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Westinghouse

Types CN-3, CNA and SR Network Relays
Type CN-3 Network Master Relay

CAUTION

Before cutting protective relays
into service, remove all blocking
which may have been inserted for
the purpose of securing parts during
shipment; make sure that all moving
parts are frictionless and check the
settings and electrical connections.

Application

1. The type CN-3 network master
relay is designed to control the operation
of the automatic alternating-current
network breaker, which is used for
the control and protection of low volt-
age aternating-current networks. A
low voltage network is a solidly inter-
connected grid or mesh of low voltage
mains fed through a number of dis-
tribution transformer banks by two
or more high tension feeders. The
network protectors are connected in
the secondary leads of each bank of
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distribution transformers so as to dis-
connect a faulty high tension feeder
from the network.

2. The characteristics of the type
CN-3 relay are such that it will operate
to connect the distribution transformer
bank to the low voltage network when
the transformers are capable of supply-
ing load, and to disconnect the trans-
former bank from the network when
the flow of energy is reversed, that
is, the flow is from the network to the
transformers.

Description

3. The type CN-3 network master
relay shown in Figs. 1 and 2 is a
three-phase relay which operates on the
induction principle. The rotating ele-
ment consists of two solid copper discs
pressed on a hollow steel shaft. There
is an inverted cup-shaped jewel on the
lower end of the shaft which rests on
a hardened and polished steel ball.
The steel ball is carried in another cup-
shaped jewel mounted in the lower
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MASTER RELAY—3-PHASE, 3-ELEMENT

bearing screw. The clearance between
the upper jewel support and the bearing
screw which carries the lower jewel is
very small so as to prevent the shaft
from tilting and thus eliminate the
possibility of the discs binding in the
air gaps under very heavy torque con-
ditions. Since there are only a few
thousandths of an inch clearance be-
tween the jewel support on the shaft
and the bearing screw, the possibility
of dirt or other foreign matter getting
on the jewels is greatly reduced. The
upper jewel and its support can be
readily removed from the shaft for
replacement if necessary. The upper
bearing which is of the pin type is con-
structed so as to reduce tilting of the
shaft and end play to a minimum. The
upper bearing screw is screwed down
until there is a clearance of approxi-
mately 0.002 inch between it and the
upper end of the shaft. It is then locked
securely in place. This bearing design
results in a very rugged construction
with a minimum of wear or friction.
The rotating element is made as light as
possible, and yet gives the necessary
strength and operating characteristics,
so as to reduce the duty on its bearings.

4. The relay has single-pole, double-

throw contacts all of which are made of
pure silver. The moving contacts are
mounted on a counter shaft which is
geared to the shaft of the main rotating
element. A hardened and polished steel
pin in the lower end of the counter shaft
runs on a jewel bearing. The upper
bearing is of the pin type. The gear
on the counter shaft and the pinion
on the main shaft have special depth
teeth, in order to prevent their ever
coming out of mesh and also to reduce
the friction to a minimum. The counter
shaft is covered with a moulded insu-
lation hub around which the moving
contact arm is clamped. This arm
carries two spring-mounted silver con-
tacts which are electrically one and a
flat steel spring which is used to adjust
the amount of reverse current necessary
contacts of the
relay. The moving contact assembly
is balanced by means of counter weights
so as to reduce the friction in the counter
shaft bearings. On the end of the
moving contact arm, where they are
easily visible, are stamped the letters
“C” and “T”. The letter “C" is stamp-
ed on the right and indicates that the
right hand contacts are the ‘‘closing”
The letter “T"

to close the “‘tripping”

contacts of the relay.

is stamped on the left and indicates that
the left hand contacts are the ‘“tripping”’
contacts of the relay.

5. When the relay is completely de-
energized, the moving contact is held
firmly against the ‘‘closing’ stationary
contact by means of a spiral spring.
The inner end of this spring is fastened
to the moving contact arm and the outer
end is fastened to a spring adjuster.
This spring adjuster allows the initial
tension on the spring to be changed with-
out changing the strength of the spring.
To change the spring tension, it is only
necessary to loosen one screw, rotate
the adjuster until the desired tension
is obtained, and then tighten the screw
again. The moving contact, counter
shaft, bearings and bearing bracket,
spiral spring and spring adjuster, reverse
current adjusting spring, and the station-
ary ‘‘closing’” contact can be removed
from the relay as a unit by removing
two screws and disconnecting the leads
to the moving and stationary contacts.
These two leads are securely fastened,
one to the spring adjuster and the other
to the stationary ‘closing” contact
bracket, by means of screws and washers.
Therefore, it is not necessary to open
any soldered connections when removing
the moving contact assembly from the
relay.

6. The stationary contacts consist
of two hemispherical pure silver buttons
riveted into the ends of two brass thumb
screws. These two contact screws screw
into two “L”" shaped brackets and are
locked securely in place by means of
two thumb nuts. The stationary ‘“‘clos-
ing"” contact and bracket are mounted
to the right of the moving contact on
the same Micarta block on which the
spring adjuster is mounted. The sta-
tionary “‘tripping”’ contact and bracket
are mounted to the left of the moving
contact on a Micarta block which is
in turn mounted on the movement
frame of the relay. Just below the
“tripping”’ contact on the same block,
is mounted another ‘L shaped bracket.
This bracket carries a thumb screw
which is similar to the stationary con-
tact screws, except that it does not
have a silver contact on the end of it.
This is the reverse-current adjusting
screw which acts as a stop against the
reverse-current adjusting spring. After
being adjusted, the screw is securely
locked in place by means of a thumb
nut.  The “tripping”’ contact connec-
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tion is similar to the connection to the
“closing” contact described above, and
the whole assembly may be easily re-
moved when desired.

7. In order to secure the proper oper-
ation of the relay under sudden changes
of voltage and current, a certain amount
of damping of the movement of the disc
is necessary. The damping is secured by
means of a permanent magnet mounted
in front of the upper element so as to act
on the front half of the upper disc. The
air gap of the magnet in which the disc
rotates is about twice as wide as that
of damping magnets used on most types
of relays. This greatly reduces the pos-
sibility of friction due to dirt or other
foreign matter getting into the air gap
and rubbing on the disc.

8. The three electro-magnets are
designated as elements “A”, “B” and
“C". Element “A” operates on the
back half of the upper disc, element “B”’
operates on the back half of the lower
disc, and element ““C” operates on the
front half of the lower disc. The lami-
nated iron circuit of each electro-magnet
i1s made in two sections. This construc-
tion is necessary in order to assemble the
form-wound coils on the two upper poles.
The two sections are built up and wound
separately. The potential coil which
is a machine wound coil is assembled
on the lower or main pole punchings.
It is a normal 120-volt coil but will
operate satisfactorily on any voltage
between 100 and 135 volts. The current
coils of the relay consist of a few turns
of heavy wire wound directly on the
upper poles of each electro-magnet
over the necessary insulation. The
phasing coils which are made up of a
large number of turns of small wire are
machine wound. One phasing coil is
placed on each of the two upper poles
over the current coils and securely
cemented in place. The two sections of
each electromagnet are impregnated
with insulating varnish, thoroughly
baked and assembled as a unit on the
movement frame.

9. The complete relay is mounted in
a rectangular cast-iron case with a glass
cover, This allows it to be readily in-
spected at all times without removing
the cover. A terminal chamber is cast
on each end of the base. The leads
are brought from the coils and contacts
into the terminal chambers, through
holes cast into the ends of the base for
this purpose and fastened to the ter-

minals. These terminals which are of
special construction are used both as
terminals and as mounting screws.
A screw passes completely through a
clearance hole in each terminal and
screws into a brass bushing which is
pressed into one of the two Micarta
mounting blocks used with each relay.
This clearance hole is tapped for a short
distance at the entering end to prevent
the screw from coming out and being
lost when removed from the mounting
block bushing., These screws not only
hold the relay firmly in place but also
form electrical connections between the
terminals and the bushings. Connec-
tions from the breaker are made to the
bushings in the mounting blocks which
are securely fastened to either the main
or relay panel of the breaker. This
terminal construction insures a good
pressure contact at all times. It also
allows the relay to be mounted on
or removed from the panel merely by
inserting or removing the terminal
screws. Therefore it is unnecessary to
disturb any of the internal connections
of the relay or any of the wiring on the
breaker when mounting or removing a
relay. This saves considerable work
and eliminates the possibility of connect-
ing the relay wrong when replacing it
on the breaker unit. By removing the
proper terminal screw or screws from
the bushings in the mounting blocks,
any circuit or circuits from the relay
to the breaker can be opened. This will
be found to be a great aid in testing
the relay when mounted on the breaker
unit. Fig. 3 shows the coils and in-
ternal connections of the relay.

Distripution
4 Transformers

Operation

10. The operation of the type CN-3
relay can best be described by referring
to Fig. 4. This figure shows a schema-
tic diagram of the internal and external
connections of the type CN-3 relay
and the type CNA relay when used
on a three-phase network with a ground-
ed neutral. The control circuit has been
omitted in order to make the picture
as simple and clear as possible. When
all feeders connected to the low voltage
network are open, the type CN-3 relay
will be completely de-energized and
its ‘“‘closing” contacts will be held in
the closed position by the spiral spring.
Similarly, the contacts of the type
CNA relay will be held closed. If the
operator at the substation closes the
breaker on the feeder to which the
transformer bank shown in the figure
is connected, the protector will close
and connect the transformer to the
network since the ‘closing” contacts
of both relays are closed.

11. It will be noted that if no load is
connected to the network the phasing
circuits will be energized in series with
the potential circuits. However, the
impedance of the phasing circuit is so
much higher than the impedance of the
potential circuit that the voltage across
the potential circuit is very low. Since
the phasing coils can produce torque
only when the potential coils are ener-
gized, the resulting torque will be small;
but the angle between the voltages is
such that the torque tends to open the
closing contacts of the CNA relay, and
of the CN-3 relay if used with shunt
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reactors. Because the relay contacts
are initially closed the contactor seals
in as soon as the feeder is energized,
and the closing operation is not inter-
rupted even if the relay contacts swing
open. Also, for most applications the
parallel impedance of the permanently
connected network load (such as other
relay potential coils, watthour meter
potential coils, etc.) reduces and shifts
the potential coil voltage so that the
relay has closing torque throughout
the closing period. In rare applications
it may be desirable to connect a load to
the network permanently in order to in-
sure having closing torque under all con-
ditions for which the protector should
close. This load can consist of a 500
ohm resistor (or any convenient smaller
value) connected from each phase to
neutral, or resistors of equivalent value
connected between phases. An example
of such an application is a ‘‘spot’ net-
work fed by only two or three protec-
tors on separate feeders.

12, Again referring to Fig. 4, let
us start with the condition we had
originally, that is, all feeders connected
to the network are open. Now suppose
that some feeder other than the one to
which the transformer bank is connected
is energized by means of the feeder
breaker at the substation. The net-
work protectors on that feeder will close
and connect it tu the network as has just
been explained. Both the potential
and phasing circuits of the type CN-3
relay shown in Fig. 4 become ener-
gized at once. The phasing circuits
have full potential impressed across
them, but since the potential on the net-
work side of the breaker is the higher, a
very strong opening torque is produced
and the moving contact of the relay
moves quickly from the closing to the
tripping position. The phasing circuits,
being connected across the contacts of
the breaker, are energized when the
breaker is open by a voltage which is
the vector difference between the trans-
former secondary voltage and the net-
work voltage. The closing of the sub-
station breaker on the feeder to which
the transformer bank is connected with
the feeder regulator in the buck position
so that the secondary voltage of the dis-
tribution transformers is less than the
network voltage, will greatly reduce the
voltage on the phasing circuits and con-
sequently the tripping torque of the re-
lay. As the voltage is raised on the

feeder, the torque in the tripping direc-
tion is gradually reduced until a point is
reached where the phasing coils produce
no torque in either direction. The
“closing’’ contacts of the relay will not
make under this condition because a
part of each potential coil flux is lagged
by an adjustable shading coil in such
a way as to produce a torque in the trip-
ping direction slightly greater than the
torque in the closing direction produced
by the spiral spring when only the poten-
tial coils of the relay are energized.
Under this condition, the moving con-
tact will remain over toward the ‘‘trip-
ping” contact and deflect the reverse
current adjusting spring some but not
enough to make the trip circuit. If the
voltage on the feeder is raised still
further, the phasing coils will produce a
torque which will cause the moving con-
tact to make with the stationary
“closing”’ contact and cause the circuit-
breaker to connect the transformer to
the network.

13. The instant the breaker closes,
current starts to flow from the trans-
former into the network. This causes
current to flow in the current coils of
the relay, which are connected to the
secondaries of saturating current trans-
formers, and produces a torque in the
closing direction. The network pro-
tector will remain closed even if the
voltage conditions change so that there
is no current flowing through it. As
the current decreases to zero, the mov-
ing contact will move away from the
“closing”’ contact and take up a position
somewhere between it and the “‘tripping”’
contact and will deflect the reverse-
current adjusting spring a certain
amount. When the feeder is de-energized
at the substation end, by opening the
feeder breaker, the transformers will be
magnetized from the network. This
flow of exciting current from the net-
work to the transformers will cause
enough current to flow in the current
coils of the relay to produce a tripping
torque sufficient to deflect the reverse
current adjusting spring a still greater
amount until the moving contact com-
pletes the trip circuit of the relay. In this
way, the feeder is disconnected from
the network when the station breaker
is opened. The action of the relay
is just the same if a fault develops in
the transformers or feeder, except the
tripping torque will be much greater
and the time of operation shorter.

6

14. The design of the phasing circuits
must be such that the relay will close
its ‘‘closing” contacts with two volts
or slightly less impressed across them.
However, when the network is energized
and the feeder breaker at the substation
is open, there will be full line to ground
potential across the phasing circuits.
There is a possibility of the transformer
voltage being reversed due to an error
in making connections and this would
place twice normal voltage across the
phasing circuits. In order to protect the
phasing coils from these high voltages,
a resistor is placed in series with each
pair of phasing coils.

15. The 900-ohm phasing resistors
are mounted external to the relay in
order to decrease the amount of heat
liberated in the relay case and thus keep
the temperature of the coils within
proper limits.

16. The current transformers used
to energize the current coils of the relay
are small through-type saturating trans-
formers and are designed so that they
start to saturate at approximately
twice the current rating of the protector.
In this way the heating and vibration
within the relay is greatly reduced under
the condition of heavy short-circuits
on either network or feeder. The ratio
of the current transformers for all
protector ratings is such that the full
load secondary current is 8.33 amperes.
The secondary of these transformers
may be safely opened under load.

17. Figs. 5 to 10 show the operating
characteristics of the type CN-3 net-
work master relay. Referring to PFigs.
5 and 8, the curve number 1 shows
the closing characteristics of the relay.
Lines drawn to it from the origin at
various angles with the network volt-
age represent in both magnitude and
phase position the transformer voltages
which will produce a balanced torque
condition in the relay and result in the
relay holding open both its “‘closing” and
“tripping” contacts. Any transformer
voltage whose magnitude and phase
relation are such that it crosses the
closing curve will cause the relay to
close its ‘‘closing” contacts and thus
connect the transformer to the network.
Conversely, any transformer voltage
which does not touch the closing curve
will cause the relay to move toward the
tripping position and thus the network
breaker will remain open. The curve
number 1-A in the same figures shows a




Westinghouse

Types CN-3, CNA and SR Network Relays

30° 20° 10° 350° 340° 330°
330° 340° 260" 10" 20° 80°
T T\ ) > aaLus KLy / de 4
£0° X mana; ol 3200
g20° HH s % 40°
I
B
IRERARN - > Z
2 T oy ;
X | £, 4
S X ¢ 1 I / . iy A
50° 7 0 gom
310° 7] L1474 < s0°
1 o/ ,/ / 7/7
Tt /7 g, A X
vector.  Rolatioy| TRATROR A KK
) T % Curve No.l %2 ¢
Closin 05% ,
50" ' 300°
300° ¢ P
{ ) X
© 7
5 o
70" N pgs e X 200°
£200° 59' S < Y700
A \0 Y (=) . g ws
Y = Z ceie
Tl S &
80° AN o :
= 2 200"
280° S S ZZ = E B
- S5 3 Cuive No.I-A
Closing i Zgmsgzzeseas ‘
ST : ] 270°
= == ‘ 40*
EESEEs==s I - EEEE Curve No. 2
Opening 3= / ZR’\“/ - == :
100" e 125 R4 R T 260
260° X ; S NS SSSS. 5 100°
SN SS 131
50 g :
110 Ol 3 250°
110 i ORSS 3 {0
n : :
T ¢ X :

14: 2
120° 100 240°
240° 120°

125
i
130 /150n (XXX 230°
230" b 130°
! ~,
T
' /75 TG Q
% Rateqd Amperes iy R
1417 ! 2 Y,
140 ERNEE N > 220°
220° l N 0 X0 140°
? 8 XA
A : - XAPOK
QLU N L T INAR/NNNG 10 ATLE o) AN
150 160° 170° 180° 190° 200° 210
210° 200° 190° 180° 170° 160° 150°

FiG. 5—OPERATING CHARACTERISTICS OF THE TYPE CN-3 NETWORK MASTER RELAY USING PHASING RESISTORS,

BALANCED THREE-PHASE CONDITIONS ASSUMED



Westinghouse Types CN-3, CNA and SR Network Relays

30° 20° 10 350 340° 330°
330° 340° 350° 0 16° 20° 80°
3 T T T T TTH T +/U ffff
<0° o A,
320" 3 riod
i T
T y
RS I
N ﬂ-
% REARD J
S T
50° 310
310° H‘ ‘I i 50°
pil Iﬂ
ey
Vectar Rotati,
A 300"
300° 0
| &
70° .
290° ~~§ © % 1
DI
NN/
()C’W <12 -
\ ST
80 S " SIN 280"
280° A g
S
3 - E =
20 e == e mms = 270"
270°F S Sse=————c==m I = = s 90°
1007 = 5 260
260° 100°
40 )
110° 1P 250°
250° o
15
120° 20 240°
240’ 120°
25
130 o1 230°
280 ZsRated Amperes
T e
1
AN NN
Tt \
s
140" X 220°
220° uie X O 140°
A\
ANENE i \ )
Y Rmnnn niin A X
150" 160° 170° 180° 190° 00" 210°
210° 200° 190° 180° 170 180° 150°

Fic. 6—0OPERATING CHARACTERISTICS OF THE TyPE CN-3 NETWORK MASTER RELAY UsING PHASING RESISTORS.
BALANCED THREE-PHASE CONDITIONS ASSUMED




Westinghouse T'ypes CN-3, CNA and SR Network Relays

30° 20* 10* 350° 340° 330°
380° 340° 350" 9 10° 4 Tap 30°
T\ ; . TN T T 7 77
. T Y909 %
820" T ! o e
“
<
I B
S ! o
T A
[ 4
& A
2 T 5]
i st % E
’ 1 5
H 5
vector Rotat/,
60" 1300
300° - 60°
. 3
Q 5
[~ gﬁ i : s
00 Zo oF L Sy 290
290° 2.3 ~rn s A0
2 Q< S0 @ / . f;.
> AN By é‘ / - 4
xT § 7
80 é Q ‘ 5 280
280 k N S / ‘V 80
g “&’ i g -
: = < — 2
i3 < = =2
20 = : 3 T SE=== - 270
270° e e : e o e oo PR
B = == e T —1= e
100° g 100 / : 74 260
260° g , ; 7 100"
N =]
N C\ :
1107 Z (At il 250
250 ; PR 110°
S 2
120° & 240
240° \\f 200
130 o 230
280" 130°
7 . J',
800
° ed Am,
a0 -9 Rated Amperes 220
220° 1 } %) 140
! 1
/ | T - 4
A ’: i noanRnnu i 1 i\ {
160° 160* 170° 180° 190° 200° 210°
210" 200° 190° 180" 170 180° 150°

F1G. 7- OpERATING CHARACTERISTICS OF THE TYPE CN-3 NETWORK MASTER RELAY USING PIIASING RESISTORS.
BaraNcip THREE-PHASE CONDITIONS ASSUMED

9



Westinghouse Types CN-3, CNA and SR Network Relays

4320

4 10°

310

4 50°

300
60°

290
k{1

280
80°

270
90°

260

100°

230
110°

240

3 120°

30 20° 10° 350° 340° 330°
330° 340° 350° 0 10° 20° 30°
\ T UL LA A) 7 7
40"~ <
2207} I
N % < ~'—,
9 ; XN 1
50° S
310°R AN I
; vector Rotat/s,
T
N Closin i Curve Mo,/
60°
300°
g\ X
S| 2
~ (2]
S|
70° N
290° x NS &
621 ol
0 SN
Q s
s 3
80°F i
280° 2 Curve No.l-A
= = cl//"t/e Mo, 2
ZE== & =
Closin =
100° 25 6
260 p)
- Qo
110° IL‘ \K\ /G
250° )
75
120° mm/00;
240° i
]
130 7
280° AL S
LA
7 )/7?‘\/77 <
J f— X | B
¥ LT T4 (-
> N L tl[ T % ¢ X
140] 7 S TSRS XX
20° ¥ N o - oy ) NN
2 7‘ : AR ! A0 thte
YA L ARy T i \ b 2
y ; f EREREEE \
LT L b M e er MoRuAHAnBeN iy 1 o PAC NS
150 160° 1710* 180° 190° 200° 210
210° 200° e 180° 170 380° 1350°

FiG. 8—OPERATING CHARACTERISTICS OF THE TyPE CN-3 NETWORK MASTER RELAY USING PHASING Lames,
BALANCED THREE-PHASE CONDITIONS ASSUMED

10

1 230

130°

220
140




Westinghouse Types CN-8, CNA and SR Network Relays
30° z0* 10° 350° 340° 3307
330° 340 350° 10° 20° 30°
0 pUUSBLNT TIT T V"
1 ;ﬁ/ 7 /\ /70 y Y,
2o - REaEy i/ ; %4 320°
0 7 /- .
z2 + A 7o
H 7 <
X P -
RSN HTHH y A L
0% N s 7774[
™ %1 1 y 7 \4 s
a0 2 Tl T X 310
81073 i HHI, /5 ¢ 50°
3 S VeC\l"(?fl' Lﬁg‘{?‘//ﬂ/;
T
I i [l
6071 % [ 300°
300° [ U il 60°
! i
% H
S [
8 » i = % § Z
70° Sle : .
1L N 290
290 S N y 201
W : 3
s0°F & 2R \ ’
o Q Ay 5 2 2% a1 280"
280 ) N % =~ 2222 4 80°
=R ( Curves: 270
D0 T T == Y — > -
27005:—— I-i::-[—i—‘—ft == = 1t | T . I" 5: s0°
: =2 : ’ SSSsas
£ Opening. 2
12%;' = = -5 NS - = 260
e - S » 00"
EEee——t— N B =l
me=e s N RALE 5
> 10 ‘ SSSS
: ! X if $
il e : asor
b N ~ - 110°
L5101 :

T\ Q 3
120° 2.0 \.‘ £ 240°
240° H 120°

O .
te mperes LR N D
o Rated Amperes RN N 2\ DRI
1307 3.0T AR LR 230°
230° | . SRR X3 1800
_H <N\ 9 >
l_i- 3,
I
! %
] \ s N
| ;
[ 220°
140°07C7 v > e
220° } T 140
T 3 A
/ 1 T A X
. Aidi TN anfl \ \\\ W
0 160° 170° 180° 190° 200° 210°
12‘1:0' 200 190° 180~ 170° 180° 150°

Fi1G. 9—OPERATING CHARACTERISTICS OF THE TypE CN-3 NETWORK MASTER RELAY USING PHASING LAmPs,
BALANCED THREE-PHASE CONDITIONS ASSUMED

11



Westinghouse Types CN-3, CNA and SR Network Relays

30° 20° 10° 350* 340° 330°
330" 840° 350° 10° 20° 30
T T puUUnEEY T T :
i {
40" T ] aco
320° X %] 40°
) 1 %
5 . %
2 \ \ X ul ﬁﬂ
> 8 . X h) 1 g
50° AKX 310
310° SRR ! k 31
< : !I
X S vector a otatsop
! I
< SRR 7
[ | i !
0° > i 300
300" ; i
o) i
o) 5@ }‘r
() ) 0 v
ro' i >, @ 2 290
200° = S 21 700
‘ A o
, S
‘ Tl SF
Ss s
80° LS U/ A
2 "&) ‘g
= 3
S = = 270
20 T .
270°H: — —— =~ 1 = 90
== WD LA | -
E = /00 : 26c
12%8‘ 2 = 100¢
2000
110° ‘ 250
250° % 10°
1300 o\
el DA
00 SEE
. i ] 240
ot e Jas0
’f [
00 ] \\y
T AT N
ki X
+ jR3 059 \
130 600 N 230
280° i f{i SR 1300
i ‘r.‘v"o'o' i
[ : L X
. / e e
5 fH Frasaal| o
o
800 11
T \ A
140 1% full Loa S < 220
220° : ,L’ Ampef‘es T % b 140
7 I f ENNERREN A
AREARaNnRansaanunsusyuns -
RS LT TR T LT T HEIN xntER et hal i X,
. 160° 170° 180° 190° 200° 210°
5‘1’(‘)" 200° 190° 180° 170° 160 150°

FI1G6. 10—~OPERATING CHARACTERISTICS OF THE TypE CN-3 NETWORK MASTER RELAY UsING PHASING LAMPS,
BALANCED THREE-PHASE CONDITIONS ASSUMED

12




Westinghouse Types CN-3, CNA and SR N etwork Relays

small section of the closing curve plotted
to a much larger scale so as to show the
characteristics of the relay at the values
of phasing voltage at which it normally
operates. Lines drawn from the origin
to this curve represent in magnitude
and phase position the phasing voltage,
or voltage across the open contacts of
the network breaker, necessary to pro-
duce a balanced condition in the relay.
The upper end, or line potential end,
of the network voltage vector is at the
origin in this case. The network volt-
age vector could not be shown in its
true relation to this curve because of
the large scale to which the curve is
plotted. It will be noted by referring to
curve 1-A of Pig. 5 that the relay will
just close its “closing’’ contacts with ap-
proximately 1.1 volt across the phasing
circuit in phase with the network volt-
age. When the phasing voltage leads
the network voltage by 75°, it requires
about 3.5 volts to close the ‘‘closing”
contacts. However, this voltage at
75° leading means only a very small
angle between network and transformer
voltages, as can readily be seen when it
is pointed out that 10 volts 90° leading
the network voltage on the phasing
circuit will throw these two voltages
less than 5° out of phase.

18. The opening characteristics of the
type CN-3 relay are shown by curve
number 2 in Figs. 5§ and 8. Lines
drawn from the origin to curve number
2 represent in magnitude and phase
position the line currents which will
just produce a balanced torque con-
dition in the relay. If the line current
is increased slightly so that it just
crosses the curve into the zone marked
“trip”, the relay will close its “‘tripping”’
contacts and disconnect the trans-
formers from the network. If, however,
the line current does not touch the
opening curve but lies in the zone
marked “close’”’, the relay will close
its ‘“closing” contacts and maintain
them closed as long as the line current
amounts to one or two per cent of full
load. The curves shown in Figs. 6 and
9 represent a small section of the
opening curve just discussed drawn to
a much larger scale in order to show the
operation of the relay on small current
values such as the magnetizing current
of a transformer. The magnetizing
current of a 300 kv-a. bank will be
about 12 amperes per phase minimum
at 120 volts and will lag the network

voltage reversed between 60 and 76
degrees. A network protector rated
at 1200 amperes would be used with
such a bank, and it may be seen by re-
ferring to the curve of Fig. 6 that the
relay will operate satisfactorily to trip
the network breaker when exciting
current only is flowing.

19. On systems where the voltage of
the feeders is fairly high, such as 11,000
volts or above, the charging current
of the feeder and high tension cables
must be considered. When the sub-
station breaker is open this charging
current will flow through the trans-
former. In such cases, therefore, the
current on which the relay must operate
is not the magnetizing current of the
transformer alone, but the vector sum
of the magnetizing current and that part
of the charging current flowing through
its breaker. When the charging cur-
rent predominates over the magnetizing
current, the current on which the relay
must operate is a leading reversal rather
than a lagging reversal. By referring
to the two opening curves discussed, it
may be seen that the relay will operate
equally as well on leading reversals as
on lagging reversals, provided this lead-
ing reversed current does not exceed
approximately twice the full load rating
of the breaker even if it is almost 90°
out of phase with the network voltage
reversed.

20. FPigs. 7 and 10 show the tripping
characteristics of the relay on current
values up to about eight times full load,
such as are encountered under short
circuit conditions. The bend in the
curve is caused by the saturation of the
current transformer used with the relay.
This bend in the curve somewhat im-
proves the action of the relay under
certain short-circuit conditions.

21. Pigs. 8 to 10 show the operating
characteristics of the CN-3 relay using
phasing lamps. Comparison of Fig. 8
with Pig. 5, PFig. 9 with Fig. 6 and
Fig. 10 with Fig. 7, will show the dif-
ferences in the characteristics of the
two styles of relays. It will be ob-
served that curve number 2 of Fig. 5
is much straighter than curve number 2
of Fig. 8. The phasing coils are short-
circuited under the condition for which
curve number 2 was taken, and energi-
zation of the current coils will induce
current in the phasing coils. Variation
in the impedance of the phasing circuit
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will change the lagging effect of the
phasing coils upon the current coil flux,
and will alter the tripping character-
istics of the relay. As the current
through the network protector increases
the current through the phasing lamps
also increases, and likewise their re-
sistance. This accounts for the dis-
tortion of curve number 2 in Fig. 8.
As a result of this distortion, the CN-3
relay using phasing lamps will not
operate on as highly lagging magnetiz-
ing currents or as highly leading charg-
ing currents as will the relay using
phasing resistors.  Present-day appli-
cation conditions vary so widely, even
on the same system, that the use of the
CN-3 relay with phasing resistors is
now preferable. The curves of Figs.
5-10 were taken with current trans-
formers of the ratio used for a 1200-
ampere network protector. The relay
characteristics when used with current
transformers of other ratios are very
closely identical, but there may be a
variation of two or three degrees in the
opening curves for currents above
several hundred per cent of the protec-
tor rating.

Adjustments and Tests

22. There are only two adjustments
to make on the type CN-3 relay, name-
ly the overvoltage closing adjustment
and the reverse-current tripping ad-
justment. The overvoltage closing ad-
justment is made by means of adjust-
able shading coils which are located
over the potential poles in the air gaps
of the electro-magnets just below the
discs. The positions of the coils, and
consequently the amount of voltage
across the phasing circuits of the relay
necessary to close the contacts, are
adjusted by turning screws located
on the right side of the movement
frame. For the “A” and “B” elements,
moving these coils to the left increases
the voltage necessary to close the ‘‘clos-
ing”’ contacts, and moving them to the
right decreases the voltage. If the coil
is moved far enough to the right, the
relay will close its “closing’ contacts
with zero voltage across the phasing
circuit. It should be noted that the
adjustment on the “‘C"” element for
overvoltage closing is made in just the
reverse manner to that on “A” and “B”
elements. These adjustments are made
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without touching the two screws which
are used to mount the adjustable shad-
ing coil. These two screws carry flat
washers and lock washers which hold
the shading coil securely in place for
any adjustment. When making the
overvoltage adjustment, the current
coils of the relay should be connected
across the secondaries of the network
current transformers. The rating of
the transformers used will not affect
the adjustment. The overvoltage ad-
justment should be made on one element
at a time and with the other two ele-
ments completely de-energized. This
adjustment should be made with the
tip of the stationary ‘‘closing” contact
extending approximately 14 inch from
the “L” shaped bracket which supports
it. .

23. It should be noted that when the
overvoltage adjustment is made in this
manner on one element at a time that
when it is checked using all three ele-
ments energized simultaneously, a slight-
ly higher phasing voltage will be found
necessary to close the ‘‘closing” con-
tacts. For example, when each element
is adjusted individually to close the
relay ‘‘closing’ contacts on 2.0 volts
at 75° leading, the value required when
using all three elements together will
be between 2.3 and 2.5 volts on the relay
using phasing lamps and between 3.2

and 3.5 volts on the relay using phasing
resistors. This is because the torque
exerted by the spiral spring is taken into
account three times when adjusting
each element separately and only once
when checking all three together. Also
if, after the overvoltage adjustment is
made on all three elements, voltage is
applied to all three potential coils, the
phasing voltage required on one element
alone to close the “‘closing” contacts will
be approximately three times the setting
of the individual element.

24. The reverse-current tripping ad-
justment is made by varying the posi-
tion of the stationary “tripping” con-
tact. When making this adjustment,
the position of the reverse-current stop
screw should first be checked. The
reverse-current stop screw is the screw
located just below the stationary “trip-
ping” contact which acts as a stop for
the flat spring carried by the moving
contact support. It should be so placed
that the reverse-current adjusting spring
just touches it without any deflection
when there is approximately 1% inch
separation between the moving contact
and the stationary ‘‘closing’” contact.
Moving the stationary “tripping” con-
tact to the left increases the amount of
reverse-current necessary to close the
“tripping” contacts and moving it to
the right decreases this amount. When
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this adjustment is made, the stationary
“tripping” contact should be locked se-
curely in place by means of the thumb
nut provided for this purpose. The re-
verse-current tripping adjustment should
be made with current flowing through
the primaries of all three network cur-
rent transformers in series supplying the
current coils of the relay, with all three
potential coils energized and with all
three phasing coil circuits short-circuited
through their respective phasing lamps
or resistors. It should be noted that
under the condition where the breaker
is closed and no load is flowing through
it, a certain amount of deflection of the
reverse-current adjusting spring is caused
by the action of the overvoltage ad-
justers working in conjunction with the
potential coils. Thus it is possible, with
an incorrect setting of the stationary
“tripping”’ contact, for the relay to
close its ‘‘tripping’”’ contacts and thus
trip the breaker when there is no load
current flowing. When the relay has
been properly adjusted as described
above and the potential coils of all
three elements are energized, a current
of approximately three times the setting
is required on any one element to close
the “‘tripping” contacts. When the
current and potential coils of only one
element are energized, a current of
approximately twelve times the reverse-
current setting (depending upon the
overvoltage adjustments used) is re-
quired to close the ““tripping” contacts
of the relay using phasing lamps. For
the relay using phasing resistors this
value is about eight times the reverse
current setting. These data regarding
the tripping action of the relay for one
element alone are given not as repre-
senting a practical conuition, for in
practice all three elements are sub-
jected to magnetizing currents and
potential coil voltage at once, but to
avoid confusion when it is desirable
to check the action of any one element.
For a given setting, the reverse current
adjustment of the relay will vary prac-
tically in direct proportion to the rating
of the network current transformers
being used with the relay.

25. It should be remembered that the
overvoltage adjustment is independent
of the reverse-current adjustment, but
the reverse-current adjustment is by
no means independent of the over-
voltage adjustment. Therefore, the
overvoltage adjustment should always
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be made first. With the relay set to
operate on a given current and voltage,
increasing the overvoltage adjustment
will materially decrease the amount
of reverse-current required to close
the ‘“‘tripping”’ contacts of the relay.
Changing the initial tension on the
spiral soring will affect both adjust-
ments. The spring is adjusted at the
factory so as to rotate the disc through
a4 distance equivalent to }§ inch free
contact travel in approximately 25
seconds when the relay is de-energized,
and this adjustment should not ordi-
narily be changed. However, it may be
desirable in some cases to decrease this
time somewhat in order to minimize the
effect of friction but in such cases the
overvoltage and reverse-current set-
tings should be checked after the change
in the spring adjustment.

26. Fig. 11 shows a wiring diagram
which should be used for checking the
ranges of adjustment and for adjusting
the network relay in the laboratory.
The air core reactor, Style Number
491701, shown on the diagram, is de-
signed so that the voltage drop across it
leads the current flowing through it, and
in this case the potential coil voltage, by
75°. The amount of voltage drop across
the reactor, which is the voltage im-
pressed across the phasing circuit, is
determined by the ammeter shown in
the circuit and can be adjusted by means
of the variable resistor. The above
reactor is used at the factory in making
these adjustments and has an imped-
ance of approximately 8 ohms. A similar
reactor having a lower impedance and
requiring a current of about 0.7 ampere
per volt can be had. If it is desired to
check or change the setting of the relay
when one of these reactors is not avail-
able, a mnon-inductive resistor of ap-
proximately 1 ohm resistance may be
substituted for it and the setting made
at equivalent values of in-phase volt-
age. The use of the reactor is some-
what preferable since it approximates
usual operating conditions and since
meter errors will introduce a smaller
voltage error in the equivalent in-phasc
adjustment. The resistance of the leads
from the current transformers to the
current terminals is important. Each
lead should be 55 inches of 0.081 inch
copper wire. The current transform-
ers used are standard 500-ampere
current transformers such as are sup-
plied on a 500-ampere network breaker,

The resistor used for adjusting the
current through the current trans-
formers, as well as the current through
the reactor, should be non-inductive.

27. The following is a brief description
of the proper method of testing the
relay. Connect the relay exactly as
shown in Fig. 11. With the contacts
adjusted as previously described, see
that the time required for the relay to
close its “‘closing” contacts through 14
inch free travel is 25 seconds plus or
minus 2 seconds when the relay is de-
energized. 1f the time of closing is
not correct, it can be corrected by chang-
ing the initial tension of the spiral spring.
It is important that the relay be ap-
proximately level when checking this
time of closing and when testing. The
reverse-current stop screw should not
deflect the reverse-current adjusting
spring at the beginning of the travel
of the contact when checking the time
of closing with the relay de-energized.
Check the overvoltage closing range of
one element at a time. This is done
for element “A” by closing switches
“M”, A-A." and Y to the side mark-
ed “0.V." and placing the adjustable
shading coil at the extreme left end
of its travel. Then adjust the current
through the reactor until the relay
just closes its “closing” contacts. By
the ammeter reading, the value of volt-
age across the phasing circuit can be
determined. Open switch “Y" and
move the shading coil to the right until
the relay ‘“‘closing’” contacts close on zero
volts across the phasing circuit. The
range of overvoltage adjustment on all
the relay elements should be approxi-
mately 0 to 12 volts. However, in the
usual testing or calibration of the relay
this check of the overvoltage range
may be omitted. Next set the adjust-
able shading coil so that the relay will
close its “‘closing” contacts from the
point where the reverse-current adjust-
ing spring just touches the reverse-
current stop screw on 2 volts 75° lead-
ing and will not close its “closing’’ con-
tacts from this point when the voltage
is reduced to 1.5 volts at 75° leading.
With the “closing”’ contacts closed and
the potential coil energized, the relay
should open its “‘closing’ contacts when
the phasing voltage is reduced to zero
volts. Switch “B-B/" is used in place
of switch “A-A,” when making the ad-
justment on the element “B” and
similarly switch “C-C," is used with
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switches “Y"" and “M’" when adjusting
the element “C’. As previously men-
tioned, it should be noted that the ad-
justment of the shading coil on element
“C" is made in just the reverse manner
to that for elements “A” and “B” due
to the fact that it is acting on the front
half of the disc.

28. The voltage values mentioned
above apply to both the CN-3 relay
with phasing resistors and the relay with
phasing lamps. If the relays are to be
adjusted to close on an in-phase voltage
equivalent to 2.0 volts at 75° leading,
however, the voltage values for the two
relays will be different on account of the
difference in the slopes of their respective
closing curves. The relay with phasing
resistors should be adjusted to just close
its ‘“closing’’ contacts on 0.6 volt in
phase, and it should not close its con-
tacts on 0.45 volt in phase. The relay
with phasing lamps should be adjusted
to close its “closing’’ contacts on 0.85
volt in phase and it should not close
its contacts on 0.65 volt in phase.

20. With the relay thus set for two
volts closing, check the range of reverse-
current tripping. Close switches “M”,
“p-A?, “B-B,, “C-C, S and
«“y' to the side marked “R. C.” Move
the stationary ‘‘tripping” contact as
far to the left as possible without having
the point of contact come too close to
the edge of the moving contact and ad-
just the current through the current
transformers until the “tripping’ con-
tacts just make. This gives the maxi-
mum value of reverse-current for which
the relay can be adjusted. The mini-
mum is of course, zero amperes. The
range obtained on this test should be
approximately 0 to 10 amperes, when
using 500-ampere network current trans-
formers. Next set the relay to close
its “‘tripping’’ contacts when 1.0 ampere
at 180° to the potential coil voltage is
flowing through the current transform-
ers. When the relay has been so ad-
justed to close its ‘“tripping’’ contacts
on 1.0 ampere flowing through the 500-
ampere current transformers, the sta-
tionary “‘tripping”’ contact should be se-
curely locked in position by means of
the thumb nut provided for this purpose.

Recommended Settings

30. The values for the overvoltage
and the reverse-current adjustment
given in the two preceding paragraphs



Westinghouse Types CN-3, CNA and SR Network Relays

are recommended as being the most
suitable for general applications. The
relays are adjusted for these values in
the factory. In some cases, however,
it may be necessary to modify these ad-
justments somewhat to meet particular
conditions, and the relay is provided
with adjustments so that this may be
readily done by the customer. For
example, the magnetizing energy taken
by a particular type of transformer may
be so low that the network relay will
not trip the protector when given the
settings recommended above. In such
a case, the reverse-current setting of the
relay should be reduced so that positive
operation will be secured. In this con-
nection, it should be remembered that
the relay should always be given as high
a reverse-current setting as possible,
which will still allow positive opera-
tion of the relay when tripping on re-
verse energy flow.

Installation

31. The network relays are shipped
separate from the breaker unit. This
decreases the possibility of damage
during shipment. Carefully unpack and
closely examine the relays to see that
none of the parts have been bent or
broken during shipment. Inspect the
relays to see that they are free from
friction.

32. The network protector and relays
have each been completely tested at the
factory. It is advisable, however, to
check the operation of the complete
unit before placing it in service in order
to make sure that none of the parts have
been broken or damaged in shipment.
See the Network Protector Instruction
Book for diagrams and instructions for
testing the relays and protector as a
unit. Before leaving the network pro-
tector set for automatic operation, see
that all terminal screws are in place and
tight, then replace the terminal chamber
covers and see that the glass cover is
on the relay.

Maintenance

33. The mechanical construction of
the type CN-3 network master relay

has been made as simple and rugged as
possible. An attempt has been made
to make all parts readily accessible.
The relay has been, as far as possible,
made up of small unit assemblies. All
of this tends to decrease the maintenance
to a minimum and to facilitate repairs.
After the relays are properly installed
and adjusted, they will require little
attention. When it is found necessary
to inspect a breaker, the relays should
also be inspected to see that they are
free from friction and that the contacts
are properly adjusted and not badly
burned.

34. A periodic inspection of all units
should be maintained to see whether
any units have failed to close when the
feeder to which they are connected was
energized. Such a failure can be de-
tected either by finding the switch open
or by comparing records of the reading
of the operation counter. Failure to
close may be due to any one of the three
following causes:

(1) Improper voltage conditions, i.e.,
the network voltage is higher than
the transformer voltage, or the
phase relations are such that the
phasing relay keeps the unit from
closing. Failure to close because
of this does not constitute a faulty
operation.

(2) Failure of the breaker or its operat-
ing mechanism.

(3) Failure of the network master
relay.

35. The failure of a type CN-3 relay
to close under proper voltage condi-
tions may be due to friction, to dirty
or improperly adjusted contacts, to an
open circuit in the phasing circuit of
the relay, or to an improper overvolt-
age closing adjustment. Friction in the
relay may be due to dirty or broken
lower bearings; to bent pins in the upper
bearings; to foreign material in the air
gaps of the damping magnets or the
electro-magnets; to leads rubbing against
the back of the discs; to the adjustable
shading coils being bent so that they
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rub against the discs; to the counter
shaft being out of line with the disc
shaft, so that the gears do not mesh
properly, or to the spring adjuster being
bent down enough to rub on the molded
hub of the counter shaft. The phasing
circuits may open due to the breaking or
the burning out of the phasing resistors,
but no trouble need be expected due to
the potential coil becoming open-cir-
cuited although such a thing is possible.
When a breaker is found to have failed
to close, the relay should be inspected
to see that it is free from friction and
that the contacts are in good condition.
The overvoltage closing and reverse-
current tripping adjustments should
then be checked as described under
"Adjustments and Tests”, If these
are found to be correct it will be neces-
sary to look elsewhere for the cause
of the failure. Should the breaker and
operating mechanism also be found
to be all right, the failure to close was
undoubtedly due to the voltage con-
ditions, which existed on the system
at the point where the unit is installed.

36. TFailure of a network breaker to
open (assuming that the units have been
properly applied) can be due only to a
failure of the relays or the breaker to
open. Should a breaker fail to open
when the feeder breaker is opened, the
fact can be detected at once by a voltage
indication on the feeder at the station,
The type CN-3 relay may fail to close
its “trip” circuit due to friction, to
dirty or improperly adjusted contacts,
or to open-circuits in the operating
coils. Tt should be remembered that
an open circuit in any one potential
coil or current coil does not necessarily
prevent the relay from tripping the net-
work breaker when it should, due to the
fact that there are two other elements
to give tripping torque to the relay.

37. The preceding is not given as a
list of troubles which anyone may expect
to encounter with the type CN-3 relay,
but is given merely as a guide to help
in locating the causes of any improper
operations of the protectors which may
occur.
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Type CNA Network Phasing Relay

Application

38. The type CNA network phasing
relay is designed to control the closing
operation of the alternating-current
automatic network protector in con-
junction with the type CN-3 network
master relay. The characteristics of
the relay are such that it will operate
to close its contacts and assist the type
CN-3 relay in closing the network pro-
tector when voltage conditions across
the open protector are such that when
the breaker closes power will flow into
the network. The closing characteris-
tics of the type CNA relay and the
type CN-3 relay are inter-dependent,
that is, it takes the characteristics of
the two working together to insure
that the protector will always close
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conditions are such that the trans-
formers are capable of supplying power
to the network and that the protector
will not close when conditions are such
as to cause pumping.

Description

39. The type CNA relay shown in
Figs. 12 and 13 operates on the induction
principle. It is very similar in many
respects to the type CN-3 relay and the
same principles of construction are used
throughout. The type CNA relay is
essentially the same as one element of
the type CN-3 relay but with differ-
ent operating coils and characteristics.
The following points of construction em-
bodied in the type CNA relay are not
covered in the instructions for the type
CN-3 relay.

40. The relay is equipped with single-
pole, single-throw contacts of pure silver.
The moving contact is mounted on a
rigid contact arm which is fastened
to the molded hub on the counter shaft.
The stationary contact is mounted
on a flat spring and is provided with
a set-screw for adjusting the contact
pressure. The travel of the moving
contact is limited by a small bronze
stop riveted on the disc. The maxi-
mum contact opening is approximately
Y% inch. This is sufficient to prevent the
contacts accidentally closing even when
the relay is subjected to extremely
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heavy jars or vibrations. A tapped
resistor is mounted in the back of the
relay case above the -electromagnet.
The connections are made to screws
which are supplied with extra nuts so
that when changing connections to the
resistor, the connection may be made
under a nut and washer or it may be
soldered if this is considered more de-
sirable. See Pig. 17,

Operation

41. Referring to Fig. 4, it may be
seen that the potential coil and phasing
coils for the type CNA network phas-
ing relay are connected to phase ‘A’
of the circuit-breaker in exactly the same
manner as the potential and phasing
coils of element ““A” of the type CN-3
relay. The operation of the two relays
is exactly the same in principle. The
type CNA relay has different closing
characteristics from the type CN-3
relay; these are obtained by means of
specially designed phasing coils and
by means of the tapped resistor con-
nected in series with the potential coil.

42. Fig. 14 shows the normal operating
characteristics of the type CNA relay.
The relay may be adjusted so as to have
characteristics similar to any one of
the four curves shown, namely, 1-B,
1-C, 1-D, or 1-E. The network voltage,
which is the voltage from line “A” to
ground, is shown with the line potential
end of the vector at the origin. This
voltage vector could not be shown in
its entirety because of the large scale
used. Lines drawn from the origin to
one of the curves represent in both
magnitude and phase position the phas-
ing voltage which will produce a balanced
torque condition in the relay. Phasing
voltages which do not cross the curve
being used but lie in the zone marked
“close” will cause the phasing relay
to close its contacts and phasing volt-
ages which cross the curve being used
into the zone marked “open’ will cause
the phasing relay to keep its contacts
open. It should be noted that the
relay will keep its contacts closed when
the phasing voltage is reduced to zero
when an adjustment for phasing voltage
is used similar to that used when these
curves were taken. However, the curve
may be shifted parallel to itself by means
of the overvoltage adjuster, if the net-
work system design is such that this is
desirable. _ The relay is connected in

the factory to have a characteristic
similar to that shown as curve 1-D,
and with a similar adjustment. The
curves 1-E, 1-D, 1-C and 1-B are ob-
tained in order by moving the connec-
tion to the terminal board in the upper
part of the relay from right to left.

43. The operation of the type CNA
relay in conjunction with the type
CN-3 relay can best be explained by
referring to Fig. 15 which illustrates
the closing characteristics of both the
CNA relay and the CN-3 relay with
phasing resistors.  Curve 1-A illus-
trates the closing curve of the type
CN-3 relay, which is discussed in the
instructions relating to the type CN-3
relay, and curve 1-D illustrates the
closing curve for the type CNA relay.
The area which lies in the “closing’’ zone
common to both of these two curves is
shaded. Thus a network phasing volt-
age such as E: which extends into this
shaded area will cause the type CNA
relay to make its contacts and the type
CN-3 relay to make its “closing” con-
tacts and thus cause the network break-
er to close. The current which will flow
through the breaker when it closes will
lag the phasing voltage across the open
breaker by an angle approximately
equal to the impedance angle of the
system, and for a particular system
may be such as shown as I.. Noting
the position of I, with respect to the
network voltage and referring to curve
2 on Figs. 5 and 8, it may be seen
that such a current will keep the type
CN-3 relay “closing” contacts closed
and thus the operation of the protector
will be stable. However, a phasing volt-
age such as E, if the breaker were man-
ually closed, would cause a current such
as I» to flow through the breaker, and by
referring again to curve 2 on Figs. 5
and 8 it may be seen that this current
would cause the type CN-3 relay to
make its “tripping”’ contacts. The phas-
ing voltage Es, lying on the closing side
of the curve 1-A, causes the type CN-3
relay to make its “closing’ contacts,
and thus if the type CN-3 relay alone
controlled the network breaker, it would
pump under this condition. However,
the type CNA relay will not close its
contacts when acted upon by a phas-
ing voltage such as Es, and since the
contacts of the two relays in series must
be closed at the same time in order
to allow the network breaker to close,
it may be seen that the type CNA
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relay prevents pumping due to phasing
voltages which appreciably lag the net-
work voltage. It may be similarly
shown that the closing characteristics
of the type CN-3 relay also prevent
pumping from occurring when the phas-
ing voltage leads the network voltage
by more than approximately 90°, It
should be further noted that the closing
curve of the type CN-3 relay is such
as to prevent the breaker from closing
under crossed-phase conditions while
the type CNA relay used alone would
allow the breaker to close under certain
crossed-phase conditions,

44. Under certain conditions a fairly
large and very low power factor load
may be carried by adjacent network
protectors and cause the phasing volt-
age E; to exist across the protector
under consideration. It may be seen
that since this phasing voltage E; falls
on the opening side of curve 1-D that
the phasing relay would prevent the
protector from closing. In the event
that it is desirable to have the protector
close under such conditions, the curve
1-C may be used for the type CNA
relay which would allow the protector
to close if such a change in character-
istics will not cause pumping. It is to
provide for such more or less special
cases that the tapped resistor is pro-
vided in the relay.

Adjustments and Tests

45. There is only one adjustment to
make on the type CNA relay, namely,
the overvoltage closing adjustment.
It is made by means of the adjustable
shading coil exactly similar to the one
used on the type CN-3 relay. Moving
this coil to the right, increases the
voltage necessary to close the relay
contacts, and moving it to the left
decreases the voltage. If the coil is
moved far enough to the left, the relay
will close its contacts with zero voltage
across the phasing circuit. As with the
type CN-3 relay, it is only necessary
to turn the screw located on the right
hand side of the movement frame to
make the adjustment, and when the
adjustment is made, the shading coil
remains securely in place without the
necessity of tightening any locking
screws.

46. No special test set-up is required
for making the usual adjustment of the
CNA relay, since the relay is ordinarily
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adjusted to just close with zero volts
on the phasing circuit. If for any reason
it should be desired to check the over-
voltage closing range, however, or if it
should be necessary to give the relay an
adjustment which will require a positive
value of phasing voltage to close its
contacts, the connections shown in
Fig. 16 should be used. The special
reactor shown in the diagram is similar
to the 75° air core reactor used in test-
ing the type CN-3 relay. The follow-
ing is a brief description of the proper
method of testing the relay. By means
of the adjustable set screw provided
on the stationary contact move the
stationary contact back until the mov-
ing contact does not touch it when the
stop on the disc strikes the stop on the
right hand side of the movement {rame.
See that the time required for the relay
disc to travel approximately 190° from
the stop on the left hand side of the
movement frame to the stop on the
right hand side of the movement frame
is 15 seconds plus or minus 1.0 second
when the relay is de-energized. If this
time is not correct, it can be corrected
by changing the initial tension on the
spiral spring. It is important that the
relay be approximately level while
checking this time of closing and when
testing. The stationary contact should
then be brought forward by means of
the adjustable set screw, so that, when
the spring tcnsion is correct as noted
previously, the contacts will close in
approximately 10 seconds from the ex-
treme open position when the rclay
is de-energized. After connecting the
relay as shown in Fig. 16 check the
overvoltage closing range. This is done
by closing switches ‘A’ and “B”,
and placing the adjustable shading coil
at the extreme right end of its travel.
Then adjust the current through the
reactor until the relay contacts just
close. By the ammeter reading, the
value of voltage across the phasing cir-
cuit can be determined. Open switch
“B" and close switch “C” and move
the shading cotl to the left until the
relay contacts close on zero volts across
the phasing circuit. The range of over-
voltage adjustment should be approxi-
mately 0 to 2 volts at 75° leading the
network voltage. Next, sct the relay
to close on zero phasing volts as follows.
With switches “A’ and “C” closed, ad-
just the shading coil so that the contacts
will close from the extreme open position.
Then remove the phasing lamp or re-
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sistor, thus open-circuiting the phasing
coil circuit, and sce that the relay con-
tacts just open. This test should be re-
peated several timces to see that the relay
will always close its contacts from the ex-
treme open position when the potential
coil is energized at normal voltage and
the phasing coils are short-circuited
through their phasing lamp or resistor,
and that the contacts will always open
when the phasing coils are open-cir-
cuited. This method of adjustment
gives a value of phasing voltage neces-
sary to close the contacts practically
equal to zero and still insures that the
contacts will remain closed when the
network breaker is closed and carrying
load. The air-core reactor, resistor
and ammeter are of course unnecessary
if the CNA relay is given this adjust-
ment. This will prove to be the best
adjustment for most network systems.
However, if it is found necessary to give
the relay an adjustment which will re-
quire a positive value of phasing voltage
leading the network voltage to close 1ts
contacts, such an adjustment can be
readily made.

Installation

47.
separate from the breaker unit.

The type CNA relay is shipped
This
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decreases the possibility of damage dur-
ing shipment. Carefully unpack and
closcly examine the relay to see that
none of the parts have been bent or
broken during shipment. Inspect the
relay to see that it is free from friction,
It has heen previcusly recommended to
check the operation of the complete
unit and the type CNA relay should
be used along with the type CN-3 relay
in making this test.

48. The dises of both the type CNA
and the type CN-3 relays should be
blocked with paper while transporting
the network protector to the manhole
in order to lessen the effect of jars on
the bearings. However, it is advisable
to remove the relays after testing is
complete, as this will facilitate handling
of the breakers and climinate the pos-
sibility of the relays being accidentally
damaged.

Maintenance

49, The mechanical construction of
the type CNA rclay has been made
as simple and rugged as possible. An
attempt bhas Deen made to make all
parts readily accessible. The relay has
been, as far as possible, made up of
small unit assemblies. All of this tends
to decrease the maintenance to a mini-
mum and to facilitate repairs. After
the relays are properly istalled and
adjusted, they will require little atten-
tion. When it is found nccessary to
inspect a breaker, the relay should be
inspected to see that it is free from
friction and that the contacts are proper-
ly adjusted and not badly burned.

50.
these instructions decaling with the type
CN-3 relay, a periodic inspection of
all protectors should be maintained to
sec whether any protectors have failed
to close when the feeder to which they
are connected was energized. The
failure of a type CNA network phas-
ing relay to close under proper voltage
conditions may be due to friction, to
very dirty or improperly adjusted con-
tacts, to an open-circuit in the phasing-
circuit of the relay, or to an improper
overvoltage closing adjustment. Fric-
tion in the relay may be due to dirty
or broken lower bearings, to bent pins
in the upper bearings, to foreign mate-
rial in the air gap of the damping magnet
of the electro-magnet, to leads rubbing

As discussed under that part of
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against the back of the disc, to the ad-
justable shading coil being bent so that
it rubs against the disc, to the counter
shaft being out of line with the disc
shaft so that the gears do not mesh
properly, or to the spring adjuster being
bent down enough to rub on the molded
hub of the counter shaft. It is very

Type

Application and Operation

52. Provisions for adding a type SR re-
lay is included in some of the type CM-2
and CM-22 network protectors. Its
function is to provide an adjustment by
means of which the sensitivity of the
protector to reverse power can be de-
creased below, or restored to, that of
the type CN-3 master relay, as desired.

53. Under certain operating condi-
tions it is advisable to permit a con-
siderable amount of reverse power for
short periods of time in order to avoid
an excessive number of unnecessary
operations of the circuit-breaker, Ex-
amples of such conditions occur where
networks are fed from a number of
separate stations whose voltages are
at times appreciably different in magni-
tude or phase position. Networks
supplying power to a large amount of
apparatus employing the regenerative
braking principle may be subject to a
similar condition. Frequent unnecessary
operations must eventually lead to un-
necessarily high maintenance expense,
and since they are of no advantage to
the distribution system the insensitive
setting can be used to eliminate them
while still maintaining adequate pro-
tection.

54. If there is no probability that any
such condition will apply to a given
network before the next inspection of
the protector the type CN-3 relay may
well be left in control without having
its sensitivity modified by the type SR.
Changing the positions of connecting
links on an insulating base at the front
of the protector changes from sensitive
to insensitive setting or vice versa.

55. The type SR relay operates on
the voltage restraint principle but differs
from other voltage restraining schemes
in that it provides for eliminating all

unlikely that dirty or improperly ad-
justed contacts will ever cause a relay
to fail to close the contact circuit un-
less the adjustment is such that the
contacts actually fail to make. The
phasing circuit may open up due to the
burning out or breaking of the phasing
lamp or resistor.

51.
list of the troubles which anyone may

The preceding is not given as a

expect to encounter with the type CNA
relays, but is given merely as a guide
to help in locating the cause of any im-
operations of the

proper protectors

which may occur.

SR Voltage Restraining Relay

restraint under fault conditions, thus
rendering the protector sensitive and in-
suring positive operation when a primary
fault occurs. A simple voltage relay,
a positive phase sequence voltage filter,
and three tapped resistors are mounted
within the case.

56. Assuming that the links are in
position for insensitive operation, the
CN-3 and CNA relays function in the
usual manner to ‘‘make” their closing
contacts. These two sets of contacts in
series when closed energize the aux-
iliary relay and complete the energizing
of the positive phase sequence voltage
filter in the SR voltage restraining relay.
The SR relay picks up and closes its
contacts, This connects the phasing
coils of the CN-3 relay together through
the three resistors in the SR relay. Ap-
preciably more current now passes
through the phasing coils at such an
angle that these coils, acting in conjunc-
tion with the potential coils produce
a strong torque to keep the CN-3 relay
contacts closed. When the auxiliary
relay closes, one set of its contacts ener-
gizes the closing motor of the protector
and its other set shunts the contacts of
the CNA relay. This seals the auxiliary
relay in the energized position through
the CN-3 relay contacts. These con-
tacts, of course, remain clesed after the
protector closes, due to the restraining
torque produced by the phasing and
potential coils. The CNA relay con-
tacts may or may not remain closed and
it is therefore necessary to shunt them
by the auxiliary relay contacts.

57. With the protector closed the
phasing coils act as restraining coils and,
in conjunction with the potential coils
produce a torque which must be over-
come by the action of the current and
potential coils. The amount of reverse
current at normal voltage necessary to
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overcome the restraining torque and
trip the circuit-breaker can be adjusted
by changing taps on the resistors in the
SR relay and thus regulating the amount
of current through the phasing coils.

58. When a fault that appreciably
affects the system voltage at the pro-
tector occurs on any phase or phases
the positive phase sequence voltage at
that point is reduced. If this reduction
amounts to about 109, it will cause the
SR relay to open its contacts, thus de-
energizing the phasing coils, reducing
the restraining torque to zero, and
restoring the CN-3 relay to its sensitive
condition. The network protector will
then be under the control of the sensitive
directional master relay which will op-
erate quickly and positively to trip if
the fault is so located as to cause a rever-
sal of power through the protector.

59. The most important advantage
of this method of obtaining high reverse
current settings when compared with
other voltage restraining schemes is that
with this scheme, the restraining torque
is reduced to zero on any type of fault
which causes an appreciable drop in
voltage on any phase or phases, thus
giving maximum reliability of operation.
With other voltage restraining schemes
the restraining torque under most fault
conditions is by no means zero.

60. Failure of the SR relay contacts
to make would leave the protector op-
erating with the sensitive setting. In
view of the high normal pressure of the
contacts and the voltage of the circuit
which they control the possibility of
failure to make contact is negligible.
“Freezing” or failure of the contacts
to open would maintain the insensitive
setting.  This also is an improbable
condition but not disastrous, since the
reverse current required to trip de-
creases as the voltage decreases.
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61. The closing characteristics of the
protector are the same whether the
censitive or the insensitive setting is used.

Front ViewWiring

Short
Circuting
Link

The operating coit of the “SR" relay is
energized with a voltage proportional to
the positive phase sequencc voltage ap-
plied to terminals A, B, and C. It scrves
to control the restraining circuit (through
Lerminals 5, 11 and 17) of the Network
\laster Relay. See Fig. 18.

_ operating
PCo/'/

R
eaclor 1 MECHANICAL INSPECTION

(A).

Make sure that the plunger is free
from friction. ITts maximum travel
should be ¥4,

Auto-
Transformer

Sce that both contacts are securcly
fastened to make both circuits at
the same time and have an initial

(B).

gap of 7%

Flexible leads must be free from
friction.

(C).

. ! II- THREE PHASE TEST

\\\\}

116G, 18—WIRING DIAGRAM FOR Typr SR NE1-
WORK DI-SENSITIZING RELAY

Voltages 1, 2, and 3 must be equal and
variable,

Renewal Parts Data
NETWORK RELAYS

The following is a list of the Renewal Parts and the quantities
of this apparatus to minimize interrupted operation caused by breakdowns.
subject to wear in normal operation, or those subject to damage or
of Renewal Partsis given only asa guide.
shut-downs is desirable. Uader such conditions more Renewal
severity of the service and the time required to secure replacement.

breakage due to possible abnormal conditions.
When continuous operation is a primary consideration, additional insurance against
Parts should be carried,

Characteristic of Master Relay with
“gQR” restraint approximates a watt
curve with settings indicated below:

Approx. Restraint
at 1009, P.F.

Link Position

Open 18%
1 249,
2 109,

Tests and Inspection

(A). Set weights on plunger so that
contacts just close when the line
to neutral voltage is 94 1o 969, of

normal.

Check drop-out; it should be 949%
at minimum pick-up voltage.

(B).

(C). Check filter balance by inter-
changing leads B and C. The volt-
age measured across the relay coil
chall be less than 3% of the line-
to-neutral voltage, when all volt-

ages are balanced and 120° apart.

of each that we recommend should be stocked by the user
The parts recommended are those most subject

This list

the amount depending upon the

Recommended Stock of Renewal Parts
TYPE CN-3 NETWORK MASTER RELAY

_ For Illustration

Relay Complete. . .....-.. -+
Disc and Shaf
*Jewel and SUDPOTE. -« v o e v e sagm o
*Gteel Ball for Jewel Bearing
Lower Jewel Bearing Screw (Disc Shaft)
*Upper Bearing Screw (Disc Shaft)
Gear and Shaft
Lower Bearing Screw (Gear Shaft) . oo
Upper Bearing Screw (Gear Shaft) ... c.o.oooo oo
Moving Contact with Stationary Closing Contact..........
Moving COntact. .. .. ... .oeoe-mserrmsro o
Stationary Closing Contact. ......oooeemmmm it
CONErol SPIiNg. .o .vvnerrares s
Spring AAJUSter. . ... oieci oo
Reverse Current Adjusting Spring—Inner..........ooooeo
Reverse Current Adjusting Spring—Outer. ...
Stationary Tripping CODMEACE . o vvvene et
Stationary Contact
Reverse Current AdJusting SCrew ... .. oooee o
Coils and Iron (50 cycles)
Coils and Iron (60 cycles). .
Damping Magnet......
(3lass Cover.........
Cover Thumb Nut.. ...
Terminal without Screw
Terminal without QOrOWS—LOWET . oo s
Terminal SCTeW . ... oocvenrara

* Not illustrated. . . )
Parts indented are included in the part under which they are indented.
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of Parts See fiﬁg;gn o

~“Recommended
for Stock

N
\

703 942
25 463
289 762 |
561 611
561 651 |
672 ‘
937 i
652 i
649 |
653 \
037
270 |

561 638 ‘

628
561
561
561
306
496
563
563
561
561
563
561
501
561
376
289
561
561
562

O - C»‘N%OOOOOCOOCO‘

COCO»—‘OOOCO'—‘NOOOOOOOOOO

WO~ D= ON
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Renewal Parts Data
NETWORK RELAYS

of this apparatus to minimize interrupted operation caused by breakdowns. The parts recommended are those most subject
to wear in normal operation, or those subject to damage or breakage due to possible abnormal conditions, This list of Re-
newal Parts is given only as a guide. When continuous operation is a primary consideration, additional insurance against
shut-downs is desirable. Under such conditions more Renewal Parts should be carried, the amount depending upon the
severity of the service and the time required to secure replacement.

Recommended Stock of Renewal Parts
TYPE CNA NETWORK PHASING RELAY

For Illustration of Parts See Fig. 13

Recommended
for Stock

J

|

Relay Complete..... ...~~~
Disc and Shaft with Jewel and Support. .
*Jewel and Support. ...... . ...
*Steel Ball for Jewel Bearing (Disc Shaft)
*Lower Jewel Bearing Screw (Disc Shaft)
*Upper Bearing Screw (Disc Shafty, .. " ' i i
Gear and Shaft .
Lower Bearing Screw (Gear Shaft) ..
Upper Bearing Screw (Gear Shaft) ..
Main Moving Contact
Control Spring. . ...
Spring Adjuster.. ...
Stationary Contact
Coils and Iron (50 cycles). .
Coils and Iron (60 cycles) . L
Damping Magnet. ... /11T '
Tapped Resistor for Relay Sx%539019. "
Tapped Resistor for Relay S¥561655. .. .
Tapped Resistor for Relay S¥361656. . .
Tapped Resistor for Relay S%627279
Glass Cover........ . .. -
Cover Thumb Nug .. /[[1[ /[ S
Terminal without Screws. | '’ S . o |
Terminal Screw 562 817 |

::\:‘\N»—-—-»—.._‘..‘»_A.___‘H_.»_._‘._‘.--.—-Hy—-._‘—-
OOOOOOOOOOO'—‘OO—‘OOOOOOOOO
NOM'—‘-‘—'“HOOONO*‘NOOOCOCOOO

T T T T T -

* Not illustrated, .
Parts indented are included in the part under which they are indented.

TYPE SR VOLTAGE RESTRAINING RELAY

Not Illustrated

Relay Complete
Relay Mechanism. ... [/ 1
Moving Contact Complete.
Coil (208 volts, 60 cycles) . ..
Stationary Contact Complete. ... ..
Filter Resistor (1150 ohms) . . .. ']
Restraining Resistor (3100/100 ohms)
Reactor... ... 0 ' T T T
Transformer. ..., 00T
Set of Beads for Lead Insulation. ..
Connector (to Resistors). ... .. "]
Terminal Block without Screws
Terminal Screw, . .

OO0 OO IR~
HF‘ONOOOOO*‘P‘»&'—‘NOO

Parts indented are included in the part under which they are indented.

ORDERING INSTRUCTIONS

When ordering Renewal Parts, alwavs specify the name of the part wanted as shown on the illustrations in this Instruction Book, giving Shop Order
Number, and the type of Relay as shown on the nameplate. For example: One Control Spring, Style No. 306037, for Type CN-3 Network Master
Relay, Style No. ...~ ...

To avoid delays and mis understandings, note carefully the following points:

1. Send all correspondence and orders to the nearest Sales Office of the Company.

2. State whether shipment is to be made by freight, €xpress or parcel post. In the absence of instructions. goods will be shipped
Parcel post shipments will be insured only on request. All shipments are at purchaser's risk.

3. Small orders should be combined so as to amount to a value of at least $1.00 net.  Where the total of the sale is less than this, the material will
be invoiced at $1.00.

at our discretion.
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