INSTALLATION

Westinghouse
OPERATION o

I.L. 41-242 5K
MAINTENANCE

INSTRUCTIOND

TYPE CWP-1
SENSITIVE DIRECTIONAL GROUND RELAY

CAUTION: Before putting relays into service, re-
move all blocking which may have been inserted far
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The type CWP-1 relay is an induction disc
type relay used for directional ground fault protec-
tion on high-resistance grounded power systems.
It is similar to the type CWP relay except thatgthe
relay has a higher sensitivity.

The CWP - relay is applied for selective,a-
larm or tripping for systems where the groundifault
current is limited to a range of about 0/2% /ton8% of
rated full load current. The system may(be/resis-
tance-grounded with conventional zig-zagggrounding
transformers or with a neutral Tegister, i conjunc -
tion with a distribution transfofmery, An alternative
arrangement is shown in Fig. 6 “where the grounding
resistor is connected across'the broaken delta of the
distribution transformers gor potential transformers.
which are used to provide potential for the CWP-1
relay.

A window 1ype CTwis used in Fig. 7 to ener-
gize the CWP-1 eurrent coil. With this arrangement
all three éonduCtorsg@are passed through the open-
ing, thus avoldingghe problem of false residual cur-
rents that is encountered when three current trans-
formers are used. The window-type CT is necessary
where a relay’sensitivity of about 1% or less of rat-
ed load current is required. Where fault currents val-
ues ‘permit a higher current pickup, three residually
¢onnected CT's may be used.

SUPERSEDES I.L. 41-242.5

*Denotes change from superseded issue.

CONSTRUCTIONAND OPERATION

The type CWR:1 relay consists of an operating
unit, current tragnsfermer, phase shifting network, and
an indicating“eontactor switch.

Operating Unit

This “unit is an induction disc unit with an
electromagnet that has poles above and below the
disc“asyshown in Fig. 2. The electromagnet is con-
fiected, to the protected apparatus in a manner so
that, eut-of-phase fluxes are produced by the flow of
currents in both the upper and lower pole circuits.
The out-of-phase fluxes cause either a contact open-
ing or a contact closing torque depending upon the
relative direction of current flow in the upper and
lower pole circuits.

Phase Shifter Network

The phase shifter network of the type CWP-1
relay consists of a capacitor and resistor connected
in series with the lower pole circuit.

Indicating Contactor Switch Unit (ICS)

The d < indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving con-
tacts 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
drop.

The front spring, in addition to holding the tar-

get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

EFFECTIVE NOVEMBER 1967
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l.L. 414242,.5A

INTERNAL SCHEMATIC
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Fig. 3. Internal Schematic of the Double Trip CWP-1
Relay, FT31 Case. (Single Trip Relays have
terminal 2 and associated circuits omitted).

Current Transformer

This is an auxiliary step up transformer (max'=
imum ratio 20/1) used to supply current togthe up-
per poles of relay. The transformer is tappeditofro-
vide relay settings.

CHARACTERISTICS

The type CWP-1 relay 4aps Vare as follows:
0.5-0.7-1.0-1.4-2.0-278- 4.0

The tap value represents the minimum pick-
up product of residual ciirrent (at an angle of 45°
lead) times the residual Wwoltage.

Typical 60 cyelé time product curves for the
type CWP-1 relay are shown in Fig. 4 with 100 volts
across the potential €ircuit. These curves are taken
at maximumy tofque g#which occurs with the current
leading the voltage by 45°. For currents not leading
by this angle, the“relay tripping time may be obtained
by determining the operating time corresponding to
the product P1 = P Cos (0 - 45), where P is the ac-
tual relay V.A. Product and 0 is the angle the cur-
rent leads the voltage. T he curves are accurate with-
gt 7% if the multiple of tap product does not ex-
ceed the voltage on the relay coil.

Trip Circuit

The main contacts will safely ¢lose 30 am-
peres at 250 volts d-c and the seal-injcontacts of
the indicating contactor switch will safely carry
this current long enough to trip a circuit breaker.

The indicating contactor, switch as two taps
that provide a pickup setting of%0.2 or 2 amperes.
To change taps requires ‘@ennecting the lead located
in front of the tap block toWthe desired setting by
means of a screw connection.

Trip Circuit Constants

Indicating Contacter Switch -

0.2 ampere tapy, 6. 5 ohms -dc resistance
0.2 ampereytap - 0.15 ohms d-c resistance

Burden and Thermal Ratings

Current Circuit Burden

POWER FACTOR ANGLE - LAG

E‘i\_lf 60 Cycles 50 Cycles
.5 23.0° 27.2°
n 23.0 21.8

1.0 21.5 17.1
1.1 17.5 14.6

2.0 15.0 10.0

2.8 12.0 7.0

4.0 9.0 3.8

VOLT-AMPERES AT TAP VALUE CURRENT
(100 Volts Applied to Potential Coil)

¥ Tap 60 Cycles 50 Cycles

.5 0.0028 0.0021

7 0.0030 0.0023
1.0 0.0034 0.0027
1.1 0.0039 0.0032
2.0 0.0048 0.0041
2.8 0.0058 0.0051
4.0 0.0074 0.0067

Voltage Circuit Burden

110 Volts
9.68 va

Power Factor Angle-Lag
60 Cycles 46 °

Volt-Amperes
60 Cycles

Thermal Ratings

60 Cycles 50 Cycles
Continuous Current 0.3 Amp. 0.3 Amp.
Continuous Voltage 250 Volts 175 Volts
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Fig. 6. External Schematic ofythe Type CWP-] Relay in FT3] Case.

SETTING

The relay operates on the product ofyresidual
fault current and voltage. This product! divided by
and proper current and potential tranmsformer ratio
and by one of the transformer tap values is, expressed
as a multiple of the tap. The time curves of Fig. 4
gives the relay operating time for ‘warious time dial
settings as a function of this smultiple. Fig. 5 shows
times for 50, 100 and 200 velts jacross the relay
coils.

Since, the relagp©Operates on very small cur-
rents the main current transformer exciting current
may not be negligible. When determining the main
CT secondary note that the exciting current will be
out-of-phase with the primary current, since the CT
exciting impedance is reactive, while the burden is
predominantly, résistive.

Since this relay is designed for resistance
grounded systems with small fault currents, selec-

tive current settings are usually not possible. This
is because the effective neutral resistance value is
large in comparison with line and transformer impe-
dance values: thus the fault current magnitude is
relatively independent of the point on the system at
which the ground fault occurs, and hence this magni-
tude cannot be used to discriminate between near and
far faults.

If selective settings are possible, each relay
should be set to operate as rapidly as possible for
ground faults on the transmission lines near the
breaker. The product available for the relay in these
cases should be large enough to represent a large
multiple of the tap product value so the operating
times can be in the range of 0.05 to 0.20 second as
seen from the curves of Figs. 3, 4 and 5.

However, the relay cannot distinguish between
a fault on the line near the remote breaker for which
they should operate, and a similar fault on the bus P
or adjacent line for which they should not operate
until the bus differential or adjacent line relays
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Fig. 7. External Schematic of the Type GWP-1 Relay in FT31 Case, using Window Type C.T.

have had an opportunity to operaté and“€lear the
fault. This requires an increaséd time sefting of the
relay for faults near the remotederminals. The prod-
uct available for the relay intthese“cases will be
smaller than that for the €lese“faults and should
represent a smaller multiple ofithe tap product pre-
viously chosen so the Qperafing time can be from
.4 to .75 second longer, thangthe remote line or bus
relay operating timef Thisg.4 to .75 second interval
is known as thejcoerdinating time interval. It in-
cludes the (ircuit “breaker operating time plus a
factor allowingfor differences between actual cur-
rents and caleulated values, differences in indivi-
differences in ‘individual relay performance, etc.
For 8 cycle breakers the value of .4 second is com-
monly used while for 30 cycle breakers .75 second is
used!

After the settings are made for all the relays
under” minimum generating conditions, then it is
necessary to check the relay operating time and co-
ordination under the maximum generating conditions.

Often additional changes in tap and lever settings
are required, particularly if the maximum and mini-
mum fault values are quite different.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except
the selection of the 0.2 or 2.0 ampere tap setting.
This selection is made by connecting the lead lo-
cated in front of the tap block to the desired set-
ting by means of the connecting screw. When the
relay energizes a 125 volt or 250 volt d-c type WL
relay switch, or equivalent, use the 0.2 ampere tap.
For 48 volt d-c applications set ICS in 2 ampere tap
and use S#304C209G01 type WL relay or equivalent.

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive 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 pro-
jection mounting. Either a mounting stud or the
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mounting screws may be utilized for grounding the
relay. The electrical connections may be made di-
rectly to the terminals by means of screws for
steel panel mounting or to the terminal studs fur-
nished with the relay for thick panel mounting. The
terminal studs may be easily removed or inserted
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. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustment to insure correct oper-
ation of this relay have been made at the factory
and should not be disturbed after receipt by the cus-
tomer. If the adjustments have been changed, the
relay taken apart for repairs, or if it is desired to
check the adjustments at regular maintenance per-
iods, the instructions below should be followed.

Acceptance Check

The following procedure is recommended to in-
sure that the relay is in proper working order:

1. Contact

By turning the time dial, move the moving cen-
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 will coincide with tdier Q%
mark on the time dial when the statignary.contact
has moved through approximately one‘half%ffits
normal deflection. Therefore, with the stationary
contact resting against the backstopijhthe index
mark is offset to the right of the ‘0"amark by ap-
proximately .020’’. The placement @f the various
time dial positions in line with _the index mark
will give operating times ds shaown on the respec-
tive time-current curvies. '‘Bor double trip relays,
the follow on thegstationary contacts should be
approximately 1/32°°.

2. Set the contacts to thedtime dial position and the
tap plug in the 0.5 tap. Connect the relay as
shown in Fig. 6. Energize the potential coil with
100 volts§and the auxiliary CT with sufficient
current sto just close the contacts. (The current
in polarity on’the auxiliary CT should be leading
by 45¢ voltage drop from relay terminal 6 to termin-
alj7.)3The pickup current should be 0.005 am-
peres +3%.

2. With 100 volts potential, energize the terminals
8 and 9 at the following current levels to cheek
relay timing:

Multiple of Time-seconds

Current Tap Product 60 Cycles 50 Cycles
0.025 5 3.55 + 10% 4.00 *+ 10%
0.100 20 0.94,+ 5% 100 + 5%
0.500 100 0.33 W% 0.35 + 109

4. To check the zero torque ling, adjust the input
current to 0.25 amperesfy With.s4the potential at
100 volts, shift the current phase angle until the
contact opens. The phase dngle reading should
by 135° (or 315°) + f7°.

Indicating Contagtor/Switch (ICS)

Close ‘thepmain‘relay contacts and pass suf-
ficient d-c curtent@through the trip circuit to close
the contaets ofathe ICS. This value of current should
not begreatern,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 adjust-
ablewStationary contacts. The bridging moving con-
tact should touch both stationary contacts simul-
taneously.

Routine Maintenance

All contacts should be periodically cleaned.
A contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contact.

Check relay pickup in accordance with the
procedure of paragraph 1 under ‘“Acceptance Check”’,
except with the tap position actually being used.
Check relay timing at 5 and 100 times tap product
or at the most critical energy level, as determined
from setting calculations.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs,
or the adjustments have been disturbed. This pro-
cedure should not be used until it is apparent that
the relay is not in proper working order (See ‘‘Accep-
tance Check’’).
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LL. 415242054

Contact

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 will coincide with the “‘0'’ mark on
the time dial when the stationary contact has moved
through approximately one-half of its normal deflec-
tion. Therefore, with the stationary contact resting
against the backstop, the index mark is offset to
the right of the ‘‘0'’ mark by approximately .020"’.
The placement of the various time dial position 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 con-
tacts should be approximately 1/32°’.

Induction Unit

Connect 100 volts across terminals 6 and 7.
Apply approximately 5 times the minimum pickup
current (tap value divided by 100 through terminals
8 and 9 with the polarity and relay connections as
shown in Fig. 6 and see that zero torque occurs when
the current and voltage are 135° out of phase within
+ 4°, There should be no spring tension on thérelay
for this test.

With the connections above apply 100 velts
and current leading by 45°. With the tapsSérew'in the
lowest tap, adjust the spring tension softhat the con-
tacts just close with correct value 0% current flow-
ing. This current will be tap xalue divided by 100

or 5 milliamperes on the 0.5 VA. tap. The spring
tension may be changed by means of @ screwdriver
inserted in one of the notches of the plate to which
the outside convolution of the spring is fastened.

Calibrate the time delay by adjusting the per-
manent magnet gap to obtaim 0.94 seconds (1.00
seconds for 50 cycle relay)(ingthe 0.5 VA tap, with
a potential of 100 volts. The timing can be checked
with a cycle counter byg@veraging a number of trials.
Make sure that the collsfdo not overheat, otherwise
the curves cannot b@cheeked.

Indicating ContactoRSwitch (ICS)

Close“the main relay contacts and pass suf-
ficient d;6%eurrent through the trip circuit to close
the contacts ofthe ICS. This value of current should
be notygreatéer than the particular ICS tap setting
beingWused. The operation indicator target should
dropafreely.

The contact gap should be approximately .047"*
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily
at the factory. However, interchangeable parts can
be furnished to the customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.
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INSTALLATION

Westinghouse 1.L. 41.242.4E
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CWC AND CWP
DIRECTIONAL GROUND RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The type CWC and CWP relays are induction disc
type relays used for directional ground fault protect-
tion on grounded neutral power systems. The type
CWC relay is polarized by current from a suitably
grounded power transformer bank neutral. Therefore,
its application does not require potential transformef.
The type CWP relay is potential polarized by residual
voltage obtained across the open corner“of, the delta
winding of a grounded star-delta potentialytransformer.

At stations where the power tfansfermer bank
netural is grounded, the residual Voltage will be
small generally, and the type GWC relay is recom-
mended. At ungrounded stations, omat ground stations
where the power transformer bank“neutral is not avail-
able, the type CWP relay,is applicable.

CONSTRUCTION

The type CWC_andhaCWP relays consists of an
operating unit, ad indieating contactor switch, and
optional indieating _inStantaneous trip unit. In
addition tofthe aboye components, the type CWP relay
has a phase Shifter'network. The principal compo-
nent partsief thedrelay and their locations are shown
in Fig. 1-8.

OPERATING UNIT

This unit is an induction disc unit with an elec-
tromagnet that has poles above and below the disc as
shown in Fig. 2 and 4. The upper pole of both the
CWC and CWP relays are tapped. In addition, the

SUPERSEDES 1.L. 41-242.4D

*Denotes change from superseded issue.

lower pole is tappedion the type CWC relay.

The electtemagneéts are connected to the pro-
tected apparatus“im® a manner so that out-of-phase
fluxes arelproduéed by the flow of currents in both
the upper, andylower pole circuits. The out-of-phase
fluxes/ cause, either a contact opening or a contact
closing torgue depending upon the relative direction
of ‘eurrent flow in the upper and lower pole circuits.

BRHASE SHIFTER NETWORK

The phase shifter network of the type CWP relay
consists of a capacitor and resistor connected in
series with the lower pole circuit,

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attacted
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 bottom of the cover.

The front spring, inaddition to holding the target,
provides restraint for the armature and thus controls

the pickup value of the switch.

INDICATING INSTANTANEOUS TRIP UNIT (IIT)

The instantaneous trip unit is a small a-c operat-
ed 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 con-
tacts bridge two stationary contacts completing the
trip circuit. Also during the operation two fingers

EFFECTIVE OCTOBER 1973



TYPE CWC AND CWP RELAYS

Fig. 1

Type CWC Relay (frontwiew)

Fig. 2.

Type CWC Relay (rear view)

i,
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Fig. 4. Type CWP Relay (rear view)
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Fig. 5. Internal Schematic of Double Trip Type CWC Re-
lay in the Type FT-21 Case. For the Single
Trip Relay the Circuits Associated with Terminal
2 are omitted.

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 bottom of
the cover.

A core screw accessible from the top of the
switch provides the adjustable pickup range. The
minimum and maximum pickup points are indicated’on
the scale, which is located to the rear of the core
screw.

OPERATION AND CHARACTERISTICS

The operating torque for the CWC,relay is obtain-
ed by energizing the lower pole [coil with residual
current (usually obtained from the line current trans-
former) and the 2 tapped uppen pole coils with resid-
ual current from the current, tranSforner in the power
bank neutral. For the GWP relay the operating torque
is obtained by energizingfthe upper pole coils with
residual current (usually obtdined from the line cur-
rent transformer) and thejlower pole with residual
voltage.

TYPE CWC RELAY

The type ‘@WE relay has two taps on the upper
pole andgfour,on the lower pole. They are marked in
product which is the minimum pickup product of two
equal oryunequal currents.

Fig. 6. InterndIhScheniatic of the Type CWC Relay with
Indicating Wkn staftaneous Trip Unit in the Type
FT.21 Case.

Type CWC Relay Ranges and taps are:
. 256 tond Product Range

% Product .25 .36 .64 1.0 1.44 2.56 4.0
2.25 to 36 Product Range

Product 2.25 4.0 6.25 9.0 16.0 25.0 36.0

The first four values are marked on the lower
pole tap plate. The upper pole tap plate is marked
x 1 and x4 Product. The last four values are obtained
by using the x4 tap with the four lower pole taps.

Typical 60 Cycle time-product curves for the
type CWC relay are shown in Fig. 9. These curves
are taken at maximum torque which occurs with the
currents in phase. For residual and Ground currents
out of phase the relay operating time may be obtained
by determining the operating time corresponding to
the product P’ = P Cos 6, where P is the actual
relay product in amperes squared, and & is the angle
between the residual and polarizing currents.

The limits for which these curves are accurate
within + 7% are shown in Fig. 10.

TYPE CWP RELAY

The type CWP relay taps are on the upper pole
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Fig. 7. Internal Schematic of the Type CWP Relay in the
Type FT-21 Case. For the Single Trip Relay
the Circuits Associated with Terminal 2 are
omitted.

current coil. They represent the minimum pickup
product of current times voltage at maximum torque
when the current lags the voltage by 60 °. The range
and taps are:

Product

Range Tap Markings

20-150 20 30 40 50 75( 100 150
75-600 75 100 150 2004 "300“% 400 600

Typical 60 cycle timegpreduct curves for the
type CWP relay are shown 4n, Fig.“11. These curves
are taken at maximum torque“which occurs with the
current lagging the voltageW60 °. For currents not
lagging by this angle, the Telay tripping time may be
obtained by determiningithefoperating time correspond-
ing to the product p2 4P Cos (60° - 0), where P is
the actual relay VWA. product and ¢ is the angle the
current lags theWwoltage. The curves are accurate
within & 7%4if the multiple of tap product does not
exceed théfvoltage on the relay coil.

TRIP CIRCUIT,

The main contacts will safely close 30 amperes
at)250 volts d-c and the seal-in contacts of the in-
dieating contactor switch will safely carry this cur-
rent long enough to trip a circuit breaker.

The indicating instantaneous trip contacts will

Figh8. Internal Schematic of the Type CWP Relay with
Indicating Instantaneous Trip Unit in the Type
FT2] Case.

safely close 30 amperes at 250 volts d-c, and will
carry this current long enough to trip a breaker.

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 setting by means
of a screw connection.

TRIP CIRCUIT CONSTANT

Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c resistance

SETTING
CWC INDUCTION UNIT

Select the desired upper and lower pole taps. Set
the time dial by applying a preselected current to the
relay coils, and adjusting the dial position to obtain
the desired time of operation. Alternatively the dial
may be set by inspection, if the timing coordination
is not critical.

CWP INDUCTION UNIT

Select the desired upper pole tap. Set the dial
position by applying a preselected voltage and current
(current lagging voltage by 60 ° - see Fig. 16 to the
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Fig. 9. Typical Time Curves of the Type CWC Relay - Clitrent§Coils in Series - See Fig. 10 for application limits.

relay coils and adjusting the dial position to obtain
ed the desired time of operation. Alternatively the
dial may be set by inspection, if the timinggcoerdina-
tion is not critical.

Indicating Contactor Switch (ICS)

No setting is required on the ICSyunit 'except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connéctingdhe lead located in
front of the tap block to the desired setting by means
of the connecting screw. WHen the relay energizes a
125 or 250 volt d-c type, WL relay switch, or equiva-
lent, use the 0.2 ampere tap;4for 48 volt d-c applica-
tions set relay in 2 tap and use S#304C209G01 Type
WL Relay or equivalent.

INDICATING INSTANTANEOUS TRIP (IIT)

Since theiminimum and maximum markings on the
scale only “indieate the working range of the core
screw, the“eore screw must be adjusted to the value
of the piekdp eurrent desired.

The nameplate data will furnish the actual cur-
rent range that may be obtained from the ITT unit.

SETTING CALCULATIONS

The following information is required to set these
relays:

1. The maximum and minimum ground fault current
for faults at the relay and at the remote bus. These
values should be residual current which is three times
the zero sequence current.

2. The maximum and minimum polarizing current
or voltage values for the faults above. The values
should be residual currents or voltage which are three
times the zero sequence values.

3. The current transformer ratios of the main and
polarizing current transformers for the type CWC relay
applications or the main current transformer ratio
and the polarizing potential transformer ratio for the
type CWP relay application.
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For the 0.25 to 4 Product Range For the 2.25 to 36 Product Range

I
R =M

I
R =N
U U

where IL = the lower pole currents where IL = the lower pole current.
IU = the upper pole current.
M = value from the table below for N

IU = the upper pole current.
= value from the table below for

various tap combinations. various tap combinations.

Tap Upper Pole Lower Pole Tap Upper Pole Lower Pole
Product |Product/fap, “{*Product Tap M K Product |Product Tap | Product Tap N K
.25 1 .25 4.0 10 2.25 1 2.25 4.0 30
.36 1 .36 2.78 12 4.0 1 4.0 2.25 40
.64 1 .64 1.56 16 6.25 1 6.25 1.44 50
1.0 1 1.0 1.0 20 9.0 1 9.0 1.0 60
1.0 4 .25 16.0 20 9.0 4 2.25 16.0 60
1.44 4 .36 11.1 24 16.0 4 4.0 9.0 80
2.56 4 .64 6.25 32 25.0 4 6.25 5.76 100
4 4 1.00 4.0 40 36.0 4 9.0 4.0 120

The Typical time curves for the Type CWC Relay apply if the values of R falls
within the shaded area of the curve above, and if neither relay current is greater
than K in amperes.

Fig. 10. Limits for Application of the CWC Time Curves.
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These Curves aregualid if the multiple of tap Product (volt-amperes) does not exceed the
voltage omythe relay polarizing coils.

11.

Lypical’ Time Curves of the Type CWP Relay at Maximum Torque Angle -

Tap Product in Volt- Amperes Does Not Exceed the Polarizing Voltage in Volts.

Curves Apply if the Multiple of
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Fig. 12. Typical System for'Sétting Type CWC and CWP Relays.

Each relay should be set to operate“as rapidly
as possible for ground faults on the d4ransmission
lines near the breaker. The product availableyfor the
relay in these cases should be large, enough to re-
present a large multiple of the tap prod@ct value so
the operating times can be in rangefefs0.05 to 0.20
second as seen from the curves ofgFigs. 9 and 11.

However, the relays eannot,distinguish between
a fault on the line near [the rémote breaker for which
they should operate, and ajsimiilar fault on the bus or
adjacent line for whichsthey should not operate until
the bus differential or adjacent line relays have had
an opportunity to operate and clear the fault. This re-
quires an increased time setting of the relay for faults
near the remoete temminal. The product available for
the relay in thesefcases will be smaller than that for
the close faults and should represent a smaller mul-
tiple of the tap product previously chosen so the op-
erating time can be from .4 to .75 second longer than

the remote line or bus relay operating time. This .4
to .75 second interval is known as the coordinating
time interval. It includes the circuit breaker operat-
ing time plus a factor allowing for difference between
actual fault currents and calculated values, dif-
ferences in individual relay performance, etc. For 8
cycle breakers the value of .4 second is commonly
used, while for 30 cycle breakers, .75 second is used.

As an example, a type CWC relay is to be con-
nected at Station A and set to protect the line running
to Station B. It must select or coordinate with the
type CWP relay connected at Station B and set to
protect the line running to Station C. The fault cur-
rent and voltage for single line-to-ground faults under
minimum conditions for this system are shown in
Fig. 12.

In setting the type CWC and CWP relays, it is
convenient to set up Table as shown.
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STATION BUS

- TEIPPING DIRECTION

_DEVICE NUMBER CHART
32N - DIRECTIONAL GROWND RELAY, TYPE CwC

2
~L - LOWER POLE WINDING OF TYPE CWC

3
U - UPPER POLE WINDINGS OF TYPE CwC

SON - INDICATING INSTANTANEOUS TRIP UNIT
52 - POWER CIRCUIT BREAKER
ICS - INDICATING CONTACTOR SWITCH
a - BREAKER AUXILIARY CONTACT
TC - BREAKER TRIP COIL

NEG.
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20

3“ - UPPER POLE WINDING OF TYPE CwP
SON - INDICATING INSTANTANEOUS
TRIP UNIT
52 - POWER CIRCUIT BREAKER
ICS - INDICATING CONTACTOR SWITCH
a - BREAKER AUXILIARY CONTACT
TC - BREAKER TRIP COIL
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Fig. 13. External Schematic of the Type CWC Relay for
Ground Protection.

Fig, 14. |External Schematic of the Type CWP Relay for
Ground Protection.

TABLE 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
. Line Line Polarizing Polarizing Line Polarizing Multiples

Relay Fault Primary C.T. Primary Amps. C.T.oxBpT. | \Sefondary Secondary g Product I Tap of Tap R Time Time In
Location  No. Amps. Ratio or Volts Ratio Amps (I} ) Amps. (Iy) IgyxIp Iy Product Dial Seconds

D 1 3450 3005 2910 300/5 57.5 48.5 2780 1.19 36 77 4.76 2 11

D 2 1320 1040 22.0 17.3 381 1.27 10.6 S.1 52

F 2 1320 1005 83, 100 ¥ 1000/ 1 66.0 83.1V 5485 - 300 18.3 - Ya .13

F 3 620 36,500V 31.0 36.5V 1130 - 3.8 - .53

The relay location is, shownfin |Column 1 and the
fault location in Column, 2. “%¥The‘primary line residual
current available for the relay“is recorded in Column
3. The ratio of thése current) transformers is spec-
ified in Column 4.

The primary fault current or voltage available for
the polarizing ,winding®@s shown in Column 5, and the
associated current or potential transformer ratio in
Column 6. “ Al of these fault values are residual
values offathree times the zero sequence current of
voltage. WThe relay current for the lower pole wind-
ings is,the value of Column 3 divided by the ratio of

10

Column 4. The value is recorded in Column 7. The
upper pole relay current is the value of Column 5
divided by the ratio of Column 6, and is recorded in
Column 8. The relay operating product is the values
of Column 7 and 8 multiplied together and recorded
in Column 9. For the type CWC relays, the ratio of
I;, is written in Column 10. All of this data is fixed
Iy

by the system constants and characteristics, and is
preliminary to making the actual relay setting.

The choice of a tap recorded in Column 11 and
of the time lever in Column 14 is a matter of trial and

S
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Fig. 15. External Schematic of the Type CW Relay for

Transformer or Rotating Machine.

error. The breakers on this system grave, 8 ¢ycle
operating time so that the coordinating time/interval
should be about .4 second. The tapgshouldsbe chosen
so that the relay times for ¢he elose-in fault and
remote fault product values will“differ by about the
coordinating time interval or 44 second in this case.
Practically this can be accomplished by several taps
with equal results. Tapm36“was selected in this
example. The product (valuehdivided by the tap is
recorded in Column 12. “Bhis$ value is the abscissa
of the time product frelay €urves. From these curves
the lever Colummyl14vand relay operating time Column
15 were chgSen softhat the relay would operate at
about .124secofnd for' close-in faults and about .52
second for“the remote faults. These times for the
type CWC relay‘were obtained using time dial setting
3. With the selection of a satisfactory tap value, the
curves of Fig. 10 will quickly show if the combination
of eap and current values provide relay operating
times'as indicated by the curve. The value of Column
10%multiplied by N°= 4.0 for tap 36 gives the R values
of"€olumn 13. These are within the curve of Figure
10.

Ground Differential Protection of Wye or Zig-zag Winding of a

The same process is allowed in setting the type
CWP relay at Station B on breaker F. Here tap 300
was selected with dial to provide relay operating
times of 0.13 and 0.53 seconds respectively for close-
in and remote faults. The operating limits using this
tap are fulfilled since neither multiples of tap prod-
uct value (Column 12) is greater than the polarizing
voltage (Column 8).

After individual relay settings are made, it is
necessary to check to see if the relays select prop-
erly with associated relays. In the example the coor-
dinating time interval was 0.4 second. Therefore, for
fault 2, the relay at D should not operate before the
relay at F plus the coordinating time interval. In
other words, the operating time of D should not be
less than 0.13 second plus 0.4 = 0.53 second

Similarly, the time of the relay at breaker H
should not be greater than 0.13 second in order to
select with relay F for fault 3. If the time of relay H
is greater, then the time of relay at F must be in-
creased to provide proper selection. This change may

n
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Fig. 16. Diagram of Test Connections forthe Type CWP
Relay in FT-21 Case.

be accomplished by a change in the time lever setting
only, although often a new tap and lever setting may
provide a more satisfactory setting. Changing the
setting of relays at B probably will require a change
in the setting of the relay at Station A.

After the setting are made for all the relays under
minimum generating conditions, then it is necessary
to check the relay operating time and coordinatien
under the maximum generating conditions. Oftéen
additional changes in tap and dial settingsgare Tre-
quired particularly if the maximum and minimum fault
values are quite different.

INSTALLATION

The relays should be mounted on, switchboard
panels or their equivalent in a logationgfree from dirt,
moisture, excessive vibration, and, heat. Mount the
relay vertically be means of ghe; four mounting holes
on the glange for semi-flushimountings or by means
of the rear mounting” studypor studs for projection
mounting. Either amounting“stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections ‘may be made directly to the
terminals by means of screws for steel panel mount-
ing or to the terminal studs furnished with the relay
for thick panel mounting. The terminal studs may be
easily remoyedior inserted by locking two nuts on the
stud and then“turning the proper nut with a wrench.

Eor “detailed FT case information refer to I.L.
41-076.
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ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay no customer adjustments, other
than those covered under ‘‘SETTINGS’’ should be
required.

For relays which include an indi¢ating instanta-
neous trip unit (II'T), the junctiongef theginduction and
indicating instantaneous trip coils“is bfeught out to
switch jaw #3. With this arrangément the overcurrent
units can be tested separately.

Acceptance Check

The following chegk, 1sihrecommended to insure
that the relay is in proper werking order.

1. Contact_

By tumning (the time dial, move the moving
contacts until\they, deflect the stationary contact to
a positionmwhere the stationary contact is resting
against its“backstop. The index mark located on the
movementyframe will coincide with the ‘““‘O’’ mark on
the time dial®when the stationary contact has moved
through “approximately one-half of its normal deflec-
tion./ “Bherefore, with the stationary contact resting
agalnst the backstop, the index mark is offset to the
right of the ‘“‘O’’ mark by approximately .020’’. 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 con-
tacts should be approximately 1/32"’.

2. Minimum Trip Current

For the CWC relay, connect the upper and
lower pole coils in series and pass a current equal
to V tap product x multiplier in polarity thru both
coils. For the CWP relay connect the relay as per
Fig. 16 and apply tap value product. The moving con-
tacts on both relays should close within 5% of the
applied values.

3. Time Curve

CWC Relay — Connect the upper and lower
poles in series and pass current in polarity thru both
coils. Set the time dial on the 6 position and taps on
.25 or 2.25 product and 1 multiplier. Check several
points on the time curve. Timing should be within
7% of that of Figure 9. (The multiples of top pro-
duct shown in Figure 9 equal the square of the
current thru the coils divided by the top product.)

i,
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CWP Relay - Connect the relay per Figure 16.
Set the time dial on the 6 position and the tap in the
20 or 75 product. Check several points on the time
curve by applying current leading the voltage by 300°
The timing should be within +7% of the values shown
on Fig. 11.

4. Indicating Instantaneous Trip Unit (IIT)

The core screw which is adjustable from the
top of the trip unit determines the pickup value. The
trip unit has a nominal ratio of adjustment of 1 to
4 and an accuracy within the limits of 10%.

The making of the contacts and target in-
dication should occur at approximately the same in-
stant. Position the stationary contact for a minimum
of 1/32"" wipe. The bridging moving contact should
touch both stationary contacts simultaneously.

Apply sufficient current to operate the IIT.
The operation indicator target should drop freely.

5. Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suf-
ficient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should ne#
be greater than the particular ICS tap setting belng
used. The operation indicator target shoftldydrop
freely. The contact gap should be approximately
0.47’ between the bridging moving contactyand the
adjustable stationary contacts. The bridging moying
contact should touch both stationary centactsdsimul-
taneously.

Routine Maintenance

All relays should be inspecétediand checked
periodically to assure proper operatien.

All contacts shouldybe periodically cleaned.
A contact burnisher Sx1482A836H01 is recommended
for this purpose. Theluse of abrasive material for
cleaning contacts ismet reeemmended, because of the
danger of embedding small particles in the face of the
soft silver and thus impairing the contact.

CALIBRATION

Use the foldowing procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed. This procedure should
nothbe used until it is apparent that the relay is not
im.proper working order. (See ‘‘Acceptance Check'’).

1. Contact

By turning the time dial, move the moving
contacts until they deflect the stationary contact to a

position where the stationary contact [is resting
against its backstop. The index mark lecated.on the
movement frame will coincide with the ‘‘O' mark on
the time dial when the stationary contaet has moved
through approximately one-half of its normal deflec-
tion. Therefore, with the stationary contact resting
against the backstop, the index mark 1s offset to the
right of the ‘“O’’ mark by approximately .020’’. "The
placement of the varicls 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 ¥/ 32’’.

2. Minimum “TEip Current

Type CWE Relay - Connect the upper and
lower pole coils in series and pass current in polarity
on both £0ills. With one tap screw in the 1 multiplier
positionrand the other screw in the .25 product tap for
the W25- 4“product range or the 2.25 product tap for
the 21252 36 product range, apply current and adjust
the “Spring tension so that the contacts just close at
tapWwalue product.

Type CWP Relay - Connect the relay per Fig.
16. Set in the lowest tap, apply 100 volts across
terminals 6 and 7, and apply minimum pickup current,
leading the voltage by 300°, (0.20 amperes for the
20-150 range, 0.75 amperes for the 75-600 range.)
Then, adjust the spring tension so that the contacts
just close.

3. Time Curve Calibration

Type CWC relay — Set the time dial to posi-

tion 6 and the product tap to .25 or 2 25. Set the mul-

tiplier tap to 1. Connect the upper and lower pole

coils in series and pass a current equal to
4 X \/m in polarity thru the coils. Adjust
the permanent magnet keeper until the operating time
is between .95 and 1.01 seconds. Other points on the
time curve of Figure 9 should be within + 7% of the
values shown. (The multiples of tap product shown

in Figure 9 equal the square of the current passed
thru the coils divided by the tap product.)

Type CWP Relay - Connect the relay per the
test circuit of Fig. 16. Set the 6 time dial and the
lowest tap. Apply 100 volts to potential coil and 10
times tap current. (Current leading voltage by 300°).
relay operate between 1.43 and 1.51 seconds. Other
points of the time curve should be within + 7% of the
value shown on Fig. 11.

4. Indicating Contactor Switch (ICS)
Close the main relay contacts and pass suf-

13
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ficient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should not
be greater than the particular ICS tap setting being
used. The operation indicator target should drop
freely.

5. Indicating Instantaneous Trip Unit (IIT)

The core screw must be adjusted to the value
of pickup current desired.

The nameplate data will furnish the actual
current range that may be obtained from the ITT unit.

RENEWAL PARTS

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

ENERGY REQUIREMENTS
CwC

The burden of the Type CWC relays at 5 amperes,
60 cycles is as follows:

Lower Pole Windings

CWP

The burden of the Type CWC relays at 5 amperes,

P.F.
Product Angle
Product Tap Volt- Degrees

Range Value Watts Vars Amperes Lag
.25-4 .25 82.7 29.3 88.0 19.5
.36 57.3 14.1 59.0 13.8

.64 32.1 4.43 32.4 7.85

2.25-36 1.00 20.6 1.83 20.7 5010
2.25 8.50 3.26 9.1 21.0
4.0 4.78 1.03 489 12.1
6.25 3.01 0.41 3.04 7.7
9.0 2.13 0.21 2.14 5.5

Upper PoleyWindings

P. F.
Product Angle
Product Tap Volt- Degrees

Range Value Watts Vars Amperes Lag
.25-4 1 6.08, 8.58 10.5 55
4 1.52 0.54 1.61 20
2.25-36 1 0.79 0.95 1.24 50
4 0.20 0.06 0.21 17

4

115 volts, 60 cycles is as follows:
Upper Pole Windings
P.F.
Product Angle
Product Tap Volt- Degrees
Range Value Watts Vars _Amperes Lag
75-600 75 0.633 0.144 £ 0.660 12.6
100 0.557 0.085 “\0.560 9.8
150 0.494 40.0437% 0.495 5.0
200 0.460,, 0.032"° 0.460 4.0
300 0.370 0013 0.370 2.0
400 0.340y, 0.006 0.340 1.0
600 0.290 0.290 0.5
20-150 20 4.70 2.66 5.4 29.5
30 3:23 1.21 3.45 20.5
40 2.93 0.87 3.05 16.5
50 2.31 0.57 2.38 14.0
75 1.50 0.28 1.52 10.7
100 1.15 0.11 1.15 5.5
150 0.80 0.014 0.80 1.0
Lower Pole Potential Windings
(between relay terminals 6 and 7)
P.F.
Angle
Volt- Degrees
Watts Vars Amperes Lead
All ranges - 5.5 2.178 6.15 26.8
CWC & CWP THERMAL RATINGS
Pole Continuous 1 Sec
Relay Range Winding Amperes Amperes
CWC .25-4 All 4 110
CWC 2. 25-36 Upper 10 280
Lower 12.7 370
CWP  20-150 Upper 3.2 88
75-600 Upper 6.4 185

The potential coil circuit of the type CWP relay
will stand 250 volts for 15 seconds.
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INSTALLATION

I.L. 41-242.1

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CWC AND CWP DIRECTIONAL
GROUND RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The Type CWC and CWP relays are induction
disc type relays used for directional ground fault
protection on grounded neutral power systems. The
type CWC relay is polarized by current from a suit-
ably grounded power transformer bank neutral.
Therefore, its application does not require potential
transformers. The type CWP relay is potentialdpo-
larized by residual voltage obtained across‘the open
corner of the delta winding of a groundedgstar-delta
potential transformer.

At stations where the power transformer bank
neutral is grounded, the residual veltage will be
small generally, and the type CWChrelay is recom-
mended. At ungrounded stations, or at ground sta-
tions where the power transformerybank neutral is
not available, the type CWPrelaysis applicable.

CONSTRUCTION,AND"OPERATION

The Type CWC and CWP relays consist of an
induction dise¢ typeW%unit, an indicating contactor
switch, and andoptional indicating instantaneous
trip unit. Imyaddition an external phase shifting
capacitor is supplied with the type CWP relays.

INDUCTION PISC UNIT

The induction disc unit contains a thin four-inch
diameter) disc mounted on a vertical shaft. The
shaft is supported on the lower end by a steel ball
bearing riding between concave sapphire jewel sur-
faces, and on the upper end by a stainless steel pin.

NEW INFORMATION

The moving contaet is"@ small silver hemisphere
fastened on the €nd of an arm. The other end of
this arm is clamped“to an insulated section of the
disc shaft. {he element is not geared. The elec-
trical connection, is made from the moving contact
thru thefarm“and spiral spring. One end of the
spring)is fastened to the arm, and the other to a
slotted, spring adjuster disc which in turn fastens to
theselement frame.

The stationary contact assembly consists of a
silver’ contact attached to the free end of a leaf-
spring. This spring is fastened to a moulded block
mounted on the element frame. A small set screw
permits the adjustment of contact follow. When
double trip is required, another leaf spring is mount-
ed on the moulded block and a double contact is
mounted on the rigid moving arm. Then the station-
ary contact set screws permit adjustment so that
both circuits will be made simultaneously.

The moving disc is rotated by an electromagnet
in the rear and damped by a permanent magnet in
front. The operating torque for the CWC relay is
obtained by energizing the lower pole coil with re-
sidual current (usually obtained from the line cur-
rent transformer) and the 2 tapped upper pole coils
with residual current from the current transformer in
the power transformer bank neutral. For the CWP
relay the operating torque is obtained by energizing
the upper pole coils with residual current (usually
obtained from the line current transformer) and the
lower pole with residual voltage.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contacior switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted 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

EFFECTIVE DECEMBER 1956
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Fig. 1. Internal Schematic of Double Trip Type CWC Re-
lay In the Type FT 21 Case. For the Single
Trip Relay the Circuits Associated with Terminal
2 are omitted.

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
bottom of the cover.

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

INDICATING INSTANTANEOUS TRIP UNIT (IIT)

The instantaneous trip unit is,a small a-¢ oper-
ated 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 switehgycloseés, the moving

contacts bridge two stationaryfcontacts completing -

the trip circuit. Also, during thefoperation two fin-
gers on the armaturefdeflect ayspring located on the
front of the switch whi¢h allews the operation indi-
cator target to drop.“\Theltarget is reset from the
outside of the case by “a push rod located at the
bottom of the cover.

A coreyscrew accessible from the top of the
switch gprovides the adjustable pickup range. The
minimum and®maximum pickup points are indicated
on theyseale, which is locatéd to the rear of the
core, screw.

.

Fig. 2. Internal Schematic of the Type CWC Relay with
Indicatinghlnstantaneous Trip Unit in the Type
FET. 21 Case:

CHARACTERISTICS

TYPE CWC RELAY

The type CWC relay has two taps on the upper
pole and four on the lower pole. They are marked
in amperes which is the current thru both windings
in series at minimum pick-up, and in product which
is the minimum pick-up product of two equal or un-
equal currents.

Type CWC Relay Ranges and taps are:
.5 to 2 ampere (.25 to 4 Product) Range

Amperes .5 .6 .8 1.0 1.2 1.6 2.0
Product .25 .36 .64 1.0 1.44 2.56 4.0

1.5 to 6 ampere (2.25 to 36 Product) Range

Amperes 1.5 2.0 2.5 3.0 4.0 5.0 6.0
Product 2.25 4.0 6.25 9.0 16.0 25.0 36.0

The first four values are marked on the lower
pole top plate. The upper pole tap plate is marked
x1 and x2 (x1 and x4 Product). The last four values
are obtained by using the x2 tap with the four lower
pole taps.

Typical 60 Cycle time-product curves for the
type CWC relay are shown in Fig. 5. These curves
are taken at maximum torque which occurs with the
currents in phase. For residual and Ground currents
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Fig. 3. Internal Schematic of the Type CWP Relay in the
Type FT21 Case. For the Single Trip Relay
the Circuits Associated with Terminal 2 are
omitted.

out of phase the relay operating time may be obtain-
ed by determining the operating time corresponding
to the product P = P Cos 6, where P is thesa€tual
relay product in amperes squared, and 6 isthe angle
between the residual and polarizing currents.

The limits for which these curves are aceurate
within + 7% are shown in Fig. 6.

TYPE CWP RELAY

The type CWP relay taps arefen the upper pole
current coil. They represent; the minimum pick-up
product of current times voltage“at maximum torque
when the current lags theqvoltagesby 60°. The ranges
and taps are:

Product
Range Tap Markings

20 - 150 20 30 40 50 75 100 150
75 - 600 <75 471004 150 200 300 400 600

Typical 60“cycle time product curves for the
type CWP relay are shown in Fig. 7. These curves
are taken atymaximum torque which occurs with the
current lagging the voltage 60°. For currents not
lagging by this angle, the relay tripping time may
be“obtained by determining the operating time cor-
responding to the product pl = P Cos ( 60° - 6), where
P is the actual relay V.A. product and 6 is the angle
the current lags the voltage. The curves are ac-

Fig.4. “Internal Schematic of the Type CWP Relay with
Indicating Instantaneous Trip Unit in the Type
FT21 Case.

curate within +7% if the multiple of tap product does
not exceed the voltage on the relay coil.

TRIP CIRCUIT

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

The indicating instantaneous trip contacts will
safely close 30 amperes at 250 volts d-c, and will
carry this current long enough to trip a breaker.

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 setting by
means of a screw connection.

TRIP CIRCUIT CONSTANT

Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c resistance

SETTING CALCULATIONS

The following information is required to set
these relays:

1. The maximum and minimum ground fault cur-
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rents for faults at the relay and atithe remote bus.
These values should be residualmcurrent which is
three times the zero sequence current:

2. The maximum and minimum pclarizing cur-
rent or voltage valuesyfor‘the faults above. The
values should be residual“eurrents or voltage which
are three times thefzerofsequence values.

3. The current transformer ratios of the main
and polarizing current transformers for the type CWC
relay applications or the main current transformer
ratio and the polarizing potential transformer ratio
for the type CWP relay application.

Eaeh, relay should be set to operate as rapidly
as possible“for ground faults on the transmission
lines™near the breaker. The product available for
theyrelay in these cases should be large enough to

4

represent a large multiple of the tap product value
so the operating times can be in range of 0.05 to
0.20 second as seen from the curves of Figs. 5 and
7.

However, the relays cannot distinguish between
a fault on the line near the remote breaker for which
they should operate, and a similar fault on the bus
or adjacent line for which they should not operate
until the bus differential or adjacent line relays
have had an opportunity to operate and clear the
fault. This requires an increased time setting of
the relay for faults near the remote termina:. The
product available for the relay in these cases will
be smaller than that for the close faults and should
represent a smaller multiple of the tap product pre-
viously chosen so the operating time can be from
.4 to .75 second longer than the remote line or bus

A,
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For the 0.25 to 4 Product Range

where IL = the lower pole current.

IU = the upper pole current.

For the 2.25 to 36 Product Range

where IL = the lower pole current.

IU = the upper pole current.

M = value from the tablé below for N =value from the table below for

various tap combinations. various tap combinations.

Tap Upper Pole Lower Pole Tap Upper Pole Lower Pole
Product |Product Tap Product Tap M K Product |Product Tap | Product Tap N K
.25 1 .25 4.0 10 2.25 1 2.25 4.0 30
.36 1 .36 2.78 12 4.0 1 4.0 2.25 40
.64 1 .64 1.56 16 6.25 1 6.25 1.44 50
1.0 1 1.0 1.0 20 9.0 1 9.0 1.0 60
1.0 4 .25 16.0 20 9.0 4 2.25 16.0 60
1.44 4 .36 11.1 24 16.0 4 4.0 9.0 80
2.56 4 .64 6.25 32 25.0 4 6.25 5.76 100
4 4 1.00 4.0 40 36.0 4 9.0 4.0 120

The Typical time curves for the Type CWC Relay apply if the values of R falls
within the shaded area of the curve above, and if neither relay current is greater
than K in amperes.

Fig. 6. Limits for Application of the CWC Time Curves.
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Fig. 8. Typical System for Setting Type,CWC and CWP Relays.
TABLE I
1 2 3 4 5 6 T 8 9 10 11 12 13 14 15
Line Line Polarizing PolariZing Line Polarizing Multiples

Relay Fault Primary C.T. Primary Amps. C.T{or P/T. Seeondary Secondary Product I; Tap of Tap

R Lever Time In

Location No. Amps. Ratio or Volts Ratio Amps. (IL) Amps. (IU) IU X IL IU Product Seconds
D 1 3450 300/5 2910 300/5 57.5 48.5 2285 1.19 36 63.5 4.76 2-1/4 .16
D 2 1320 1040 22.0 17.3 381 1.217 10.6 5.1 .56
F 2 1320 100/5 83,100V 1000/ 1 66.0 83.1V. 5485 — 300 18.3 - 3/4 .16
P 3 620 36,500V, 31.0 36.5V. 1130 — 3.8 .53

relay operating time. This .4%e .75#Second inter-
val is known as the coordinating time interval. It
includes the circuit breakér operating time plus a
factor allowing for difference,between actual fault
currents and calculated valués, differences in indi-
vidual relay performancejpete. For 8 cycle breakers
the value of .4 sec¢ond is commonly used, while for
30 cycle breakers .15 second is used.

As andexample, ‘@ type CWC relay is to be con-
nected atiStation A’ and set to protect the line run-
ning to Statiom,Bf It must select or coordinate with
the type CWP relay connected at Station B and set
to protect the line running to Station C. The fault
currents and voltage for single line-to-ground faults
under, minimum conditions for this system are shown
in, Fig. 8.

In setting the type CWC and CWP relays, it is
convenient to set up Table as shown. The relay
location is shown in Column 1 and the fault location

in Column 2. The primary line residual current
available for the relay is recc:ded in Column 3. The
ratio of these current transformers is specified in
Column 4.

The primary fault current or voltage available
for the polarizing winding is shown in Column 5 and
the associated current or potential transformer ratio
in Column 6. All of these fault values are residual
values or three times the zero sequence current or
voltage. The relay current for the lower pole wind-
ings is the value of Column 3 divided by the ratio
of Column 4. The value is recorded in Column T7.
The upper pole relay current is the value of Column
5 divided by the ratio of Column 6, and is recorded
in Column 8. The relay operating product is the
values of Column 7 and 8 multiplied together and re-
corded in Column 9. For the type CWC relays, the
ratio of !j, is written in Column 10. All of this data

Iy
is fixedby the system constants and characteristics,

7




TYPE CWC AND CWP RELAYS

panels or their equivalent in a location free from
dirt, moisture, excessive 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 pro-
jection mounting. Either a mounting stud or the
mounting screws may be utilized for grounding the
relay. The electrical connections may be made di-
rectly to the terminals by means of screws for steel
panel mounting or to the terminal studs furnished
with therelay for thick panel mounting. The terminal
studs may be easily removed or inserted 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.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory and
should not be disturbed after receipt by the custom-
er. If the adjustments have been changed, the relay
taken apart for repairs, or if it is desired to check
the adjustments at regular maintanance periods, the
instructions below should be followed.

All contacts should be periodically cleaned.
A contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material sfor
cleaning contacts is not recommended, because of
the danger of embedding small particles in the“face
of the soft silver and thus impairing thegeontact.

INDUCTION UNIT

The upper bearing screw shotldybe “Screwed
down until there is only 3 to 5 thousandths inch
clearance between it and the shaftiand then securely
locked in position with the lécknut. This adjust-
ment can be made best &y carefully screwing down
the top bearing screwr until, the“disc fails to turn
freely and then backing up a fraetion of a turn. Great
care must be takempin making this adjustment to
prevent damage to the bearings.

Adjust the contacts to just barely touch when
the time lever is set?on zero by shifting the posi-
tion of the contact stop on the time lever. This
should be done,with approximately the required con-
tact follow. WFinal adjustment of the contacts can
be more‘easily made by the contact follow set screw
after thencontact stop is securely fixed.

A maximum contact follow of approximately 5/64

10

inch is obtained when the set screw on the station-
ary contact is all the way out. Where rigid contacts
for quick reopening are required, the set screw.
should be all the way in to hold the stationary con-
tact against the Micarta bracket. Readjust the zero
setting after this is done.

CWC RELAY

Connect the upper andgléwer‘pole coils in
series and pass current in polarity’on both coils.
With one tap screw in the 1'maltiplier position
and the other screw,n thew36 product tap for
the .25-4 product range“orqhe 4 product tap for
the 2.25-36 product range, apply current and
adjust the spring ‘tension so that the contacts
just close with/ tap ‘value of current flowing.
This is 026 ampere, 60 cycles, on the .25-4 prod-
uct range) or, 2.0 amperes, 60 cycles, on the
2.25436,. product'range. The spring tension may
by. changed by means of a screw driver inserted
in one of‘the notches of the plate to which the
outside“eonvolution of the spring is fastened.

Various points on the typical time-product
curves can be checked approximately with the
current coils in series. The multiples of tap
product will be the square of the current passed
thru the two coils, divided by the tap product.
The timing can be checked with a cycle counter
by averaging a number of trials. Make sure that
the coils do not overheat, otherwise the curves
cannot be checked. Time curve calibration is
obtained by adjusting the position of the perma-
nent magnet.

TYPE CWP RELAY

Use the following procedure to check the zero
torque line. Adjust the control spring for zero ten-
sion and connect per Fig. 11. Apply 120 volts a-
cross terminals 6 and 7 and five times minimum pick
up current (tap value divided by 24). Zero torque
should occur when the currents lead the voltage by
19° to 36°.

To calibrate the control spring, connect per Fig.
11, set in the lowest tap, apply 100 volts across
terminals 6 and 7, and apply minimum pickup cur-
rent, leading the voltage by 300°, (0.20 amperes for
the 20-150 range, 0.75 amperes for the 75-600 range).
Then, adjust the spring tension so that the contacts
just close. Spring adjustment is changed by in-
serting a screw driver in one of the spring adjuster
plate notches.
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To check points on the time curve, connect per Upper Pole Windings
Fig. 11, and apply preselected current and voltage B P.F.
values, with current leading the voltage by 300° and Product Angle
measure the time of operation with a cycle counter. Product Tap Volt= Degrees
The time of several trials should be averaged. If Range  Value Watts Vars Amperes Lag

the current coil is allowed to overheat, the timing
will be affected. The potential coil should not be
continuously energized above 115 volts.

.25-4 1 6.08 8.58 10.5 55
4 1.52 £0.54 1.61 20

2.25-36 1 02799 “W0.95 1.24 50
4

INDICATING CONTACTOR SWITCH (ICS) 0.2073,0.06  0.21 17

CWP
The burden of, the . type CWP relays at 5 am-
peres, 115 volts, 60 cycles is as follows:

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close
the contacts of the ICS. This value of current should
not be greater than the particular ICS tap setting Upper Pole Windings

being used. The indicator target should drop freely. P.F.
Product Angle
INDICATING INSTANTANEOUS TRIP (IIT) Product” JATap Volt-  Degrees

Range [ Value Watts Vars Amperes Lag

The core screw which is adjustable from the top

of the trip unit determines the pickup value. The 75-600 75 0.633 0.144 0.660 1:‘6
trip unit has a nominal ratio of adjustment of 1 to 4 100 0.557 0.095 0.560 g
and an accuracy within the limits of 10%. 150 0.494 0.043 0.495 5.
200 0.460 0.032 0.460 4.0
Apply sufficient current to operate the IIT. The 300 0.370 0.013 0.370 2.0 .
indicator target should drop freely. 400 0.340 0.006 0.340 1.0
600 0.290 0.290 0.5
RENEWAL PARTS
20-150 20 4.70 2.66 5.4 29.5
Repair work can be done most satiSfactorily at 30 3.23 1.21 3.45 20.5
the factory. However, interchangeable partsycan‘be 40 2.93 0.87 3.05 16.5
furnished to the customers who are fequipped for 50 2.31  0.57 2.38 14.0
doing repair work. When ordering parts, always give 5 1.50 0.28 1.52 10.7
the complete nameplate data. 100 .15 0.11 1.15 5.5
150 0.80 0.014 0.80 1.0
ENERGY REQUIREMENTS Lower pole Potential Winding including external
0.38 mfd. phase shifting capacitor.
CWC P.F
The burden of the /Typeo,CWC relays at 5 am- Angle

Volt- Degrees
Watts Vars Amperes Lead

peres, 60 cycles is as follows:

Lower Pole Windings

P.F. All ranges - 5.5 2.78 6.15 26.8
Product Angle CWC & CWP THERMAL RATINGS
Product Tap Volt-  Degrees
Range  Value 4/'Watts Vars Amperes  Lag Pole Continuous 1 Sec
Relay Range Winding Amperes Amperes
.25-4 .25 82.7 29.3 88.0 19.5
36 573 14.1  59.0 13.8 cwc .25+ All 4 110
.64 32.1 4.43 32.4 7.85 CwC 2.25-136 Upper 10 280
1.00 20.6  1.83 20.7 5.10 Lower 12.7 370
2.25-36 2.25 8.50 3.26 9.1 21.0 CWP  20-150  Upper 3.2 88
4.0 478 1.03  4.89  12.1 75-600  Upper 6.4 185
6.25 3.01 0.41 3.04 7.7 The potential coil circuit of the type CWP relay
9.0 2.13 0.21 2.14 5.5 will stand 250 volts for 15 seconds.

11
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Westinghouse 1.L. 41-242(5A
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CWP-1
SENSITIVE DIRECTIONAL GROUND RELAY

CAUTION: Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The type CWP-1 relay is an induction disc
type relay used for directional ground fault protec-
tion on high-resistance grounded power systems\
It is similar to the type CWP relay except that“the
relay has a higher sensitivity.

The CWP 4 relay is applied for seleetiveia-
larm or tripping for systems where the ground fault
current is limited to a range of about 0.2% to 8% of
rated full load current. The systemghiay'be resis-
tance-grounded with conventional zig-zag grounding
transformers or with a neutral reSistorsin conjunc -
tion with a distribution transfermer ®An alternative
arrangement is shown in Figi6 where the grounding
resistor is connected across,the,broken delta of the
distribution transformersf or pétential transformers.
which are used to provideyppotential for the CWP-1
relay.

A windowtypeyCT is used in Fig. 7 to ener-
gize the CWP-1/4current coil. With this arrangement
all three conductors are passed through the open-
ing, thus avoiding the problem of false residual cur-
rents that is encountered when three current trans-
formers are used. The window-type CT is necessary
where a relay sensitivity of about 1% or less of rat-
edpload, current is required. Where fault currents val-
uesypermit a higher current pickup, three residually
conneeted CT’s may be used.

SUPERSEDES I.L. 41-242.5

*Denotes change from superseded issue.

CONSTRUCTHONAND OPERATION

The type CWP=h.p€lay consists of an operating
unit, current transformer, phase shifting network, and
an indicating contactor switch.

Opesating Unit

This unit is an induction disc unit with an
electromagnet that has poles above and below the
dise, as“shown in Fig. 2. The electromagnet is con-
nectedy to the protected apparatus in a manner so
thatWout-of-phase fluxes are produced by the flow of
currents in both the upper and lower pole circuits.
The out-of-phase fluxes cause either a contact open-
ing or a contact closing torque depending upon the
relative direction of current flow in the upper and
lower pole circuits.

Phase Shifter Network

The phase shifter network of the type CWP-1
relay consists of a capacitor and resistor connected
in series with the lower pole circuit.

Indicating Contactor Switch Unit (ICS)

The d ¢ indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving con-
tacts 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
drop.

The front spring, in addition to holding the tar-

get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

EFFECTIVE NOVEMBER 1967
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Fig. 1.

Type CWP-1 Ground Relay (front view)

DI1705-10
2. MF.230 VAC
14-C-9400:13

Fig. 2. Type CWP-1 Ground Relay (rear view)
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TYPE CWP-1 RELAY

I.L. 41-242.5A

INTERNAL SCHEMATIC
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Fig. 3. Internal Schematic of the Double Trip CWP-1
Relay, FT31 Case. (Single Trip Relays have

terminal 2 and associated circuits omitted).

Current Transformer

This is an auxiliary step up transformer (max-
imum ratio 20/1) used to supply current td“the 4p-
per poles of relay. The transformer is tapped, to pro-
vide relay settings.

CHARACTERIST ICS

The type CWP-1 relay tapshare“as follows:
0.5-0.7-1.0 - 1.49%42.0%,2.8-4.0

The tap value représents the minimum pick-
up product of residual current)(at an angle of 45°
lead) times the residualmwoltage.

Typical 460 “¢yclemtime product curves for the
type CWP-1 relaysare 'shown in Fig. 4 with 100 volts
across the{poterntial gircuit. These curves are taken
at maximum f{erquedwhich occurs with the current
leading the voltage by 45°. For currents not leading
by this angle, the relay tripping time may be obtained
by determining the operating time corresponding to
the proeduct P1= P Cos (8 - 45), where P is the ac-
tual Ttelay V.A. Product and 0 is the angle the cur-
rent leads the voltage. The curves are accurate with-
in + 7% if the multiple of tap product does not ex-
¢eed the voltage on the relay coil.

Trip Circuit

The main contacts will safely close 30 am-
peres at 250 volts d-c and the seal-in comtacts of
the indicating contactor switch will safely carry
this current long enough to trip a cireuit breaker.

The indicating contactor switch as 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/te, the desired setting by
means of a screw connection:

Trip Circuit Constants
Indicating ContaetorSwitch -

0.2 ampereytap - 6. 5 ohms -dc resistance
0.2 ampere tap - 0.15 ohms d-c resistance

Burden and Thermal Ratings

Current Circuit Burden

POWER FACTOR ANGLE - LAG

I{‘f 60 Cycles 50 Cycles
.5 23.0° 27.2°
T 23.0 21.8

1.0 21.5 17.1

1.1 17.5 14.6

2.0 15.0 10.0

2.8 12.0 7.0

4.0 9.0 3.8

VOLT-AMPERES AT TAP VALUE CURRENT
(100 Volts Applied to Potential Coil)

¥ Tap 60 Cycles 50 Cycles

) 0.0028 0.0021
T 0.0030 0.0023
1.0 0.0034 0.0027
1.1 0.0039 0.0032
2.0 0.0048 0.0041
2.8 0.0058 0.0051
4.0 0.0074 0.0067

Voltage Circuit Burden

110 Volts
9.68 va

Power Factor Angle-Lag
60 Cycles 46°

Volt-Amperes
60 Cycles

Thermal Ratings

60 Cycles 50 Cycles
Continuous Current 0.3 Amp. 0.3 Amp.
Continuous Voltage 250 Volts 175 Volts
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TYPE CWP-1 RELAY

STATION BUS

1 POS.

(NOTE 2) 32N
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NOTE 1 - ALARM CIRCUIT CURRENT 3HOLLD NOT
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SET ICS IN 2 AMPERE TAP If ICS
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Fig. 6. External Schematic ofythe Type CWP-1 Relay in FT31 Case.

SETTING

The relay operates on the product, of,residual
fault current and voltage. This produet divided by
and proper current and potential transformer ratio
and by one of the transformer tap values“isfexpressed
as a multiple of the tap. The time cutves of Fig. 4
gives the relay operating timegfor‘various time dial
settings as a function of thi§ multiple. Fig. 5 shows
times for 50, 100 and “200 ‘volts across the relay
coils.

Since, the relay opefates on very small cur-
rents the main current transformer exciting current
may not be negligible. When determining the main
CT secondary note that the exciting current will be
out-of-phase“with the primary current, since the CT
exciting ifipedance is reactive, while the burden is
predomimantly resistive.

Since this relay is designed for resistance
grounded systems with small fault currents, selec-

tive current settings are usually not possible. This
is because the effective neutral resistance value is
large in comparison with line and transformer impe-
dance values; thus the fault current magnitude is
relatively independent of the point on the system at
which the ground fault occurs, and hence this magni-
tude cannot be used to discriminate between near and
far faults.

If selective settings are possible, each relay
should be set to operate as rapidly as possible for
ground faults on the transmission lines near the
breaker. The product available for the relay in these
cases should be large enough to represent a large
multiple of the tap product value so the operating
times can be in the range of 0.05 to 0.20 second as
seen from the curves of Figs. 3, 4 and 5.

However, the relay cannot distinguish between
a fault on the line near the remote breaker for which
they should operate, and a similar fault on the bus
or adjacent line for which they should not operate
until the bus differential or adjacent line relays




TYPE CWP-1 RELAY

L.L. 41-242.5A

STATION BUS
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NOTE 2 - CONTACT CIRCUIT MAY BE CONNECTED
TO A.C. FOR ALARM APPLICATIONS
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Fig. 7. External Schematic of theyTypedCWP-1 Relay in FT31 Case, using Window Type C.T.

have had an opportunity to operate and®elear the
fault. This requires an increased time setting of the
relay for faults near the remotegtetminals. The prod-
uct available for the relay ifn \these¥cases will be
smaller than that for thejeloseWfaults and should
represent a smaller multiple ofythe tap product pre-
viously chosen so the (operating time can be from
.4 to .75 second longer thandthe remote line or bus
relay operating time. This, .4 to .75 second interval
is known as the, coordinating time interval. It in-
cludes the geircuitGbreaker operating time plus a
factor allewingdfor differences between actual cur-
rents and calculatéd values, differences in indivi-
differences in “individual relay performance, etc.
For 8 cycle breakers the value of .4 second is com-
monly used while for 30 cycle breakers .75 second is
used)

After the settings are made for all the relays
undér’ minimum generating conditions, then it is
necessary to check the relay operating time and co-
ordination under the maximum generating conditions.

Often additional changes in tap and lever settings
are required, particularly if the maximum and mini-
mum fault values are quite different.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except
the selection of the 0.2 or 2.0 ampere tap setting.
This selection is made by connecting the lead lo-
cated in front of the tap block to the desired set-
ting by means of the connecting screw. When the
relay energizes a 125 volt or 250 volt d-c type WL
relay switch, or equivalent, use the 0.2 ampere tap.
For 48 volt d-c applications set ICS in 2 ampere tap
and use S#304C209G01 type WL relay or equivalent.

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive 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 pro-
jection mounting. Either a mounting stud or the




TYPE CWP-1 RELAY

mounting screws may be utilized for grounding the
relay. The electrical connections may be made di-
rectly to the terminals by means of screws for
steel panel mounting or to the terminal studs fur-
nished with the relay for thick panel mounting. The
terminal studs may be easily removed or inserted
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.. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustment to insure correct oper-
ation of this relay have been made at the factory
and should not be disturbed after receipt by the cus-
tomer. If the adjustments have been changed, the
relay taken apart for repairs, or if it is desired to
check the adjustments at regular maintenance per-
iods, the instructions below should be followed.

Acceptance Check

The following procedure is recommended to in-
sure that the relay is in proper working order:

1. Contact

By turning the time dial, move the moving cans
tacts until they deflect the stationary contact to
a position where the stationary contact is resting
against its backstop. The index mark locate@ on
the movement frame will coincide with the™ ‘0%
mark on the time dial when the statiamary contact
has moved through approximately ong-half of its
normal deflection. Therefore, with the stationary
contact resting against the backstop, “the index
mark is offset to the right of thes#0"“mark by ap-
proximately .020°'’. The placement of the various
time dial positions in line_withygthe index mark
will give operating times as shown on the respec-
tive time-current curves. For _double trip relays,
the follow on thedstationasy contacts should be
approximately 1/82°°.

2. Set the contacts to thelfime dial position and the
tap plug in the 0.5 tap. Connect the relay as
shown in Fig. 6. Bnergize the potential coil with
100 voltsWand the auxiliary CT with sufficient
current o, just close the contacts. (The current
in polarityon“the auxiliary CT should be leading
by 45%voltage drop from relay terminal 6 to termin-
all ). "The pickup current should be 0.005 am-
peres, + 3%.

2. With 100 volts potential, energize the terminals
8 and 9 at the following current levels to cheek
relay timing:

Multiple of Time-seconds

Current Tap Product 60 Cycles 50 Cyeles
0.025 5 3.55 + 10% 4.00 + 10%
0.100 20 0.944, 5% 1,00 + 5%
0.500 100 0.33 + 10% 0.35 + 10%

4. To check the zero torque ling, adjust the input
current to 0.25 amperes.“With®the potential at
100 volts, shift the curtent phase angle until the
contact opens. The gphaseWangle reading should
by 135° (or 315°) +43°.

Indicating Contadtor/Switch (I1CS)

Close the“main relay contacts and pass suf-
ficient d®eypcurrent through the trip circuit to close
the contacts,of the ICS. This value of current should
not be greaterdthan 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 adjust-
able“stationary contacts. The bridging moving con-
tact should touch both stationary contacts simul-
taneously.

Routine Maintenance

All contacts should be periodically cleaned.
A contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contact.

Check relay pickup in accordance with the
procedure of paragraph lunder ‘‘Acceptance Check’’,
except with the tap position actually being used.
Check relay timing at 5 and 100 times tap product
or at the most critical energy level, as determined
from setting calculations.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs,
or the adjustments have been disturbed. This pro-
cedure should not be used until it is apparent that
the relay is not in proper working order (See ‘“Accep-
tance Check’’).
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I.L.41-242.54

Contact

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 will coincide with the ‘‘0’’ mark on
the time dial when the stationary contact has moved
through approximately one-half of its normal deflec-
tion. Therefore, with the stationary contact resting
against the backstop, the index mark is offset to
the right of the “‘0’’ mark by approximately .020°’.
The placement of the various time dial position 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 con-
tacts should be approximately 1/32’".

Induction Unit

Connect 100 volts across terminals 6 and 7.
Apply approximately 5 times the minimum pickup
current (tap value divided by 100 through terminals
8 and 9 with the polarity and relay connections as
shown in Fig. 6 and see that zero torque occurs when
the current and voltage are 135° out of phase within
+ 4°, There should be no spring tension on the relay
for this test.

With the connections above apply 100, volts
and current leading by 45°. With the tap screw in the
lowest tap, adjust the spring tension sothat the con-
tacts just close with correct valuefof curfent flow-
ing. This current will be tap4value, divided by 100

or 5 milliamperes on the 0.5 VA. tap,,The,spring
tension may be changed by means of ([a scréwdriver
inserted in one of the notches of the plate £to which
the outside convolution of the spring is fastened.

Calibrate the time delay by adjusting the per-
manent: magnet gap to obtain .0.94 seconds (1.00
seconds for 50 cycle rélay)win the 0.5 VA tap, with
a potential of 100 volts. The timing can be checked
with a cycle counter by averaging a number of trials.
Make sure that the coils do not overheat, otherwise
the curves cannot beychecked.

Indicating Contactor'Switch (ICS)

Close the main relay contacts and pass suf-
ficient dfc current through the trip circuit to close
thegeontacts of the ICS. This value of current should
be notygreater than the particular ICS tap setting
being YWused. The operation indicator target should
drop freely.

The contact gap should be approximately .047"’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily
at the factory. However, interchangeable parts can
be furnished to the customers who are equipped tor
doing repair work. When ordering parts, always give
the complete nameplate data.
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INSTALLATION

Westinghouse 1.L. 41-2424D
OPERATION e MAINTENANCE

INSTRUCTIORNS

TYPE CWC AND CWP
DIRECTIONAL GROUND RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The type CWC and CWP relays are induction disc
type relays used for directional ground fault protect-
tion on grounded neutral power systems. The type
CWC relay is polarized by current from a suitably
grounded power transformer bank neutral. Thereforg,
its application does not require potential transformer.
The type CWP relay is potential polarized byresidual
voltage obtained across the open comner ofi\theddelta
winding of a grounded star-delta potentialitransfermer.

At stations where the power transfommer bank
netural is grounded, the residual voltage! will be
small generally, and the type CWC relay“is recom-
mended. At ungrounded station$®, or‘at ground stations
where the power transformer bank neutral is not avail-
able, the type CWP relay is applicable.

CONSTRUCTION

The type CWC and“€WP relays consists of an
operating unit, an Andicating contactor switch, and
optional indicatingnstantaneous trip unit. In
addition to the above components, the type CWP relay
has a phase shifter network. The principal compo-
nent parts ofithe relay and their locations are shown
in Fig. 1-8.

OPERATING UNIT

This unit is an induction disc unit with an elec-
tromagnet that has poles above and below the disc as
shown in Fig. 2 and 4. The upper pole of both the
CWC and CWP relays are tapped. In addition, the

SUPERSEDES I.L. 41-242.4C

*Denotes change from superseded issue.

lower poleis tapped on the|type CWC relay.

The electremagnets are connected to the pro-
tected apparatus ing@ manner so that out-of-phase
fluxes are produced by the flow of currents in both
the upper and¥ower pole circuits. The out-of-phase
fluxes causepeither a contact opening or a contact
cloSing torque depending upon the relative direction
of current flow in the upper and lower pole circuits.

PHASE SHIFTER NETWORK

The phase shifter network of the type CWP relay
consists of a capacitor and resistor connected in
series with the lower pole circuit.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attacted
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 bottom of the cover.

The front spring, inaddition to holding the target,
provides restraint for the armature and thus controls

the pickup value of the switch.

INDICATING INSTANTANEOUS TRIP UNIT (IIT)

The instantaneous trip unit is a small a-c operat-
ed 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 con-
tacts bridge two stationary contacts completing the
trip circuit. Also during the operation two fingers

EFFECTIVE NOVEMBER 1967
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Fig. 1. Type CWC Relay (frontyview)

Fig. 2. Type CWC Relay (rear view)
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Fig. 4. Type CWP Relay (rear view)
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Fig. 5. Internal Schematic of Double Trip Type CWC Re-
lay in the Type FT-21 Case. For the Single
Trip Relay the Circuits Associated with Terminal
2 are omitted.

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 bottom of
the cover.

A core screw accessible from the top of the
switch provides the adjustable pickup range. /£The
minimum and maximum pickup points are indicated jon
the scale, which is located to the rear of fhe cere
screw.

OPERATION AND CHARACTERISTICS

The operating torque for the CWE, relaypis obtain-
ed by energizing the lower pole' coil {with residual
current (usually obtained from the limegdcurrent trans-
former) and the 2 tapped uppeér pole, coils with resid-
ual current from the current transfermer in the power
bank neutral. For thedCWP relay the operating torque
is obtained by energizing the upper pole coils with
residual current (usually obtained from the line cur-
rent transformer) and th€éflower pole with residual
voltage.

TYPE CWC RELAY

The type “€WC relay has two taps on the upper
pole and four on the lower pole. They are marked in
produet which is the minimum pickup product of two
equal or unequal currents.

Fig. 6. InterAal Schematic of the Type CWC Relay with
Indicatinglnstantaneous Trip Unit in the Type
EI-21 Case.

Type CWC Relay Ranges and taps are:
425t0 4 Product Range

Product .25 .36 .64 1.0 1.44 2.66 4.0

2.25 to 36 Product Range

Product 2.25 4.0 6.25 9.0 16.0 25.0 36.0

The first four values are marked on the lower
pole tap plate. The upper pole tap plate is marked
x 1 and x 4 Product. The last four values are obtained
by using the x4 tap with the four lower pole taps.

Typical 60 Cycle time-product curves for the
type CWC relay are shown in Fig. 9. These curves
are taken at maximum torque which occurs with the
currents in phase. For residual and Ground currents
out of phase the relay operating time may be obtained
by determining the operating time corresponding to
the product P’ = P Cos &, where P is the actual
relay product in amperes squared, and & is the angle
between the residual and polarizing currents.

The limits for which these curves are accurate
within + 7% are shown in Fig. 10.

TYPE CWP RELAY

The type CWP relay taps are on the upper pole
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Fig. 7. Internal Schematic of the Type CWP Relay in the
Type FT-21 Case. For the Single Trip Relay
the Circuits Associated with Terminal 2 are
omitted.

current coil. They represent the minimum pickup
product of current times voltage at maximum torgue
when the current lags the voltage by 60 °. The rangé
and taps are:

Product

Range Tap Markings

20- 150 20 30 40 50 75 4 100 150
75-600 175 100 150 200 4300,k w400 600

Typical 60 cycle time product®curves for the
type CWP relay are shown imy Fig. Pl. These curves
are taken at maximum torque which occurs with the
current lagging the voltage %604. For currents not
lagging by this angle, [the rélay tripping time may be
obtained by determining the @perating time correspond-
ing to the product/p’ & B Cos (60° - &), where P is
the actual relay, VIA. product and 6 is the angle the
current lag§ the “weltage. The curves are accurate
within +£7% if the multiple of tap product does not
exceed thelvoltage on the relay coil.

TRIP CIRCUIT

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

The indicating instantaneous trip contacts will

Fig.}8. Internal Schematic of the Type CWP Relay with
lndicating Instantaneous Trip Unit in the Type
FT21 Case.

safely close 30 amperes at 250 volts d-c, and will
earry this current long enough to trip a breaker.

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 setting by means
of a screw connection.

TRIP CIRCUIT CONSTANT

Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance

2.0 ampere tap 0.15 ohms d-c resistance

SETTING
CWC INDUCTION UNIT

Select the desired upper and lower pole taps. Set
the time dial by applying a preselected current to the
relay coils, and adjusting the dial position to obtain
the desired time of operation. Altematively the dial
may be set by inspection, if the timing coordination
is not critical.

CWP INDUCTION UNIT

Select the desired upper pole tap. Set the dial
position by applying a preselected voltage and current
(current lagging voltage by 60° - see Fig. 16 to the
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Fig. 9. Typical Time Curves of the Type CWC Relayf& Current” Coils in Series - See Fig. 10 for application limits.

relay coils and adjusting the dial position tofobtain-
ed the desired time of operation. Alternatively the
dial may be set by inspection, if the timidg céerdina-
tion is not critical.

Indicating Contactor Switch (ICS)

No setting is required on the IGS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tap block t@'the desired setting by means
of the connecting scpew. MWhen the relay energizes a
125 or 250 volt d-c type' WL selay switch, or equiva-
lent, use the 0.2 ampere tap; for 48 volt d-c applica-
tions set relay in 2 tap and use S#304C209G01 Type
WL Relay or equivalent.

INDICATING INSTANTANEOUS TRIP (IIT)

Since the, minimum and maximum markings on the
scale only “indicate the working range of the core
screwgptheéhcore screw must be adjusted to the value
of the pickup current desired.

The nameplate data will furnish the actual cur-
rent range that ‘'may be obtained from the ITT unit.

SETTING CALCULATIONS

The following informationis required to set these
relays:

1. The maximum and minimum ground fault current
for faults at the relay and at the remote bus. These
values should be residual current which is three times
the zero sequence current.

2. The maximum and minimum polarizing current
or voltage values for the faults above. The values
should be residual currents or voltage which are three
times the zero sequence values.

3. The current transformer ratios of the main and
polarizing current transformers for the type CWC relay
applications or the main current transformer ratio
and the polarizing potential transformer ratio for the
type CWP relay application.
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where I = the lower pole current. where I, = the lower pole current.
IU = the upper pole cufrent. Iy = the upper pole current.
M = value from the table below for N = value from the table below for
various tap combinations. various tap combinations.
Tap Upper Pole Lower Pole Tap Upper Pole Lower Pole
Product |Product Tap, {#Product Tap M K Product |Product Tap | Product Tap N K
.25 1 .25 4.0 10 2.25 1 2.25 4.0 30
.36 1 .36 2.78 12 4.0 1 4.0 2.25 40
.64 1 .64 1.56 16 6.25 1 6.25 1.44 50
1.0 1 1.0 1.0 20 9.0 1 9.0 1.0 60
1.0 4 .25 16.0 20 9.0 4 2.25 16.0 60
1.44 4 .36 11.1 24 16.0 4 4.0 9.0 80
2.56 4 .64 6.25 32 25.0 4 6.25 5.76 100
4 4 1.00 4.0 40 36.0 4 9.0 4.0 120

The Typical time curves for the Type CWC Relay apply if the values of R falls
within the shaded area of the curve above, and if neither relay current is greater
than K in amperes.

Fig. 10. Limits for Application of the CWC Time Curves.
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These Curves arévalid if the multiple of tap Product (volt-amperes) does not exceed the
voltage omthe relay polarizing coils.

11.

Typical Time Curves of the Type CWP Relay at Maximum Torque Angle - Curves Apply if the Multiple of

Tap Product in Volt-Amperes Does Not Exceed the Polarizing Voltage in Volts.
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Fig. 12. Typical System for Setting Type CWC and CWP Relays.

Each relay should be set to operate“as rapidly
as possible for ground faults on thegtransmission
lines near the breaker. The product availableyfor the
relay in these cases should be large enough to 1e-
present a large multiple of the tap product value so
the operating times can be in rangeneff0.05 to 0.20
second as seen from the curyes ofgFigs. 9 and 11.

However, the relaysgeannotddistinguish between
a fault on the line near|the remote breaker for which
they should operate, and ‘agsimilar fault on the bus or
adjacent line for whichfthey should not operate until
the bus differential ‘Or._adjacent line relays have had
an opportunity to operate and clear the fault. This re-
quires an incredsed time setting of the relay for faults
near the remote terminal. The product available for
the relay in thesé cases will be smaller than that for
the close faults and should represent a smaller mul-
tiple of theap product previously chosen so the op-
erating time can be from .4 to .75 second longer than

the remote line or bus relay operating time. This .4
to .75 second interval is known as the coordinating
time interval. It includes the circuit breaker operat-
ing time plus a factor allowing for difference between
actual fault currents and calculated values, dif-
ferences in individual relay performance, etc. For 8
% cycle breakers the value of .4 second is commonly
used, while for 30 cycle breakers, .75 second is used.

As an example, a type CWC relay is to be con-
nected at Station A and set to protect the line running
to Station B. It must select or coordinate with the
type CWP relay connected at Station B and set to
protect the line running to Station C. The fault cur-
rent and voltage for single line-to-ground faults under
minimum conditions for this system are shown in
Fig. 12.

In setting the type CWC and CWP relays, it is
convenient to set up Table as shown.
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Fig. 13. External Schematic of the Type CWC Relay for Fig. 14. 'External Schematic of the Type CWP Relay for
Ground Protection. : Ground Protection.
TABLE 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
M Line Line Polarizing Polarizing Line Polarizing Multiples
Relay Fault Primary C.T. Primary Amps, C.T.orP.T. | Secondary Secondaryy Product I Tap of Tap R Time Time In
Location No. Amps. Ratio or Volts Ratio Amps,(II) Amps. (Iy) IU x IL U Product Dial Seconds
1 3450 300/5 2910 300/5 57.5 48.5 2780 1.19 36 77 4.76 2 .11
2 1320 1040 22.0 17.3 381 1.27 10.6 5.1 .52
F 2 1320 100/5 83,100V 1000/1 66.0 83.1V 5485 - 300 18.3 - Y .13
3 620 36,500V 31.0 36.5V 1130 - 3.8 - .53

The relay location is,showngn €Column 1 and the
fault location in Column, 2.“¥The prmary line residual
current available for the relay“is recorded in Coluinn
3. The ratio of these currentytransformers is spec-
ified in Column 4.

The primary fault current or voltage available for
the polarizing winding4s shown in Column 5, and the
associated current or potential transformer ratio in
Column 6. {MAllVof these fault values are residual
values ormathree times the zero sequence current of
voltage. "The Telay current for the lower pole wind-
ings is the value of Column 3 divided by the ratio of

10

Column 4. The value is recorded in Column 7. The
upper pole relay current is the value of Column 5
divided by the ratio of Column 6, and is recorded in
Column 8. The relay operating product is the values
of Column 7 and 8 multiplied together and recorded
in Column 9. For the type CWC relays, the ratio of
I1, is written in Column 10. All of this data is fixed
Iy

by the system constants and characteristics, and is
preliminary to making the actual relay setting.

The choice of a tap recorded in Column 11 and
of the time lever in Column 14 is a matter of trial and
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Fig. 15. External Schematic of the Type CW Relay for Ground Differential Protection of Wye or Zig-zag Winding of a

Transformer or Rotating Machine.

error. The breakers on this systemghave, 8“cycle
operating time so that the coordinating time interval
should be about .4 second. The tap should”be chosen
so that the relay times for4the ‘elose-in fault and
remote fault product values willWdiffer by about the
coordinating time interval or&4 second in this case.
Practically this can be accomplished by several taps
with equal results. Tapr 360%Was selected in this
example. The product, value divided by the tap is
recorded in Column 2. “*EBhis value is the abscissa
of the time product/relay¢curves. From these curves
the lever Column, 14¥andirelay operating time Column
15 were chOsen soypthat the relay would operate at
about .120'second for close-in faults and about .52
second for“the remote faults. These times for the
type CWC relayawere obtained using time dial setting
3. With the selection of a satisfactory tap value, the
curves of Fig. 10 will quickly show if the combination
of stap and current values provide relay operating
timesias indicated by the curve. The value of Column
104multiplied by N*= 4.0 for tap 36 gives the R values
of“Column 13. These are within the curve of Figure
10.

The same process is allowed in setting the type
CWP relay at Station B on breaker F. Here tap 300
was selected with dial to provide relay operating
times of 0.13 and 0.53 seconds respectively for close-
in and remote faults. The operating limits using this
tap are fulfilled since neither multiples of tap prod-
uct value (Column 12) is greater than the polarizing
voltage (Column 8).

After individual relay settings are made, it is
necessary to check to see if the relays select prop-
erly with associated relays. In the example the coor-
dinating time interval was 0.4 second. Therefore, for
fault 2, the relay at D should not operate before the
relay at F plus the coordinating time interval. In
other words, the operating time of D should not be

*less than 0.13 second plus 0.4 = 0.53 second

Similarly, the time of the relay at breaker H
should not be greater than 0.13 second in order to
select with relay F for fault 3. If the time of relay H
is greater, then the time of relay at F must be in-
creased to provide proper selection. This change may

n
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Fig. 16. Diagram of Test Connections forthe Type CWP
Relay in FT-21 Case.

be accomplished by a change in the time lever setting
only, although often a new tap and lever setting may
provide a more satisfactory setting. Changing the
setting of relays at B probably will require a change
in the setting of the relay at Station A.

After the setting are made for all the relays under
minimum generating conditions, then it is necesgary
to check the relay operating time and coordination
under the maximum generating conditions.f Often
additional changes in tap and dial setfingsiare re-
quired, particularly if the maximum and minimum fault
values are quite different.

INSTALLATION

The relays should be mounted, on switchboard
panels or their equivalent in aflocation free from dirt,
moisture, excessive vibration)y@nd/heat. Mount the
relay vertically be means of%he four mounting holes
on the glange for segmi-fldsh mountings or by means
of the rear mountingystud 4or studs for projection
mounting. Either a mounting stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections, may be made directly to the
terminals by means of screws for steel panel mount-
ing or to the, temminal studs fumished with the relay
for thick panel mounting. The terminal studs may be
easily removedor inserted by locking two nuts on the
stud and then tuming the proper nut with a wrench.

12

For detailed FT case information refer to I.L{
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory.“Upon
receipt of the relay no customer adj@stments, other
than those covered under ‘““‘SE&TINGS” should be
required.

For relays which include an indicating instanta-
neous trip unit (IIT), the junction/of the induction and
indicating instantaneous trip éeils is brought out to
switch jaw #3. With this ‘armrangement the overcurrent
units can be tested sepdarately.

Acceptance Check

The following ceheek is recommended to insure
that the relay is,in proper working order.

1. Contact

By tuming the time dial, move the moving
contacts until, they deflect the stationary contact to
a poSsition where the stationary contact is resting
agdinst 1t$ backstop. The index mark located on the
movement frame will coincide with the ‘O’ mark on
the ‘time dial when the stationary contact has moved
through approximately one-half of its normal deflec-
tion. Therefore, with the stationary contact resting
dgainst the backstop, the index mark is offset to the
right of the ‘‘O’’ mark by approximately .020’’. 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 con-
tacts should be approximately 1/32’’.

2. Minimum Trip Current

For the CWC relay, connect the upper and
lower pole coils in series and pass a current equal

to V'tap product x multiplier in polarity thru both

coils. For the CWP relay connect the relay as per
Fig. 16 and apply tap value product. The moving con-
tacts on both relays should close within 5% of the
applied values.

3. Time Curve_

CWC Relay — Connect the upper and lower
poles in series and pass current in polarity thru both
coils. Set the time dial on the 6 position and taps on
.25 or 2.25 product and 1 multiplier. Check several
points on the time curve. Timing should be within
+7% of that of Figure 9.

g,
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l.L. 41-242.4D

CWP Relay - Connect the relay per Figure 16.
Set the time dial on the 6 position and the tap in the
20 or 75 product. Check several points on the time
curve by applying current leading the voltage by 300°.
The timing should be within +7% of the values shown
on Fig. 11.

4. Indicating Instantaneous Trip Unit (IIT)

The core screw which is adjustable from the
top of the trip unit determines the pickup value. The
trip unit has a nominal ratio of adjustment of 1 to
4 and an accuracy within the limits of 10%.

The making of the contacts and target in-
dication should occur at approximately the same in-
stant. Position the stationary contact for a minimum
of 1/32” wipe. The bridging moving contact should
touch both stationary contacts simultaneously.

Apply sufficient current to operate the IIT.
The operation indicator target should drop freely.

5. Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suf-
ficient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should net
be greater than the particular ICS tap setting being
used. The operation indicator target sheftldydrop
freely. The- contact gap should be approximately
0.47’" between the bridging moving contacthjand the
adjustable stationary contacts. The bridging moving
contact should touch both stationary contactsisimul-
taneously.

Routine Maintenance

All relays should be inspeetediand checked
periodically to assure proper operatien.

All contacts shouldybe periodically cleaned.
A contact burnisher S#182A836H01 is recommended
for this purpose. Thel use of abrasive material for
cleaning contacts is_net réeemmended, because of the
danger of embedding small particles in the face of the
soft silver and thus impairing the contact.

CALIBRATION

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

1. Contact

By tumning the time dial, move the moving
contacts until they deflect the stationary contact to a

position where the stationary contact( is resting
against its backstop. The index mark lecatedsn the
movement frame will coincide with the ‘‘O*) mark on
the time dial when the stationary contaet dias moved
through approximately one-half of its normal deflec-
tion. Therefore, with the stationary contact resting
against the backstop, the index mark 1s offset to the
right of the ‘‘O’’ mark by approximately .020°’. The
placement of the varidus time dial positions in line
with the index mark will give Operating timesas shown
on the respective time-current curves. For double
trip relays, the follow on the stationary contacts
should be approximately®/32’’.

2. Minimum TEip Lurrent

Typé CWE Relay - Connect the upper and
lower pole coils in series and pass current in polarity
on bothgcoills. With one tap screw in the 1 multiplier
pogition®and the other screw in the .25 product tap for
the\.256- 4 product range or the 2.25 product tap for
the 2325"= 36 product range, apply current and adjust
the “Spring tension so that the contacts just close at
tap“walue product.

Type CWP Relay - Connect the relay per Fig.
16. Set in the lowest tap, apply 100 volts across
terminals 6 and 7, and apply minimum pickup current,
leading the voltage by 300°, (0.20 amperes for the
20-150 range, 0.75 amperes for the 75-600 range.)
Then, adjust the spring tension so that the contacts
just close.

3. Time Curve Calibration

Type CWC relay — Set the time dial to posi-

tion 6 and the product tap to .25 or 2.25. Set the mul-

tiplier tap to 1. Connect the upper and lower pole

coils in series and pass a current equal to
4 x Vv tap product in polarity thru the coils. Adjust
the permanent magnet keeper until the operating time
is between .95 and 1.01 seconds. Other points on the
time curve of Figure 9 should be within + 79 of the
values shown. (The multipliers of tap product shown
in Figure 9 equal the square of the current passed
thru the coils divided by the tap product.)

Type CWP Relay - Connect the relay per the
test circuit of Fig. 16. Set the 6 time dial and the
lowest tap. Apply 100 volts to potential coil and 10
times tap current. (Current leading voltage by 300°).
relay operate between 1.43 and 1.51 seconds. Other
points of the time curve should be within + 7% of the
value shown on Fig. 11.

4. Indicating Contactor Switch (ICS)
Close the main relay contacts and pass suf-

13
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ficient d-c current through the trip circuit to close the CWP il
contacts of the ICS. This value of current should not
be greater than the particular ICS tap setting being
used. The operation indicator target should drop

The burden of the Type CWC relays at 5 amperes,
115 volts, 60 cycles is as follows:

freely. Upper Pole Windings
5. Indicating Instantaneous Trip Unit (IIT) P F
_ The core scr(_ew must be adjusted to the value Product Angl‘e
of pickup current desired. Product Tap volt- Degrees
The nameplate data will furnish the actual Range  Value Watts Vars _Amperes Lag
current range that may be obtained from the ITT unit.
75-600 75 0.633 0.144 4 0.660 12.6
RENEWAL PARTS 100 0.557 0:095 0.560 9.8
150 0.494 40.043 % 0.495 5.0
Repair work can be done most satisfactorily at 200 0.460, 0:032 0.460 4.0
the factory. However, interchangeable parts can be 300 0.370 Ox013 0.370 2.0
furnished to the customers who are equipped for doing 400 0.340, 0.006 0.340 1.0
repair work. When ordering parts, always give the 600 0,290 0.290 0.5
complete nameplate data.
20- 150 20 4.70 2.66 5.4 29.5
30 3.23 1.21 3.45 20.5
ENERGY REQUIREMENTS
Q 40 2.93 0.87 3.05 16.5
cwe 50 2.31 0.57 2.38 14.0
The burden of the Type CWC relays at 5 amperes, % 1.50 0.28 1.52 10.7
60 cycles is as follows: 100 .15 0.11 1.15 5.5
’ 150 0.80 0.014 0.80 1.0
Lower Pole Windings
P. F. Lower Pole Potential Windings
Product Angle (between relay terminals 6 and 7)
Product Tap Volt- Degrees
Range Value Watts Vars Amperes  Lag P.F.
Angle
.25-4 .25 82.7 29.3 88.0 19.5 Volt- Degrees
.36 57.3 14.1 59.0 13.8 Watts Vars Amperes Lead
.64 32.1 4.43 32.4 7.85
2.2536 1.00  20.6 183  20.7 5,10 All ranges - 5.5 278  6.15 26.8
2.25 8.50 3.26 9.1 21.0
4.0 4.78 1.03 4789 12.1
6.25 3.01 0.41 3.04 7.7 CWC & CWP THERMAL RATINGS
9.0 2.13  0.21 2004 5.5 Pole Continuous 1 Sec
Upper Polé, Windings Relay Range  Winding Amperes Amperes
P.F CwC .25-4 All 4 110
Product Angle CWC 2. 25-36 Upper 10 280
Product  Tap Volt-  Degrees Lower 12.1 3170
La
Range Value Watts Vars Amperes g CWP  20-150 Upper 3.9 88
.25-4 1 6.08 8.58 10.5 55 75-600 Upper 6.4 185
4 1.52 0.54 1.61 20
2.25-36 1 0.79 0.95 1.24 50 The potential coil circuit of the type CWP relay
4 0.20 0.06 0.21 17 will stand 250 volts for 15 seconds.

I}
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INSTALLATION

I. L. 41-242.3

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CWP-1
SENSITIVE DIRECTIONAL GROUND RELAY

CAUTION; Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The type CWP-1 relay is an induction disc type
relay used for directional ground fault protection on
high-resistance grounded power systems. It is similar
to the type CWP relay except that the relay has a
higher sensitivity and has maximum torque when the
residual current and voltage are in phase.

The CWP-1 relay is applied for selective ‘alarm
or tripping for systems where the ground fault ctirrent
is limited to a range of about 0.2% to 8%yof rated full
load current. The system may be resistancesgrounded
with conventional zig-zag groundinggtransforms or
with a neutral resistor, in conjunction with a distri-
bution transformer. An alternatiye arramgement is
shown in Fig. 6, where the grounding resistor is con-
nected across the broken deltajof“the distribution
transformers or potential transformers; which are used
to provide potential for the CWP-1, relay.

A window-type CT (is used in Fig. 6 to energize
the CWP-1 current coiligWith this arrangement all
three conduciors @resdpassed through the opening:
thus avoiding “the problem of false residued currents
that is encountered, when three current transformers
are used,/ Thedwindow-type CT is necessary where a
relay sensitivity ©0f about 1% or less of rated load
current is requiréd. Where fault currents values permit
a higher current pickup, three residually connected
CT’s may be used.

CONSTRUCTION AND OPERATION

The Type CWP-1 relay consists of an induction
disc type unit, an indicating contactor switch, and an
external current transformer.

NEW INFORMATION

Induction Disc Unit

The induction disc unit contains a thin four-inch
diameter disc mounted on a vertical shaft. The shaft
is supported on the lower end by a steel ball bearing
riding between“eoncave sapphire jewel surfaces, and
on the uppef end by a stainless steel pin.

The /moying contact is a small silver hemisphere
fastened on the end of an arm. The other end of this
arm \isWelamped to an insulated section of the disc
shaft.), The element is not geared. The electrical
connection is made from the moving contact thru the
arm Jand spiral spring. One end of the spring is
fastened to the arm, and the other to a slotted spring
adjuster disc which in turn fastens to the element
frame.

The stationary contact assembly consists of a
silver contact attached tothe free end of aleaf-spring.
This spring is fastened to a molded block mounted on
the element frame. A small set screw permits the ad-
justment of contact follow. When double trip is re-
quired, another leaf spring is mounted on the molded
block and a double contact is mounted on the rigid
moving arm. Then the stationary contact set screws
permit adjustment so that both circuits will be made
simultaneously.

The moving disc is rotated by an electromagilet in
the rear and damped by a permanent magnet in front.
The operating torque is obtained by energizing the
lower pole with residual voltage and the upper poles
with residual current.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attract-
ed 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 to drop.

EFFECTIVE APRIL 1960



TYPE CWP-1 RELAY.

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

External Current Transformer

This is an auxiliary step up transformer (maximum
ratio 20/1) used to supply current to the upper poles
of relay. The transformer is tapped to provide relay
settings.

CHARACTERISTICS

The Type CWP-1 relay taps are on the external
current transformer supplied with the relay and not on
the relay itself. The taps are as follows:

0.5-07-10-1.4-2.0-2.8-4.0

The tap value represents the minimum pick up pro-
duct of residual current times residual voltage at
maximum torque (unity power factor).

Typical time-product curves are shown in Figs. 3 &
4 with 100 volts across the potential coil. Fig. 5
shows time data with a potential 50 and 200 volts for
comparative purposes. These curves were taken at
maximum torque; that is, with current and voltage in

phase. For currents not in phase with the voltage, the

approximate relay operating times is: tg = to ; where
cos 6@

to is the tripping time for unity power factor and gdis

the angle by which the residual current actually lags

the residual voltage.

Trip Circuit

The main contacts will safely close 30 amperes at
250 volts d-c and the seal-in contacts of the indicat-
ing contactor switch will safely “earry this current
long enough to trip a circuitibreaker.

The indicating contactor“switch has two taps that
provide a pickup setting, of 0.2 or 2 amperes. To
change taps requires/coennecting the lead located in
front of the tapyblock to 'the desired setting by means
of a screw connection.

Trip Circuit'Constants

Indicating Contactor Switch —

0.2 ampere tap — 6.5 ohms d-c resistance
2.0 ampere tap — 0.15 ohms d-c resistance

Burden and Thefmal Ratings

Current Circuit'Burden

POWER FACTOR ANGLE ~ LAG

TAP 60 Cycles 50°Cycles
.5 23.00 27.29
S 23.0 218

1.0 21.5 17.1

1.4 17.5 14.6

2.0 15.0 10.0

2.8 12.0 7.0

4.0 9.0 3.8

Voltage Circuit Burden

VOLT-AMPERES AT TAP VALUE CURRENT
(100 Volts Applied to Potential Coil)

60 Cycles 50 Cycles
0.0028 0.0021
0.0030 0.0023
0.0034 0.0027
0.0039 0.0032
0.0048 0.0041
0.0058 0.0051
0.0074 0.0067

Thermal Ratings

Volt-Amperes 110 Volts Power Factor Angle-Lag 60 Cycles 50 Cycles
60 Cycl 50 Cycl 60 Cycles 50 Cycles
yees yees yee yoe Continuous Current 0.3 amp. 0.3 amp.
7.0 9.9 81° 80° Continuous Voltage 250 volts 175 volts
SETTINGS current and potential transformer ratio and by one of

The'relay operates on the product of residual fault
currentiand voltage. This product divided by the proper

the transformer tap values is expressed as a multiple
of the tap. The time curves of Figs. 3 & 4 give the
relay operating time for various lever settings as a

PN
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INTERNAL SCHEMATIC
INDICATING
CONTACTOR
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Fig. 1. Internal Schematic of the Doubl: Trip Type CWP-1
Relay, FT21 Case. (Single Trip Relays Have Ter-

minal 2 and Associated Circuits Omitted).

function of this multiple. Fig. 5 shows times for(504
100 and 200 volts across the relay coils.

Since, the relay operates on very smalljéurrents
the main current transformer exciting current may not
be negligible. When determining the main €T second-
ary note that ithe exciting current will \befout-of-phase
with the primary current, since the €T exeifing imped-
ance is reactive, while the burden is predominantly
resistive.

Since this relay is designedyfor resistance ground-
ed systems with small fault“eurrents, selective current
settings are usually notfpossible. This is because the
effective neutral resistance value is large in compari-
son with line and transformer impecdance values: thus
the fault currért magnitude is relatively independent
of the point’on the system at which the ground fault
occurs, and hefice this magnitude cannot be used to
discriminate oetweén near and far faults.

If selective' settings are possibl2, each relay
should be set to operate as rapidly as possible for
ground faults on the transmission lines near the
breaker. The product available for the relay in these
cases) should be large enough to represent a large
multiple of the tap product value so the operating
times can be in the range of 0.05 to 0.20 second as
seen from the curves of Figs. 3, 4 and 5.

Fig. 2. %Internal Connections of the External Auxiliary Current

Transformer.

However, the relays cannot distinguish between a
fault on the line near the remote breaker for which
they should operate, and a similar fault on the bus or
adjacent line for which they should not operate until
the bus differential or adjacent line relays shave had
an opportunity to operate and clear the fault. This
requires an increased time setting of the relay for
faults near the remote terminals. The product availa-
ble for the relay in these cases will be smaller than
that for the close faults and shouldrepresent a smaller
multiple of the tap product previously chosen so the
operating time can be from .4 to .75 second longer
than the remote line or bus relay operating time. This
.4 to .75 second interval is known as the coordinating
time interval. It includes the circuit breaker operating
time plus a factor allowing for differer.ces between
actual currents and calculated values, differences in
individual relay performance, etc. For 8 cycle breakers
the value of .4 second is commonly used while for 30
cycle breakers .75 second is used.

After the settings are made for all the relays under
minimum generating conditions, then it is necessary
to check the relay operating time and coordination
under the maximum generating conditions. Often ad-
ditional changes in tap and lever settings are re-
quired, particularly if the maximum and minimum fault
values are quite different.
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Indicating Cantactar Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw. When the relay energizes a
125 volt or 250 volt d.c. type WL relay switch, or
equivalent, use the 0.2 ampere tap. For 48 volt d.c.
applications set ICS in 2 ampere tap and use S#304C
209G01 type WL relay or equivalent.

The relays should be mounted on switchboard
panels or their equivalent  in a location free from dirt,
moisture, excessive 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 projection mount-

ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted 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.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct operation
of this relay have been made at the factory andgShould
not be disturbed after receipt by the customer. If the
adjustments have been changed, the relay taken‘apart
for repairs, or if it is desired to check the'adjustments
at regular maintenance periods, the instructiens below
should be followed.

Acceptance Check

The following procedure is/recommended to in-
sure that the relay is infproper. working order:

1. Set the contacts in the #10 time lever position
and the tap plug “in, thé 0.5 tap. Connect the
auxiliary CT as shown in Fig. 6. Energize the
the potential coil with 100 volts and the external
auxiliary CT with Sufficient current to just close
the contacts. (The current in polarity on the aux-
iliary CTwshould be in phase with the voltage
drop 4romYrelay terminal 6 to terminal 7.) The
pickup, current should be 0.005 amperes * 3%.

2. 4Withy 100 volts potential, energize the auxiliary

CT at the following current levels to check relay
timing:

Multiple of Time-seconds

Current Tap Product 60 Cycles 50 Cycles
0.025 5 3.55 + 10% 4.00 & 10%
0.100 20 094+ 5% 1.00 + 5%
0.500 100 0.33 + 10%F 0235 + 10%

3. To check the zero torque line, adjust the input
current to the auxiliary current, transformer to
0.25 amperes. With the potential at 100 volts,
shift the current phase angle“until the contact
opens. The phase angle reading should be 900
(or 2700) + 70,

Indicating Cantactar Switch (ICS)

Close the main relay ‘eontacts and pass sufficient
d-c current through‘the trip circuit to close the con-
tacts of the ICS. This value of current should not be
greater ‘than®wthe\particular ICS setting being used.
The indieatortarget should drop freely.

Thejcontact gap should be approximately .047
between the bridging moving contact and the adjust-
ablel stationary contacts. The bridging moving con-
tactashould touch both stationary contacts simul-
taneously.

Routine Maintenance

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face-of
the soft silver and thus impairing the contact.

Check relay pickup in accordance with the proce-
dure of paragraph 1 under ‘‘Acceptance Check’’, ex-
cept with the tap position actually being used. Check
relay timing at 5 and 100 times tap product or at the
most critical energy level, as determined from setting
calculations.

_Colibrafion

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs,
or the adjustments have been disturbed. This proce-
dure should not be used until it is apparent that the
relay is not in proper working order (See ‘*Accep-
tance Check’’).
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Induction Unit

The upper bearing screw should be screwed down
until there is only 3 to 5 thousandths inch clearance
between it and the shaft and then securely locked in
position with the lock nut. This adjustment can be
made best by carefully screwing down the top bear-
ing screw until the disc fails to turn freely and then
backing up a fraction of a turn. Great care must be
taken in making this adjustment to prevent damage
to the bearings.

Adjust the contacts to just barely touch when the
time lever is set on zero by shifting the position of
the contact stop on the time lever. This should be
done with approximately the required contact follow.
Final adjustment of the contacts can be more easily
made by the contact follow set screw after the con-
tact stop is securely fixed.

A maximum contact follow of approximately 5/64
inch-is obtained when the set screw on the stationary
contact is all the way out. Where rigid contacts for
quick reopening are required, the set screw should
be all the way in to hold the stationary contact
against the Micarta bracket. Readjust the zero setting
after this is done.

Connect 115 volts across the relay potentialcoil.
Apply approximately 5 times the minimum ‘pick-up
current (tap value divided by 115) through“the aux-
iliary transformer primary with the polarity%and relay
connections as shown in Fig. 6 and“see that zero
torque occurs when the current and voltage are 900
out of phase within + 40, Thére, should/be no spring
tension on the relay for this test.

With the connections above ‘apply 100 volts, and
current in phase. With the tapJ/screw in the lowest

tap, adjust the spring tension so that the contacts
just close with correct value of current flowing. This
current will be tap value divided by“100 or 5 milli-
amperes on the 0.5VA. tap. The spring tension may
be changed by means of a screw driver inserted in
one of the notches of the plate to which the outside
convolution of the spring is_fastened.

Calibrate the time“delay"by adjusting the perma-
nent magnet gap to obtain"0:94 seconds(1.00 seconds
for 50 cycle relay) in the'0.5 VA tap, with a potential
of 100 volts. The timing can be checked with a cycle
counter by averaging, a number of trials. Make sure
that the coils deynot/overheat, otherwise the curves
cannot be c¢heecked.” The position of the permanent
magnet ovérithe disc will affect the timing and shape
of the curves.

Indicating Contactor Switch (ICS)

€lose the main relay contacts and pass sufficient
d-e, current through the trip circuit to close the con-
tacts of the ICS. This value of current should be not
greater than the particular ICS tap setting being used.
The operation indicator target should drop freely.

The contact gap should be approximately .047’’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be fur-
nished to the customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.
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INSTALLATION

I L. 41-242.3

OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CWP-I1
SENSITIVE DIRECTIONAL GROUND RELAY

CAUTION; Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The type CWP-1 relay is an induction disc type
relay used for directional ground fault protection on
high-resistance grounded power systems. It is similar
to the type CWP relay except that the relay has a
higher sensitivity and has maximum torque when the
residual current and voltage are in phase.

The CWP-1 relay is applied for selectiveialarm
or tripping for systems where the ground fault current
is limited to a range of about 0.2% to 8% of, rated full
load current. The system may be resistance-grounded
with conventional zig-zag grounding transforms or
with a neutral resistor, in conjunction with a)distri-
bution transformer. An alternative garrangement is
shown in Fig. 6, where the grounding resistor is con-
nected across the broken delta,of, thé*distribution
transformers or potential transformers, ‘which are used
to provide potential for the CWP-1"relay.

A window-type CT isfused{in Fig. 6 to energize
the CWP-1 current coil. ‘With/'this arrangement all
three conduciors are passed through the opening:
thus avoiding theyproblem of false residued currents
that is encountered“when three current transformers
are used. The window-type CT is necessary where a
relay sensitivity offabout 1% or less of rated load
current is requiredifWhere fault currents values permit
a higher current pickup, three residually connected
CT’s may be used.

CONSTRUCTION AND OPERATION

The Type CWP-1 relay consists of an induction
disc type unit, an indicating contactor switch, and an
external current transformer.

NEW INFORMATION

Induction Disc Unit

The induction disc unit contains a thin four-inch
diameter disc mounted®en ‘a” vertical shaft. The shaft
is supported on thejlower ‘end by a steel ball bearing
riding between s0ncave sapphire jewel surfaces, and
on the upper end by a’stainless steel pin.

The movinghcontact is a small silver hemisphere
fastened on /the end of an arm. The other end of this
arm is)clamped to an insulated section of the disc
shaft. The “element is not geared. The electrical
connection is made from the moving contact thru the
arm and spiral spring. One end of the spring is
fastened to the arm, and the other to a slotted spring
adjuster disc which in turn fastens to the element
frame.

The stationary contact assembly consists of a
silver contact attached tothe free end of aleaf-spring.
This spring is fastened to a molded block mounted on
the element frame. A small set screw permits the ad-
justment of contact follow. When double trip is re-
quired, another leaf spring is mounted on the molded
block and a double contact is mounted on the rigid
moving arm. Then the stationary contact set screws
permit adjustment so that both circuits will be made
simultaneously.

The moving disc is rotated by an electromagnet in
the rear and damped by a permanent magnet in front.
The operating torque is obtained by energizing the
lower pole with residual voltage and the upper poles
with residual current.

Indicating Contactor Switch Unit (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attract-
ed 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 to drop.

EFFECTIVE APRIL 1960



TYPE CWP-1 RELAY.

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

External Current Transformer

This is an auxiliary step up transformer (maximum
ratio 20/1) used to supply current to the upper poles
of relay. The transformer is tapped to provide relay
settings.

CHARACTERISTICS

The Type CWP-1 relay taps are on the external
current transformer supplied with the relay and not on
the relay itself. The taps are as follows:

0.5-0.7-10-1.4-2.0-2.8-4.0

The tap value represents the minimum pick up pro-
duct of residual current times residual voltage at
maximum torque (unity power factor).

Typical time-product curves are shown in Figs.3 &
4 with 100 volts across the potential coil. Fig. 5
shows time data with a potential 50 and 200 volts for
comparative purposes. These curves were taken at
maximum torque; that is, with current and voltage in

phase. For currents not in phase with the voltage, the

approximate relay operating times is: tg =t;, ; where
cos 0

to is the tripping time for unity power factor and @'is

the angle by which the residual current actuallylags

the residual voltage.

Trip Circuit

The main contacts will safély;elose 30 amperes at
250 volts d-c and the seal-in‘contacts of the indicat-
ing contactor switch will safely carry this current
long enough to trip a ciréuit breaker.

The indicating contactor, switch has two taps that
provide a pickup_setting of 0.2 or 2 amperes. To
change taps requiresyconnecting the lead located in
front of the'tap block/to the desired setting by means
of a screw connection.

Trip Circuit Constants

Indicating, Contactor Switch —

0.2%ampere tap — 6.5 ohms d-c resistance
2.0 ampere tap — 0.15 ohms d-c resistance

Burden and, Thermal Ratings

CurrentiCircuit Burden

POWER FACTOR ANGLE — LAG

TAP 60 Cycles 50 Cycles
.5 23.00 27920
N 23.0 21.8

1.0 21.5 17.1

1.4 17.5 14.6

2.0 15.0 10.0

2.8 12.0 7.0

4.0 9.0 3.8

VoltageCircuit Burden

VOLT-AMPERES AT TAP VALUE CURRENT
(100 Volts Applied to Potential Coil)

60 Cycles 50 Cycles
0.0028 0.0021
0.0030 0.0023
0.0034 0.0027
0.0039 0.0032
0.0048 0.0041
0.0058 0.0051
0.0074 0.0067

Thermal Ratings

Volt-Amperes 110 Volts Power Factor Angle-Lag 60 Cycles 50 Cycles
Cycl 1 60 Cycl 50 Cycl
60 Cycles 50 Cycles yees yeles Continuous Current 0.3 amp. 0.3 amp.
7.0 90 81° 800 Continuous Voltage 250 volts 175 volts
SETTINGS current and potential transformer ratio and by one of

The relay operates on the product of residual fault
current)and voltage. This product divided by the proper

the transformer tap values is expressed as a multiple
of the tap. The time curves of Figs. 3 & 4 give the
relay operating time for various lever settings as a
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Fig. 1. Internal Schematic of the Double Trip Type CWP-1
Relay, FT21 Case. (Single Trip Relays Have Ter-

minal 2 and Associated Circuits Omitted).

function of this multiple. Fig. 5 shows times for 50,
100 and 200 volts across the relay coils.

Since, the relay operates on very small currents
the main current transformer exciting current“may not
be negligible. When determining the main/CTysecond-
ary note that ihe exciting current will belout-of-phase
with the primary current, since the CTfexciting imped-
ance is reactive, while the burden is predominantly
resistive.

Since this relay is designed forresistance ground-
ed systems with small fault éurrents, selective current
settings are usually not poSsible. This is because the
effective neutral resistance,value is large in compari-
son with line and transformer impecance values: thus
the fault currentqmagnitude is relatively independent
of the point on”the“system at which the ground fault
occurs, andhencé thisPmagnitude cannot be used to
discriminate‘betweendear and far faults.

If selective settings are possiblz2, each relay
should be set to operate as rapidly as possible for
ground faultsh on the transmission lines near the
breaker, The product available for the relay in these
casesyshould be large enough to represent a large
multiple of the tap product value so the operating
times can be in the range of 0.05 to 0.20 second as
seen from the curves of Figs. 3, 4 and 5.

Fig.“2. Infernal Connections of the External Auxiliary Current

Transformer.

However, the relays cannot distinguish between a
fault on the line near the remote breaker for which
they should operate, and a similar fault on the bus or
adjacent line for which they should not opergte until
the bus differential or adjacent line relays shave had
an opportunity to operate and clear the fault. This
requires an increased time setting of the relay for
faults near the remote terminals. The product availa-
ble for the relay in these cases will be smaller than
that for the close faults and shouldrepresent a smaller
multiple of the tap product previously chosen so the
operating time can be from .4 to .75 second longer
than the remote line or bus relay operating time. This
.4 to .75 second interval is known as the coordinating
time interval. It includes the circuit breaker operating
time plus a factor allowing for differerices between
actual currents and calculated values, differences in
individual relay performance, etc. For 8 cycle breakers
the value of .4 second is commonly used while for 30
cycle breakers .75 second is used.

After the settings are made for all the relays under
minimum generating conditions, then it is necessary
to check the relay operating time and coordination
under the maximum generating conditions. Often ad-
ditional changes in tap and lever settings are re-
quired, particularly if the maximum and minimum fault
values are quite different.
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Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tap block to the desired setting by means
of the connecting screw. When the relay energizes a
125 volt or 250 volt d.c. type WL relay switch, or
equivalent, use the 0.2 ampere tap. For 48 volt d.c.
applications set ICS in 2 ampere tap and use S#304C
209G01 type WL relay or equivalent.

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive 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 projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made directly to the terminals by
means of screws for steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted 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&
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct operation
of this relay have been made at the factory and should
not be disturbed after receipt by the customer. If) the
adjustments have been changed, the relayytakenfapart
for repairs, or if it is desired to check the adjustments
at regular maintenance periods, thelifistruetions below
should be followed.

Acceptance Check

The following procedure, 4s recommended to in-
sure that the relay is#in preper*working order:

1. Set the conta€ts in they#10 time lever position
and the tap plug,ingthe 0.5 tap. Connect the
auxiliary CT as shown in Fig. 6. Energize the
the potential coil with 100 volts and the external
auxiliary CT with sufficient current to just close
the contacts. (The current in polarity on the aux-
iliary. @T 'should be in phase with the voltage
dropyfrom relay terminal 6 to terminal 7.) The
pickup current should be 0.005 amperes + 3%.

2.. With “100 volts potential, energize the auxiliary

CT at the following current levels to check relay
timing:

Multiple of Time-seconds
Current Tap Product 60 Cycles 50 Cycles

0.025 5 3.55 + 10% 4.00 + 10%
0.100 20 0.94 5% 1.00 + 5%
0.500 100 0.33( 10%) 0.35 + 10%

3. To check the zero torque linej adjust the input
current to the auxiliary/ current” transformer to
0.25 amperes. With the "potential at 100 volts,
shift the current phaseWangle until the contact
opens. The phase angle reading should be 900
(or 2700) + 7°,

Indicating Contactor Switch (ICS)

Close the main/relay contacts and pass sufficient
d-c current throughgthe trip circuit to close the con-
tacts of the\ICS§This value of current should not be
greatery,than,the particular ICS setting being used.
Thelindicator target should drop freely.

The contact gap should be approximately .047
between’ the bridging moving contact and the adjust-
able) stationary contacts. The bridging moving con-
taet” should touch both stationary contacts simul-
taneously.

Routine Maintenance

All contacts should be periodically cleaned. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Check relay pickup in accordance with the proce-
dure of paragraph 1 under ‘‘Acceptance Check’’, ex-
cept with the tap position actually being used. Check
relay timing at 5 and 100 times tap product or at the
most critical energy level, as determined from setting
calculations.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs,
or the adjustments have been disturbed. This proce-
dure should not be used until it is apparent that the
relay is not in proper working order (See ‘‘Accep-
tance Check"’).
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Induction Unit

The upper bearing screw should be screwed down
until there is only 3 to 5 thousandths inch clearance
between it and the shaft and then securely locked in
position with the lock nut. This adjustment can be
made best by carefully screwing down the top bear-
ing screw until the disc fails to turn freely and then
backing up a fraction of a turn. Great care must be
taken in making this adjustment to prevent damage
to the bearings.

Adjust the contacts to just barely touch when the
time lever is set on zero by shifting the position of
the contact stop on the time lever. This should be
done with approximately the required contact follow.
Final adjustment of the contacts can be more easily
made by the contact follow set screw after the con-
tact stop is securely fixed.

A maximum contact follow of approximately 5/64
inch-is obtained when the set screw on the stationary
contact is all the way out. Where rigid contacts for
quick reopening are required, the set screw should
be all the way in to hold the stationary contact
against the Micarta bracket. Readjust the zero setting
after this is done.

Connect 115 volts across the relay potential coil.
Apply approximately 5 times the minimumypick=up
current (tap value divided by 115) through thejaux-
iliary transformer primary with the polarity and, relay
connections as shown in Fig. 6 and see/that zero
torque occurs when the current and /voltage are 900
out of phase within + 40. There“should be no spring
tension on the relay for this test;

With the connections above apply 100 volts, and
current in phase. With thestap “Serew in the lowest

tap, adjust the spring tension so that the'‘eontacts
just close with correct value of current flowing. This
current will be tap value divided by 100 or 5 milli-
amperes on the 0.5VA. tap. The spring tension may
be changed by means of a screw driver inserted in
one of the notches of the plate to which the outside
convolution of the spring is fastened.

Calibrate the time delay by adjusting the perma-
nent magnet gap to obtain 0.94, seconds (1.00 seconds
for 50 cycle relay) in the 0,5, VA tap, with a potential
of 100 volts. The timing can/be checked with a cycle
counter by averaging‘a,number of trials. Make sure
that the coils do net overheat, otherwise the curves
cannot be checked. The position of the permanent
magnet over the disc’will affect the timing and shape
of the curyes:

Indicating,Contactor Switch (ICS)

Clese\the main relay contacts and pass sufficient
d-c“eurrent through the trip circuit to close the con-
taets, of the ICS. This value of current should be not
greater than the particular ICS tap setting being used.
The operation indicator target should drop freely.

The contact gap should be approximately .047’’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be fur-
nished to the customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.



TYPE CWP-1 RELAY

|o: ' L AR AR RN ' i TYPE CWP-i REUAY
°F : TIME - PRODUCT GURVES
- 10} | POLARIZING POTENTIAL = 100 VOLTS, 60 CYCLES
o1 9\\ CURRENT IN PHASE \WITH VOLTAGE
5 a\ \\ T T T T T |7 T T T
. 7
ol °N ‘\\\
AR
2 LN \\§§§\‘
AU
Y SENANNAN
- AN NN N NN
v osl ! NIRNEYANRNRNNAN
2 ] ANERN SO NNNS
S osf N S NG NN \\‘L\
B o°T TN TSSO
£ oaf E\\ \\\\\\\\\SQE\
[
N \\\ NESNIN \§b§&:\i§suﬁ£*
. N | ‘\ ‘\
N SNONORRERS S
) \\» \ Y \~\\}\\\\'?
] | ~ ~ ~ o~
S Y=
\\ \‘\ 4
\ \\ \ 5
\ \ _—
o.l ~iC \»\ -
o ~ = N
0.081" ~IC ~
0.06|- s !
" \\
0.05 ~—T
0.04 2
[ 34 5 6 8 10 26 30 40 50 60 80 100 200
MULTIPLES OF TAP PRODUCT
CURVE 471100

Fig. 3mTypical Time-Product Curves of the Type CWP-1 Relay at Maximum Torque-100 Volts, 60 cycles Across Potential Coil.

Pt



I.L, 41-242.3

TYPE CWP-1 RELAY

™~ T 11 1 T T W
= _, i MR, —H il
e I T 1 T I 1
h ] I I ] ] I 2
o ! e HHH M : =
\ W SESSsitHE fiseesanay i
W 1 ,» H“ry 1T T “ }
- 1 1 3T 17
P —4 =
u “ EaSsasRREE H Ho R - s
W | I I ,W ; ') H T % N
3 e 5 | REuas fH T
e HE / |
1 - i 1 _ I
IS EEEEEE -/ i M
Me e T T
i ] =4
T ] Y AR T T T S
e A e,
£= eniiunuul 1 s I iy AED A / 1
T T T VNN T 2
, ﬁ / _ T a -t HHR
il r J i
] B ” y / ] ] / , >
PR i = - A7 £2s, T e : ©
e G H A AT T - Z I H
) T =3
40 1 W | T T 1 7 ) 4 ra b2l
17 I T p 4 74BN V4 T
] asnsaRE T A A A vl T I
e : e e A S e
11T % Hﬂ i w4 A“ Wﬂﬂ\ha \\ M, I
T T 12 V7 T ! *
| | I v * R4 7 o
: =] = , e ; ?
1= 1 I I T I 4
N B NHW _,H th_‘ LIN!q# \»’ N\ T N
! T T " AT 4 » 4 1T 1T
117 T VI | I J 1T 1 2 T T T T
T 1 [ 11 V. 1 1 1 11
T 1T JEUE I 1z T [ HT T 1~ T
147 1 : [ { L T Q
T T T 1T NSRS BRI TN
H 1] 117 T I H1 I
i ¥ i |
| H -
) T V7Y "/ I
I et V.4
] ! 7 b4 T
I/ 27 4 an H !
) I8 A . [
IIREAENNRARIiI AN X AN T _ o
: 11T T )’ r 72 ] 1 1 I -
Hi- HE-4, Y. 1 - [
S aERae amtiae 4V 4 i i i e A ©
+ + Auy SN |
BABABRAREIY A 1 -
I oWl E T i
M A \,«_ , : ©
) V.4 7 _‘\7\1ww I HT
A iPLAs H
A ¥ T 1 i >
SRS =
e E
1 ¥ T — T i H_A
DA oy AT } -
§: i anzanz i .S TR
A Sram qf% .l W @
} T——I 7 . u
1 1 o B o - T
T i T 11 T
eseagRsn: S e e
AN W Ho . i AT
- 11 0 T
H I I < F
_ N T
T ,
L NREOABE
t A e
1 I ST N =Sl
| Jasspgi EREIIRETS
_ tr RRR raﬂmf
[ i [ { I _
888 8 8§ &8 8 ] 88 8 8 3 3
S o @ ~ & U ~ @

SANOD5S

MULTIPLES OF TAP PRODUCT

CURVE 264587

Eig. 4. Typical Time-Product Curves of the Type CWP-1 Relay at Maximum Torque-100 Volts, 50 cycles Across Potential Coil.



TYPE CWP-1 RELAY

10 T T T T ™|~ T ™
. 200 V. - TYPE CWP-I RELAY.
8
: 100 v TIME - PRODUCT CURVES
e 50 vh \ ‘| POLARIZING POTENTIAL FREQUENCY =\60 €. P. S.
N \\ . CURRENT IN PHASE WITH VOLTAGE
LN T T T T T T T T T T
I N )
4 \\
| 200 V. N\ ’
3 N
100 V. \\
1 50 V. AN
2 \\ ;\\\
N
i \ TIME LEVER
\ \ POSITION
0 N N #,10
1.0 ¢ NG N N~
@ osk . N &\ -
2 o N NN AN POLARIZING VOLTAGE| -
§ ek N AN NN D {IN PHASE ) ’
. ~N
: 05k \i \‘\‘ \‘ S // \
= 71 34 ~{
v . N % NENEEL \
fu \\ y
i N \ N \
03 Sk A N \\ A
1 \\\ \N\\\‘ \ 100 V. B
Jh - ~{50 v.
0.2 N \§\ 200 V.
) #* 1 \N N
- K RS‘ - ~N 100 V.
N4 \\\ 200 V.
Y = S TS| 00w
s S v S
- N 200 V.
0.08
L \\
i 100 V.
0.06 ~ 200 V.
0.05
0.04
I 2 3, 4% 6 8 10 20 30 40 50 60 80 100 200

MULTIPLES OF TAP PRODUCT

CURVE 471101

%,

Fig. 5. Representative Time-Product Curves, Showing the Effect of Variations of Potential Coil Voltage — Maximum Torque

Angle, 60 cycles.



TYPE CWP-1 RELAY

1.L. 41-242.3

STAT!ICN BUS

t POS

2 (NOTE 2) [ 45y,
T $Te
i 3 Sk
i ! .
j Ics
r-————- r—;
) | 32N 7ICS
g . ' PHASE i
= . T RELAYS . M
© I i ' xR
& & 32N
E L ‘L i_*_—_JK_ —_———_— 1 i
R ,._’ por or “.———_(‘-V-/‘l 1
X [ ACT A GROUNDING i &
x| Y - avl ¢
[1 { + ! M
" ol /00— r---- L ko 4 ; ALARM
RESISTOR (ALTERNATE
~~USED ONLY ON CONNECTION)
UNGROUNDED
SYSTEMS
52 32N 32N =520Q
32N 7
7 +6
NEG.
2 3
MOTE 1 - ALARM CIRCUIT CURRENT SHOULD NOT DEV ICE NUMBER CHART
EXCEED 0.25 AMPERES. %2 B)0CV ICE NUMBER CHART
SET ICS IN 2 AMPERE TAP IF ICS N - TYPE CWP-1 RELAY
OPERATION 1S NOT DESIRED- 5205 POWER CIRCUIT BREAKER
NOTE 2 - CONTACT CIRCUIT MAY BE CONNECTED TC - TRIP COIL
TO A.C. FOR ALARM APPLICATIONS @ - AUXILIARY CONTACT
ACT - AUXILIARY CURRENT TRAN3FORMER
290B290
Fig. 6. External Scheratic,of the Type CWP-1 Relay in FT-21 Case.
STATION BUS
t POS
» (NOTE 2) 32N
10
S 3
j b é
: T 32N 1cs
3| L"\W‘Tl"\)\,&_}’—]
Slg t s 7
&) : ’I_.J’VY\_]
v \. (& ! o 3|2N
° (NOTE 1)
O
a i ACT ACT
VRN R Iy :
TO ALARM
— (ALTERNATE
USED ONLY ON CONNECTION)
J UNGROUNDED
SYSTEMS
g2 Ts5za
I
NEG.
[N
NOTE 1 - ALARM CIRCUIT CURRENT SHOULD NOT ICE NUMBER CHART
EXCEED 0.25 AMPERES. 2 __DEVICE NUMBER CHART
SET ICS IN 2 AMPERE TAP IF ICS N - TYPE CwP-1 RELAY
OPERATION IS NOT DESIRED. 52 - POWER CIRCUIT BREAKER
NOTE 2 - CONTACT CIRCUIT MAY BE CONNECTED TC - TRIP COIL
T .C. R ALARM APPLICATIONS @ - AUXILIARY CONTACT
0 AL O ¥ CATION ACT - AUXILIARY CURRENT TRANSFORMER
2903361
Fig. 7. External Schematic of the Type CWP-1 Relay in FT-2]1 Case, Using Window Type C.T.



TYPE CWP-1 RELAY

7
& O
AT 180-32 SCREWS
< <+ jﬁi# CP T o, F TERMINALS
X N o

7

—X 76 DA MTG. HOLE.
Z 4 HOLES

29

NE DY X L

32 é
| t T '_i

L) 6N
Ni< W,
3
®| < )
4 L | — = 1;7:—[ __J—.‘Lr—' \= J

8-D-5298

10

Fig. 8. Outline and DrillingyP lan of the External Auxiliary Current Transformer




TYPE CWP-1 RELAY

L. 41-242.3

—»

— -+
L_—L._—Z
3?
3@?—

i édﬂ
i‘_gas

T

- o
'LJ '
¥

2

5i-

¥

.
7
YA

[
-5

.
16

—10,

)
i
|
i

|
-

|
c

PAMEL LOCATION
SEMI-FLUSH MTG.

PROTECTION MTG.

A

CASE —

— -

NQTE:
}

JUSE AD0-32 STUD

3%;74\/?0:1 TR CWRPANEL

TERMINAL TAND
MOUNTAN G DETAIL S

ALL DIMENSIONSG
NAOMCHES

o
Se ) DIA-4HOLES FOR
2s . 4 120-32 MTG. SCREWS
233
&
!
K 1 g
& )
J ;&‘ o v
~ " 4
.@. | _$
_ el :_5 PO
7
e
=5 2

PANEL(CUTOUT ¢ DRILLING
FORPSEMI-FLUSH MTG.

% DIA.IO HOLES
OR CUT OUT

i
i
==> 19732 SCREW T
— PANEL N
L (M
‘ 2ig — ™ S CIA. 2 HoLEs
.1 SPACER FOR f - g Fo i
THIN PANELS A — > f— }I.‘s"
< Sl
‘—6-\8 SCREW - 1L W 'L L _ ;R
(FOR THICW L I‘ 3?.',‘ 33 32.*] a8
RANEL USE +
- 168 sTUD) | T T
190-32(SCREW kT I 2

PANEL DRILLING OR CUTOUT FOR
PROJECTION MTG,

(FRONT VIEW)

TERMINAL
NUMBER

57-D-7901

Fig. 9. Outline and Drilling Plan of the Type CWP-1 Relay in FT-21 Case.

n



TINGHOUSE ELECTRIC CORPORATION
EPARTMENT NEWARK, N. J.



8 copies

RIL

Newark Office
Mr. Ed Powell

INSTALLATION

Westinghouse I1.L. 41-242'5
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE CWP-1
SENSITIVE DIRECTIONAL GROUND RELAY

CAUTION: Before putting relays into service, re-
move all blocking which may have been inserted far
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The type CWP-1 relay is an induction disc
type relay used for directional ground fault protec-
tion on high-resistance grounded power systems.
It is similar to the type CWP relay except that the
relay has a higher sensitivity.

The CWP - relay is applied for Selective a-
larm or tripping for systems where thegground, fault
current is limited to a range of about/0.2% te 8% of
rated full load current. The system, may be resis-
tance-grounded with conventional/zig-z@g grounding
transformers or with a neutral gesistory in conjunc -
tion with a distribution transformer. An alternative
arrangement is shown in Eig. 6jwhere the grounding
resistor is connected acrdssiythe broken delta of the
distribution transformers or gpotential transformers.
which are used to provide potential for the CWP-1
relay.

A window 4ype €T is used in Fig. 7 to ener-
gize the @WP-» current coil. With this arrangement
all threé“eonductofs are passed through the open-
ing, thus aveiding the problem of false residual cur-
rents that is encountered when three current trans-
formers are used. The window-type CT is necessary
where a relay sensitivity of about 1% or less of rat-
ed load current is required. Where fault currents val-
uesWpermit a higher current pickup, three residually
cennected CT's may be used.

NEW INFORMATION

CONSTRUCJION/AND OPERATION

The type CWP-l relay consists of an operating
unit, current{transformer, phase shifting network, and
an indicating,contactor switch.

Operating/ Unit

This®unit is an induction disc unit with an
electromagnet that has poles above and below the
disémas shown in Fig. 2. The electromagnet is con-
necéted to the protected apparatus in a manner so
that out-of-phase fluxes are produced by the flow of
currents in both the upper and lower pole circuits.
The out-of-phase fluxes cause either a contact open-
ing or a contact closing torque depending upon the
relative direction of current flow in the upper and
lower pole circuits.

Phase Shifter Network

The phase shifter network of the type CWP-1
relay consists of a capacitor and resistor connected
in series with the lower pole circuit.

Indicating Contactor Switch Unit (ICS)

The d < indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of the
switch. When the switch closes, the moving con-
tacts 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
drop.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup value of the switch.

EFFECTIVE JUNE 1964
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Fig. 1.

Type CWP-1 Ground)Relay (front view)
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Fig. 2. Type CWP-1 Ground Relay (rear view)
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lLL. 40-242.5

INTERNAL SCHEMATIC
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Fig. 3. Internal Schematic of the Double Trip CWP-1
Relay, FT31 Case. (Single Trip Relays have

terminal 2 and associated circuits omitted).

Current Transformer

This is an auxiliary step up transformeng(max -
imum ratio 20/1) used to supply current t@ the up-
per poles of relay. The transformer is tappedyte pro-
vide relay settings.

CHARACTERISTICS

The type CWP-1 relay®tapsjare /as follows;
0.5-0.7-1.0-1.4 42.0-28-4.0

The tap value représents the minimum pick-
up product of residual fcurrent (at an angle of 45°
lead) times the residualtwoltage.

Typical 460 cycle time product curves for the
type CWP-1 selaytare shown in Fig. 4 with 100 volts
across thefpotential“@ircuit. These curves are taken
at maximum, torquef’which occurs with the current
leading the voltage by 45°. For currents not leading
by this angle, the relay tripping time may be obtained
by determining the operating time corresponding to
the product ' P1= P Cos (0 - 45), where P is the ac-
tual“relay V.A. Product and 6 is the angle the cur-
rentTeads the voltage. The curves are accurate with-
) 7% if the multiple of tap product does not ex-
ceed the voltage on the relay coil.

Trip Circuit

The main contacts will safelyfclose 30 am-
peres at 250 volts d-c and the seal-in, contacts of
the indicating contactor switch will safely carry
this current long enough to trip a circuit breaker.

The indicating contactor switch as two taps
that provide a pickup settingg®f, 0.2 or 2 amperes.
To change taps requiresieonnecting the lead located
in front of the tap bleek to,the desired setting by
means of a screw connection.

Trip Circuit Constants

Indicating Contaetor Switch -

0.2 ampere tap,- 6. 5 ohms -dc resistance
0.2 ampere, tap - 0.15 ohms d-c resistance

Burden and Thermal Ratings

Current Circuit Burden

POWER FACTOR ANGLE - LAG

'_I‘_I_XE‘ 60 Cycles 50 Cycles
.5 23.0° 27.2°
T 23.0 21.8

1.0 21.5 17.1
1.1 17.5 14.6

2.0 15.0 10.0

2.8 12.0 7.0

4.0 9.0 3.8

VOLT-AMPERES AT TAP VALUE CURRENT
(100 Volts Applied to Potential Coil)

60 Cycles 50 Cycles
0.0028 0.0021
0.0030 0.0023
0.0034 0.0027
0.0039 0.0032
0.0048 0.0041
0.0058 0.0051
0.0074 0.0067

Voltage Circuit Burden

Volt-Amperes 110 Volts Power Factor Angle-Lag
60 Cycles 9.68 va 60 Cycles 46 °

Thermal Ratings

60 Cycles 50 Cycles
Continuous Current 0.3 Amp. 0.3 Amp.
Continuous Voltage 250 Volts 175 Volts
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STATION BUS

TRIP DIRECTION

NOTE 1 - ALARM CIRCUIT CURRENT SHOULD NOT
SXCEED 0.25 AMPERES.
SET ICS IN 2 AMPERE TAP IF ICS
OPERATION |5 NOT DESIRED.

NOTE & - CONTACT CIRCUIT MAY BE CONNECTED
TO A.C. FGR ALARM APPLICATIONS

1 POS
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Fig. 6. External Schematic 6f thelType CWP-1 Relay in FT31 Case.

SETTING

The relay operates on the product of residual
fault current and voltage. This productfdivided by
and proper current and potential transformer ratio
and by one of the transformer tap valuesiis expressed
as a multiple of the tap. The timefcurves“of Fig. 4
gives the relay operating time for\warious time dial
settings as a function of this multiple"Fig. 5 shows
times for 50, 100 and 200 volts across the relay
coils.

Since, the relay operatés on very small cur-
rents the main current transformer exciting current
may not be negligible. When determining the main
CT secondary note that the exciting current will be
out-of-phase with the primary current, since the CT
exciting impedance is reactive, while the burden is
predominantly “resistive.

Sinee this relay is designed for resistance
grounded“systems with small fault currents, selec-

tive current settings are usually not possible. This
is because the effective neutral resistance value is
large in comparison with line and transformer impe-
dance values; thus the fault current magnitude is
relatively independent of the point on the system at
which the ground fault occurs, and hence this magni-
tude cannot be used to discriminate between near and
far faults.

If selective settings are possible, each relay
should be set to operate as rapidly as possible for
ground faults on the transmission lines near the
breaker. The product available for the relay in these
cases should be large enough to represent a large
multiple of the tap product value so the operating
times can be in the range of 0.05 to 0.20 second as
seen from the curves of Figs. 3, 4 and 5.

However, the relay cannot distinguish between
a fault on the line near the remote breaker for which
they should operate, and a similar fault on the bus
or adjacent line for which they should not operate
until the bus differential or adjacent line relays
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Fig. 7. External Schematic 6f, the Type CWP-1 Relay in FT31 Case, using Window Type C.T.

have had an opportunity to operate and/ clear the
fault. This requires an increased timegsetting of the
relay for faults near the remote temminals. The prod-
uct available for the relay @n these cases will be
smaller than that for the, ‘elese faults and should
represent a smaller multipbe of“the tap product pre-
viously chosen so the operating time can be from
.4 to .75 second longer than the remote line or bus
relay operating timemyThis® 4 to .75 second interval
is known as, thel.coordinating time interval. It in-
cludes the, cireuit‘abreaker operating time plus a
factor allowing forypdifferences between actual cur-
rents afid calculated values, differences in indivi-
differences“jin 4individual relay performance, etc.
For 8 cycle breakers the value of .4 second is com-
monly used while for 30cycle breakers .75 second is
used.

After the settings are made for all the relays
under minimum generating conditions, then it is
necessary to check the relay operating time and co-
ordination under the maximum generating conditions.

Often additional changes in tap and lever settings
are required, particularly if the maximum and mini-
mum fault values are quite different.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except
the selection of the 0.2 or 2.0 ampere tap setting.
This selection is made by connecting the lead lo-
cated in front of the tap block to the desired set-
ting by means of the connecting screw. When the
relay energizes a 125 volt or 250 volt d-c type WL
relay switch, or equivalent, use the 0.2 ampere tap.
For 48 volt d-c applications set ICS in 2 ampere tap
and use S#304C209GO01 type WL relay or equivalent.

The relays should be mounted on switchboard
panels or their equivalent in a location free from
dirt, moisture, excessive 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 pro-
jection mounting. Either a mounting stud or the
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mounting screws may be utilized for grounding the
relay. The electrical connections may be made di-
rectly to the terminals by means of screws for
steel panel mounting or to the terminal studs fur-
nished with the relay for thick panel mounting. The
terminal studs may be easily removed or inserted
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. 41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustment to insure correct oper-
ation of this relay have been made at the factory
and should not be disturbed after receipt by the cus-
tomer. If the adjustments have been changed, the
relay taken apart for repairs, or if it is desired to
check the adjustments at regular maintenance per-
iods, the instructions below should be fcllowed.

Acceptance Check

The following procedure is recommended to in-
sure that the relay is in proper working order:

1. Contact

By turning the time dial, move the moving cons
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 will coincide with theg®0°’’
mark on the time dial when the stationary contact
has moved through approximately one-half, ofuits
normal deflection. Therefore, with thelstationary
contact resting against the backstep, the index
mark is offset to the right of the ‘02’ mark by ap-
proximately .920°’. The placemefit of ¢he various
time dial positions in line with“$he Jindex mark
will give operating times as gShownson the respec-
tive time-current curvesy Fonddouble trip relays,
the follow on the stationary, contacts should be
approximately 1/32%.

2. Set the contacts to the“time dial position and the
tap plug in the 0.5 tap. Connect the relay as
shown in Fig. 6. Energize the potential coil with
100 volts and the auxiliary CT with sufficient
current togjust) close the contacts. (The current
in polarity ‘en the auxiliary CT should be leading
by 45° Yoltagedrop from relay terminal 6 to termin-
al ). The pickup current should be 0.005 am-
peres % 3%.

2. With 100 volts potential, energize the terminals
8 and 9 at the following current levels to check
relay timing:

Multiple of Time-seconds

Current Tap Product 60 Cycles 50 Cycles
0.025 5 3.55 + 10% 4.00 + 10%
0.100 20 0.94 + 5% 1.00 + 5%
0.500 100 0.33 + 10% 0:35 + 10%

4. To check the zero torque line, @djust the input
current to 0.25 amperes. With ‘thé potential at
100 volts, shift the current phase angle until the
contact opens. The phase“angle reading should
by 135° (or 315°) + 7°.

Indicating Contactof Switch (ICS)

Close the)main“relay contacts and pass suf-
ficient d-cgcurrent thtough the trip circuit to close
the contactshefthe 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
betweén the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simul-
taneously.

Routine Maintenance

All contacts should be periodically cleaned.
A contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contact.

Check relay pickup in accordance with the
procedure of paragraph 1under ‘‘Acceptance Check’’,
except with the tap position actually being used.
Check relay timing at 5 and 100 times tap product
or at the most critical energy level, as determined
from setting calculations.

Calibration

Use the following procedure for calibrating the
relay if the relay has been taken apart for repairs,
or the adjustments have been disturbed. This pro-
cedure should not be used until it is apparent that
the relay is not in proper working order (See ‘‘Accep-
tance Check’’).
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Contact

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 will coincide with the ‘0’ mark on
the time dial when the stationary contact has moved
through approximately one-half of its normal deflec-
tion. Therefore, with the stationary contact resting
against the backstop, the index mark is offset to
the right of the ‘0’ mark by approximately .020"’.
The placement of the various time dial position 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 con-
tacts should be approximately 1/32’.

Induction Unit

Connect 100 volts across terminals 6 and 7.
Apply approximately 5 times the minimum pickup
current (tap value divided by 100 through terminals
8 and 9 with the polarity and relay connections as
shown in Fig. 6 and see that zero torque occurs when
the current and voltage are 135° out of phase within
+ 4°, There should be no spring tension on the relay
for this test.

With the connections above apply 100, volts
and current leading by 45°. With the tap sctew in the
lowest tap, adjust the spring tension g0 that the con-
tacts just close with correct value of gurrent flow-
ing. This current will be tap value divided by 100

or 5 milliamperes on the 0.5 VA. tap.[ The ‘Spring
tension may be changed by means ofga serewdriver
inserted in one of the notches of the plate to which
the outside convolution of the springyis’ fastened.

Calibrate the time delay by adjusting the per-
manent magnet gap to obtain 0.94 seconds (1.00
seconds for 50 cycle relag) ingthe 0.5 VA tap, with
a potential of 100 volts. The timing can be checked
with a cycle counter by averaging a number of trials.
Make sure that the €oilspydo not overheat, otherwise
the curves cannot be ¢hecked.

Indicating Contactor Switch (ICS)

Close thejmain relay contacts and pass suf-
ficient d-c“eurrent through the trip circuit to close
the contacts, of'the ICS. This value of current should
béynot’ greater than the particular ICS tap setting
beinghused. The operation indicator target should
dropafreely.

The contact gap should be approximately .047"’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary simultaneously.

RENEWAL PARTS

Repair work can be done most satisfactorily
at the factory. However, interchangeable parts can
be furnished to the customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data.
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Fig. 8. Diagram of Test Connections for the Type CWP - 1
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INSTALLATION

I.L. 41-242.4D
MAINTENANCE

Westinghouse
OPERATION o

INSTRUCTIONS

TYPE CWC AND CWP
DIRECTIONAL GROUND RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The type CWC and CWP relays are induction disc
type relays used for directional ground fault protect-
tion on grounded neutral power systems. The type
CWC relay is polarized by current from a suitably
grounded power transformer bank neutral. Thereforg,
its application does not require potential transformer.
The type CWP relay is potential polarized byfresidual
voltage obtained across the open comer of‘the delta
winding of a grounded star-delta potential“transformer.

At stations where the power transformer bank
netural is grounded, the residual voltage /will be
small generally, and the type CWE relay is recom-
mended. At ungrounded station$; or at, ground stations
where the power transformer bank neutral is not avail-
able, the type CWP relay is applicable.

CONSTRUCTION

The type CWC and CWRfrelays consists of an
operating unit, an indi€ating contactor switch, and
optional indicating “instantaneous trip unit. In
addition to the aboveycomponents, the type CWP relay
has a phase shifter network. The principal compo-
nent parts ofithe relay and their locations are shown
in Fig. 1-8.

OPERATING,UNIT

This unit is an induction disc unit with an elec-
troniagnet that has poles above and below the disc as
shown in Fig. 2 and 4. The upper pole of both the
CWC and CWP relays are tapped. In addition, the

SUPERSEDES I.L. 41-242.4C

*Denotes change from superseded issue.

lower pole is tapped on the type CWC relay.

The electromagnets) are connected to the pro-
tected apparatus ingpa manner so that out-of-phase
fluxes are produced, by the flow of currents in both
the upper andlewer pole circuits. The out-of-phase
fluxes causeleither a contact opening or a contact
closing torque depending upon the relative direction
of current flow in the upper and lower pole circuits.

PHASEYSHIFTER NETWORK

The phase shifter network of the type CWP relay
consists of a capacitor and resistor connected in
series with the lower pole circuit,

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is attacted
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 bottom of the cover.

The front spring, inaddition to holding the target,
provides restraint for the armature and thus controls

the pickup value of the switch.

INDICATING INSTANTANEOUS TRIP UNIT (IIT)

The instantaneous trip unit is a small a-c operat-
ed 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 con-
tacts bridge two stationary contacts completing the
trip circuit. Also during the operation two fingers

EFFECTIVE NOVEMBER 1967
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Fig. 9. Typical Time Curves of the Type CWC Relay = Current Coils in Series - See Fig.

relay coils and adjusting the dial positionio obtain-
ed the desired time of operation. Altematively the
dial may be set by inspection, if theltiming,coordina-
tion is not critical.

Indicating Contactor Switch (1CS)

No setting is required on{the ICS unit except the
selection of the 0.2 org2.0%ampere‘tap setting. This
selection is made byfconnecting the lead located in
front of the tap block,toshe desired setting by means
of the connecting screws, When the relay energizes a
125 or 250 volt d-c type WL relay switch, or equiva-
lent, use the 0.2 ampere tap; for 48 volt d-c applica-
tions set relay in 2 tap and use S#304C209G01 Type
WL Relay or equivalent.

INDICATING, INSTANTANEOUS TRIP (IIT)

Since the ' minimum and maximum markings on the
scale' only) indicate the working range of the core
scfew, the core screw must be adjusted to the value
of the pickup current desired.

10 for application limits.

The nameplate data will furnish the actual cur-
rent range that may be obtained from the ITT unit.

SETTING CALCULATIONS

The following informationis required to set these
relays:

1. The maximum and minimum ground fault current
for faults at the relay and at the remote bus. These
values should be residual current which is three times
the zero sequence current.

2. The maximum and minimum polarizing current
or voltage values for the faults above. The values
should be residual currents or voltage which are three
times the zero sequence values.

3. The current transformer ratios of the main and
polarizing current transformers for the type CWC relay
applications or the main current transformer ratio
and the polarizing potential transformer ratio for the
type CWP relay application.
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where IL = the lower pole current. where I, = the lower pole current.
IU = the upper pole current. IU = the upper pole current.
M = value from the table’below for N =value from the table below for
various tap combinations. various tap combinations.
Tap Upper Pole Lower Pole Tap Upper Pole Lower Pole
Product |Product Tap. |“Proeduct Tap M K Product |(Product Tap | Product Tap N K
.25 1 .25 4.0 10 2.25 1 2.25 4.0 30
.36 1 .36 2.78 12 4.0 1 4.0 2.25 40
.64 1 .64 1.56 16 6.25 1 6.25 1.44 50
1.0 1 1.0 1.0 20 9.0 1 9.0 1.0 60
1.0 4 .25 16.0 20 9.0 4 2.25 16.0 60
1.44 4 .36 11.1 24 16.0 4 4.0 9.0 80
2.56 4 .64 6.25 32 25.0 4 6.25 5.76 100
4 4 1.00 4.0 40 36.0 4 9.0 4.0 120

The Typical time curves for the Type CWC Relay apply if the values of R falls
within the shaded area of the curve above, and if neither relay current is greater

than K in amperes.

Fig. 10. Limits for Application of the CWC Time Curves.
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(WADE FROM CURVE 538020)

TIME DIAL
SETTING

I/2

Curve 629A273

Fig.

These Curves aze valid if the multiple of tap Product (volt-amperes) does not exceed the
voltage on the relay polarizing coils.

[R5

Typical Time Curves of the Type CWP Relay at Maximum Torque Angle - Curves Apply if the Multiple of
Tap Product in Volt-Amperes Does Not Exceed the Polarizing Voltage in Volts.
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Fig. 12. Typical System for Setting Type CWC and CWP Relays.

Each relay should be set to operate as,rapidly
as possible for ground faults on the tramnsmission
lines near the breaker. The product available fer the
relay in these cases should be largegenough to re-
present a large multiple of the tap produét value so
the operating times can be in range “0f. 0405 to 0.20
second as seen from the curves of“Eigs. 9 and 11.

However, the relays cannotddistinguish between
a fault on the line near the remote breaker for which
they should operate, and a“simidar fault on the bus or
adjacent line for which they should not operate until
the bus differential orjadjacent line relays have had
an opportunity£0 operate and clear the fault. This re-
quires an increasgd time setting of the relay for faults
near the remotefterminal. The product available for
the relay in thesepeases will be smaller than that for

the close faults and should represent a smaller mul-
tiple of the tap product previously chosen so the op-
erating time can be from .4 to .75 second longer than

the remote line or bus relay operating time. This .4
to .75 second interval is known as the coordinating
time interval. It includes the circuit breaker operat-
ing time plus a factor allowing for difference between
actual fault currents and calculated values, dif-
ferences in individual relay performance, etc. For 8
% cycle breakers the value of .4 second is commonly
used, while for 30 cycle breakers, .75 second is used.

As an example, a type CWC relay is to be con-
nected at Station A and set to protect the line running
to Station B. It must select or coordinate with the
type CWP relay connected at Station B and set to
protect the line running to Station C. The fault cur-
rent and voltage for single line-to-ground faults under
minimum conditions for this system are shown in
Fig. 12.

In setting the type CWC and CWP relays, it is
convenient to set up Table as shown.
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STATION BUS

IRIPPING DIRECTION

_DEVICE NMBER CHART
320 - OIRECTIONAL GROWNO RELAY, TYPE CwC

iku ~ LOWER POLE WINDING OF TYPE CWC

a
U - UPPER POLE WINDINGS OF TYPE CNC

SON - INDICATING INSTANTANEOUS TRIP UMIT
52 - POWER CIACUIT BREAKER
ICS =~ INDICATING CONTACTOR SwiTCH
a - BREAKER AUXILIARY COWTACT
TC - BREAKER TRIP COIL

L1 N

182408k

STATION BuS

~
~

4—————— TRIPPING DIRECTION '

o

WHEN SUPPLIED

_DEYICE NUKBER CHART

320 - DIRECTIONAL GROUND RELAY,
TYPE CwP

™

x LOWER POLE WINOING OF TYPE CWP

T
3
U - UPPER POLE WINDING OF TYPE cwp
SON - INOICATING INSTANTANEOUS
TRIP UN

52 ~ POWER CIRCUIT BREAKER
JCS - INDICATING COWTACTOR SWITCK

a - BREAKER AUXILIARY CONTACT

TC - BREAKER TRIP COIL

184A137

Fig. 13. External Schematic of the Type CWC Relay for
Ground Protection.

Fig./14.9External Schematic of the Type CWP Relay for
; Ground Protection.

TABLE
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
. Line Line Polarizing Polarizing L ine Polarizing Multiples

Relay Fault Primary C.T. Primary Amps. C.T.orP.T. Secondary Secondaryy Product I Tap of Tap R Time Time In
Location No. Amps. Ratio or Volts Ratio Amps_(IL) Amps. (Iy) IU x IL U Product Dial Seconds

1 3450 300/5 2910 30075 57.5 48.5 2780 1.19 36 77 4.76 2 11

2 1320 1040 22.0 17.3 381 1.27 10.6 5.1 .52

F 2 1320 100/5 83,100V 1000/1 66.0 83.1V 5485 - 300 18.3 - Ya .13

3 620 36/500v 31.0 36.5V 1130 - 3.8 - 53

The relay location is shown ih Column 1 and the
fault location in Column“2.. The primary line residual
current available forfthe relay is recorded in Column
3. The ratio of thesegcurrent transformers is spec-
ified in Column 4.

The primary fault current or voltage available for
the polarizing winding is shown in Column 5, and the
associated ‘eurrent or potential transformer ratio in
Column 6wy, Al of these fault values are residual
values gor three times the zero sequence current of
voltages The relay current for the lower pole wind-
ings isythe value of Column 3 divided by the ratio of

10

Column 4. The value is recorded in Column 7. The
upper pole relay current is the value of Column 5
divided by the ratio of Column 6, and is recorded in
Column 8. The relay operating product is the values
of Column 7 and 8 multiplied together and recorded
in Column 9. For the type CWC relays, the ratio of
I1, is written in Column 10. All of this data is fixed
Iy

by the system constants and characteristics, and is
preliminary to making the actual relay setting.

The choice of a tap recorded in Column 11 and
of the time lever in Column 14 is a matter of trial and



TYPE CWC AND CWP RELAYS

L.L. 41-242.4D
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DEVICE NUMBER CHART
87N - GROUND DIFFERENTIAL RELAY, TYPE CWC

87N
1 - LOWER POLE WINDING

87N
=0 - UPPER POLE WINDING

ICS - INDICATING CONTACTOR SWITCH
- AUXILIARY TRIPPING RELAY,TYPE WL

- POWER CIRCUIT BREAKER
a - BREAKER AUXILIARY CONTACT
TC - BREAKER TRIP COIL

86
52

18hA156

Fig. 15. External Schematic of the Type CW{Relay for "Ground Differential Protection of Wye or Zig-zag Winding of a

Transformer or Rotating Machine.

error. The breakers on this system haven8 cycle
operating time so that the coordinating ‘time interval
should be about .4 second. The tap should“be chosen
so that the relay times for the clese-in fault and
remote fault product values will, differ~by about the
coordinating time interval or .4 second in this case.
Practically this can be accomplished by several taps
with equal results. Tapm36 ‘was selected in this
example. The product value ‘divided by the tap is
recorded in Column 12.. Thisfvalue is the abscissa
of the time product relay curves. From these curves
the lever Columnal4 and relay operating time Column
15 were chosen so “that the relay would operate at
about .12 gSecond for close-in faults and about .52
second for the remote faults. These times for the
type CWC relay were obtained using time dial setting
3. With the selection of a satisfactory tap value, the
curves of Fig, 10 will quickly show if the combination
of etap and current values provide relay operating
times as indicated by the curve. The value of Column
10 multiplied by N°= 4.0 for tap 36 gives the R values
of Coélumn 13. These are within the curve of Figure
10.

*

The same process is allowed in setting the type
CWP relay at Station B on breaker F. Here tap 300
was selected with dial to provide relay operating
times of 0.13and 0.53 seconds respectively for close-
in and remote faults. The operating limits using this
tap are fulfilled since neither multiples of tap prod-
uct value (Column 12) is greater than the polarizing
voltage (Column 8).

After individual relay settings are made, it is
necessary to check to see if the relays select prop-
erly with associated relays. In the example the coor-
dinating time interval was 0.4 second. Therefore, for
fault 2, the relay at D should not operate before the
relay at F plus the coordinating time interval. In
other words, the operating time of D should not be
less than 0.13 second plus 0.4 = 0.53 second

Similarly, the time of the relay at breaker H
should not be greater than 0.13 second in order to
select with relay F for fault 3. If the time of relay H
is greater, then the time of relay at F must be in-
creased to provide proper selection. This change may

n
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120 VOLT TEST SOURCE ROTATION 1,2,3

TYPE CWP RELAY (FRONT VIEW)
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Fig. 16. Diagram of Test Connections forthe Type CWP
Relay in FT-21 Case.

be accomplished by a change in the time lever setting
only, although often a new tap and lever setting may
provide a more satisfactory setting. Changing the
setting of relays at B probably will require a changg
in the setting of the relay at Station A.

After the setting are made for all the relays under
minimum generating conditions, then it is neceSsary
to check the relay operating time and coordimation
under the maximum generating conditiong.  Qften
additional changes in tap and dial settings are re-
quired, particularly if the maximum and minimum fault
values are quite different.

INSTALLATION

The relays should be mounted ©n switchboard
panels or their equivalent inda location free from dirt,
moisture, excessive vibrationd and heat. Mount the
relay vertically be m@ans 6f the four mounting holes
on the glange for &emi-flush mountings or by means
of the rear mounting stud or studs for projection
mounting. Either a mounting stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections may be made directly to the
terminals byymeans of screws for steel panel mount-
ing or to ghe“terminal studs furmmished with the relay
for thick panelmounting. The terminal studs may be
easily@reméwed or inserted by locking two nuts on the
studgpandythen turmning the proper nut with a wrench.

12

For detailed FT case information refer to I4..
41-0176.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tion of this relay have been made at the factory. Upon
receipt of the relay no customer adjistments, other
than those covered under ‘‘SETITINGS'! should be
required.

For relays which includefan imdicating instanta-
neous trip unit (IIT), the junction of the induction and
indicating instantaneous tripyncoils is brought out to
switch jaw #3. With thiSharrangement the overcurrent
units can be tested separately.

Acceptance Check

The following/ check is recommended to insure
that the relaypis in proper working order.

1. Contact_

Byatuming the time dial, move the moving
contactshuntil they deflect the stationary contact to
a position where the stationary contact is resting
againstlits backstop. The index mark located on the
movement frame will coincide with the ‘‘O’’ mark on
the,time dial when the stationary contact has moved
through approximately one-half of its normal deflec-
tion. Therefore, with the stationary contact resting
against the backstop, the index mark is offset to the
right of the ‘“‘O’’ mark by approximately .020'’. 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 con-
tacts should be approximately 1/32’.

2. Minimum Trip Current

For the CWC relay, connect the upper and
lower pole coils in series and pass a current equal

to V'tap product x multiplier in polarity thru both

coils. For the CWP relay connect the relay as per
Fig. 16 and apply tap value product. The moving con-
tacts on both relays should close within 5% of the
applied values.

3. Time Curve_

CWC Relay — Connect the upper and lower
poles in series and pass current in polarity thru both
coils. Set the time dial on the 6 position and taps on
.25 or 2.25 product and 1 multiplier. Check several
points on the time curve. Timing should be within
+7% of that of Figure 9.

AR g
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CWP Relay - Connect the relay per Figure 16.
Set the time dial on the 6 position and the tap in the
20 or 75 product. Check several points on the time
curve by applying current leading the voltage by 300°
The timing should be within #7% of the values shown
on Fig. 11.

4. Indicating Instantaneous Trip Unit (IIT)

The core screw which is adjustable from the
top of the trip unit determines the pickup value. The
trip unit has a nominal ratio of adjustment of 1 to
4 and an accuracy within the limits of 10%.

The making of the contacts and target in-
dication should occur at approximately the same in-
stant. Position the stationary contact for a minimum
of 1/32’" wipe. The bridging moving contact should
touch both stationary contacts simultaneously.

Apply sufficient current to operate the IIT.
The operation indicator target should drop freely.

5. Indicating Contactor Switch (ICS)

Close the main relay contacts and pass suf-
ficient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should not
be greater than the particular ICS tap setting being
used. The operation indicator target should“drop
freely. The- contact gap should be approximately
0.47" between the bridging moving contact “and the
adjustable stationary contacts. The bridging,moving
contact should touch both stationary contaets simul-
taneously.

Routine Maintenance

All relays should be inspectedgand checked
periodically to assure proper operation.

All contacts shouldibe periodically cleaned.
A contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for
cleaning contacts is netsrecémmended, because of the
danger of embedding small{particles in the face of the
soft silver and, thus,impairing the contact.

CALIBRATION

Use the follewing procedure for calibrating the
relay if the relay has been taken apart for repairs or
the adjustments disturbed. This procedure should
not Be used until it is apparent that the relay is not
ingproper working order. (See ‘“‘Acceptance Check’’).

1., Contact

By turning the time dial, move the moving
contacts until they deflect the stationary contact to a

position where the stationary contact is resting
against its backstop. The index mark locatedyen the
movement frame will coincide with the{ ‘‘O’’(mark on
the time dial when the stationary contaetyhas moved
through approximately one-half of its normal deflec-
tion. Therefore, with the stationary contact resting
against the backstop, the index mark is offset to the
right of the ‘‘O’’ mark by approximately .020’’. The
placement of the various)time dial positions in line
with the index mark will giveyeperating timesas shown
on the respective time-current curves. For double
trip relays, the follow/on/ the stationary contacts
should be approximately 1732’'.

2. Minimum Trip, Current

Type [CWE)Relay - Connect the upper and
lower pole coils,in series and pass current in polarity
on both ¢bilsy, With one tap screw in the 1 multiplier
position and the other screw in the .25 product tap for
the .2594 product range or the 2.25 product tap for
the 2.25 —“36 product range, apply current and adjust
the, spring tension so that the contacts just close at
tap value product.

Type CWP Relay - Connect the relay per Fig.
16. Set in the lowest tap, apply 100 volts across
terminals 6 and 7, and apply minimum pickup current,
leading the voltage by 300°, (0.20 amperes for the
20-150 range, 0.75 amperes for the 75-600 range.)
Then, adjust the spring tension so that the contacts
just close.

3. Time Curve Calibration

Type CWC relay — Set the time dial to posi-

tion 6 and the product tap to .25 or 2.25. Set the mul-

tiplier tap to 1. Connect the upper and lower pole

coils in series and pass a current equal to
4 x VvV tap product in polarity thru the coils. Adjust
the permanent magnet keeper until the operating time
is between .95 and 1.01 seconds. Other points on the
time curve of Figure 9 should be within + 79 of the
values shown. (The multipliers of tap product shown
in Figure 9 equal the square of the current passed
thru the coils divided by the tap product.)

Type CWP Relay - Connect the relay per the
test circuit of Fig. 16. Set the 6 time dial and the
lowest tap. Apply 100 volts to potential coil and 10
times tap current. (Current leading voltage by 300°).
relay operate between 1.43 and 1.51 seconds. Other
points of the time curve should be within +7% of the
value shown on Fig. 11.

4. Indicating Contactor Switch (ICS)
Close the main relay contacts and pass suf-

13



TYPE CWC AND CWP RELAYS

ficient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should not
be greater than the particular ICS tap setting being
used. The operation indicator target should drop
freely.

5. Indicating Instantaneous Trip Unit (IIT)

The core screw must be adjusted to the value
of pickup current desired.

The nameplate data will furnish the actual
current range that may be obtained from the ITT unit.

RENEWAL PARTS

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

ENERGY REQUIREMENTS
CWC

The burden of the Type CWC relays at 5 amperes,
60 cycles is as follows:

Lower Pole Windings

CWP

The burden of the Type CWC relays at 5 amperes,
115 volts, 60 cycles is as follows:

Upper Pole Windings

P. B
Product Angle
Product Tap Volt- Degrees

Range Value Watts Vars Amperes Lag
.25-4 .25 82.7 29.3 88.0 19.5
.36 57.3 14.1 59.0 13.8

.64 32.1 4.43 32.4 7.85

2.25-36 1.00 20.6 1.83 20.7 5.10
2.25 8.50 3.26 91 21.0
4.0 4.78 1.03 4.89 12.1
6.25 3.01 0.41 3.04 7.7
9.0 2.13 0.2% 2714 5.5

Upper Pole Windings

P.F.
Product Angle
Product Tap Volt- Degrees
Range Value  Watts ~Vars Amperes Lag
.25-4 1 6408 8.58 10.5 55
4 1.52 0.54 1.61 20
2.25-36 1 0.79 0.95 1.24 50
4 0.20 0.06 0.21 17

14

P.F.
Product Angle
Product Tap Volt- Degrees
Range Value Watts Vars Amperes Lag
75-600 75 0.633 0.144( 0v660 12.6
100 0.557 02095059@°0.560 9.8
150 0.494, 0.043, 0.495 5.0
200 0.460 0:032 0.460 4.0
300 04370 9%0.013  0.370 2.0
400 0.340 0.006 0.340 1.0
600 02290 0.290 0.5
20-150 20 4470 2.66 5.4 29.5
30 3.23 1.21 3.45 20.5
40 2.93 0.87 3.05 16.5
50 2.31 0.57 2.38 14.0
75 1.50 0.28 1.52 10.7
100 1.15 0.11 1.15 5.5
150 0.80 0.014 0.80 1.0

Lower Pole Potential Windings

(between relay terminals 6 and 7)

P.F.

Angle

Volt- Degrees

Watts Vars Amperes Lead

All ranges - 5.5 2.78 6.15 26.8

CWC & CWP THERMAL RATINGS

Pole Continuous 1 Sec
Relay Range Winding Amperes Amperes
CwC .25-4 All 4 110
CWC 2. 2536 Upper 10 280
Lower 12.7 370
CWP  20-150 Upper 3.2 88
75-600 Upper 6.4 185

The potential coil circuit of the type CWP relay
will stand 250 volts for 15 seconds.
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INSTALLATION

I.L. 41-242.2

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE CWC AND CWP DIRECTIONAL
GROUND RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The Type CWC and CWP relays are induction
disc type relays used for directional ground fault
protection on grounded neutral power systems. The
type CWC relay is polarized by current from a suit-
ably grounded power transformer bank neutralg
Therefore, its application does not require potential
transformers. The type CWP relay is potential po-
larized by residual voltage obtained across the open
corner of the delta winding of a grounded, star-delta
potential transformer.

At stations where the power transfermer bank
neutral is grounded, the residual gveltagesdwill be
small generally, and the type, CWC relay is recom-
mended. At ungrounded station§, orsat ground sta-
tions where the power transformerdbank neutral is
not available, the type CWPRfrelay is applicable.

CONSTRUCTION AND OPERATION

The Type CWCgand CWP relays consist of an
induction disc, type 4unit, an indicating contactor
switch, andgan“eptional indicating instantaneous
trip unit.

INDUCTION DISC UNIT

The induction disc unit contains a thin four-inch
diameter disc mounted on a vertical shaft. The
shaftis supported on the lower end by a steel ball
bearing riding between concave sapphire jewel sur-
faces, and on the upper end by a stainless steel pin.

NEW INFORMATION

The moving contact is‘aysmall silver hemisphere
fastened on the end of an arm. The other end of
this arm is clamped“te an insulated section of the
disc shaft. The“element is not geared. The elec-
trical conne¢tion,is made from the moving contact
thru the armyand “spiral spring. One end of the
spring i§ fastened to the arm, and the other to a
slotted ‘spring “adjuster disc which in turn fastens to
the‘elementsframe.

The stationary contact assembly consists of a
silver contact attached to the free end of a leaf-
spring. This spring is fastened to a moulded block
mounted on the element frame. A small set screw
permits the adjustment of contact follow. When
double trip is required, another leaf spring is mount-
ed on the moulded block and a double contact is
mounted on the rigid moving arm. Then the station-
ary contact set screws permit adjustment so that
both circuits will be made simultaneously.

The moving disc is rotated by an electromagnet
in the rear and damped by a permanent magnet in
front. The operating torque for the CWC relay is
obtained by energizing the lower pole coil with re-
sidual current (usually obtained from the line cur-
rent transformer) and the 2 tapped upper pole coils
with residual current from the current transformer in
the power transformer bank neutral. For the CWP
relay the operating torque is obtained by energizing
the upper pole coils with residual current (usually
obtained from the line current transformer) and the
lower pole with residual voltage.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted to the magnetic core upon energization of
the switch. When the switch closes, the moving
contacts bridge two stationary contacts, completing
the trip eircuit. Also during this operation two

EFFECTIVE FEBRUARY 1959
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Fig. 1. Internal Schematic of Double Trip Type CWC Re-
lay In the Type FT-21 Case. For the Single
Trip Relay the Circuits Associated with Terminal
2 are omitted.

fingers on the armature deflect a spring locaied 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
bottom of the cover.

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

INDICATING INSTANTANEOUS TRIP UNIT (IIT)

The instantaneous trip unit is a_small a-c“oper-
ated clapper type device. A magnetic, armature, to
which leaf-spring mounted contactsgare attached, is
attracted to the magnetic core upon energization of
the switch. When the switchgelosesy the moving
contacts bridge two stationary contacts completing
the trip circuit. Also during the_operation two fin-
gers on the armature deflect alspring located on the
front of the switch whichfallows the operation indi-
cator target to drop. “The target is reset from the
outside of the case by aipush rod located at the
bottom of the cover.

A coregscrew accessible from the top of the
switch provides“the adjustable pickup range. The
minimum)andsmaximum pickup points are indicated
on theyscale, which is located to the rear of the
COre, SCrew.

Fig. 2. InternalSchematic of the Type CWC Relay with
Indicating “Instantaneous Trip Unit In the Type
FET-21 Case.

CHARACTERISTICS

TYPE CWC RELAY

The type CWC relay has two taps on the upper
pole and four on the lower pole. They are marked
in amperes which is the current thru both windings
in series at minimum pick-up, and in product which
is the minimum pick-up product of two equal or un-
equal currents.

Type CWC Relay Ranges and taps are:
.5 to 2 ampere (.25 to 4 Product) Range

Amperes .5 .6 .8 1.0 1.2 1.6 2.0
Product .25 .36 .64 1.0 1.44 2.56 4.0

1.5 to 6 ampere (2.25 to 36 Product) Range

Amperes 1.5 2.0 2.5 3.0 4.0 5.0 6.0
Product 2.25 4.0 6.25 9.0 16.0 25.0 36.0

The first four values are marked on the lower
pole top plate. The upper pole tap plate is marked
x1 and x2 (x1 and x4 Product). The last four values
are obtained by using the x2 tap with the four lower
pole taps.

Typical 60 Cycle time-product curves for the
type CWC relay are shown in Fig. 5. These curves
are taken at maximum torque which occurs with the
currents in phase. For residual and Ground currents
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Fig. 3. Internal Schematic of the Type CWP Relay in the
Type FT21 Case. For the Single Trip Relay
the Circuits Associated with Terminal 2 are
omitted.

out of phase the relay operating time may be obtain-
ed by determining the operating time corresponding
to the product P'= P Cos 6, where P is the_actual
relay product in amperes squared, and 6 isthe angle
between the residual and polarizing currefts.

The limits for which these curves arejaccurate
within + 7% are shown in Fig. 6.

TYPE CWP RELAY

The type CWP relay taps are ‘on, the upper pole
current coil. They represent thejyminimum pick-up
product of current timesivoltage at maximum torque
when the current lags the voltage by 60°. The ranges
and taps are:

Product
Range Tap Markings

20 - 150 20 30 40 50 75 100 150
75 - 600475 47100, © 150 200 300 400 600

Typical “604cycle time product curves for the
type CWP relay are shown in Fig. 7. These curves
are taken at maximum torque which occurs with the
current lagging the voltage 60°. For currents not
lagging by this angle, the relay tripping time may
be “obtained by determining the operating time cor-
responding to the product p’ = P Cos (60° - 9), where
P is the actual relay V.A. product and 6 is the angle
the current lags the voltage. The curves are ac-

Fig. 4. Intefnal Schematic of the Type CWP Relay with
Indicating Instantaneous Trip Unit in the Type
FT21 Case.

curate within +7% if the multiple of tap product does
not exceed the voltage on the relay coil.

IRIP CIRCUIT

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

The indicating instantaneous trip contacts will
safely close 30 amperes at 250 volts d-c, and will
carry this current long enough to trip a breaker.

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 setting by
means of a screw connection.

TRIP CIRCUIT CONSTANT

Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c resistance

SETTING CALCULATIONS

The following information is required to set
these relays:

1. The maximum and minimum ground fault cur-
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rents for faults at the relay and at thejremote bus.
These values should be residual currentawhich is
three times the zero sequence current.

represent a large multiple of the tap product value
so the operating times can be in range of 0.05 to
0.20 second as seen from the curves of Figs. 5 and

2. The maximum and minimum golarizing cur- 7.

rent or voltage values forythe)faults above. The
values should be residual currents or voltage which

However, the relays cannot distinguish between
a fault on the line near the remote breaker for which

are three times the zefo sequence values.

3. The current transformer ratios of the main
and polarizing current transformers for the type CWC
relay applications or the main eurrent transformer
ratio and the polarizing potential transformer ratio
for the type CWPR\relay application.

Each felayyshould be set to operate as rapidly
as possible for ground faults on the transmission
lines nearythe breaker. The product available for
thesrélaysin these cases should be large enough to

they should operate, and a similar fault on the bus
or adjacent line for which they should not operate
until the bus differential or adjacent line relays
have had an opportunity to operate and clear the
fault. This requires an increased time setting of
the relay for faults near the remote terminal. The
product available for the relay in these cases will
be smaller than that for the close faults and' should
represent a smaller multiple of the tap product pre-
viously chosen so the operating time can be from
.4 to .75 second longer than the remote line or bus
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R,:.N'IL
U

I
R = M=k

where IL = the lower pole current.
IU = the upper pole current.
M = value from the tablébelowsfor

various tap combinations.

where IL = the lower pole current.
IU = the upper pole current.
N =value from the table below for

various tap combinations.

Tap Upper Pole Lower Pole Tap Upper Pole Lower Pole
Product | Product Tap) | Product Tap M K Product |Product Tap | Product Tap N K
.25 1 .25 4.0 10 2.25 1 2.25 4.0 30
.36 1 .36 2.78 12 4.0 1 4.0 2.25 40
.64 1 .64 1.56 16 6.25 1 6.25 1.44 50
1.0 1 1.0 1.0 20 9.0 1 9.0 1.0 60
1.0 4 .25 16.0 20 9.0 4 2.25 16.0 60
1.44 4 .36 11.1 24 16.0 4 4.0 9.0 80
2.56 4 .64 6.25 32 25.0 4 6.25 5.76 100
4 4 1.00 4.0 40 36.0 4 9.0 4.0 120

The Typical time curves for the Type CWC Relay apply if the values of R falls
within the shaded area of the curve above, and if neither relay current is greater

than K in amperes.

Fig. 6. Limits for Application of the CWC Time Curves.
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These Curve® are valid if the multiple of tap Product (volt-amperes) does not exceed the
voltage on the relay polarizing coils.

Fig. 7. Typical Time Curves of the Type CWP Relay at Maximum Torque Angle - Curves Apply If the Multiple of Tap

Product In Volt-Amperes Does Not Exceed the Polarizing Voltage In Volts.
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Fig. 8. Typical System for Setting Type,CWC and CWP Relays.
TABLE T
1 2 3 4 5 6 1 8 9 10 11 12 13 14 15
Line Line Polarizing Polarizing Line Polarizing Multiples
Relay Fault Primary C.T. Primary Amps. C.T{or P.T. Seeondary Secondary Product I}, Tap of Tap R Lever Time In
Location No. Amps. Ratio or Volts Ratio. Amps. (IL) Amps. (Iy) Iy x IL IU Product Seconds
D 1 3450 300/5 2910 300/5 57.5 48.5 2780 1.19 36 ki 4.76 2-1/4 .14
D 2 1320 1040 22.0 17.3 381 1.27 10.6 5.1 .56
P 2 1320 100/5 83,100V 10007 1 66.0 83.1V. 5485 — 300 18.3 — 3/4 .16
P 3 620 36,500V 31.0 36.5V. 1130 — 3.8 .53

relay operating time. This .44to “¥54Second inter-
val is known as the coordinating%ime interval. It
includes the circuit breaker ‘operating time plus a
factor allowing for difference between actual fault
currents and calculated values, differences in indi-
vidual relay performance, etc. For 8 cycle breakers
the value of .4 segond’is commonly used, while for
30 cycle breakers !75 second is used.

As angexample;ja type CWC relay is to be con-
nected at Station A and set to protect the line run-
ning to Station B{ It must select or coordinate with
the type CWP relay connected at Station B and set
to protect the line running to Station C. The fault
currents and voltage for single line-to-ground faults
under minimum conditions for this system are shown
in“Elig. 8.

In setting the type CWC and CWP relays, it is
convenient to set up Table as shown. The relay
location is shown in Column 1 and the fault location

in Column 2. The primary line residual current
available for the relay is recorded in Column 3. The
ratio of these current transformers is specified in
Column 4.

The primary fault current or voltage available
for the polarizing winding is shown in Column 5 and
the associated current or potential transformer ratio
in Column 6. All of these fault values are residual
values or three times the zero sequence current or
voltage. The relay current for the lower pole wind-
ings is the value of Column 3 divided by the ratio
of Column 4. The value is recorded in Column 1.
The upper pole relay current is the value of Column
5 divided by the ratio of Column 6, and is recorded
in Column 8. The relay operating product is the
values of Column 7 and 8 multiplied together and re-
corded in Column 9. For the type CWC relays, the
ratio of i is written in Column 10. All of this data

Iy
is fixed by the system constants and characteristics,

7
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Fig. 9. External Schematic of the Type CWC Relay for
Ground Protection.

and ispreliminary to making the actual relay setting.

The choice of a tap recorded in Column 11 and
of the time lever in Column 14 is a matter of trial
and error. The breakers on this system have 8fcycle
operating time so that the coordinating tiime interval
should be about .4 second. The tap should“be cho-
sen so that the relay times for the clése-in fault
and remote fault product values will differ by about
the coordinating time interval or .4"Second’ in this
case. Practically this can be {accomplished by
several taps with equal resultsay, Tap®36 was se-
lected in this example. The [produét value divided
by the tap is recorded in Columny,12. This value is
the abscissa of the time productyrelay curves. From
these curves the lever. Coliimn 14 and relay operating
time Column 15 were chesenso that the relay would
operate at about .15 second for close-in faults and
about .56 second for the remote faults. These times
for the type CWC relay were obtained using time
lever setting no. 2-1/4.

With the“selection of a satisfactory tap value,
the curves ofyFig. 6 will quickly show if the com-
bination. of tap and current values provide relay
operating times as indicated by the curve. The

Fig. 10. )External Schematic of the Type CWP Relay for
Ground Protection.

value of Column 10 multiplied by N = 4.0 for tap 36
gives the R values of Column 13. These are within
the curve of Figure 6.

The same process is allowed in setting the type
CWP relay at Station B on breaker F. Here tap 300
was selected with lever 3/4 to provide relay opera-
ting times of 0.16 and 0.53 seconds respectively
for close-in and remote faults. The operating limits
using this tap are fulfilled since neither multiples
of tap product value (Column 12) is greater than the
polarizing voltage (Column 8).

After individual relay settings are made, it is
necessary to check to see if the relays select prop-
erly with associated relays. In the example the
coordinating time interval was 0.4 second. There-
fore, for fault 2, the relay at D should not operate
before the relay at F plus the coordinating time
interval. In other words, the operating time of D
should be not less than 0.16 second plus 0.40 =
0.56 second.

Similarly the time of the relay at breaker H
should not be greater than 0.13 second in order to
select with relay F for fault 3. If the time of relay
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H is greater, then the time of relay @t ¥ must be
increased to provide proper selection. This change
may be accomplished by a changefin the time lever
setting only, although often "agnew,tap and lever
setting may provide a more(satisfactory setting.
Changing the setting of kelayspat B probably will
require a change in the séetting of’the relay at Sta-
tion A.

After the settingsgparemmade for all the relays
under minimum generating conditions, then it is nec-
essary to check “the relay operating time and coordi-
nation undér the maximum generating conditions.
Often additional changes in tap and lever settings
are required; particularly if the maximum and mini-
mum fault values'are quite different.

SETTING THE RELAY

CGWC INDUCTION UNIT

Select the desired upper and lower pole taps.
Set the lever position by applying a preselected cur-
rent to the relay coils, and adjusting the lever posi-
tion to obtain the desired time of operation. Alter-

natively the lever may be set by inspection, if the
timing coordination is not critical.

CWP_INDUCTION UNIT

Select the desired upper pole tap. Set the lever
position by applying a preselected voltage and cur-
rent (current lagging voltage by 60° - see Fig. 11)
to the relay coils and adjusting the lever position
to obtain the desired time of operation. Alterna-
tively the lever may be set by inspection, if the
timing coordination is not critical.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit exceptthe
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of the tap balock to the desired setting by means
of the connecting screw. When the relay energizes a
125-or 250-volt d-c type WL relay switch, or equiva-
lent, use the 0.2-ampere tap; for 48-volt d-c applica-
tions set relay in 2 tap and use S#304C209G01 Type
WL Relay or equivalent.
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tion of this relay have been made at the factory and
should not be disturbed after receipt by the custom-
er. If the adjustments have been changed, the relay
taken apart for repairs, or if it is desired to cheek
the adjustments at regular maintanance periods, the
instructions below should be followed.

All contacts should ke periodieally cleaned.
A contact burnisher S#182A836H01 isgrecommended
for this purpose. The use of abrasive@material for
cleaning contacts is not recommended? because of
the danger of embedding small)particles in the face
of the soft silver and thus impairing the contact.

INDUCTION UNIT

Fig. 12: Diagram of Test Connections for the Type CWP
Relay in FT-21 Case.

1

INDICATING INSTANTANEOUS TRIP (IIT)

Since the minimum and maximum markings on the
scale only indicate the working range of the core
screw, the core screw must be adjusted to the value
of pick-up current desired.

The nameplate data will furnish the actual cur-
rert range that may be obtained from the IIT unit.

INSTALLATION

The relays should be mounted on ‘Switchboard
panels or their equivalent in a location free from

dirt, moisture, excessive vibration, and ‘heat. Mount
the relay vertically by means of the four meunting
holes on the flange for semi-flush®™mounting or by
means of the rear mounting stud or studs for pro-
jection mounting. Either a mounting stud or the
mounting screws may be utilized for grounding the
relay. The electrical connectionsfmay be made di-
rectly to the terminal§’by means of screws for steel
panel mounting or €0 the terminal studs furnished
with therelay for thick"panel’mounting. The terminal
studs may be easily removed or inserted 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.
41-076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-

10

The upper hearing screw should be screwed
down until therefishonly 3 to 5 thousandths inch
clearance between it and the shaft and then seciurely
locked in position ‘with the lock nut. This adjust-
ment can be madedbest by carefully screwing down
the top “bearing \screw until the disc fails to turn
freely afnd then backing up afraction of a turn Great
care @irusthbe taken in making this adjustment to
prevent, damage to the bearings.

Adjust the contacts to just barely touch when
the \time lever is set on zero by shifting the posi-
tion of the contact stop on the time lever. This
should be done with approximately the required con-
tact follow. Final adjustment of the contacts can
be more easily made by the contact follow set screw
after the contact stop is securely fixed.

A maximum contact follow of approximately 5/64
inch is obtained when the set screw on the station-
ary contact is all the way out. Where rigid contacts
for quick reopening are required, the set screw
should be all the way in to hold the stationary con-
tact against the Micarta bracket. Readjust the zero
setting after this is done.

CWC RELAY

Connect the upper and lower pole coils in
series and pass current in polarity on both coils.
With one tap screw in the 1 multiplier position
and the other screw in the .36 product tap for
the .25-4 product range or the 4 product tap for
the 2.25-36 product range, apply current and
adjust the spring tension so that the contacts
just close with tap value of current flowing.
This is 0.6 ampere, 60 cycles, on the .25-4 prod-
uct range or 2.0 amperes, 60 cycles, on the
2.25-36 product range. The spring tension may
by changed by means of a screw driver inserted



TYPE CWC AND CWP RELAYS

I.L. 41-242,2

in one of the notches of the plate to which the
outside convolution of the spring is fastened.

Various points on the typical time-product
curves can be checked approximately with the
current coils in series. The multiples of tap
product will be the square of the current passed
thru the two coils, divided by the tap product.
The timing can be checked with a cycle counter
by averaging a number of trials. Make sure that
the coils do not overheat, otherwise the curves
cannot be checked. Time curve calibration is
obtained by adjusting the position of the perma-
nent magnet.

TYPE CWP RELAY

Use the following procedure to check the zero
torque line. Adjust the control spring for zero ten-
sion and connect per Fig. 12. Apply 120 volts a-
cross terminals 6 and 7 and five times minimum pick
up current (tap' value divided by 24). Zero torque
should occur when the currents lead the voltage by
19° to 36°.

To calibrate the control spring, connect per Fig;
11, set in the lowest tap, apply 100 volts across
terminals 6 and 7, and apply minimum pickup),curs
rent, leading the voltage by 300°, (0.20 amperes for
the 20- 150 range, 0.75 amperes for the 75-600yrange).
Then, adjust the spring tension so that the,contacts
just close. Spring adjustment is changed“by in-
serting a screw driver in one of the spring| adjuster
plate notches.

The contact gap should be approximately .047”
between the bridging moving contact“and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary, contacts simulta-
neously.

To check points on‘the time curve, connect per
Fig. 11, and apply'preselected current and voltage
values, with current.deading the voltage by 300° and
measure theftime“of operation with a cycle counter.
The time/of .seéveral“trials should be averaged. If
the current)coil is allowed to overheat, the timing
will be affectedd The potential coil should not be
continuously energized above 115 volts.

INDICATING CONTACTOR SWITCH (ICS)

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close
the contacts of the ICS. This value of current should
not be greater than the particular ICS tap setting
being used. ' The indicator target should drop freely.

INDICATING INSTANTANEOUS TRIP (IIT)

The core screw which is adjustable from the top
of the trip unit determines the pickupivalue. The
trip unit has a nominal ratio of adjustment of 1 to 4
and an accuracy within the limits of 10%.

Apply sufficient currentsto operate the ITT. The
indicator target should,drop freely.

RENEWAR,PARTS

Repair work can‘be done most satisfactorily at
the factory. However, interchangeable parts can be
furnished to the, customers who are equipped for
doinrg repairiwork. When ordering parts, always give
the complete nameplate data.

ENERGY REQUIREMENTS

CuWC

The burden of the Type CWC relays at 5 am-
peres, 60 cycles is as follows:

Lower Pole Windings

P.F.

Product Angle

Product Tap Volt- Degrees
Range Value Watts Vars Amperes Lag
.25-4 .25 82.7 29.3 88.0 19.5
.36 57.3 14.1 59.0 13.8

.64 32.1 4.43 32.4 7.85

1.00 20.6 1.83  20.7 5.10
2.25-36 2.25 8.60 3.26 9.1 21.0
4.0 4.78 1.03 4.89 12.1
6.25 3.01 0.41 3.04 7.7
9.0 2.13 0.21 2.14 5.5

Upper Pole Windings

P.F.
Product Angle
Product Tap Volt- Degrees

Range Value Watts Vars Amperes Lag

.25-4 1 6.08 8.38 10.5 55
4 1.52 0.54 1.61 20
2.25-36 1 0.79 0.95 1.24 50
4 0.20 0.06 0.21 17
CWP

The burden of the type CWP relays at 5 am-
peres, 115 volts, 60 cycles is as follows:

11
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7
3—?_—'
—

Upper Pole Windings Lower Pole Potential Winding
P.F. .
(between relay terminals 6 and 7)
Product Angle
Product Tap Volt- Degrees :&)n;e
Range Value Watts Vars Amperes Lag Volt-  Degrees
75-600 75 0.633 0.144 0.660 12.6 Watts Vars Amperes Lead
igg g:igz g:gzg g:zgg g:g All ranges - 55 2.78  6.15™ _ 26.8
200 0.460 0.032 0.460 4.0 CWC & CWP THERMAL RATINGS
300 0.370 0.013 0.370 2.0 7
400  0.340 0.006 0.340 1.0 Pole — CoftDRQuS? 1 Sec
600 0.290 0.290 0.5 Relay Range Winding Amperes Amperes
20-150 20 470 2.66 5.4 29.5 cwe - .25-4 - All 4 110
30  3.23 121 3.45 205 CWC  2.25-36  Upper, 10 280
40 293 0.87 3.05 16.5 Logr 12.7 870
50  2.31 0.57 2.38 14.0 CWP  20-150  UppBy 3.2 88
75 1.50 0.28 1.52 10.7 75-600  fUpper 6.4 185
100 1.15 0.11 1.15 5.5 The potertial coil circuit of the type CWP relay
150 0.80 0.014 0.80 1.0 will stand 250 veltsyfor 15 seconds.
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INSTALLATION

I.L. 41-242.2

OPERATION e MAINTENANCE

INSTRUCTION-S

TYPE CWC AND CWP DIRECTIONAL
GROUND RELAYS

CAUTION Before putting relays into service, re-
move all blocking which may have been inserted for
the purpose of securing the parts during shipment,
make sure that all moving parts operate freely, in-
spect the contacts to see that they are clean and
close properly, and operate the relay to check the
settings and electrical connections.

APPLICATION

The Type CWC and CWP relays are induction
disc type relays used for directional ground fault
protection on grounded neutral power systems. The
type CWC relay is polarized by current from a suit-
ably grounded power transformer bank neutral.
Therefore, its application does not require potential
transformers. The type CWP relay is potential pe-
larized by residual voltage obtained across the open
corner of the delta winding of a grounded4star-delta
potential transformer.

At stations where the power transformerhbank
neutral is grounded, the residual veltage, will be
small generally, and the type CWC/(relay(is recom-
mended. At ungrounded stationsgor‘at,ground sta-
tions where the power transformer bank neutral is
not available, the type CWPRyrelayyis applicable.

CONSTRUCTION /AND ,OPERATION

The Type CWC andgyCWP relays consist of an
induction disc typel unit,’'an indicating contactor
switch, and an ‘optionalfindicating instantaneous
trip unit.

INDUCTION DISC"UNIT

The induction disc unit contains a thin four-inch
diameter disc mounted on a vertical shaft. The
shaft _is supported on the lower end by a steel ball
bearing riding between concave sapphire jewel sur-
faces,and on the upper end by a stainless steel pin.

NEW INFORMATION

The moving contact isfajsmall silver hemisphere
fastened on the end, of @njarm. The other end of
this arm is clamped topan insulated section of the
disc shaft. The element is not geared. The elec-
trical connectionWis made from the moving contact
thru the armtand spiral spring. One end of the
spring isgfastened to the arm, and the other to a
slotted spring adjuster disc which in turn fastens to
the element frame.

The\stationary contact assembly consists of a
silver contact attached to the free end of a leaf-
spring.” This spring is fastened to a moulded block
mounted on the element frame. A small set screw
permits the adjustment of contact follow. When
double trip is required, another leaf spring is mount-
ed on the moulded block and a double contact is
mounted on the rigid moving arm. Then the station-
ary contact set screws permit adjustment so that
both circuits will be made simultaneously.

The moving disc is rotated by an electromagnet
in the rear and damped by a permanent magnet in
front. The operating torque for the CWC relay is
obtained by energizing the lower pole coil with re-
sidual current (usually obtained from the line cur-
rent transformer) and the 2 tapped upper pole coils
with residual current from the current transformer in
the power transformer bank neutral. For the CWP
relay the operating torque is obtained by energizing
the upper pole coils with residual current (usually
obtained from the line current transformer) and the
lower pole with residual voltage.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switch is a small
clapper type device. A magnetic armature, to which
leaf-spring mounted contacts are attached, is at-
tracted 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

EFFECTIVE FEBRUARY 1959
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Fig. 1. Internal Schematic of Double Trip Type CWC Re-
lay In the Type FT-21 Case. For the Single
Trip Relay the Circuits Associated with Terminal
2 are omitted.

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
bottom of the cover.

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

INDICATING INSTANTANEOUS TRIP UNIT (IIT)

The instantaneous trip unit is a small a-<g, oper-
ated clapper type device. A magnetic armature, to
which leaf-spring mounted contacts arejattached, is
attracted to the magnetic core upon energization of
the switch. When the switch cleses, the moving
contacts bridge two stationary ontacts completing
the trip circuit. Also duringthe /operation two fin-
gers on the armature eflectya spring located on the
front of the switchdwhich” allows the operation indi-
cator target to dropad Thestarget is reset from the
outside of the case byha push rod located at the
bottom of the cover.

A core serew accessible from the top of the
switch proyvides) the adjustable pickup range. The
minimum®and) maximum pickup points are indicated
on the “scale, which is located to the rear of the
core ‘Screw.

Fig. 2. Intetnal 5chematic of the Type CWC Relay with

Indicating, Instantaneous Trip Unit in the Type
FT-21Case:

CHARACTERISTICS

TYPE €WC RELAY

The type CWC relay has two taps on the upper
pole and four on the lower pole. They are marked
in amperes which is the current thru both windings
in series at minimum pick-up, and in product which
is the minimum pick-up product of two equal or un-
equal currents.

Type CWC Relay Ranges and taps are:
.5 to 2 ampere (.25 to 4 Product) Range

Amperes .5 .6 .8 1.0 1.2 1.6 2.0
Product .25 .36 .64 1.0 1.44 2.56 4.0

1.5 to 6 ampere (2.25 to 36 Product) Range

Amperes 1.5 2.0 2.5 3.0 4.0 5.0 6.0
Product 2.25 4.0 6.25 9.0 16.0 25.0 36.0

The first four values are marked on the lower
pole top plate. The upper pole tap plate is marked
x1 and x2 (x1 and x4 Product). The last four values
are obtained by using the x2 tap with the four lower
pole taps.

Typical 60 Cycle time-product curves for the
type CWC relay are shown in Fig. 5. These curves
are taken at maximum torque which occurs with the
currents in phase. Forresidual and Ground cutrents
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Fig. 3. Internal Schematic of the Type CWP Relay in the
Type FT21 Case. For the Single Trip Relay
the Circuits Associated with Terminal 2 are
omitted.

out of phase the relay operating time may be obtain-
ed by determining the operating time corresponding
to the product P'= P Cos 6, where P is the actual
relay product in amperes squared, and 6 is thefangle
between the residual and polarizing currentst

The limits for which these curves are“accurate
within + 7% are shown in Fig. 6.

TYPE CWP RELAY

The type CWP relay taps are_onjthe Jupper pole
current coil. They represent the“minimum pick-up
product of current times veltage,at maximum torque
when the current lags the voltage by 60°. The ranges
and taps are:

Product
Range Tap Markings

20 - 150 20 30 40 50 75 100 150
75-600 75 100 “150 200 300 400 600

Typical 60, cycle time product curves for the
type CWP relay are shown in Fig. 7. These curves
are taken at maximum torque which occurs with the
current lagging the voltage 60°. For currents not
lagging by this angle, the relay tripping time may
be ebtained by determining the operating time cor-
responding to the product p’ = P Cos ( 60° - d), where
P is the actual relay V.A. product and 6 is the angle
the current lags the voltage. The curves are ac-

Fig.\43 Internal Schematic of the Type CWP Relay with
Iadicating Instantaneous Trip Unit in the Type
FT21 Case.

curate within +7% if the multiple of tap product does
not exceed the voltage on the relay coil.

TRIP CIRCUIT

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

The indicating instantaneous trip contacts will
safely close 30 amperes at 250 volts d-c, and will
carry this current long enough to trip a breaker.

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 setting by
means of a screw connection.

TRIP CIRCUIT CONSTANT

Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c resistance

SETTING CALCULATIONS

The following information is required to set
these relays:

1. The maximum and minimum ground fault cur-
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Fig. 5. Typical Time Curves of the Type. CWC Relay - Current Coils in Series - See Figure 6 for application limits.

rents for faults at the relay and atithe remote bus.
These values should be residual jeurrent, which is
three times the zero sequence current.

2. The maximum and minimum polarizing cur-
rent or voltage valuesqfor the faults above. The
values should be residual ‘@urrents or voltage which
are three times the Zero sequence values.

3. The current transformer ratios of the main
and polarizing current transformers for the type CWC
relay applications or the main current transformer
ratio and the polarizing potential transformer ratio
for the type CWP relay application.

Each, relay should be set 06 operate as rapidly
as possible“for ground faults on the transmission
lines™near the breaker. The product available for
theyrelay in these cases should be large enough to

represent a large multiple of the tap product value
so the operating times can be in range of 0.05 to
0.20 second as seen from the curves of Figs. 5 and
7.

However, the relays cannot distinguish between
a fault on the line near the remote breaker for which
they should operate, and a similar fault on the bus
or adjacent line for which they should not operate
until the bus differential or adjacent line relays
have had an opportunity to operate and clear the
fault. This requires an increased time setting of
the relay for faults near the remote terminal. The
product available for the relay in these cases will
be smaller than that for the close faults and should
represent a smaller multiple of the tap product pre-
viously chosen so the operating time can be from
.4 to .75 second longer than the remote iine or bus
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For the 0.25 to 4 Product Range

where IL = the lower pole current.

For the 2.25 to 36 Product Range

where IL = the lower pole current.

IU = the upper pole current. IU = the upper pole current.
M = value from the table below,for N = value from the table below for
various tap combinations. various tap combinations.
Tap Upper Pole Toower'Pole Tap Upper Pole Lower Pole
Product |Product Tap Product Tap M K Product |Product Tap | Product Tap N K
.25 1 .25 4.0 10 2.25 1 2.25 4.0 30
.36 1 .36 2.78 12 4.0 1 4.0 2.25 40
.64 1 .64 1.56 16 6.25 1 6.25 1.44 50
1.0 1 1.0 1.0 20 9.0 1 9.0 1.0 60
1.0 4 .25 16.0 20 9.0 4 2.25 16.0 60
1.44 4 .36 11.1 24 16.0 4 4.0 9.0 80
2.56 4 .64 6.25 32 25.0 4 6.25 5.76 100
4 4 1.00 4.0 40 36.0 4 9.0 4.0 120

The Typical time curves for the Type CWC Relay apply if the values of R falls
within the shaded area of the curve above, and if neither relay current is greater
than K in amperes.

Fig. 6. Limits for Applicaticn of the CWC Time Curves.
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Fig. 8. Typical System for Setting{Type ' €WC and CWP Relays.
TABLE I
1 2 3 4 5 6 T 8 9 10 11 12 13 14 15
Line Line Polarizing Polarizing Line Polarizing Multiples
Relay Fault Primary C.T. Primary Amps. C.T.dr P.T. Seeondary Secondary Product I; Tap of Tap R Lever Time In
Location No. Amps. Ratio or Volts Ratio Amps. (IL) Amps. (IU) IUXIL IU Product Seconds
D 1 3450 300/5 2910 300/5 57.5 48.5 2780 1.19 36 7 4.76 2-1/4 .14
D 2 1320 1040 22.0 17.3 381 1.27 10.6 5.1 .56
F 2 1320 100/5 83,100V 1000/1 66.0 83.1V. 5485 — 300 18.3 — 3/4 .16
¥ 3 620 36,500V 31.0 36.5V. 1130 — 3.8 .53

relay operating time. This .4 t0,.75msécond inter-
val is known as the coordinating time interval. It
includes the circuit breaker operating time plus a
factor allowing for differencejbetween actual fault
currents and calculated fyalues, differences in indi-
vidual relay performance;jetc., For 8 cycle breakers
the value of .4 second is,commonly used, while for
30 cycle breakets .79 8econd is used.

As an example, aytype CWC relay is to be con-
nected at<Station Adand set to protect the line run-
ning to StatiomyB.4 It must select or coordinate with
the type CWP relay connected at Station B and set
to protect the line running to Station C. The fault
currents and“voltage for single line-to-ground faults
underjyminimum conditions for this system are shown
in Fig. 8.

In setting the type CWC and CWP relays, it is
convenient to set up Table as shown. The relay
location is shown in Column 1 and the fault location

in Column 2. The primary line residual current
available for the relay is recorded in Column 3. The
ratio of these current transformers is specified in
Column 4.

The primary fault current or voltage available
for the polarizing winding is shown in Column 5 and
the associated current or potential transformer ratio
in Column 6. All of these fault values are residual
values or three times the zero sequence current or
voltage. The relay current for the lower pole wind-
ings is the value of Column 3 divided by the ratio
of Column 4. The value is recorded in Column 7.
The upper pole relay current is the value of Column
5 divided by the ratio of Column 6, and is recorded
in Column 8. The relay operating product is the
values of Column 7 and 8 multiplied together and re-
corded in Column 9. For the type CWC relays, the
ratio of Iy is written in Column 10. All of this data

Iy
is fixed by the system constants and characteristics,

7
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Fig. 9. External Schematic of the Type CWC Relay for
Ground Protection.

and ispreliminary tomaking the actual relay setting:

The choice of a tap recorded in Column 11 and
of the time lever in Column 14 is a matter of trial
and error. The breakers on this system have 8 cycle
operating time so that the coordinating time interval
should be about .4 second. The tap shouldybe cho-
sen so that the relay times for the close-in“fault
and remote fault product values will;differ'by about
the coordinating time interval or «4wsecond in this
case. Practically this can bellaccomplished by
several taps with equal results. “TFap 36 was se-
lected in this example. The product value divided
by the tap is recorded in“@olumn _J}2. This value is
the abscissa of the time produet relay curves. From
thesecurves the lever Columngd4 and relay operating
time Column 15 were chosenfso that the relay would
operate at about .15 second for close-in faults and
about .56 second for the remote faults. These times
for the type CWC relay were obtained using time
lever setting no. 2-1/4.

With the, selection of a satisfactory tap value,
the curves@of Fig. 6 will quickly show if the com-
bination “of tap and current values provide relay
operating “times as indicated by the curve. The

Fig./102 External Schematic of the Type CWP Relay for
Ground Protection.

value of Column 10 multiplied by N = 4.0 for tap 36
gives the R values of Column 13. These are within
the curve of Figure 6.

The same process is allowed in setting the type
CWP relay at Station B on breaker F. Here tap 300
was selected with lever 3/4 to provide relay opera-
ting times of 0.16 and 0.53 seconds respectively
for close-in and remote faults. The operating limits
using this tap are fulfilled since neither multiples
of tap product value (Column 12) is greater than the
polarizing voltage (Column 8).

After individual relay settings are made, it is
necessary to check to see if the relays select prop-
erly with associated relays. In the example the
coordinating time interval was 0.4 second. There-
fore, for fault 2, the relay at D should not operate
before the relay at F plus the coordinating time
interval. In other words, the operating time of D
should be not less than 0.16 second plus 0.40 =
0.56 second.

Similarly the time of the relay at breaker H
should not be greater than 0.13 second in order to
select with relay F for fault 3. If the time of relay
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Fig. 1. External Schematic of the Type CW Relay fér Ground Differential Protection of Wye or Zig-zag Winding of a Trans-

former or Rotating Machine.

H is greater, then the time of relay at E imust be
increased to provide proper selection. “This/change
may be accomplished by a change 4n the time lever
setting only, although often @ .new, tap and lever
setting may provide a more gsatisfactory setting.
Changing the setting of rela¥s, at B’ probably will
require a change in the setting ofythe relay at Sta-
tion A.

After the settings_are,made for all the relays
under minimum generating¢conditions, then it is nec-
essary to checkithe ‘telay/operating time and coordi-
nation under the ‘maximum generating conditions.
Often additionad changes in tap and lever settings
are requiredyparticularly if the maximum and mini-
mum fault valuesyare quite different.

SETTING THE RELAY
CWCINDUCTION UNIT

Select the desired upper and lower pole taps.
Set the lever position by applying a preselected cur-
rent to the relay coils, and adjusting the lever posi-
tion to obtain the desired time of operation. Alter-

natively the lever may be set by inspection, if the
timing coordination is not critical.

CWP INDUCTION UNIT

Select the desired upper pole tap. Set the lever
position by applying a preselected voltage and cur-
rent (current lagging voltage by 60° - see Fig. 11)
to the relay coils and adjusting the lever position
to obtain the desired time of operation. Alterna-
tively the lever may be set by inspection, if the
timing coordination is not critical.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in
front of thetap balock to the desired setting by means
of the connecting screw. When the relay energizes a
125-or 250-volt d-c type WL relay switch, or equiva-
lent, use the 0.2-ampere tap; for 48-volt d-c applica-
tions set relay in 2 tap and use S#304C209G01 Type
WL Relay or eguivalent.
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tion of this relay have been made at the factory and
should not be disturbed after receipt by the custom-
er. If the adjustrments have been changed, the relay
taken apart for repairs, or if it is desired to check
the adjustnments at regular raintanance periods, the
instructions below should be followed.

All contacts should ke periodically cleaned.
A contact burnisher S#182A836H01(is réeommended
for this purpose. The use of abrasive material for
cleaning contacts is not recommended, because of
the danger of embedding small particles in the face
of the soft silver and thus impairing the contact.

INDUCTION UNIT

Fig. 12: Diagram of Test Connections for the Type CWP
Relay in FT-21 Case.

INDICATING INSTANTANEOUS TRIP (II'T)

Since the minimum and maximum markings on the
scale only indicate the working range of the core
screw, the core screw must be adjusted to the value
of pick-up current desired.

The nameplate data will furnish the actual curs
rert range that may be obtained from the IIT unit.

INSTALLATION

The relays should be mounted ongswitchboard
panels or their equivalent in a location§freenfrom
dirt, moisture, excessive vibration, and, heat.“§Mount
the relay vertically by means of the¢fourymounting
holes on the flange for semi-flush_moeunting or by
means of the rear mounting stud or studs for pro-
jection mounting. Either a mounting stud or the
mounting screws may be utilized for grounding the
relay. The electrical cénnections/may be made di-
rectly to the terminals by means of screws for steel
panel mounting or 40 thé terminal studs furnished
with therelay for thickgpanelmounting. The terminal
studs may be easily removed or inserted 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.
41-076.

ADJUSTMENTS AND MAINTENANCE

The, proper adjustments to insure correct opera-

10

The upper hearing sepew should be screwed
down until thereds only 3 to 5 thousandths inch
clearance betwegn it and the shaft and then secirely
locked in pesition with the lock nut. This adjust-
ment can be “made best by carefully screwing down
the top bearing screw until the disc fails to turn
freely,andthen backing up afraction of a turn Great
care ;,must he” taken in making this adjustment to
prevent damage to the bearings.

Adjust the contacts to just barely touch when
the time lever is set on zero by shifting the posi-
tion~of the contact stop on the time lever. This
should be done with approximately the required con-
tact follow. Final adjustment of the contacts can
be more easily made by the contact follow set screw
after the contact stop is securely fixed.

A maximum contact follow of approximately 5/64
inch is obtained when the set screw on the station-
ary contact is all the way out. Where rigid contacts
for quick reopening are required, the set screw
should be all the way in to hold the stationary con-
tact against the Micarta bracket. Readjust the zero
setting after this is done.

CWC RELAY

Connect the upper and lower pole coils in
series and pass current in polarity on both coils.
With one tap screw in the 1 multiplier position
and the other screw in the .36 product tap for
the .25-4 product range or the 4 product tap for
the 2.25-36 product range, apply current and
adjust the spring tension so that the contacts
just close with tap value of current flowing.
This is 0.6 ampere, 60 cycles, on the .25-4 prod-
uct range or 2.0 amperes, 60 cycles, on the
2.25-36 product range. The spring tension may
by changed by means of a screw driver inserted
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in one of the notches of the plate to which the
outside convolution of the spring is fastened.

Various points on the typical time-product
curves can be checked approximately with the
current coils in series. The multiples of tap
product will be the square of the current passed
thru the two coils, divided by the tap product.
The timing can be checked with a cycle counter
by averaging a number of trials. Make sure that
the coils do not overheat, otherwise the curves
cannot be checked. Time curve calibration is
obtained by adjusting the position of the perma-
nent magnet.

TYPE CWP RELAY

Use the following procedure to check the zero
torque line. Adjust the control spring for zero ten-
sion and connect per Fig. 12. Apply 120 volts a-
cross terminals 6 and 7 and five times minimum pick
up current (tap' value divided by 24). Zero torque
should occur when the currents lead the voltage by
19° to 36°.

To calibrate the control spring, connect per Fig.
11, set in the lowest tap, apply 100 volts across
terminals 6 and 7, and apply minimum pickupgeur-=
rent, leading the voltage by 300°, (0.20 ampgeres for
the 20- 150 range, 0.75 amperes for the 75-600%range).
Then, adjust the spring tension so that the%eontaets
just close. Spring adjustment is changed by, in-
serting a screw driver in one of the spring/adjuster
plate notches.

The contact gap should be,approximately .047”
between the bridging moving cont@et andfthe adjust-
able stationary contacts. The/bridging moving con-
tact should touch both statieharyjycontacts simulta-
neously.

To check points on the time curve, connect per
Fig. 11, and apply présélected current and voltage
values, with current leading the voltage by 300° and
measure the time ofyoperation with a cycle counter.
The time of#several trials should be averaged. If
the current®eoilf'is adlowed to overheat, the timing
will be affected., T'he potential coil should not be
continuously energized above 115 volts.

INDICATINGCOCITACTOR SWITCH (ICS)

Close the main relay contacts and pass suffi-
eiznt, d-c current through the trip circuit to close
the contacts of the ICS. This value of current should
not be greater than the particular ICS tap setting
being used. The i=dicator target should drop freely.

INDICATING INSTANTANEOUS TRIP (IIT)

The core screw which is adjustable from the top
of the trip unit determines the pickup Wwalue. The
trip unit has a nominal ratio of adjustment of 1 to 4
and an accuracy within the limits of 10%.

Apply sufficient current to_operate the IIT. The
indicator target should drop freel§®

RENEWALWP ARTS

Repair work can be,done most satisfactorily at
the factory. Howewver, interchangeable parts can be
furnished to thegncustomers who are equipped for
doing repair work. When ordering parts, always give
the completeynameplate data.

ENERGY REQUIREMENTS

CWe

TPhe burden of the Type CWC relays at 5 am-
peres, 60 cycles is as follows:

Lower Pole Windings

P.F.

Product Angle

Product Tap Volt- Degrees
Range Value Watts Vars Amperes Lag
.25-4 .25 82.7 29.3 88.0 19.5
.36 57.3 14.1 59.0 13.8

.64 32.1 4.43 324 7.85

1.00 20.6 1.83  20.7 5.10
2.25-36 2.25 8.60 3.26 9.1 21.0
4.0 4.78 1.03 4.89 12.1
6.25 3.01 0.41 3.04 7.7
9.0 2.13 0.21 2.14 5.5

Upper Pole Windings

P.F.
Product Angle
Product Tap Volt- Degrees

Range Value Watts Vars Amperes Lag

.25-4 1 6.08 8.58 10.5 55
4 1.52 0.54 1.61 20
2.25-36 1 0.79 0.95 1.24 50
4 0.20 0.06 0.21 17

CWP

The burden of the type CWP relays at 5 am-
peres, 115 volts, 60 cycles is as follows:

11
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Upper Pole Windings

Lower Pole Potential Winding

Product Aiglile (between relay terminals 6 and 7)
Product Tap Volt- Degrees :)ngFie
Range Value Watts Vars Amperes Lag
Volt- Degrees
75-600 5 0.633 0.144 0.660 12.6 Watts Vars Amperes Lead
10 0454 003 oass  go  ALmmess 55 27 g4 263
200 0.460 0.032 0.460 4.0 CWC & CWP THERMAL RATINGS
300 0.370 0.013 0.370 2.0
400  0.340 0.006 0.340 1.0 Pole — GOUpQUORS 1 Sec
600 0.290 0.290 0.5 Relay Range Winding Amperes Amperes
20-150 20 470 2.66 5.4 29.5 cwe 254 Al 4 110
30 3.93 1.21 3.45 20.5 CwC 2.25-36 Upper 10 280
40 293 0.87 3.0 16.5 L 12.7 3170
50  2.31 0.57 2.38 14.0 Cwp  20-150  _ Unper 3.2 88
75 150 0.28  1.52 10.7 75-600 ¢~ Dipper 6.4 185
100 1.15 0.11 1.15 5.5 The potential ¢oilicircuit of the type CWP relay
150 0.80 0.014 0.80 1.0 will stand 250, volts for 15 seconds.
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Fig. 13. Outline & Drilling Plan for the Type CWC and CWP Relays in the Type FT-21 Case.
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