK v

. The relay is supplied with the three-phase currents, I,, I, and I, through
the input tramnsformers. As chown in Figure 4, CTA has a double-wound primary, with
IB_waund series opposing Ia. Thus, the secondary current of CTA is proportional

to (T, -~ Ig). Similarly, the secondary of CTB is proportionmal to (Ig - Ig). Each
secondary is loaded with a resistance R, across each of which appear voltages
proportional to these (delta) currents. '

The equations for the current network préceed analagous to those for the
voltage network, with the conclusion that ’

RI, ~ RIjed0 .
that is proportional to the positive sequence compoment only.

DIRECTIONAL UNIT

This is a gingle-phase unit, polarized with the ocutput of the positive sequence
voltage segregating network (V;). The operating current is the output of the current
netwvork, proportional to Il‘ Thus, the relay compares the directionm of Ij to Vj.

"Maximum Torque"” angle s &djustable from O to 90°, that is, I; lag V; by
the selected angle. This relationshipis shown in Figure 5 for settings of o°,
45°, and 90°. Selection of the angle is made by serting a theostat on the front
panel,

Typical sensitivity curves are shown in Figure 6. Note that these are not
product-type relays, and so the minimum operating current is not a function of the
veltage. The operation of the relay requires only that the voltage be above the
minicum (1V) and the current above the minimum (.02A at the maximum torque angle).

The directional unit is of "block-block" design which requires a timer setting
squivalent to 90° (4.16 milliseconds at 60 Hz) for a 180° tripping characteristic.
Cerrafn models of the ITE-32 are provided with an adjustable timer which allows
setging the timer for a sector width from 30° to 180°. This is illuscrated in

-

Figure 7.
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APPLICATION

The Type ITE-32 Telay 18 designed for two digtince applications: as the
controlling element in directionally coantrolled time-overcurrent faule protection,

or as a high-speed reverse power relay. .

LINE PROTECTION , ’

For protectlon against phase-to-phase, or three-phase faults, the type ITE~32
ls usged. in conjunction with any of the types ITE-51 time-overcurrent relays.
Various combinatlons of controlled time only, or time and instantaneous Protection
are avallable by selection of the connections between ITE-32 and ITE-51 untts.
This gombination represents Device Number 67.

Since the ITE-32 compares the direction of the positive sequence current
relative to the rositive sequence voltage, in certain cases it may be used to
Provide ground fault as well as phase’ fault protection. The requirements for this
application are that the minimum ground fault current be greater than the phase
‘overcurrent relay setting, and that the ratio of load to ground fault current
be greater tham three times. °

If these requirements cannot be guaranteed, the application requires separate
ground fault Protection, such as a combination of type ITE-32Q (or ITE-32D),
controlling a residually connected type ITE~-51. (This combination represents Device
Number 67N}, W :

MAXIMUM TORQUE ANGLE

—_— . . .

The maximum-torque angle of the relay is adjustable from I, lag Vi between
0 and 90 degrees. 45 degrees is an approprilate setting for most applications.
However, in unusual situations, the adjustment of the maxinum torque angle mav be
'varied to suit the application. Tor example, lines operating at high leading power
factor angles could cause certain single-phase directional units to pick up
undesirably when, using the conventiornzl quzirature connection most frequently
used with these trpes. While 450 ig probably suitable even for the most highly
leading power factor applications, the ITE~32 car Ye set to accommodate any angl.
JuUp to 900, ¢ . .

SECTOR WIDTH o . C e

In providing directional control of time-overcurrent relays with instantaneous
elements, a hazard always exists in the race between one directionai vnit dropping
out and the Instants-sous element Picking up. <This pProblem can be avoided by
using the ITE-32 wish adjustable sector-width.

This applicatior requires setting each of the four 32 relays at each end of
the parallel lines (sr2win 1in Figure 8), with a maximum torque angle of, say 90°¢,
and 8 sector width of ¥6°. &As shown, no 32 rtelay picks up due to load current.

CONNECTIONS

Connections for dir- tional time and instantaneocus are shown in Figure 2.
For non-directional ipste ‘aneous, do not remove the shorting link betweaan 9 and
10, and omit the Jumper f- w 9 to 11. Note ‘that the ITE-51 serfes of time~
Overcurrent relays are prcrided with a standard torque-control option. They are
shipped with a link betweer terminals 9 and 10, to control instauctancous, and a
link between 10 and 11 to t.atrel ctime. Removing either 1ink allows zontrol by an
appropriate contact.

REVERSE POWER PROTECTION

For reverse pPower, or enti-motoring Protection, the ITE-32 may be used ag a
sensitive, high~speed, three phase power~directionsal relay. TFor these applications,
the maximum-torque angle should be set at zero degrees for a watt—characteristic,
with line-to-ground, or line-to-line potential transformers, connected as shown
in Figure 9. .

- .



- 1B-18.8.7-5

PAGE 8 SCLID-STATE DINMECTIONAL RELLY#

15 TYPE ITE-32Q

The Type ITE-32Q is used in conjunction with the ITE-51 to provide directionally
controlled time-overcurrent protection against ground-faults. The combination of
these twvo relays performs the function of Device Number 67N.

In econstruction, the ITE~32Q is virtually the same as the ITE-32, but with
different internal connections which change the sequence filters from positive
to negative sequence operation.

The ITE-32Q is preferred over the ITE-32D, Dual-Polarized Directionmal Relay,
for protecting lines where incorrect zero-~sequence polarization results from
mutual induction between parallel lines, or in stations having no zero sequence
polarizing quantities.

The ITE-32Q is especially well-suited to switchgear applications since it
can be applied with two open~delta potential transformers. This can result in space
and dollar savings by eliminmating auxiliary potential transforme:s and compartments.

The ITE-32Q can be used with any of the ITE-51 eeries of time-overcurrent
relays to provide any combination of time-~control only, time-and-instantaneous
control, instantaneocus uncontrolled, or no instantaneous.

Connections for the fTE-32Q and ITE-51 for directionally-controlled time-over~
current grournd-fault prrotection-are shown in Figure 3.

The phasor diagrams for Typé-SZQ are shown in Figure 10.

Note that the maximum torque angle of the ITE-32Q 1s equal to 180 degrees
minus the front panel dial setting. . ’

RATINGS
Temperature . . ] . :
' .- Operating Range -30°¢ to +70°¢C .
Input Circuit Ratings
Potential l20v, nominal
. . 160V, maxinum continuous
Current 54, nominal
Y -16A, maximum continuous
A 390A, one second
Burden ) .
Potential . . 0.3VA, per phase, at 120V
Cuzrrent 1VA, phases A and C at 5A
- 2VA, phase B at 5A )
Sensitivity ' .024 at 1.0V,

.02A =2t 120V
Maximum Torque Angle ' -
(Adjustable) Type ITE-32: 0 to 90°, I, lag V;
- Type ITE-32Q: 90 to 1809,
I, leads Vo (Front-Panel Settings
of 90° and 0° respectively.)

Control Power Refer to nameplate for rated
control voltage.

Battery drain approximately
0.050 amperes

Operating Time
Pickup ‘ Less than 1 cycle, 60 Hz
Dropout Less than 1 cycle, 60 Hz
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Odtput Circuit Rating

Units with Tripping Contacts
@ 125Vdc

30 amps, Tripping

5 amps, Continuous

l amp, Opening Resistive

0.3 amp, Opening Inductive

Other models available spec-
fically for controlling
ITE-51,1ITE-50H, ITE~-50D
Overcurrent Relays.

CATALOG NUMBERS AND CHARACTERISTICS

Type ITE-32
Maximum Sector Sensitivity Contrel Contacts Frequency Catalog
Torque Width Voltage Number
Angle : '
) Adjustahle 180° 0.02A at 1V 48/125Vdc ') 608z 22520070
0 to 90° 48/125Vée 504z 22570070
I; lag ¥ 250Vde 60Kz 225P0030
250Vdc 50Hz 22570050
30°-180° 48/125Vdc 604z 225P0071 a—
180 48/125vec @ 60Hz 225F0CTa
48/127v4z 508z 22570073
24Vde £045z 2Z25P0033
0.44 at 1V 48/125Véc 60Hz 225PC176
Type ITE-32Q
. Maximum - Sector Sensitivity Control Contacts Frequency Catalog
ij? Torque Width Voltage , ' Number
Tt Angle
Adjustable 180° 0.024 at 1V  48/125Vdc O 60Kz 225Q3070
90° to 180° . 48/125Vde S50Hz 22533070
I lag ¥, 250Vde 60Hz 22503050
—_— 250Vde S50Hz 22533050
30°-180 48/125Vde 60H2 225Q3071
1800 48/125Vde (g) 60Hz 225Q3073
0.4A at 1V 48/125V¢c . 60z 225Q3176
Notes: )

This model preferred when directional relay will be used to control an
ITE-51, as in directionally controlled overcurrent relay schemes.

This model required when directional relay will be used to operate lock-
out relay or trip circuit breaker, as in reverse power schemes. When
specified, a normally closed contaet between terminals 15 and 16 will be

supplied in addition to the standard (2) normally cpen contacts.

When

wviring to terminal 16, observe proper clearance of the wire termination
to the ground stud terminal “G".

For additional information see CONNECTIONS, Page 3.

v~ . -

* . - . L.

)
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Figure 8: Type ITE-32 -~ Parallel Line Protection
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CONNECTIONS FOR REVERSE POWER DETECTION
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Pigure 9: Type ITE-32

Connecticns for Reverse

Powver Detection

Timer (device 62) Recommended
to prevent nuisance operations.
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Contocts MAXIMUM TORQUE ANGLE SET AT 0%,
| Close
\
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Close .
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Pigure 10: Type ITE-32Q ~- Phasor Diagrems for Various Maximum

Torque Angle Settingsa
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o TESTING
1. MAINTENANCE; AND RENEWAL PARTS |

No routine maintenance is required on the relay. Follow test instructions to
verify that the relay is in proper working order. If a relay is found to be
inoperative, we suggest you return it to the factory for repalr. However, by
specifying the relesy's catalog number, & schematic and circuit description may be
obtained through your Gould-Brown Boveri sales engine:r should you desire to
attempt repair yourself.

These relays have a control relay as the output stage. This output relay
nay be ordered from the factory. When ordering, state the type relay, catalog
number, and serial number.

Also available from the factory are circuit card extender boards. This relay
requires the 18 point board, catalog 200%X0018.
Drawout Element

DPrawout -circuit boards of the same catslog number are interchangeable. The
board is removed by using the metal pull knobs on the front pamel. The relay

15 identified by a catalog number on the front panel and a serial pumber on the
underside of the circuit board.

2 Hl;fil'l POTENTIAL TESTS

Do mot apply high voltage fests to solid-state 1elays. If a control wirimg
fnsulation teszt is required, boand &ll terminals toget her and disconnect grounding
wire before applying test voltage.

3, ACCEPTANCE TESTS '

Mounted in Switchgear '

Tests should be made on a de-energized main circoit. If tests are to be made
on an energized circuit, be sure to cake <1l necessary precautions.

1

The ITE-32 and ITE-32Q are equipped with a builc-in operational test. With
control power applied, and no curcent applied, or cucsrent in the non-trip direction,
depress the TEST button. A "trip direction" conditinn will be simulated and the
relay should operate. A target will be displayed or, on units with LED indicators,
the LED will light. Caution: if the directional relay is wired to torque-control
an 1TE overcurrent relay, and load. current above the pickup setting of the over~-
current relay is flowing,the overcurresnt relay will also trip, after the appropriate
time delay. ) 1. \ .

Caution: the TRIP test buttons on the ITE overcurrent relays bypass the
torgue~-control function; therefore, in a directionally controlled scheme, depressing
the TRIP button will cause the overcurrent relay to trip (after the appropriate
time delay) regardless of the state of the controlling contact.

For directionally controlled overcurrent relay schemes the meter unit of the
ITE X51C Overcurrent Relay Test Accessory may be used to observe the operation
of the directional relay contacts when the relays are in service. See Instruction
Book 18.2.7-4 for procedures. -



ITE-32 TESTING PROCEDURE

a. It is very difficult to measure the phase angle .

between the positive sequence voltage and current,
therefore, it is desirable to measure the phase
angle between Ip and Vap and subtract the inherent
30° gifference. (Angle that Vap leads Ip)

b. Connect the ITE-32 relay as shown in Figure 1l.

c. Sct the desired MAX TORQUE ANGLE on the front
panel.

d. Vary the phase angle to determine the range of
operation of the relay. '

FIGURE 11 ITE-~-32 TEST CONNECTIONS

120‘ Vac ~ . . "TRY .
3 Phase p_/ e PHASE T t )
Source | SHIFTER -(13 Viz TBlat;;
€
TB50+ TB3O+ TBL &+ Phase Angle: o
- . L . ) VAB leads I, by 30
a -
TB6 TB4 T :
B2 NOTE:
RL RL RL cOnpect.d;c. centrol power (+)
: .to terminal 7, {~) to terminal -

8 to make this test.
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