
INSTALLATION • 

Westinghouse 1. L. 41-223-F 

OPERATION • MAINTENANCE 

INSTRUCTIONS 

TYPE CVQ RELAY 

APPLICATION 

The typ e CVQ relay provides instantaneous and 
time d elay detection of negative s equence over­
voltage as w ell as re sponding with time delay to 
p hase-to-phase undervoltage.  

used in motor p rotection, the r elay protects 
against system undervoltage, single phasing of the 
supply and reversal of p hase rotation of the supply. 

The volt-time c haracteristi c of the relay i s  that 
of the CV- 7  relay , and the negative s equence over­
voltage pi ckup is adju stable from 5 to 10 per  cent of 
rated line to neutral voltage . 

When one of the three supply circuits to a motor 
is opened a negative sequence voltage will appear 
on the m otor side of the open approximately e qual to 
IL /Is in per unit where IL is positive s e quence c ur­

rent flowing prior to opening the phase and I s is the 
m otor starting current. For most motors this will 
p roduce approximately 6% negative sequence voltage 
even if single phas ing oc curs at no load because of 
the effect of the magnetizing re quire m ent of the 
m otor. 

If static ( i . e .  non motor) load i s  single phased 
with a motor or group of motors,  the negative s e q­
uence voltage will be greater than the value cal­
culated above . Single phasing of a predominately 
static load produces 50% negative s e quenc e voltage 
on the load side of the open circuit . 

When the relay is used for overvoltage protection 
the back contacts are m ade at normal voltage and 
the negativ e  sequ enc e element is comm itted to an 
instantaneous function. The normally op en E2 con­
tact m ay b e  used for alarm purpos es.  

CONS TRUCTION & OPE RATION 

The ty pe C VQ re lay c onsists of a polar Unit (E) 
operating on ne gative sequence quantities,  a nega­
tive sequenc e voltage filter, fu l l  wave bridge, a time 
undervoltage relay (CV), an indicating contactor 
switch SICS) and a telephone relay when used.  The 
principal com ponent parts of the r el ay and their 
location are shown in F igure 1. 

SUPERSEDES I.L. 41-223E 
*Denotes change from superseded issue. 

A. Pol a r  Un i t  
The polar unit consists of a rectangular shaped 

m agnetic frame,  an electromagnet, a permanent 
m agnet ,  and an armature .  The pol es of the crescent 
s hap ed p ermanent magnet bridge the magnet fr ame .  
The m agneti c fram e consists of thr ee piec e s  j oined 
in the rear with two brass rods and silver solder.  
The s e  non-m agnetic joints repres ent air gap s, which 
are bridged by two adj ustable m agnetic shunts .  The 
winding or windings are wound around a magnetic 
core. The armature is fastened to this core and i s  
fr ee to move in the front air g ap .  T h e  moving contact 
is connected to the fre e  end of a leaf spring, which 
in turn, i s  fastened to the armature .  

B .  N egati ve S equen ce F i l ter 

The voltage filter consists of an autotransformer, 
reactor, and resistors connected as shown in the 
internal schematic Pig.  1. 

C. Vo l tage Un i t  (CV )  

The undervoltage unit op erates on the induction­
dis c  principle .  A main tapped coil located on the 
center leg of an "E" typ e l aminated structure pro­
duces a flux which divides and returns through the 
outer legs.  A shading coil causes the flux through 
the right leg (front view)  to lag the main pole flu x .  
T h e  out-of-phas e fluxes  thus produced in t h e  air gap 
caus e s  a contact closing torque.  

D. In d i catin g  Con tactor Sw i tch (ICS ) 

The indi cating contactor switch is a small d- e 
op erated clapper typ e  device .  A m agnetic armature 
to which l e af- sp ring mounted contacts are attac hed, 
is attracted to the magnetic core upon ene rgization 
of the switch. When the switch closes , the moving 
contacts bridge two stationary contacts, compl eting 
the trip circuit. Also, during this op eration two 
fingers on the armature deflect a spring located on 
the front of the switch, which allow s  the op eration 
indicator target to drop . The target is reset from the 
outside of the case by a push rod located at the bot­
tom of the cas e.  

The front spring, in addition to holding the target, 
provid e s  re straint for the armature and thus controls 
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TYP ECVQR E L AY ________________________________________________________ __ 

INDICATING 
CONTACTOR 
SWITCH 

RIGfiT HAMD CONTACT­
(FROIT VIEW) 

UFT HAAD CONTACT 
(FRO IT VIEW) 

TYPE C¥9-NEGATIYE SEQUENCE AND 
UWDERYOLTAGE RELAY-IN TYPE FT-31 CASE 

INT£RNAL SCHEMATIC 

REACTOR 

INDUCTION UNIT 

AUTO· TRANSFORMER 

REDUNDLE 

TEST SWITCH 

TERMIUl 

188A644 
Fig. l Internal Schematic o f  the Type CVQ Reloy. 

the pickup value of the switch. 

E. F ul l  Wa ve Bri dge 

Th e full wave bridge consists of four diodes 

connected to the output of the negative sequence 

filter. The output is rectified , filtered and fed to 

the polar unit through an adjustable resistor,  which 

is used to set the sensitivity of the relay. 

F. Auxiliary T im e  D elay U ni t  ( T) - Wh en Us ed 

This slugged telephone type unit in series with 

a resistor. provides a 6 to 7 cycle delay on pick-up. 

The resistor is to be shorted for 48 VDC operation 

as shown in the Internal Schematic of Fig. 2. 

C H A R ACTE R I STI C S  

Polar Unit - The se nsitivity of the negative seq­

uence portion of the relay is adjustable b etwee n  5 
and 10 per cent of the rated line to neutral voltage.  

Undervoltage Relay - Tap value voltage is  the value 

of voltage at which the front c o ntact (left hand , front 

view) close s .  The back contact (right hand , front 

view) will close within 5% of this value . 

When the relay is used as an overvoltage relay. 

the moving contact is made with the back c ontact for 

values of applied voltage less than tap value voltage. 

With application of voltages great er than tap value 

voltag e ,  the moving c ontact move s  to close the front 

2 

UIDICAJIIUI 
COMTACTDR 
SWITCH 

JliGHT 'HAND :COKTACT 
(FRONT VIEW) 

.6.� CONNECT THIS LEAD AS 
SHOWN DOTTED FOR � YDC 
OPERATIOII 

INTERNAL SCHEMATIC 

REACTOR 

I'JIDUCTIOM UNIT 

AUTO• TRANSFOIN£R 

REDtiJ.MDLE 

TEST SWITCH 

T£RMIJAL 

880A343 
Fig. 2. Internal Schematic of Type CVQ Relay with 

Telephone Relay 

contact in a time as shown by the right-hand c urves 

of figure 2. 

When the relay is used as an underv oltage relay, 

the moving c o ntact is made with the front c ontact for 

v alues of applied voltage greater than tap value 

voltag e .  With the application of voltages le ss than tap 

value voltage ,  the moving c ontact moves to close 

the back c ontact in a time as shown by the left-hand 

curves of Figure 2. 

R educ ed Fr equency O pera tio n 

Operation of the E2 unit will occur at 54 Hz 
with rated p ositive s equence voltage applied when 

set for 5% negative-sequence pickup at 60 Hz· With 

a 10% setting , operation occur at 48 Hz. 

Tri p C irc u i t  

The main contacts will safely close 3 0  amp eres 

at 250 volts d-e and the seal-in contacts of the indic­

ating contactor switch will safely carry this current 

long enough to trip a circuit breaker. 

The indicating contactor switch has two taps 

that provide a pickup setting of 0.2 or 2 amp ere s .  

To change taps requires connecting t h e  lead lo cated 

in front of the tap block to the desired setting by 

means of a screw connectio n .  
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Fig. 3. Typical 60 cycle Time Curves o f  the CV-7 Unit of the Type CVQ Relay. 
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TYP ECVQR E LAY ________________________________________________________ ___ 

Supp�y 

A--+-��--��------------.------------------- 1 
B--�+-�--�r--4�--------+---�r------------- 1 
c--+-��--�---+----�----+---�----�------� 1 

_f 
Nr..-.DC 

762A868 
Fig. 4. External Schematic of the Type CVQ Relay used 

in Motor Protection. (For Fig. 1.) 

Tri p Circ ui t  .C ons ta nts 

Indicating contactor switch-0.2 amp tap 6, 5 ohms 
d-e resistance. 

2.0 amp tap 0.15 ohms 
d-e resistance. 

EN ERGY REQUI REM E N T S  
The burden o f  the undervoltage relay at r ated 

voltage are as follows: 
Taps 

Rated 6. 120 Volt 
Voltage Relay 

5 5  
64 
70 
82 

120 Volts 93 
105 
120 
140 

Volt 
Amps 

10.0 
7.0 
5.8 
4.0 
3.1 
2.4 
1.8 
1.3 

Power 
Factor 

.38 

.35 

.34 
. 33 
.31 
.29 
.28 
.26 

Watts 
3.8 
2.5 
2.0 
1.3 
1.0 

.7 

.5 

.3 
6. These relays will continuously stand either 110% 
o f  rated voltage or tap value voltage, whichever is 
higher. 

The burden of the negative sequence filter is as 
follows: 

4 

Phase 1 

Phase 2 

Phase 3 

Volt Amperes 

58.4 

10.5 

52.2 

SUPPLY 

EXTERNAL SCHEMATIC OF THE CVQ 
RELAY USED FOR TRIPPING ON 

NEGATIVE SEQUENCE VOLTAGE ONLY. 

!01 c 
'!.?. 

3 

'!.?. 4 

52b 

52-1 cc 

880A380 
Fig. 5. External Schematic of the CVQ Relay used for 

Tripping on Negative Sequence Voltage only. 
(For Fig. 2.) 

SETT I N GS 

Pola r Uni t  

The relay will be shipped adj usted for 5% sensi­
tivity. Other settings m ay be m ade as indicated 
under calibration . 

CV Uni t  

The setting of  the CV unit can be defined either 
by tap setting and time dial position or by tap setting 

and a specific time of  operation at some percentage 
of tap value voltage (e.g. on CV-7 120 tap setting, 2 
time dial position or 120 t ap setting, 1.8 seconds at 
140 per cent of t ap v alue voltage). 

To pro vide selective circuit breaker operation, 

a minimum coordinating time of 0. 3 seconds plus 
circuit breaker time is recommended between the 
relay being set and the relays with which coordina­
tion is to be effected. 

The connector screw, on the terminal plate above 
the time dial connects various turns of the operating 
coil. By placing this screw in the various terminal 
plate holes , the relay will j ust clo se its front con­
tacts at the corresponding voltage of 5 5-64- 70-82-93-
1 05 -120-140 volts or as m arked on the terminal plate. 
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TYPE CVQ RELAY 

(REAR VIEW) 

TEST CIRCUIT FOR 3 WIRE SUPP L Y  

A 4 WIRE SUPPLY ;�·AA>OO 

120V 3¢ 
A-B-C 

ROTATION 
TYPE CVQ RELAY 

(REAR VIEW) 

TEST CIRCUIT FOR 4 WIRE SUPPLY 

* Fig. 6. Test Diagram for Type CVQ Relay 

The nylon screw on the terminal plate hold s the 
tap plate in position w hen tap s  are being c hanged. 
To use the po sition on the terminal plate in w hich 
the nylon screw is  u s ed, re move the nylon screw and 
place it in one of  the unused hole s .  Then remove the 
tap screw and ins ert it in the terminal plate hole .  

For  mo tor protection a tap s etting of  75 to  85% of 
normal line to line voltage above time dial settin g 
of 6 are recommend ed. 

Nega ti ve Sequen ce F i l ter 

No s ettings required.  

Ind i ca tin g C on ta ctor Sw i tch  (IC S) 

The only setting re quired on the res unit is the 
selection of the 0.2 or 2.0 amp ere tap s ettin g .  This 
selection is made by conne ctin g the lead located in 
the front of the tap block to the desired setting by 
means of the conne ctin g screw. The 0.2 ampere s et­
ting is recommended where an auxiliary relay is to 
be operated and the 2.0 amp ere s ettin g is recommend­
ed where direct tripping of a circuit breaker is to be 
accomplished. 

Res i s tor ( F or T e l ep hon e  Re lay ) 

The relay is shipped with resistor in series with 

telephone relay for 125 VDC operation . For 48 VDC 
operation this resistor is to be sh orted . 

INS TALLATION 

The relays should b e  mounted on s witchboard 
p anels or their equivalent in  a location fre e  from 
dirt, moisture, excessive vibration, and heat. Mount 
the r elay vertically by means o f  the four mounting 
holes on the flange for s emi-flush mounting or by 
means of  the rear mo unting s tud o r  st uds for projec­
tion mounting. Either a mountin g stud or the mounting 
screws may be utilized for grounding the relay. The 
electrical conne ction s  may b e  made directly to the 
t erminal by means of  screws for steel p an el mounting 
or to the terminal studs furnished with the relay for 
thick panel mountin g .  The terminal studs may be 
easily removed o r  inserted by locking two nuts on 
the stud and then turning the proper nut with a 
wrench. 

For detailed FT Cas e information refer to I.L. 
4 1-076. 

ADJ US TM E NTS & MAINTE NANCE 

The proper adjustments to insure correct op era­
tion of this relay hav e  b e en m ade at the factory. 
Upo n  receipt of the r elay , no adjustments, o ther 
than those covered under "Setting s " ,  should be 
required.  

A cceptan ce T ests 

The following tests are recommended w hen the 
relay is rec eived from the factory. If the relay does 
not p erform as specified below, the relay either is 
not prop erly c alibrated or it contains a defect. 

Connect relay per test circuit Fig. 6. 

N ega ti ve Sequen ce Fil ter 

The filter is adjusted for balance in the factory 
and no further adjustments or maint enances s hould 
be required. The nominal voltage output of  the filters 
on po sitive sequence is appro ximately zero . This 
s erves as a convenient c heck on the balance of the 
filter .  If any two input l eads to the potential filter 
should b e  interchanged , a high voltage o c curs 
across  the output terminals o f  the filter.  

P ola r Un i t  

Adju st variac so that a n  increasin g volt age can 
be seen on the voltmeter .  Note at what voltage the 
polar u nit op erat e s .  This voltage should be 1 0 . 4  
volts ± 0 . 3  volt s .  This corresponds t o  t h e  5% sensi­
tivity adju stment. For other sen sitivities s e e  Table 
A under c alibration .  
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TYP ECVQR E L AY ________________ ________ __________________________________ _ 

A. CV Unit 

1. Contact 

a) By turning the time dial, move the moving con­
tacts until they deflect the stationary contact to 
a position where the stationary contact is resting 
against its backstop. The index m ark located on 
the movement frame should coincide with the 
"0" m ark on the time dial. For double trip 
relays ,  the follow on the stationary contacts 
should be appro xim ately 1/64" .  

b )  For relays identified with a "T", located at 
lower left of stationary contact block, the index 
on the mo vement frame will coincide with the 
"0 " m ark on the time dial when the stationary 
contact has moved through approximately one 
half of its normal deflection. Therefore, with 
the stationary contact resting against the b ack­

stop, the index m ark is offset to the right of the 
"0" mark by approximately . 020". For the CV-7 
element, the back contact has no follow when 
the front contact is through one-half of  its follow). 
The placement of the various time dial positions 
in line with the index mark will give operating 
times as shown on the time current curves of  
figure 2. For double trip relays,  the follow on 
the stationary contacts should be approxim ately 
1/32" 

2. Minimum Trip Voltage - Set the time dial to 
position 6. Alternately apply tap value voltage 
plus 3% and tap value voltage minus 3%. 

3. Undervoltage Relays - The mo ving contact 
should leave the backstop at tap value voltage 
plus 3% and should return to the backstop at tap 
value voltage minus 3%. 

4. Time Curve - Set time dial at #6 dial posi­

tion. Energize terminals 7 and 8 of  relay with 

140% of  tap v al ue voltage. The operating time of 

relay should be 5 . 9  seconds. The reset time of 

relay should be 5. 7 seconds . 

B. I n di cati n g  Co nta ctor S wit ch ( ICS ) - Clo se the 
main relay contacts and pass sufficient d-e cur­
rent through the trip circuit to clo se the con­
tacts of the res. This value of current should 
not be greater than the particular res setting 
being u sed. The indicator target should drop 
freely. 

The contact gap should be approximately 

6 

.047" between the bridging moving contact and 
the adjustable stationary contacts. The bridging 
moving contact should touch both stationary 
contacts simultaneo usly. 

Ro uti ne Mai nt ena nce 

All relay s should be inspected periodically and 
the time of operation should be checked at least 
once every year or at such other time intervals as 
m ay be dictated by experience to be suitable to the 
particular application. 

All contacts should be periodically cleaned. A 
contact burnisher Stt182A836H01 is recom mended for 
this purpose. The use of  abrasive material for clean­
ing contacts is not recommended, because of the 
danger of embedding sm all particles in the face of 
the soft silver contact and thus imparing the con­
tact. 

Ca libratio n 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs ,  or 
the adjustments have been disturbed. This procedure 
should not be used until it is apparent that the relay 
is not in proper working order (See "Acceptance 
Check'') . 

N egati ve S equence Vo lta ge Fi lt er 

A. Apply 120 volts balanced 3 phase voltage 60 
cycles to terminal s  7, 8, and 9 of the relay, m ak­
ing sure that phase 1, 2, and 3 of the applied 
voltage is connected to terminals 7, 8, and 9 
respectively . 

B. Using a calibrated high resistance rectox volt­
meter, measure the voltage between the t ap on 
autotransformer (middle terminal, upper right hand 
reactor, front view) and the tap on the adjustable 
2" resistor. If  the voltage is high(40 to 50 volts) 
the filter is probably improperly connected. If 
properly connected, the voltage will be low. 
Using a low range (approximately 5 volts)  move 
the adjustable tap until the voltage reads a min­
imum .  This value should be les s  than 1.5 volts. 

Po lar Units 

L Contacts - Place a . 060 to .070 inch feeler 
gage between the right hand pole face and 
the armature. This gap should be measured 
near the front of the right hand pole face. 
Bring up the backstop screw until it ju st 
makes with the m oving contact. Place gage 
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TYP ECVQR ELAY ________________________________________________________ �I.L=·�4�1-�22=3�F 

* bet ween moving cont act and the st ationary 

cont act on the left hand side of the polar 
unit, and adjust stationary contacts for 0.046 

inches. Bring up the stationary cont act until 
it just m akes with the gage and lock in 
place. On double trip relay s ,  adjust the 
other set of contact gaps to close simul-
t aneo us ly. 

* 2. Minimum Trip Current - Short out the adjust­
able resistor in series with the polar element. 
Using the test circuit of figure 6, adjust 
t he right hand shunt of the polar unit so 
that it toggles over with 3. 3 volts on the 
voltmeter. Remo ve short circuit from the 
resistor and adjust this resistor so that the 
polar unit will close its contacts to the left 
with 10.4 volts on the voltmeter. For other 
sensitivities as indicated in T able A, adjust 
for the voltage shown. Block polar unit con­
tacts closed to the right before proceeding 
with CV calibr ation. 

TABL E A 

Volts on Voltmeter Per Cent of Line to Neutral 

10.4 5 

12.4 6 

14.5 7 

16.6 8 

18.7 9 

20.7 10 

A. CV Uni t  

1. Contact 

a) By turning the time dial, move the moving con­
tacts until they deflect the stationary contact to 
a position where the stationary contact is resting 
against its backstop. The index mark located on 
the m ovement frame should coincid·e with the 
"0" mark on the time dial. For double trip re­
lays, .the follow on the stationary contacts should 
be approximately 1/64". 

b) For relays identified w ith a "T", located at 
lower left of stationary contact block, the index 
m ark on the movement frame will coincide with 
the "0" m ark on the time dial when the station­
ary contact has mo ved through approximately one 
half of its normal deflection. Therefore, with the 
stationary contact resting against the backstop, 

the index m ark is offset to the right of the "0" 

mark by approximately .020". ( For the type CV-7 
relays the back contact has no follow when the 
front contact is through one-half of its follow). 

The placement of the various time dial positions 
in line with the index m ark will give operating 
times as s hown on the respective time current 
curves. For double trip relay s, the follow on 
the s tationary contacts should be approximately 
1/32". 

2. Minimum Trip-Voltage - The adjustment of 
the spring tension in setting the minimum trip 
voltage value of the relay is most conveniently 
m ade with the damping m agnet removed. 

With the time dial set on ''0'' wind up the spiral 
spring by means of the spring adjuster until 
approximately 6-% convolutions show. Set the. 
relay on the minimum tap setting and the time 
dial to position 6. 

CV Undervoltage - Adjust the control spring 
tension so that the moving contact will leave the 
backstop of the time dial at tap value voltage 
+ 1.0% and will return to the backstop at tap 
value voltage - 1.0%. 

Set time dial at tt6 time dial position. Ener­
gize terminal 7 and 8 of relay with 140 per cent 
of tap value voltage. Adjust the permanent 
m agnet keeper until the operating time is 5 . 9  
seconds. Measure the reset time of the disc from 
the stationary front contact to the stationary 
b ack contact. This time should be 5. 7 second. 

B. Indicating Contactor Switch- Unit (ICS) - Clo se 
the m ain relay contacts and pas s  sufficient d-e 
current through the trip circuit to close the con­

tact-s of the ICS. This value of current should not 
be greater than the particular ICS setting being 
used. The indicator t ar get should drop freely . 

R E N EWA L P A RTS 

Repair work can be done most s atisfactorily at 
the factory. H owever, interchangeable parts can be 
furnished to those equipped for doing repair work. 
When o rdering parts, always give the complete name­
plate data. 
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Fig. 7. Outline & Drilling Plan for the Type CVQ Relay in Type FT-3 1 Case. 
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Westinghouse I.L. 41-223A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE CVQ RELAY 

APPLICATION 

The typ e CVQ relay provides instantaneous and 
time delay detection of negative sequ ence over­
voltage as w ell as respondi ng with time delay to 
p hase-to-p hase undervoltage.  

used in motor protection , the relay protects 
against system undervoltage ,  single phasing of the 
supply and reversal of phase rotation of the supply. 

The volt-time characteristic of the relay is that 
of the CV-7 relay, and the negative sequence over­
voltage pi ckup is adjustable from 5 to 10 per cent of 

* rated line to n e utral voltage. 

When the relay is used for overvoltage protection 
th e back contacts are mad e at normal voltage and 
the negative sequence element is committed to an 
instantaneous function. The normally open E 2  con­
tact may be used for alarm purposes. 

CONSTRUCTION & OPE RATION 

The typ e CVQ relay consists of a polar unit (E)  
op eratin g  on  negative sequence quantities, a nega­
tive sequence voltage filter, full wave bri d g e ,  a time 
undervoltage relay (CV) and an indicating c o ntactor 

switch (ICS).  The principal component parts o f  the 
r elay and their location are shown in Figure 1. 

A. P o la r Un i t  

The polar unit consists o f  a rectangular shap ed 
magnetic frame , an electromagnet, a p ermanent 
magn et , and an armature . The poles of the crescent 
shaped perman ent magnet bridge the magnet frame.  
The magnetic frame consists of  three pieces joined 
in the rear with two brass rods and silver solder.  
These non-magn eti c joints repr esent air gaps, which 
are bridged by two adjustable magnetic shunts. The 
windi ng or windings are wound around a magnetic 
core.  The armature is fastened to this core and is 
free to move in the front air gap .  The movi ng contact 
is connected to the free end of a leaf sp ring , which 
in turn , is faste ned to the armature . 

SUPERSEDES I.L . 41-223 
*Denotes change from superseded issue. 

B .  Nega tiv e Sequen ce Fi lter 

The voltage filter consists of an autotransforme r ,  
re actor, and resistors connected a s  shown in the 
internal schematic Fi g. 1. 

C .  V o l ta ge Uni t (CV ) 

The und ervoltage unit op erates on the induction­
disc principle. A main tapp ed coil located on the 
center leg of an "E" typ e laminated structure pro­
duces a flux which divides and returns through the 
outer legs. A shadi ng coil causes the flux through 
the right leg ( front vi e w )  to lag the main pole flux. 
The out-of-p hase fluxes thus produced in the air gap 
causes a contact closin g  torque. 

D. Ind i ca t in g C on ta ctor Sw itch ( IC S) 

The i ndicating contactor switch is a small d-e 
operated clapp er typ e devic e. A magnetic armature 
to which le af-sp ring mounted contacts are attached,  
is attracted to the magnetic core upon energization 
of the switch. When the switch closes, the moving 
contacts bridge two stationary contacts, completing 
the trip circuit. Also, during this op eration two 
fingers on the armature deflect a spring located on 
the front of th e switc h ,  which allows the op eration 
i ndicato r  target to drop. The target is r e s et fro m  the 

outsid e  of the case by a p ush rod located at the bot­
tom of the case.  

The front spring,  in addition to holding the target, 
provides restraint for the armature and thus controls 
the pickup value of the switch. 

E. Fu l l  Wav e B r id ge 

T h e  full w ave bridge consists of four diodes 
conn ected to the output of the n egative sequence 
filter. The output is rectifi ed ,  filtered and fed to 
the polar unit through an adjustable resistor , which 
is used to set the sensitivity of the relay. 

C HARACTERISTICS 

Polar Unit - The sensitivity of the negative seq-
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TYP ECVQR E LAY __________________________________________________________ __ 

INDICATING 
COMUCTOR 
SWITCH 

It I &liT HAND CONTACT 
(FRONT YIEI) 

LHT MAllO CONTACT 
{FRONT VIEW) 

TYPE CY9-"NEGATI YE SEQUENCE AND 
UNOERYOLTAGE RELAY-IN TYPE FT-3t CASE 

REACTOR 

INDUCTION UNIT 

AUTO-TRANSFORMER 

RED HANDLE 

TEST SWITCH 

T£Rj,j1NAL 

188A644 
Fig. 1 Internal Schematic o f  the Type CVQ Relay. 

uence portion of the relay is adj ustable between 5 
* and 1 0  per cent of the rated line to neutral voltage. 

Undervoltage Relay - Tap value voltage is the value 
of voltage at which the stationary front contact 
clo ses . The stationary b ack contact will clo se within 
5% of this value. 

When the relay is used as an overvoltage relay, 
the moving contact is m ade with the stationary back 
contact for values of applied voltage less than tap 
value voltage. With application of val tages greater 
than tap value voltage, the moving contact moves to 
close the front contact in a time as shown by the 
right-hand curves o f  figure 2. 

When the relay is used as an undervoltage relay, 
the moving contact is m ade with the stationary front 
contact for values of applied voltage greater than tap 
value voltage. With the application of voltages les s 
than tap value voltage, the moving contact mo ves to 
close the back contact in a time as s hown by the 
left-hand curves of  Figure 2. 

Tr i p  C ir c u i t  

The main contacts w ill s afely clo se 30 amperes 
at 250 volts d-e and the seal-in contacts of the indic­
ating contactor switch will safely carry this current 

long enough to trip a circuit breaker. 

The indicating contactor switch has two taps 

2 

that provide a pickup setting of 0. 2 or 2 amperes. 
To change taps requires connecting the lead located 
in front of the tap block to the desired setting by 
means of a screw connection. 

Tr i p  C i rcuit C on stants 

Indicating contactor switch-0. 2 amp tap 6, 5 ohms 
d-e resistance. 

2. 0 amp tap 0. 1 5  ohms 
d-e resistance. 

E N E RGY R E QUIRE M E N T S 

The burden o f  the undervoltage relay at r ated 
voltage are as follows: 

Rated 6 
voltage 

* 120 Volts 

Taps 
1 20 Volt 
Relay 

5 5  
64 
70 
82 
93 

105 
120 
140 

Volt 
Amps 

1 0 . 0  
7.0 
5.8 
4 . 0  
3. 1 
2.4 
1 . 8 
1 .3 

Power 
Factor Watts 

. 38 3.8 

.35 2. 5 

. 34 2.0 

.33 1 . 3  

. 3 1  1 .0 

.29 . 7  

.28 .5 

.26 . 3  

6 These relays will continuously stand either 110% 
of rated voltage or tap value voltage, whichever is  
higher. 

The burden of the negative sequence filter is as 
follows� 

Polar Un i t  

Phase 

Phase 2 

Phase 3 

Volt Amperes 

58.4 

10. 5  

52.2 

SETTIN GS 

The relay will be shipped adjusted for 5% sensi­
tivity. Other settings m ay be m ade as indicated 
under calibration . 

CV Uni t  

The setting of  the CV unit can be defined either 
by tap setting and time dial po sition or by tap setting 
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TYPECVQRELAY ____________________________________________________________ I ._L_. 4_1_- 2_2_3 A 
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Fig. 2. Typical 60 cycle Time Curves of the CV.7 Unit of the Type C VQ Relay. 
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TYPECVQ RELAY __________________________________________________________ __ 

SuppJ.y 
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vc 
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f EZ 
N.t..-.DC 

762A868 
Fig. 3. External Schematic of the Type CVQ Relay used 

in Motor Protection. 

and a specific time o f  operation at some percentage 
of tap value voltage (e. g .  on CV-7 1 20 tap setting , 2 
time dial po sition or 1 20 tap setting, 12 seconds at 
140 per cent of tap value voltage). 

To pro vide selective circuit breaker operation, 
a minimum coordinating time of 0. 3 seconds plus 
circuit breaker time is recommended between the 
relay being set and the relays with which co ordina­
tion is to be effected. 

The connector screw on the terminal plate above 
the time dial connects v arious turns of the operating 
coil . By placing this s crew in the various terminal 
plate holes , the relay will just close its front con­
tacts at the corresponding voltage of 5 5-64- 70-82-93-
1 05- 120- 150 volts or as m arked on the terminal plate. 

The nylon screw on the terminal plate holds the 
tap plate in po sition when taps are being changed. 
To use the position on the terminal plate in which 
the nylon screw is used, remove the nylon screw and 
place it in one of the unused holes.  Then remo ve the 
tap screw and insert it in the terminal plate hole. 

For motor protection a tap setting of 75 to 85% of  
normal line to line voltage above time dial setting 
of 6 are recom mended. 

N ega ti ve Sequen ce F i l ter 

No settings required. 

4 

A 

B 

c 

A 

� � VARIAC 

I 3 5 7 9 
060�0�1f § 

I 

AUX. PT. 

,_] 
D 

-j 
TYPE 

REL 
cvo. AY (REA R VIEW) 

TEsT CIRcUIT FoR NEGATIVE SEO.UENCE 

SETTING OF CVQ RELAY 

Fig. 4. Test Diagram for Type CVQ Relay 

Ind i ca tin g C on ta ctor Sw i tch ( IC S) 

The only setting required on the ICS unit is the 
selection of the 0 . 2  or 2.0 ampere tap setting. This 
selection is made by connecting the lead located in 
the front of the tap block to the desired setting by 
means of the connecting screw. The 0.2 ampere set­
ting is recommended where an auxiliary relay is to 
be operated and the 2 . 0  ampere setting is recommend­
ed w here direct tripping of a circuit breaker is to be 

acco mplished. 

INSTAL L AT ION 

The relays should be mounted on switchboard 
panel s or their equivalent in a loc ation free from 
dirt, moisture, exces sive vibration, and heat. Mount 
the relay vertically by means of the four mounting 
holes on the flange for semi-flush mounting or by 
means of  the rear mounting stud or studs for projec­
tion mounting. Either a mounting stud or the m ounting 
screws m ay be utilized for grounding the relay. The 
electrical connections may be m ade directly to the 
terminal by means of s c rews for steel panel mounting 
or to the terminal studs furnished with the relay for 
thick panel mounting. The terminal studs m ay be 
easily removed or inserted by locking two nuts on 
the stud and then turning the proper nut with a 
wrench. 

Fo r detailed FT Case information refer to I .L.  

4 1-076. 
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TYP ECVQ R E LAY ________________________________________________________ �1-�L·�4_1_-2_23_A 

ADJ UST M E N T S  & M AI N T E N AN CE 

The proper adjustments to insure correct opera­
tion of this relay have been m ade at the facto ry . 
Upon receipt o f  the relay, no adjustments, o ther 
than those covered under ''Settings'', should be 
required. 

Accepta n ce Tests 

The following tests are recommended when the 
relay is received from the factory. If the relay does 
not perform as specified below, the relay either is 
not properly calibrated or it contains a defect. 

Connect relay per test circuit Fig. 4. 

N egat i ve S equence F i lt er 

The filter is adjusted for balance in the factory 
and no further adjustments or m aintenances should 
be required. The n ominal voltage output of the filters 
on positive sequence is appro ximately zero. This 
serves as a convenient check on the balance of the 
filter. If any two input 1 eads to the potential filter 
should be interchanged, a high voltage occurs 
across  the output terminals of the filter. 

Po lar Un it 

Adjust variac so that an increasing voltage can 
be seen on the voltmeter. Note at what voltage the 
polar unit operates. This voltage should be 10.4 
volts ± 0.3 volts. This corresponds to the 5 %  sensi­
tivity adjustment. For other sensitivities see Table 
A under c alibration. 

A. CV Un it 

1. Contact 

a )  By turning the time dial, move the moving con­
tacts until they deflect the stationary contact to 
a position where the stationary contact is resting 
again st its backstop. The index m ark located o n  
the movement frame should coincide with the 
"0" mark on the time dial. For double trip 
relays, the follow on the stationary co ntacts 
should be approxim ately 1/64". 

b) For relays identified with a "T", located at 
lower left of stationary contact blo ck, the index 
on the movement frame will coincide with the 
"0" mark on the time dial when the stationary 
contact has moved through approxim ately o ne 
half o f  its normal deflection. Therefore, with 
the stationary contact resting against the b ack-

stop, the index m ark is offset to the right of  the 
"0" m ark by approximately .020". For the CV- 7 
element, the back contact has no follo w when 
the front contact is through one- half of its follow). 
The placement of the various time dial positio ns 
in line with the index mark will give operating 
times as shown on the time current curves of  
figure 2. For  double trip relay s ,  the follow on 
the stationary contacts should be approxim ately 
1/32" 

2. Minimum Trip Voltage - Set the time dial to 
position 6. Alternately apply tap value voltage 
plus 3% and tap value voltage minus 3%. 

3. Undervoltage Relays - The moving contact 
should leave the back stop at tap value voltage 
plus 3% and should return to the backstop at tap 
value voltage minus 3%. 

4. Time Curve - Set time dial at 1t6 dial posi­
tion. Energize terminals 7 and 8 of relay with 
140% of tap value voltage. The operatin g time of  
relay should be 5 . 9  seconds. The reset time of 
relay should be 5. 7 seconds. 

B. I n d i cat ing  Co nta ctor S wit ch ( ICS ) - Clo se the 
m ain relay contacts and pass sufficient d-e cur­
rent through the trip circuit to clo se the con­
tacts of  the res. This value of current should 
not be greater than the particular res setting 
being used. The indicator tar get should drop 
freely . 

The contact gap should be approximately 
.047" between the bridging moving contact and 
the adjustable stationary contacts. The bridging 
mo ving contact should touch both statio nary 
contacts simultaneously. 

Ro ut ine Ma int ena nce 

All relays should be inspected periodically and 
the time of operation should be checked at least 
once every year or at such other time intervals as 
may be dictated by experience to be suitable to the 
particular application. 

All contacts should be periodically cleaned. A 
contact burnisher Slt182A836H01 is recom mended for 
this purpose. The use of abrasive material for clean­
in g contacts is not recommended , because of the 
d an ger of embedding. sm all particles in the face of 
the soft silver contact and thus imparing the con­

tact. 
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T YPECVQRELAY ______________________________________ _____________________ _ 

Ca libra ti on 

use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs, or 
the adjustments have been disturbed. This procedure 
should not be used until it is apparent that the relay 
is not in proper working order (See ''Acceptance 
Check''). 

Nega ti ve Seq uen ce V o l ta ge Fi l ter 

A. Apply 120 volts balanced 3 phase voltage 60 
cycles to terminals 7, 8, and 9 of the relay, mak­
ing sure that phase 1, 2, and 3 of the applied 
voltage is connected to terminals 7, 8, and 9 
respectively. 

B. Using a calibrated high resistance rectox volt­
meter, measure the voltage between the tap on 
autotransformer(middle terminal, upper right hand 
reactor, front view) and the tap on the adjustable 
2" resistor. If the voltage is high(40 to 50 volts) 
the filter is probably improperly connected. If 
properly connected, the voltage will be low. 
Using a low range (approximately 5 volts) move 
the adjustable tap until the voltage reads a min­
imum. This value should be less than 1.5 vults. 

P o lar Un i t s  

Contacts - Place a . 060 to . 070 inch feeler 
gage between the right hand pole face and 
the armature. This gap should be measured 
near the front of the right hand pole face. 
Bring up the backstop screw until it just 
makes with the moving contact. Place gage 
between moving contact and the stationary 
contact on the left hand side of the polar 
unit. On the upper unit, the gap should . 046 
inch and on the lower unit the gap should be 
.065 to . 070 inch. Bring up the stationary 
contact until it just makes with the gage and 
lock in place. 

6 

2. Minimum Trip Current - Using the test cir­
cuit of figure 4, short out the adjustable 
resistor in series with the polar element. 
Adjust the right hand shunt of the polar unit 
so that it toggles over with 3. 3 volts on the 
\'oltmeter. Remove short circuit from the 
resistor and adjust this resistor so that the 
polar unit will close its contacts to the left 
with 10.4 volts on the voltmeter. For other 
sensitivities as indicated in Table A, adjust 
for the voltage shown. Block polar unit con­
tacts closed to the right before proceeding 
with CV calibration. 

TABLE A 

Volts on Voltmeter Per Cent of Line to Neutral 

10.4 5 

12.4 6 

14.5 7 

16.6 8 

18.7 9 
20. 7 1 0  

A. CV Un i t  

1. Contact 

a) By turning the time dial, move the moving con­
tacts until they deflect the stationary contact to 
a position where the stationary contact is resting 
against its backstop. The index mark located on 
the movement frame should coincide with the 
"0" mark on the time dial. For double trip re­
lays, the follow on the stationary contacts should 
be approximately 1/64". 

b) For relays identified with a "T", located at 
lower left of stationary contact block, the index 
mark on the movement frame will coincide with 
the "0" mark on the time dial when the station­
ary contact has moved through approximately one 
half of its normal deflection. Therefore, with the 
stationary contact resting against the backstop, 
the index mark is offset to the right of the "0 " 

mark by approximately .020". (For the type CV-7 
relays the back contact has no follow when the 
front contact is through one-half of its follow). 
The placement of the various time dial positions 
in line with the index mark will give operating 
times as shown on the respective time current 
curves. For double trip relays, the follow on 
the stationary contacts should be approximately 
1/32". 

2. Minimum Trip-Voltage - The adjustment of 
the spring tension in setting the minimum trip 
voltage value of the relay is most conveniently 
made with the damping magnet removed. 

With the time dial set on ''0'' wind up the spiral 
spring by means of the spring adjuster until 
approximately 6-% convolutions show. Set the 
relay on the minimum tap setting and tlle time 
dial to position 6. 

CV Undervoltage - Adjust the control spring 
tension so that the moving contact will leave the 
backstop of the time dial at tap value voltage 
+ 1. 0';/� and will return to the backstop at tap 
value voltage- 1. 0%. 
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TYPE CVQ RELAY ____ _ 

Set time dial at i16 time dial position. Ener­
gize terminal 7 and 8 of relay with 140 per cent 
of tap value voltage. Adjust, the permanent 
magnet keeper until the operating time is 5.9 
seconds. Measure the reset time of the disc from 
the stationary front contact to the stationary 
back contact. This time should be 5. 7 second. 

B .  Indi ca tin g Con ta cto r  Swi tch - Un i t  ( IC S) - Close 
the main relay contacts and pass sufficient d-e 
current thro:.�gh the trip circuit to close the con-

I.L. 41-223A 

tacts of the ICS. This value of current should not 
be greater than the particular ICS setting being 
used. The indicator target should drop freely. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to those equipped for doing repair work. 
When ordering parts, always give the complete name­
plate data. 
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Fig. 5. Outline & Dril ling Plan for the Type CVQ Relay in Type FT-31 Case. 
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Westinghouse I.L. 41-223A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE CVQ RELAY 

AP PLICATION 

The type CVQ relay provides instantaneous and 
time delay detection of negative sequence over­
voltage as well as responding with tirn e delay to 
phase-to-phase undervoltage. 

used in motor protection, the relay protects 
against system undervoltage, single phasing of the 
supply and reversal of phase rotation of the supply. 

The volt-time characteristic of the relay is that 
of the CV-7 relay, and the negative sequence over­
voltage pickup is adjustable from 5 to 10 per cent of 

* rated line to neutral voltage. 

When the relay is used for overvoltage protection 
the back contacts are made at normal voltage and 
the negative sequence element is committed to an 
instantaneous function . The normally open E 2 con­
tact may be used for alarm purposes. 

CONSTRUCTION & OPE RATION 

The type CVQ relay consists of a polar unit (E) 
operating on negative sequence quantities, a nega­
tive sequence voltage filter, full wave bridge, a time 
undervoltage relay (CV) and an indicating contactor 
switch (ICS). The principal component parts of the 
relay and their location are shown in Figure 1. 

A. P o la r  Uni t 

The polar unit consists of a rectangular shaped 
magnetic frame, an electromagnet, a permanent 
magnet, and an armature. The poles of the crescent 
shaped permanent magnet bridge the magnet frame. 
The magnetic frame consists of three pieces joined 

in the rear with two brass rods and silver solder. 
These non-magnetic joints represent air gaps, which 
are bridged by two adjustable magnetic shunts. The 
winding or windings are wound around a magnetic 
core. The armature is fastened to this core and is 
free to move in the front air gap. The moving contact 
is connected to the free end of a leaf spring, which 
in turn, is fastened to the armature. 

S UPERSEDES I.L . 41-223 
*Denotes change from superseded issue. 

B .  Nega ti ve Sequen ce Fi lter 

The voltage filter consists of an autotransformer, 
reactor, and resistors connected as shown in the 
internal schematic Fig. 1. 

C .  V o l ta ge Uni t (CV ) 

The undervoltage unit operates on the induction­
disc principle . A main tapped coil located on the 
center leg of an "E" type laminated structure pro­
duces a flux which divides and returns through the 
outer legs. A shading coil causes the flux through 
the right leg (front view) to lag the main pole flux. 
The out-of-phase fluxes thus produced in the air gap 
causes a contact closing torque. 

D. Ind i ca t in g C on to ctor Swi tch (IC S) 

The indicating contactor switch is a small d-e 
operated clapper type device. A magnetic armature 
to which leaf-spring mounted contacts are attached, 
is attracted to the magnetic core upon energization 
of the switch. When the switch closes, the moving 
contacts bridge two stationary contacts, completing 
the trip circuit. Also, during this operation two 
fingers on the armature deflect a spring located on 
the front of the switch, which allows the operation 
indicator target to drop. The target is reset from the 
outside of the case by a push rod located at the bot­
tom of the case. 

The front spring, in addition to holding the target, 
provides restraint for the armature and thus controls 
the pickup value of the switch. 

E. F u l l  Wo ve B r id ge 

The full wave bridge consists of  four diodes 
connected to the output of the negative sequence 
filter. The output is rectified, filtered and fed to 
the polar unit through an adjustable resistor, which 
is used to set the sensitivity of the relay. 

C HARACTER! S TI CS 

Polar Unit - The sensitivity of the negative seq-
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TYP ECVQR E L AY ________________________________________________________ __ 

INDICATING 
COIITACTOR 
SWITCH 

TYPE CVq..KEGATI YE SEQUENCE AND 
UMOERVOLTAGE RELAY-Ill TYPE FT-3! CASE 

REACTOR 

INDUCTION UNIT 

AUTO-TRANSFORMER 

REO HANDLE 

TEST SWITCH 

TERNIMAL 

188A644 
Fig. 1 Internal Schematic of the Type CVQ Relay. 

uence portion of the relay is adjustable between 5 
* and 10 per cent of the rated line to neutral voltage. 

Undervoltage Relay -Tap value voltage is the value 
of voltage at which the stationary front contact 
closes . The stationary b ack contact will close within 
5% of t his value. 

When the relay is used as an overvoltage relay, 
the moving contact is made with the stationary back 
contact for values of applied voltage less than tap 
v alue voltage. With application of voltages greater 
than tap value voltage, the moving contact moves to 
close the front contact in a time as shown by the 
right- hand curves of figure 2. 

When t he relay is used as an undervoltage relay, 
the moving contact is made with the stationary front 
contact for values of applied voltage greater than tap 
v alue voltage. With the application of voltages les s  
than tap value voltage, the moving contact moves to 
close the back contact in a time as shown by the 
left-hand curves of Figure 2. 

Tr i p  C irc uit  

The main contacts will s afely close 30 amperes 
at 250 volts d-e and the seal-in contacts of the indic­
ating contactor switch will safely carry this current 

long enough to trip a circuit breaker. 

The indicating contactor switch has two taps 

2 

that provide a pickup setting of 0.2 or 2 amperes. 
To change tap s  requires connecting the lead located 
in front of the tap block to the desired settin g by 
means of a screw connection. 

Tr i p  C ir cu i t  Co ns ta nts 

Indicating contactor switch-0.2 amp tap 6 , 5  ohms 
d-e resistance. 

2.0 amp tap 0.15 ohms 
d-e resis tance. 

E N E RGY R E QUI RE M E N T S 

The burden of the undervoltage relay at r ated 
voltage are as follows: 

Rated 6 
voltage 

* 120 Volts 

Taps 
120 Volt 

Relay 
55 
64 
70 
82 
93 

105 
120 
140 

Volt 
Amp s 
10.0 

7.0 
5.8 
4.0 
3.1 
2.4 
1.8 
1.3 

Power 
Factor Watts 

.38 3.8 

.35 2.5 

.34 2.0 
. 33 1.3 
.31 1.0 
.29 .7 
.28 .5 
.26 .3 

6 These relays will continuously stand either 110% 
of rated voltage or tap value voltage, whichever is 
higher. 

The burden of the negative sequence filter is as 
follows: 

Po lar Un i t  

Phase 1 

Phase 2 

Phase 3 

Volt Amperes 

58.4 

10.5 

52.2 

SETT I N GS 

The relay will be shipped adjusted for 5% sensi­

tivity. Other settings may be made as indicated 
under c alibration . 

CV Uni t  

The setting of the CV unit can be defined either 
by tap setting and time dial position or by tap setting 
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Fig. 2. Typical 60 cycle Time Curves of the CV- 7  Uni t  of the Type C VQ Relay. 
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TYP ECVQR ELAY ________________________________________________________ __ 

762A868 
Fig. 3. External Schematic of the Type CVQ Relay used 

in Motor Protection. 

and a sp ecific time of op eration at some p ercentage 
of tap value voltage ( e . g .  on CV-7 1 20 tap s etting ,  2 
time dial position or 1 20 tap s etting ,  12 s econds at 
140 per cent of tap value voltage).  

To provide s elective circuit break er operation , 
a minimum coordinating time of 0. 3 seconds plus 
circuit bre aker time is recommended between the 
relay being set and the relays with which coordina­
tion is to be effected. 

The connector screw on the t erminal plate above 
the time dial connects v arious turns of the operating 
coil. By placing this s crew in the various terminal 
plate holes,  the relay will just close its front con­
t acts at the corresponding volt age of 55-64-70-82- 93-
1 05- 120- 150 volts or as mark ed on the terminal plat e .  

T h e  nylon screw on t h e  terminal plate holds the 
t ap plate in position when tap s  are being c hanged. 
To use the position on the terminal plate in which 
the nylon screw is used ,  remove the nylon s crew and 
place it in on e of the unused hole s .  Then remove the 
tap screw and ins ert it in the terminal plate hol e .  

For motor prote ction a tap s etting of 7 5  t o  85% of 
normal line to lin e voltage above time dial setting 
of 6 are recommend ed. 

N egati ve S equence F i l ter 

No settings required.  

4 

A 

� �  VARIAC 

I 3 5 7 9 
060� 081� 3 

I 

AUX.PT. 

:J 
D 

] 
T Y PE 

REL 
cvo. AY (REA R VIEW) 

TEsT CIRC UIT FoR NEGATIVE SEGUENCE 

SETTING OF' c VQ RELAY 

Fig. 4. Test Diagram for Type CVQ Relay 

I n d i cati ng Co ntacto r  S wi tch ( I CS ) 

The only setting required on the res unit is the 
selection of the 0.2 or 2.0 ampere t ap s ettin g .  This 
s election is made by connecting the lead located in 
the front of the tap block to t h e  desired setting by 
means of the connectin g screw. The 0.2 ampere s et­
tin g  is recommended where an auxiliary relay is to 
be operated and the 2. 0 amp ere s etting is recommend­
ed where direct tripping of a c i rcuit breaker is to be 
accompl i shed.  

I N S TA L L ATI ON 

The relays should b e  mounted on switchboard 
p an els or their equivalent in a location fre e  from 
dirt, moisture ,  excessive vibration , and heat. Mount 
the relay vertically by means of the four mounting 
holes on the flange for s emi-flush mounting or by 
means of the rear mounting stud or st uds for proj ec­
tion mounting. Either a mountin g stud or the mounting 
screws may be utilized for grounding the relay. The 

ele ctric al conne ctions may be made directly to the 
terminal by means of s crews for steel p an el mounting 
or to the terminal studs furnished with the relay for 
thick p an el mounting .  The t erminal studs m ay be 
easily removed or  ins ert ed by locking two nuts on 
the stud and then turning the proper nut with a 
wrench. 

For detailed FT Case information refer to I . L .  

4 1-076. 
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AD J US TM E NTS & MAINTE NANCE 

The proper adj ustments to insure correct opera­
tion of this relay have been made at the factory . 
Upon receipt of the relay , no adjustments, other 
than those covered under "Settin g s " ,  should be 
required. 

A cceptance Tests 

The followin g tests are recommended when the 
relay is received from the factory. If the relay does 
not perform as specified below, the relay either is 
not properly calibrated or it contains a defect. 

Connect relay per test circuit Fig . 4. 

N egati ve S equence F i l ter 

The filter is adjusted for balan c e  in the factory 
and no further adjustments or maintenances should 
be required. The nominal voltage output of the filters 
on positive sequence is approximately zero. This 
s erve s  as a convenient check on the balance of the 
filter. If any two input 1 eads to the potential filter 
should be interchanged, a high voltage occurs 
across the output terminals of the filter. 

Po l a r  U n i t  

Adjust variac so that a n  increasing voltage can 
be seen on the voltmeter. Note at what voltage the 
polar unit operate s .  This voltage should be 1 0. 4 
volts ± 0.3 volts. This corresponds to the 5% s ensi­
tivity adjustment. For other sensitivities s e e  Table 
A under c alibration. 

A .  CV Un i t  

1. Contact 

a) By turning the time dial, move the moving con­
tacts until they deflect the stationary contact to 
a position where the stationary contact is resting 
against its backstop . The index mark located on 
the movement frame should coincide with the 
"0" mark on the time dial. For double trip 
relays, the follow on the stationary contacts 
should be approxim ately 1/64 " .  

b)  For relays identified with a " T ", located at 
lower left of stationary contact block , the index 
on the movement frame will coincide with the 
"0" mark on the time dial when the stationary 
contact has moved t hrough approximately one 
half of its normal deflection. Therefore, with 
the stationary contact re sting against the b ack-

stop, the index mark is offset to the right of the 
"0" mark by approximately .020". For the CV-7 
element, the back contact has no follow when 
the front contact is through one- half of its follow). 
The placement of the various time dial positions 
in line with the index mark will give operating 
times as shown on the time current curves of 
figu r e  2. For double trip relays, the follow on 
the stationary contacts should be approximately 
1/3  2 "  

2. Minimum Trip Voltage - S e t  t h e  time dial to 
position 6. Alternately apply tap value voltage 
plus 3% and tap value voltage minus 3%. 

3 .  Und ervoltage Relays - The moving contact 
s hould leave the backstop at tap value voltage 
plus 3% and should return to the backstop at tap 
value voltage minus 3%. 

4. Time Curve - Set time dial at tt6 dial posi­
tion. Energize terminals 7 and 8 of relay with 
1 40% of tap v alue voltage .  The operating time of 
relay should be 5.9 seconds .  The reset time of 
relay should be 5. 7 seconds.  

B. I nd i cat in g  Co n tacto r  S wi tch (ICS ) - Close the 
main relay contacts and pass sufficient d-e cur­
rent through the trip circuit to close the con­
tacts of the res. This value of c urrent s hould 
not be gre ater than the p articular res se tting 
being u s e d .  The indicator target should drop 
freely. 

The contact gap should be approximately 
. 047" betwe en the bridging moving contact and 
the adjustable stationary contacts .  The bridging 
moving contact should touch both stationary 
contacts simultaneously. 

Ro ut ine  Maintenance 

All relay s s hould be insp ected periodically and 
the time of operation should be checked at least 
once ev ery y ear or at such other time intervals as 
may be dictated by exp erience to be suit able to the 
p articular application. 

All contacts should be p eriodically cleaned. A 
contact burnisher Stt182A836H01 is recommended for 
this purpos e .  The u s e  of abrasive material for clean­
in g contacts is not recommended, because of the 
d an ger of embedding. small particles in the face of 
the soft silver contact and thus imparing the con­

tact. 
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T YPECVQ RELAY ________________________________________________________ ___ 

Ca l i bra ti on 

Use the following procedure for calibrating th e 
r elay if the relay has been taken apart for r epai rs, or 
the adjustm ents have b e en disturbed. This procedure 
should not be used until it is apparent that the relay 
is not in proper working order (Se e  "Acceptance 
Check " ) .  

Nega ti ve Sequen ce V o l ta ge Fi l ter 

A. Apply 120 volts balanced 3 phase voltage 60 
cycles to terminals 7, 8 ,  and 9 of the r elay, mak­
ing sure that phase 1, 2, and 3 of the applied 
voltage is connected to terminals 7, 8 ,  and 9 
respectively. 

B. Using a calibrat ed high resistance r ectox volt­
m e t er, m easure the voltage betw e en the tap on 
autotransform er ( middle t erminal, upper right hand 
reactor, front view) and th e tap on the adjustable 
2 "  resistor. If the voltage is high ( 40 to 50 volts) 
th e filter is probably i mproperly connect ed. If 
properly connect ed, the voltage will be low. 
Using a low range (approximately 5 volts) move 
the adjustable tap until the voltage re ads a min­
i mum. This valu e should be less than 1. 5 volts. 

P o lar Units 

Contacts - Place a . 060 to . 070 inch feeler 
gage betw e en th e right hand pole face and 
th e armature. This gap should be m easured 
near the front of the right hand pole face. 
Bring up the backstop screw until it just 
makes with the moving contact. Place gage 
betwe en moving contact and the stationary 
contact on the l e ft hand side of the polar 
uni t .  On the upper unit, the gap should .046 
inch and on the lower unit the gap should be 
.065 to . 07 0  inch Brin g up the stationary 
contact until it j ust makes with the gage and 
lock in place. 

6 

2. Minimum Trip Current - Using the test cir­
cuit of figure 4, short out the adjustable 
resistor in series with the polar elem ent. 
Adjust the right hand shunt of the polar unit 
so that it toggles over with 3. 3 volts on the 
voltm eter. R e move short circuit from the 
resistor and adjust this resistor so that th e 
polar unit will close its contacts to the left 
with 1 0. 4  volts on the vol t m eter. For other 
sensitivities as indicated in Table A, adjust 
for the voltage shown . Block polar unit con­
tacts closed to the right befo r e  proce eding 
with CV calibration. 

TABLE A 

Volts on Voltmeter Per Cent of Line to Neutral 

10.4 5 

12.4 6 

14.5 7 

16. 6 8 
18 . 7  9 
20.7 10 

A. CV Uni t 

1. Contact 

a) By turning th e tim e  dial, move the moving con­
tacts unti 1 they defl ect the stationary contact to 
a position where the stationary contact is resting 
against its backstop. The index mark located on 
the movem ent frame should coincide with the 
" 0 "  mark on the tim e dial. For double trip re­
lays, the follow on the stationary contacts should 
be approximately 1/64". 

b) For r elays identified with a "T", located at 
lower left of stationary contact block, th e index 
mark on the movem ent frame will coincide with 
the "0" mark on the t i m e  dial when the station­
ary contact has moved through approximat ely on e 
half of its normal deflection. Therefor e ,  with th e 
stationary contact r esting against the backstop, 
the inde x  mark is offset to the right of the "0 " 

mark by appro ximately . 020". (For the type CV-7 
relays th e back contact has no follow when th e 
front contact is through one-half of i ts follow). 
The placem ent of the various tim e  dial positions 
in line with the index mark will give operating 
tim es as shown on the respective time current 
curves. For double trip relays, the follow on 
the stationary contacts should be approximately 
1/32". 

2. Minimum Trip-Voltage - The adjustmen t  of 
the spring tension in settin g the minimum trip 
voltage value of th e relay is most conveniently 
made with the damping magnet removed. 

With the ti m e  dial set  on ' '0 ' ' wind up the spiral 
spring by m eans of the spring adjuster  until 
approx imately 6-�4 convolutions show. S e t  the 
relay on the mini mum tap se tting and ttJe tim e  
dial to position 6. 

CV Unde rvoltage - Adjust the control spring 
tension so that the moving contact will leave the 
backstop of th e t ime dial at tap value voltage 
+ 1. 0';/� and will return to the backstop at  tap 
value voltage- 1.0%. 

-�·. 
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T Y PE CVQ RELA Y ____ _ 

Set time dial at i;6 tim e dial position. Ener­
gize t erminal 7 and 8 of relay with 140 per cent 
of tap value voltage. Adjust, the permanent 
magnet keeper until the operating time is 5 . 9  
seconds. M easure th e r e s et time of the di sc from 
the stationary front contact to th e stationary 
back contact. This time s hould be 5 .  7 s econd. 

B .  Indi ca tin g C on ta ctor Swi tch - Uni t ( IC S) - Clo s e  
the main relay contacts and pass s uffici ent d-e 
current through the trip circuit to close the con-

I.L. 41-223A 

tacts of the res. This value of current should not 
be greater than the particular res s etting being 
us ed. The i ndicator target should drop freely. 

RENEWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. Howev er, interchangeable parts can be 
furnished to thos e equipped for doing repair work. 
W hen ordering parts, always give the complete name­
plate data. 
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Fig. 5. Outline & Drilling Plan for the Type CVQ Relay in Type FT-3 1 Case. 
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INSTALLATIO N  
Westinghouse I . L  4 1 -223 

• O PERAT ION • MAIN.TENANCE 

I N S T R U C T I O N S  
TYPE CVQ RELAY 

A P P L I C A T I O N  

The type CVQ relay provides instantaneous and 

time delay detection of negative sequence over­

voltage as well as responding with tim e  delay to 

phase-to-phase undervoltage. 

used in motor protection , the relay protects 

against system undervoltage,  single phasing of the 

supply and reversal of phas e rotation of the supply. 

The volt-time characteristic of the rel ay is that 

of the CV- 7 relay, and the negative s equence over­

voltage pickup is adjustable from 5 to 10 p er c ent o f  

line t o  neutral voltage .  

When the relay i s  u s e d  for overvoltage protection 

the back contacts are made at normal voltage and 

the negative s e quence element is committed to an 

instantaneous function.  The normally open E2 con­

tact may be used for alarm purposes.  

C O N S T R U C T I O N  & O P E R A T I O N  

The type CVQ relay consists of a polar unit (E) 
operating on negative s e qu ence quantiti e s ,  a nega­

tive sequence voltage filter, full wave bridge,  a time 

undervoltage relay (CV) and an indicating contactor 

switch (ICS). The principal component parts of the 

r elay and their l ocation are shown in Figure 1 .  

A. Polar Un i t  

The polar unit consists o f  a rectangular shaped 

magnetic fram e ,  an electromagnet, a p ermanent 

magnet,  and an armature. The pol es of the crescent 

shaped perman ent magnet bridge the magnet fram e .  

T h e  magnetic frame consists of three pieces j oined 

in the rear with two brass rods and silver solder. 

The s e  non-magnetic joints represent air gap s ,  which 

are bridged by two adj ustable magnetic shunts .  Th e 

winding or windings are wound around a magnetic 

core. The armature is fastened to this core and is 

free to move in the front air gap. The moving contact 

is connected to the free end of a leaf spring,  which 

in turn , is fastened to the armature. 

NEW INFORMATION 

B. Nega ti ve S equenc e Fil ter 

The voltage filter consists of an autotransformer, 

reactor ,  and resistors connected as shown in the 

internal schematic F'ig .  1 .  

C .  Vol ta ge U n i t  (CV ) 

The undervoltage unit operates on the induction­

disc principle .  A main tapped coil lo cated on the 

center leg of an " E "  typ e laminated structure pro­

duces a flux which divides and returns through the 

outer legs. A shading coil causes the flux through 

�he right leg (front vie w )  to lag the main pole flux. 

The out-of-phase fluxes thus produced in the air gap 

caus es a contact closing torque. 

D.  Ind ica t ing  Co ntac tor S wi tch ( ICS ) 

The indicating contactor switch is a small d-e 

operated clapp er typ e device. A magnetic armature 

to which l e af- spring mounted contacts are attached, 

is attracted to the magnetic core upon energization 

of the switch. When the switch closes ,  the moving 

contacts bridge two stationary contacts ,  completing 

the trip circuit. Also ,  during this operation two 

fingers on the armature deflect a spring located on 

the front of the switch, which allows the op eration 

indicator target to drop. The target is reset from the 

outside of the case by a push rod located at the bot­

tom of the cas e.  

The front spring, in addition to holding the target, 

provides re straint for the armature and thus controls 

the pickup val u e  of the switch. 

E. F ull Wa ve Br i dge 

The full wave bridge consists of four diodes 

connected to the output of the negative sequence 

filter. The output i s  rectified,  filtered and fed to 

the polar unit through an adj ustable resisto r ,  which 

is used to set the sensitivity of the relay. 

C H A R A C T E R !  S T I C S  

Polar Unit - The sensitivity of the negative s eq-
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UIDICATIMG 
COMTACTOR 
SWITCH 

A 181fT HAMO CORT.lCT 
(FROOT YIE11) 

LEFT HUD· CONTACT 
(FROIT VIEW) 

TYPE CVQ-ICEGUI YE SEQUENCE AND 
UROERYOLTAQE RELAY- I N  TYPE FT-31 CASE 

INTERNAL SCHEMATIC 

1'111 1'112 '113 

REACTOR 

U IDUCTIOII UN I T  

AUTO-TRANSFORMER 

REO HANDLE 

TEST S W I TCH 

TERMIUL 

188A644 
Fig. 1 Internal Schemati c of the Type CVQ Relay. 

uence portion of the relay is adjustable between 5 
and 10 per cent of the line to neutral voltage. 

Undervoltage Relay - Tap value voltage is the value 
of voltage at which the stationary front contact 
clo ses. The stationary b ack contact will clo se within 
5% of this value. 

When the relay is used as an overvoltage relay, 
the moving contact is m ade with the stationary back 
contact for values of applied voltage less than tap 
value voltage. With application of voltages greater 
than tap value voltage, the moving contact moves to 
close the front contact in a time as shown by the 
right-hand curves of figure 2. 

When the relay is used as an undervoltage relay, 
the moving contact is made with the stationary front 
contact for values of applied voltage greater than tap 
v alue voltage. With the application of voltages les s  
than tap value voltage, the moving contact moves to 
close the b ack contact in a time as shown by the 
left-hand curves of Figure 2. 

Tri p Circ uit 

The main contacts w ill s afely close 30 amperes 
at 250 volts d-e and the seal-in contacts of the indic­
ating contactor switch will s afely carry this current 

long enough to trip a circuit breaker. 

The indicating contactor switch has two taps 

2 

that provide a pickup setting of 0 . 2  or 2 amperes. 
To change taps requires connecting the lead located 
in front of the tap block to the desired setting by 
means of a screw connection. 

Tri p  Circ uit Co nsta nts 

Indicating contactor switch-0. 2  amp tap 6, 5 ohms 
d-e resistance. 

2.0 amp tap 0.15 ohms 
d-e resistance. 

E N E R G Y  R E Q U I R E M E N T S  

The burden o f  the undervoltage relay at rated 
voltage are as follows:  

Rated L 
Voltage 

120 or 
240 Volts 

Taps 
120 Volt 

Relay 
5 5  
64 
70 
82 
93 

105 
120 
140 

Volt 
Amps 
10.0 

7.0 
5.8 
4.0 
3.1 
2.4 
1. 8 
1.3 

Power 
Factor Watts 

.38 3.8 
.35 2 . 5  
.34 2.0 
.33 1.3 
.31 1.0 
.29 .7 
.28 .5 
.26 .3 

L These relays will continuously stand either 110% 
of rated voltage or tap v alue voltage, whichever is 
higher. 

The burden of the negative sequence filter is a s  
follows:  

Po lar Unit 

Phase 1 

Phase 2 

Phase 3 

Volt Amperes 

58.4 

10.5 

52 . 2  

S E T T I N G S 

The relay will be shipped adjusted for 5% sensi­
tivity. Other settings may be m ade as indicated 
under calibration . 

CV Unit 

The setting of the CV unit can be defined either 
by tap setting and time dial position or by tap setting 
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M 

f 
NFt>.DC 

762A868 
Fig. 3. External Schematic of the Type CVQ Relay used 

in Motor Protection. 

and a specific time of operation at some percentage 
of tap value voltage (e.g. on CV-7 1 20 tap setting ,  2 
time dial position or 1 20 tap setting, 12 seconds at 
1 40 per cent of tap value voltage). 

To provide selective circuit breaker operation, 
a minimum coordinating time of 0. 3 seconds plus 
circuit breaker time is recommended between the 
relay being set and the relays with which coordina­
tion is to be effected. 

The connector screw on the terminal plate above 
the time dial connects v arious turns of the operating 
coil. By placing this s crew in the various terminal 
plate holes, the relay will just close its front con­
t acts at the corresponding voltage of 5 5-64-70-82-93-
1 05- 1 20- 1 50 volts or as m arked on the terminal plate. 

The nylon screw on the terminal plate holds the 
tap plate in position when tap s  are being chan ged. 
To use the position on the terminal plate in which 
t he nylon screw is used , remove the nylon s crew and 
place it in one of the unused holes. Then remove the 
t ap screw and insert it in the terminal plate hole. 

For motor protection a tap setting of 75 to 85% of 
normal line to line voltage above time dial setting 
of 6 are recommended. 

N egati ve Sequence F i lter 

No settings required. 

4 

A 

B 

c 

A 

� � VARIAC 

I 3 5 7 9 
o 2 o4 o8t� ' ,0 0 0 0 

I 

AUX. PT. 

:J 
LJ 

] 
TYPE 

REL 
CVQ 

AY (REA R VIEW) 

TEsT CIRCUIT FoR NEGATIVE SEGUENCE 

SETTING OF' c VQ RELAY 

Fig. 4. Test Diagram for Type CVQ Relay 

I n d i cati ng C ontactor Sw i tch ( I C S) 

The only setting required on the ICS unit is the 
selection of the 0.2 or 2.0 ampere tap setting. This 
selection is m ade by connecting the lead located in 
the front of the tap block to the desired setting by 
means of the connectin g screw. The 0.2 ampere set­
tin g  is recommended where an auxiliary relay is  to 
be operated and the 2.0 ampere setting is recommend­
ed where direct tripping of a circuit breaker is to be 
accomplished. 

I N S TAL L ATI ON 

The relays s hould be mounted o n  switchboard 
p anels or their equivalent in a loc ation free from 
dirt, moisture, excessive vibration, and heat. Mount 
the relay vertically by means of t he four mounting 
holes on the flange for semi-flus h mounting or by 
means of t he rear mounting stud or studs for proj ec­
tion mounting. Either a mountin g s tud or the mounting 
screws m ay be utilized for groundin g the relay. The 
electric al connections m ay be m ade directly to the 
terminal by means of s crews tor steel p anel mounting 
or to the termin al studs furnished with the relay for 
thick panel mounting. The terminal stud s m ay be 
easily removed or inserted by lockin g two nuts on 
the stud and t hen turning t he proper nut with a 
wrench. 

For detailed FT Case information refer to I.L . 
4 1-076. 
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TYP ECVQ R E LAY __________________________________ ______________________ �J�. L�·�4�1 -�22�3 

A D J UST M EN T S  & M A I N T EN AN C E  

The proper adj ustments to insure correct opera­

tion of this relay have been made at the factory. 

Upon receipt of the relay , no adj ustments, other 

than those covered under ' ' Settings ' ' ,  should be 

required. 

Accep1an ce Tests 

The following tests are recommended w hen the 

relay is received from the factory. If the relay does 

not perform as specified belo w ,  the relay either i s  

n o t  properly calibrated or  it  contains a defect. 

Connect relay per test circuit Fig. 4. 

N egati ve S equen c e  F i l ter 

The filter i s  adj usted for balance in the factory 

and no further adj ustm ents or maint enances should 

be required. The nominal voltage outp ut of the filters 

on po sitive sequence i s  approximately zero . This 

s erves as a convenient check on the balance of the 

filter. If any two inp ut l eads to the p otential filter 

should be interchanged , a high voltage o ccurs 

across the output terminals o f  the filter. 

Pola r  U n i t  

Adj ust variac so that a n  in creasing voltage can 

be seen on the voltmeter. Note at what voltage the 

po lar unit operates .  This voltage should be 1 0 . 4  

volts ± 0 . 3  volts. This corresponds t o  the 5 %  s ensi­

tivity adj ustment. For other sensitivities see Table 

A under calibration. 

A. CV U n i t  

1 .  Contact 

a) By turning the time dial ,  move the moving con­

tacts until they deflect the stationary contact to 

a position where the stationary contact is resting 

against its backstop . The index mark lo cated on 

the movem ent frame should coincide with the 

"0" mark on the time dial.  For double trip 

relays,  the follow on the stationary contacts 

should be approximately 1/64 " .  

b )  For relays id entified with a " T " ,  located at 

lower left of stationary contact blo ck ,  the i ndex 

on the movement frame w ill coincide with the 

"0" mark on the time dial when the stationary 

contact has moved through approximately one 

half o f  its normal deflection. Therefore , with 

the stationary contact resting against the back-

stop , the index mark is offset to the right of the 

"0" mark by approximately . 0 2 0 " .  For the CV-7 

element,  the back contact has no follow when 

the front contact is through one- half of its follow). 

The placement of the various time dial positions 

in line with the index mark will give op erating 

times as shown on the time current curves of 

fi gure 2 .  For  double trip relays , the follow on 

the stationary contacts should be app ro ximately 

1/ 3 2 "  

2.  Minimum Trip Voltage - Set the time dial to 

position 6.  Alternately apply tap value voltage 

plus 3% and tap value voltage minus 3%. 

3. Und ervoltage Relays - The moving contact 

should leav e the backstop at tap value voltage 

plus 3% and sho uld return to the backstop at tap 

value voltage minus 3%. 

4. Time Curve - Set time dial at #6 dial posi­

tion. Energize terminals 7 and 8 of relay with 

1 40% of tap value voltage. The operating time of 

relay should be 5 .  9 seconds. The reset time of 

relay should be 5 .  7 s econds. 

B .  I n d i cat ing  C ontactor Sw i tch ( ICS ) - Close the 

main relay contacts and p ass sufficient d- e cur­

rent through the trip circuit to clo s e  the con­

tacts of the ICS. This value of c urrent should 

not be greater than the particular ICS setting 

being used.  The indicator target should drop 

freely. 

The contact gap should be approximately 

. 0 4 7 "  betw een the bridging moving contact and 

the adjustable stationary contacts.  The bridging 

moving contact should touch both stationary 

contacts simultaneously. 

R out ine Maintenance 

All relays should be insp ected periodically and 

the time of operation should be checked at least 

once ev ery year or at such other tim e intervals as 

may be dictated by exp erience to be suitabl e to the 

p articular appli cation.  

All contacts should be p eriodically cleaned. A 

contact burnisher S# l 8 2A836H 0 1  is recommended for 

this purpose.  The use of abrasive material for clean­

ing contacts is not recommended , because of the 

danger of embedding s m all particles in the face of 

the soft silver contact and thus imparing the con­

tact.  
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TYPECVQRELAY __________________________________________________________ _ 

C al i brati on 

Use the followin g  procedure for calibrating the 
relay if  the relay has been tak en apart for repairs, or 
the adju stments have been disturb ed.  Thi s procedure 
should not be used until i t  is apparent that the relay 
is not in proper working order ( Se e  " A cceptance 
Check " ) .  

Negati ve S eq uen ce V o l tage F i l ter 

A .  Apply 120 volts b alanc ed 3 p hase voltage 60 
cycles to terminals 7, 8, and 9 of the r elay , mak­
ing sure that p hase 1 ,  2 ,  and 3 of the appli ed 
voltage is connected to terminals 7, 8 ,  and 9 
respectively . 

B. Usin g  a c alibrated high resistance rectox volt­
meter, m easure the voltage between the t ap on 
autotran sformer (middle t ermin al ,  upper right hand 
reactor, front view) and the tap on the adj ustable 
2 "  resistor. If  the voltage is high ( 40 to 50 volts ) 
the filt er i s  pro bably improp erly connected. If 
properly connected,  the voltage will be low. 
Usin g  a low range ( approximately 5 volt s )  move 
the adj ustable tap until the v oltage reads a min­
imum. Thi s  v alue should be less than 1 . 5  volts .  

P o l a r  U n i ts 

6 

Contacts - Plac e a . 060 to . 070 inch feeler 
gage between the ri ght hand pole fac e and 
th e armature.  This gap should be measured 
n ear the front of  the right hand pole face .  
Bring u p  the back stop screw until i t  j u st 
makes wi th the moving contact. Place gage 
betwe en moving contact and the stationary 
contact o n  the left hand side of  the polar 
unit On the upp er unit ,  the gap should . 046 
inch and on the lower unit the gap should be 
. 065 to . 070 inch.  Bring up the stationary 
contact until it  just mak es with the gage and 
lock in place .  

2 .  Minimum Trip Current - Using the test cir­
cuit of fi gure 4 ,  short out the adjustable 
resistor in seri e s  with the polar element. 
Adj ust the ri ght hand shunt of the polar unit 
so that it  toggles over with 3.3 volts on the 

voltmeter. R emove short circuit from the 
resistor and adj ust this resistor so that the 
polar unit will close  its contacts to the left 
with 1 0 . 4  volts on the voltmeter.  For other 
sens itivities as indicated in Table A, adj ust 
for the voltage shown. Block polar unit con­
tacts closed to the ri ght before proceeding 
with CV calibration.  

T A B L E  A 

Volt s on Voltmeter Per Cent o f  Line to N eutral 

10. 4 5 

1 2 . 4  6 

1 4 . 5  7 

16.6 8 

1 8 . 7  9 

20. 7  1 0  

A .  C V  U n i t  

1 .  Contact 

a) By turning the time dial ,  move the moving con­
tacts unti l they deflect the stationary c on tact to 
a po sition where the stationary contact is resting 
against its backstop . The index mark l o cated on 
the movement frame should coincide with the 
"0" mark on the time di al .  For double trip r e­
lays, the follow on the stationary contacts should 
be approximately 1/64 " .  

b)  For r elays identified with a "T " ,  locat ed at 
lower left of s tatio nary contact blo ck, the index 
mark on the movement frame will coincide with 
the "0" mark on the t ime di al when the station­
ary contact has moved thro ugh approximately o n e  
half of i t s  normal deflection .  Th erefore, with t h e  
stationary contact r esting against the backstop, 
the index mark is offs et to the right of the "0" 

mark by appro ximately . 020".  ( For the type CV-7 

relays the back contact has no follow when the 
fro nt contact i s  through one-half o f  its follow) . 
The p l a c e m e n t  o f  the various time dial p o s i t i o n s  

i n  li n e  with the index mark will gi v e  op e r ati n g  

times a s  shown o n  the respective time current 
curv e s .  For double trip rel ay s, the follow on 
the stationary co ntacts should be approximately 
1/32". 

2 .  Minimum Trip-Voltage - The adjustment of  
the spring tension i n  setti n g  the minimum trip 
voltage v alue of  the relay is most conveni ently 
made with the damping magnet remo ved. 

With the time dial set  on "0" wind up the spi ral 
sprin g by means of the spring adj u ster until 
approximately 6-% convolutions show. Set the 
relay on the minimum tap setting and the tim e  
dial t o  position 6. 

CV Undervoltage - Adjust the control sprin g 
tension so that the moving contact will leave the 
backstop of  the time dial at tap value voltage 
+ 1 .  0% and will return to the backstop at tap 
value voltage - 1 .  0%.  
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TYPE CVQ RELAY ____ _ 

Set time dial at 1t6 tim e  dial  position .  Ener­
gize terminal 7 and 8 of relay w ith 1 4 0  per cent 
of  tap value  voltage. Adj u s t ,  the permanent 
magnet keeper until the op erati ng time i s  5 . 9  
seconds.  Me asure the reset t ime o f  the disc from 
the stationary front contact to the stationary 
back contact. Thi s  time should be 5. 7 second.  

B .  Ind i catin g  C on tacto r Sw i tch - Un it  (IC S) - Close 
the m ain relay contacts and pas� suffi cient d- e 
current through the trip circuit to close the con-

I .  L. 4 I -223 

tacts of the ICS. Thi s value of  current should not 
be greater than the particular ICS s etting being 
used.  The i ndicator target s hould drop fre ely .  

RENEWAL PARTS 

Rep air work can be done most s atisfactorily at 
the factory. However ,  interchangeable p arts can be 
furnis hed to those equipped for doing repair work . 
When ord ering parts ,  alw ays give the complete name­
p l ate d ata. 
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TYP ECVQ R ELAY ________________________________________________________ __ 
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Fig. 5. Outline & Drilling Plan for the Type CVQ Relay in Type FT-31 Case. 
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Westinghouse I .L. 41 -223-H 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTI O N S 

TY P E  CVQ R ELAY 

C AUTION: Before putting protective relays into 
service make sure that all ·moving parts operate 
freely, inspect the contacts to see that they are 
clean and operate the relay to check the settings 
and electrical connections. 

APPLICATION 

The type CVQ relay provides instantaneous 
and time delay detection of negative sequence over­
voltage as well as responding with time delay to 
phase-to-phase undervoltage. 

Used in motor protection, the relay protects 
against system undervoltage, single phasing of the 
supply and reversal of phase rotation of the supply. 

The volt-time characteristic of the relay is that 
of the CV -7 relay, and the negative sequence over­
voltage pickup is adjustable from 5 to 10 per cent 
of rated line to neutral voltage. 

When one of the three supply circuits to a 
motor is opened, a negative sequence voltage will 
appear on the motor side of the open which is ap­
proximately equal to IL/Is in per unit where IL 
is positive sequence current flowing prior to open­
ing the phase and Is is the motor starting current. 
For most induction motors this will produce ap­
proximately 6% negative sequence voltage even if 
single phasing occurs at no load because of the ef­
fect of the magnetizing requirement of the motor. 

If static (i.e. non motor) load is single phased 
with a motor or group of motors, the negative se­
quence voltage will be greater than the value 
calculated above. Single phasing of a predominate­
ly static load produces 50% negative sequence 
voltage on the load side of the open circuit . 

When the relay is used for overvoltage protec­
tion the back contacts are made at normal voltage 
and the negative sequence element is committed to 
an instantaneous function. The normally open E2 
contact may be used for alarm purposes. 

CONST R U CTI ON & OPERATI O N  

The type CVQ relay consists of a polar Unit 
(E) operating on negative sequence quantities, a 
negative sequence voltage filter, full wave bridge, a 
time undervoltage relay (CV), an indicating con­
tactor switch (ICS) and a telephone relay when us­
ed. The principal component parts of the relay and 
their location are shown in Figure 1 .  

A .  Polar Unit 

The polar unit consists of a rectangular shaped 
magnetic frame, an electromagnet, a permanent 
magnet, and an armature. The poles of the crescent 
shaped permanent magnet bridge the magnet 
frame. The magnetic frame consists of three pieces 
joined in the rear with two brass rods and silver 
solder. These non-magnetic joints represent air 
gaps, which are bridged by two adjustable 
magnetic shunts. The winding or windings are 
wound around a magnetic core. The armature is 
fastened to this core and is free to move in the front 
air gap. The moving contact is connected to the 
free end of a leaf spring, which in turn, is fastened 
to the armature. 

B. Negative Sequence Filter 

The vo ltage filter consists of an auto­
transformer, reactor, and resistors connected as 
shown in the internal schematic Fig. 1 .  

A l/ fW.Isihle contingencies which may arL�e during 
installat io n .  operation .  or main tenance, and all 
details and mriations of this eq uipment do not 
purport to he co vered by these instructions. If 
further infrmnation is desired by purchaser re­
garding his particular imtallation,  operation or 
nwintenance of his equipmen t,  the local West­
inghouse Electric Corporation representative 
s hould he contacted. 

SUPERSEDES I .L. 41 -223G dated January 1 977 
And Addendum dated Sept. 1 977 EFFECTIVE APRIL 1 978 

0 Denotes changes from superseded Issue. www . 
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TYPE CVQ RELAY ----------------------------------------------------------

IIIDICATIIIG 

COUACTOR 
SWITCH 

l iiiiT KAMD COIIUCT 
(FOOIT VIEI) 

LEFT KAMO CONTACT 
( FROll V I EW) 

TYPE C¥9-IIEGUI VE SEQUUCE AND 
UIIDERYOLUGE IEllf- 111  TYPE FT-31 CASE 

INTERNAl SCHEMATIC 

fRONT VI[W I 
I 

""' l'tt2 'Ml 

RU.CTOR 

IIIOUCTIOII' UN I T  

AUTO-TIIAICSFORJoiEII 

RED HANDLE 

TEST SWITCH 

TER1!4 1 U l  

1 8 8A 6 4 4  
Fig. 1 .  Internal Schematic of the Type C VQ Relay. 

C. Voltage Unit ( CV )  

The voltage unit operates on the induction-disc 
principal. A main tapped coil located on the center 
leg of an "E" type laminated structure produces a 
flux which divides and returns through the outer 
legs. A standing coil causes the flux through the 
right leg (front view) to lag the main pole flux. The 
out-of-phase fluxes thus produced in the air gap 
causes a contact closing torque. 

D. Inidicating Contactor Switch ( ICS) 

The indicating contactor switch is a small de 
operated clapper type device. A magnetic armature 
to which leaf-spring mounted contacts are at­
tached, is attracted to the magnetic core upon 
energization of the switch. When the switch closes, 
the moving contacts bridge two stationary con­
tacts, completing the trip circuit. Also, during this 
operation two fingers on the armature deflect a 
spring located on the front of the switch, which 
allows the operation indicator target to. drop. The 
target is reset from the ouside of the case by a push 
rod located at the bottom of the case. 

The front spring, in addition to holding the 
target, provides restraint for the armature and thus 
controls the pickup value of the switch. 

2 

IIIUI\,11 1 1111¥ 
COMTACTDR 
SWITCH 

liGHT KlltD ,(QIITACT 
(FIOIIT VIEW) 

5000 rl-125 VDC 
( L.H. LOWE R )  

f:l. =  CONNECT TH I S  LEAD AS 
SHOWN DOTTED FOR 148 VDC 
Of'ERATIOII 

RUCTOR 

I'NDUCTIOII UIIIT 

AUTO·TIIAIISFDlMEI 

REO MAIIDLE 

TEST SWITCH 

TEIN IUL 

8 8 0 A 3 4 3  
Fig. 2. Internal Schematic of Type C VQ Relay with Telephone 

Relay. 

E. Full Wave Bridge 

The full wave bridge consists of four diodes 
connected to the output of the negative sequence 
filter. The output is rectified, filtered and fed to the 
polar unit through an adjustable resistor, which is 
used to set the sensitivity of the relay. 

F. Auxiliary Time Delay Unit (T) - When Used 

This slugged telephone type unit in series with a 
resistor, provides a 6 to 7 cycle delay on pick-up. 
The resistor is to be shorted for 48 VDC operation 
as shown in the Internal Schematic of Fig. 2 .  

C H ARACTERI STIC S  

Polar Unit - The sensitivity o f  the negative 
sequence portion of the relay is adjustable between 
5 and 10 per cent of the rated line to neutral 
voltage. 

Undervoltage Relay - Tap value voltage is the 
value of voltage at which the front contact (left 
hand, front view) closes. The back contact (right 
hand, front view) will close within 5% of this value. 

When the relay is used as an overvoltage relay, 
the moving contact is made with the back contact 
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TYPE CVQ RELAY I.L. 41 -223H 

0 
0 .., 
0 "' .. 

0 Ill 
0 ... "' 

miJ 
0 � 

� 
� 
� 
� 
0 
"' 

0 
0 "' 

� 
0 "' 

0 
... � - "  

c 
� 

§ �  
� 

0 c oO >  
� 
c 
� 

0 
" �  
- o  

� 
z 

0 �  
"' � .... 

� 
� 

0 "' 

0 

0 2 
SONOJ3S 

0 "' 

s 0 
<D 

0 ... 

g 

� 
0 " 

0 .., 

::: � 

2 

Fig. 3. Typical 60 hertz Time Curves of the CV-7 Unit of the Type C VQ Relay. 
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TYPE CVQ RELAY
--
-----------------------------------------------------------

7 6 2 A 8 6 8  
Fig. 4. External Schematic of the Type C VQ Relay used in 

Motor Protection. (For Fig. 1 . )  

for values of applied voltage less than tap value 
voltage. With application of voltages greater than 
tap value voltage, the moving contact moves to 
close the front contact in a time as shown by the 
right-hand curves of Figure 3 .  

When the relay i s  used as a n  undervoltage 
relay, the moving contact is made with the front 
contact for values of applied voltage greater than 
tap value voltage. With the application of voltages 
less than tap value voltage, the moving contact 
moves to close the back contact in a time as shown 
by the left-hand curves of Figure 3 .  

R E D U C E D  FREQ UENCY OPERATIO N  

Operation o f  the E2 unit will occur at 54 Hz 
with rated positive sequence voltage applied when 
set for 5% negative-sequence pickup at 60 Hz. 
With a 10% setting, operation occurs at 48 Hz. 

TRIP C I RC U I T  

The main contacts will safely close 30 amperes 
at 250 volts de and the seal-in contacts of the in­
dicating contactor switch will safely carry this 
current long enough to trip a circuit breaker. 

4 

SUPPLY 

MOTOR 

PHASE ROTAT ION A,B,C 

l...�-F 1;:;_;:;:.::;1 �.:::;-r- -""'' 
�L -r-m�- r:-·:::-'4. --II• 

101 
c 

27 3 

52b 

S ub 4 
8 8 0 A 3 8 0 

O Fig. 5. External Schematic of the CVQ Relay used for Tripping 
on Negative Sequence Voltage only. (For Fig. 2.) 

T Y P E  C V Q RELAY 

I REAR V I E W) 

A 4 W I R E  S U P PLY - - h �--·�1-

120V 3 iil 
A - B- C 

OTA T I O N  

VARIAC 

:6.;�;8hr� 
� I  

T Y  PE C V Q  RELAY 

(REAR V I E W )  

T E S T  CIRCUIT F O R 4 WIRE SUPPLY 

7 6 2 A 8 6 7 
Fig. 6. Test Diagram for Type C VQ Relay. 
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TYPE CVQ RELAY--------------------------------------------------------�I.L�-�41�-�22�3�H 

The indicating contactor switch has two taps 
that provide a pickup setting of 0.2 or 2 amperes. 
To change taps requires connecting the lead 
located in front of the tap block to the desired set­
ting by means of a screw connection. 

TRIP C IR C U I T  C O N STANTS 

Indicating contactor switch - 0.2 amp tap 6.5 
ohms de resis­
tance. 

2.0 amp tap 
0. 1 5  ohms de 
resistance. 

E N ERGY R EQ U I REM ENTS 

The burden of the undervoltage relay at rated 
voltage are as follows: 

Taps 
Rated d 1 20 Volt Volt Power 
Voltage Relay Amps Factor Watts 

55 10.0 .38 3 .8  
64 7.0 .35 2 . 5  
70 5 .8  .34 2.0 

120 Volts 
82 4.0 .33 1 .3 
93 3 . 1 . 3 1  1 .0 

105 2.4 .29 .7 
120 1 .8 .28 .5 
140 1 .3 .26 . 3  

d These relays will continuously stand either 
1 10% of rated voltage or tap value voltage, which­
ever is higher. 

The burden of the negative sequence filter 
is as follows: 

POLAR U N IT 

Volt Amperes 

Phase 1 - 58 .4 

Phase 2 - 10.5 

Phase 3 - 52.2 

S ETTI NGS 

The relay will b e  shipped adjusted for 5% 
negative sequence sensitivity. Other settings may 
be made as indicated under Calibration. 

C V  U N IT 

The setting of the CV unit can be defined either 
by tap setting and time dial position or by tap set­
ting and a specific time of operation at some 
percentage of tap value voltage (e.g. on CV-7 1 20 
tap setting. 2 time dial position or 1 20 tap setting, 
1 .8 seconds at 140 per cent of tap value voltage) . 

To provide selective circuit breaker operation, 
a minimum coordinating time of 0.3 seconds plus 
circuit breaker time is recommended between the 
relay being set and the relays with which coordina­
tion is to be effected. 

The connector screw on the terminal plate 
above the time dial connects various turns of the 
operating coil. By placing this screw in the various 
terminal plate holes, the relay will just close its 
front contacts at the corresponding voltage of 55-
64-70-82-93- 105- 1 20- 140 volts or as marked on the 
terminal plate. 

The nylon screw on the terminal plate holds the 
tap plate in position when taps are being changed. 
To use the position on the terminal plate in which 
the nylon screw is used, remove the nylon screw 
and place it in one of the unused holes. Then 
remove the tap screw and insert it in the terminal 
plate hole. 

120 
VOLTS 

INPUT 

VARIAC 

NEGATIVE SEQUENCE VOLTAGE v7_8 
-3-

ADJUST THE VARIAC TO THE VALUE SHOWN I N  TABLE 'A" 
OF THE I.L.  IN THE LEFT HAND COLUMN TO OBTAIN 
THE EQUIVALENT "PERCENT OF LINE TO NEUT RAL'' 

3 5 1 6 A 4 9  
Fig. 7. Single Phase Test Diagram for Type CVQ Relay. 
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TYPE CVQ RELAY--------------------------------------------------------------

MOTOR P ROTECTION S ETTI NGS 

For motor protection a tap setting of 75 to 85% 
of normal line to line voltages and a time dial set­
ting of 6 or more should be satisfactory for pro­
tecting the motor and overriding voltage variations 
for which tripping is not desired. 

N EGATIVE SEQU ENCE FILTER 

No setting required. 

I N DI CATI NG CONTACTOR SWITCH ( I C S )  

The only setting required on  the ICS unit i s  the 
selection of the 0.2 or 2.0 ampere tap setting. This 
selection is made by connecting the lead located in 
the front of the tap block to the desired setting by 
means of the connecting screw. The 0.2 ampere set­
ting is recommended where an auxiliary relay is to 
be operated and the 2 .0 ampere setting i s  
rcommended where direct tripping of  a circuit 
breaker is to be accomplished. 

R E SI STOR (FOR TELEPHONE RELAY) 

The relay is shipped with resistor in series with 
telephone relay for 1 25 VDC operation. For 48 
VDC operation this resistor is to be shorted . 

o I N STALLAT I O N  
The relays should be mounted o n  switchboard 

panels or their equivalent in a location free from 
dirt, moistu re, excessive vibration and heat. 
M ount the relay vertically by means of the rear 
mounting stud or studs for the type FT projection 
case or by means of the four mounting holes on 
the flange for the semi-flush type FT case. Either 
the stud or the mounting screws may be utilized 
for grounding the relay. External toothed washers 
are provided for use in the locations shown on the 
outline and drilling plan to facilitiate making a 
good electrical connection between the relay case, 
its mounting screws or studs, and the relay panel . 
Ground Wires are affixed to the mounting screws 
or studs as required for poorly grounded or in­
sulating panels. Other electrical connections may 
be made. directly to the terminals by means of 
screws for steel panel mounting or to the terminal 
stud furnished with the relay for thick panel 
mounting. The terminal stud may be easily re­
moved or inserted by locking two nuts on the stud 
and then turning the proper nut with a wrench. 

6 

For detail information on the FT case refer 
to I . L .  4 1 -076. 

ADJ U STM E NTS & MAINTENAN C E  

The proper adjustments t o  insure correct 
operation of this relay have been made at the fac­
tory. Upon receipt of the relay, no adjustments, 
other than those covered under "Settings", should 
be required. 

ACCEPTANCE TESTS 

The following tests are recommended when the 
relay is received from the factory. If the relay does 
not perform as specified below, the relay either is 
not properly calibrated or it contains a defect . 

Connect relay per test circuit Fig. 6 or 7 .  

N E GATIVE S E Q U E N C E  FILTER 

The filter is  adjusted for balance in the factory 
and no further adjustments or maintenances should 
be required. The nominal voltage output of the 
filters on positive sequence is approximately zero. 
This serves as a convenient check on the balance of 
the filter. If any two input leads to the potential 
filter should be interchanged, a high voltage occurs 
across the output terminals of the filter. 

POLAR U NIT 

Adjust variac so that an increasing voltage can 
be seen on the voltmeter. Note at what voltage the 
polar unit operates. This voltage should be 1 0.4 
volts ± 0.3 volts. This corresponds to the 5% sensi­
tivity adjustment. For other sensitivities see Table 
A under calibration .  

A .  C V  UNIT 

1 .  Contact 

a) By turning the time dial, move the moving con­
tacts until they deflect the stationary contact to 
a position where the stationary contact is resting 
against its backstop. The index mark located on 
the movement frame should conicide with the 
"0" mark on the time dial. For double trip 
relays, the follow on the stationary contacts 
should be approximately 1 /64" .  
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b) For relays identified with a "T", located at 
lower left of stationary contact block, the in­
dex on the movement frame will coincide with 
the "0" mark on the time dial when the 
stationary contact has moved through ap­
proximately one half of its normal deflection. 
Therefore, with the stationary contact resting 
against the backstop., the index mark is offset to 
the right of the "0" mark by approximately 
.020" . For the CV-7 element, the back contact 
has no follow when the front contact is through 
one-half of its follow) . The placement of the 
various time dial positions in line with the index 
mark will give operating times as shown on the 
time current curves of Figure 3 .  For double trip 
relays, the follow on the stationary contacts 
should be approximately 1 /32". 

2. Minimum Trip Voltage - Set the time dial to 
position #6. Alternately apply tap value voltage 
plus 3% and tap value voltage minus 3%. The 
moving contact should leave the backstop at tap 
value voltage plus 3% and should return to the 
backstop at tap value voltage minus 3%. 

3 .  Time Curve - Set time dial at #6 dial posi­
tion. Energize terminals 7 and 8 of relay with 
140% of tap value voltage. The operating time 
of relay should be 5.9 seconds. The reset time of 
relay should be 5 .7  seconds. 

B. Indicating Contactor Switch ( ICS) - Close the 
main relay contacts and pass sufficient de cur­
rent through the trip circuit to close the contacts 
of the ICS. This value of current should not be 
greater than the particular ICS setting being 
used. The indicator target should drop freely. 

The contact gap should be approximately .047" 
between the bridging moving contact and the 
adjustable stationary contacts. The bridging 
moving contact should touch both stationary 
contacts simultaneously. 

R OUTI NE MAINTENANCE 

All relays should be inspected periodically and 
the time of operation should be checked at least 
once every year or at such other time intervals as 
may be dictated by experience to be suitable to the 
particular application. 

All contacts should be periodically cleaned. A 
contact burnisher S#l 82A836H0 1 is recommended 
for this purpose. The use of abrasive material for 
cleaning contacts is not rcommended, because of 
the danger of embedding small particles in the face 
of the soft silver contact and thus imparing the con­
tact. 

CALI BRATION 

Use the following procedure for calibrating the 
relay if the relay has been taken apart for repairs, 
or the adjustments have been dsturbed. This 
procedure should not be used until it is apparent 
that the relay is not in proper working order (See 
"Acceptance Check"). 

N E GATIVE S E Q U E N C E  VOLTAGE F I LTER 

A. Apply 1 20 volts balanced 3 phase voltage 60 
hertz to terminals 7, 8 ,  and 9 of the relay, 
making sure that phase 1 ,  2, and 3 of the ap­
plied voltage is connected to terminals 7, 8, 
and 9 respectively . 

B .  Using a calibrated high resistance rectox volt­
meter, measure the voltage between the tap on 
autotransformer (middle terminal, upper right 
hand reactor, front view) and the tap on the ad­
justable 2" resistor. If the voltage is high (40 to 
50 volts) the filter is probably improperly con­
nected. If properly connected, the voltage will 
be low. Using a low range (approximately 5 
volts) move the adjustable tap until the voltage 
reads a minimum. This value should be less 
than 1 . 5 volts. 

POLAR U N ITS 

1 .  Contacts - Place a .060 to .070 inch feeler 
gage between the right hand pole face and 
the armature. This gap should be measured 
near the front of the right hand pole face. 
Bring up the backstop screw until it just 
makes with the moving contact. Place gage 
between contact and the stationary contact 
on the left hand side of the polar unit, and 
adjust stationary contacts for 0.046 inches. 
Bring up the stationary contact until it 
just makes with the gage and lock in place. 
On double trip relays, adjust the other set 
of contact gaps to close simultaneously. 
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_ PERMAN EIH 
MAI.i1'4ET 

-------- NO 'I' 1 11 -i CONTACT 

BALANCED AIR GAPS UNdALAriCED A I R  �APS 

1 8 3 A 0 6 2  
Fig. 8. Polar Unit Permanent Magnet Flux Paths. 

2. Minimum Trip Current - Short out the ad­
justable resistor in series with the polar 
element. Using the test circuit of Figure 6 or 
7, adjust the right hand shunt of the polar 
unit so that it toggles over with 3 . 3  volts on 
the voltmeter. Remove short circuit from 
the resistor and adjust this resistor so that 
the polar unit will close its contacts to the 
left with 10.4 volts on the voltmeter. For 
other sensitivities as indicated in Table A, 
adjust for the voltage shown. Block polar 
unit contacts closed to the right before 
proceeding with CV calibration. 

TABLE A 

Volts on Voltmeter Per Cent of Line to Neutral 

10 .4 5 
1 2.4 6 
14 .5  7 
16 .6  8 
18 . 7  9 
20.7 10 

Polar unit flux paths are shown in Figure 8 
with balanced air gaps, permanent magnet flux 

8 

flows in two paths, one through the front, and one 
through the rear gaps. This flux produce<; north 
and south poles, as shown. By turning the left shunt 
in, some of the flux is forced through the armature, 
making it a north pole. Thus, reducing the left 
hand rear gap will produce a force tending to pull 
the armature to the right. Similarly, reducing the 
right hand gap will make the armature a south pole 
and produce a force tending to pull the armature to 
the left. 

CALIBRATI O N  O F  POLAR U N I T  

If the relay has been dismantled or  the calibra­
tion has been disturbed, use the following 
procedure for calibration. 

With the permanent magnet removed, see that 
the moving armature floats in the central area of 
the air-gap between the poles of the polar unit 
frame. If necessary, loosen the core screw in the 
center rear of the unit and shift the core and con­
tact assembly until the armature floats. (This can 
best be done with the polar unit removed from the 
relay.) Then retighten the core screw and replace 
the permanent magnet with the dimple (north pole) 

0 on the magnet to the right when viewed from the 
front . 
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POLAR U N ITS - GENERAL 

The following mechanical adjustments are 
given as a guide, and some deviation from them 
may be necessary to obtain proper electrical 
calibration. 

MAGNETIC S H U N T  ADJ U STMENT 

The sensitivity of the polar unit is adjusted by 
means of two magnetic, screw-type shunts at the 
rear of the unit, as shown in Fig. 8. These shunt 
screws are held in proper adjustment by a flat strip 
spring across the back of the polar unit frame, so 
no locking screws are required. Looking at the 
relay, front view turning out the right-hand shunt 
to open the right-hand air gap decreases the 
amount of current required to close the right-hand 
contact. Conversely, drawing out the left-hand 
shunt increases the amount of current required to 
close the right-hand contact, or decreases the 
amount of current required to close the left-hand 
contact (with the proper direction of current flow). 
Also, if a relay trips to the right at the proper 
current, the dropout current can be raised by turn­
ing in the right-hand shunt. The two shunt-screw 
adjustments are not independent, however, and a 
certain amount of trimming adjustment of both 
shunt screws is generally necessary to obtain the 
desired pickup and dropout calibration . 

In general, the farther out the two shunt screws 
are turned, the greater the toggle action will be, 
and as a result, the lower the dropout current. For 
the tripping units, toggle action is desirable, with a 
dropout current around 75 per cent of the pickup 
current. 

The electrical calibration of the polar unit is 
also affected by the contact adjustment as this 
changes the position of the polar unit armature. Do 
not change the contact adjustment without 
rechecking the electrical calibration. 

A. CV Unit 

1 .  Contact 

a) By turning the time dial, move the moving con­
tacts until they deflect the stationary contact to 
a position where the stationary contact is 
resting against its backstop. The index mark 

located on the movement frame should coincide 
with the "0" mark on the time dial. For double 
trip relays, the follow on the stationary contacts 
should be approximately 1 f 64" . 

b) For relays identified with a "T", located at low­
er left of stationary contact block, the index 
mark on the movement frame will coincide with 
the "0" mark on the time dial when the 
stationary contact has moved through ap­
proximately one half of its normal deflection. 
Therefore, with the stationary contact resting 
against the backstop, the index mark is offset to 
the right of the "0" mark by approximately 
.020" . (For the type CV-7 relays the back con­
tact has no follow when the front contact is 
through one-half of its follow). The placement 
of the various time dial positions in line with the 
index mark will give operating times as shown 
on the respective time current curves. For dou­
ble trip relays, the follow on the stationary con­
tacts should be approximately 1 /32" . 

2. Minimum Trip-Voltage - The adjustment of 
the spring tension in setting the minimum trip 
voltage value of the relay is most conveniently 
made with the damping magnet removed. 

With the time dial set on "0" wind up the spiral 
spring by means of the spring adjuster until ap­
proximately 6-3/4 convolutions show. Set the 
relay on the minimum tap setting and the time 
dial to position 6 .  

Adjust the control spring tension so that the 
moving contact will leave the backstop of the 
time dial at tap value voltage + 1 .0% and will 
return to the backstop at tap value voltage 
- 1 .0%. 

Energize terminal 7 and 8 of relay with 140 per 
cent of tap value voltage. Adjust the permanent 
magnet keeper until the operating time is 5 .9 
seconds. Measure the reset time of the disc 
from the stationary front contact to the 
stationary back contact. This time should be 5 .7 
second. 

B. Indicating Contactor Switch - Unit ( I CS) -

Close the main relay contacts and pass suf-
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ficient de current through the trip circuit to 
close the contacts of the ICS. This value of 
current should not be greater than the par­
ticular ICS setting being used. The indicator 
target should drop freely . 

R EN EWAL PARTS 

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to those equipped for doing repair work . 
When ordering parts, always give the complete 
nameplate data . 
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r--+---... ---- ----

8. 250 ( 209. 55) 

-1- � --t---+--+!A �'--

� 1 6 . 5 00 
( 4 1 9 . 1 )  

.563 
(14.30) 

:'-----+---"_1_ t 3 . 1 88  1 :  
(80. 98 ) 

~ 6•375 --.. PA N E L  LOCATION � ( 16 1 . 93 )  
S EM I - FL USH M TG ,  
PROJ E C T I O N  MTG , ----------" 

• 250 DIA. 4 HOLES FOR 
(6. 35) . 190-32 MTG. SCREWS 

PAN E L  C U TO U T  8 DR I LL I N G  
F O R  S E M I - F L U S H  M T G .  

5 7 0 7 9 0 2  
0 Fig. 9. Outline & Drilling Plan for the Type C VQ Relay in Type FT-31 Case. 
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