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RECLOSING RELAY
TYPE NLR11A, 11B

INTRODUCTION

The Type NLR11A relay is a reclosing relay
which automatically initiates the reclosing impulses
to a circuit breaker which has been tripped by
its protective relay. It is basically a timing
device, and contains a DC operating timing circuit
that employs solid state components to provide an
extremely stable time delay function. The timing
circuit is normally adjusted to provide a time in-
terval of 5 seconds and to operate a stepping
switch one step at the end of this interval. When
the stepping switch operates, it resets the timer
which starts timing for the next step. Adjustable
cam-operated contacts provide reclosing signals on
steps 0 - 34 incl. The 35 step is lockout
and the 36 step is reset which completes the cycle
and brings us back to the starting point. The
relay contains a small rheostat to provide step
time adjustment from .5 to 5 seconds and a reset
selecting link to provide rapid resetting of the
relay after any sucessful reclosing either after
2 step time intervals, or on the next reclosing
signal or only at lockout as desired. Also, the
relay contains a total of two telephone-type relay
units, one to maintain the closing signal and the
other the reset signal to insure sucessful com-
pletion of each operation. A cam operated contact
provides blocking for instantaneous trip signal if
desired. An "RS" contact actuated by an adjustable
cam is provided for blocking automatic tap changing
during the reclosing cycle or for other functions.

The cams can be adjusted to provide for an
immediate initial reclosure followed by two delayed
reclosures, or for a delayed initial reclosure
followed by two additional delayed reclosures. The
reclosing relay resets automatically a preselected
interval after any successful reclosure, or from
its lockout position following a successful manual
reclosure. Other reclosing cycles are alsopossible
as described under ADJUSTMENTS.

Two blank rings (no lobes) are supplied with
each relay for replacing two of the adjustable
cams when a single reclosure is desired. Two
reclosures may be obiained by replacing one of
the adjustable cams with a blank ring.

APPLICATION

The type NLR reclosing relay is suitable for
application wherever it is desired to reclose a
circuit breaker automatically one or more times
after it has been tripped by its protective relay.

When immediate initial reclosure is used, the
circuit breaker mechanism should be provided with
a position switch or latch-checking switch to insure
that the mechanism is ready to close the breaker
before the closing coil is energized; and the pro-
tective relay contacts must open fast enough to
prevent retripping of the circuit breaker following
immediate reclosure.

A dc stepping relay Type NLA is available to
provide an alarm after a specified number of sub-
sequent reclosures,

More specific information relative toapplication
is given in the section entitled APPLICATION
CONSIDERATIONS.

RATINGS

The NLR is basically a D.C. device but a
bridge type rectifier is included when A.C. operation
is required.

The relay has standard ratings of 48, 125
and 250 volts DC and 120 and 240 volts AC,

The relay contacts will interrupt the currents
given in Table A.

TABLE "A"

Current Current

Volts Inductive* Induotive
48 V DC 1.0 3.0
125 Vv DC 0.5 1.5

250 vV DC 0.25 0.75

115 V 60 cyc. 0.75 2.0
230 V 60 cyc. 0.5 1.0

*Induction of Average Trip Coil

The relay contacts will make and carry 30
amperes for tripping duty and carry 1.0 ampere
continuously.

The NLR will operate in ambient temperatures
of -20°C to 600C with a max. time variation of 6%,
and down to -400C with a max. variation of 10%.

TOTAL TIME

The Type NLR relay is available with a total
cycle of three minutes. This total time cycle is
measured from the point where the relay starts
timing to the point following lockout where the
relay is reset. Shorter total times are available
since total time = 36 x step time.

be referred to the General Electric Company.

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible
contingency to be met in connection with installation, operation or maintenance. Should further information be desired
or should particulor problems arise which are not covered suffisiently for the purchaser’s purposes, the matter should
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BURDENS

The burden of the Type NLR is approximately
as given in Table B. A.C. burden is at unity
power factor.

TABLE "B"
VOLTS FREQ. RES. -OFME
250 DC 1500
125 DC 400
48 DC 70
240 60 1500
120 80 400

The resistance values given are the relay re-
gistance when the stepping switch coil is energized.
The stepping switch coil is energized for about
8 milliseconds when the switch steps. At other
times when the timer is running the relay resis-
tance is approximately 10 times the values given

in TABLE "B", When the relay is in reset, it has
zero burden.
RECEIVING, HANDLING

AND STORAGE

These relays, when not included as a part of
a control panel will be shipped in cartons designed
to protect them against damage Immediately upon
receipt of a relay, examine it for any damage sus-
tained in transit. If injury or damage resulting
from rough handling is evident, file a damage
claim at once with the transportatlon company and
promptly notify the nearest General Electeic
Apparatus Sales Office,

Reasonable care should be exercised in un-
- packing the relay in order that none of the parts
are injured or the adjustments disturbed.

If the relays are not to be ingtalled immed-
iately, they should be stored in their original
cartons in a place that is free from moisture,
dust and metallic chips. Foreign matter collected
on the outside of the case may find its way inside
when the cover is removed and cause trouble in the
operation of the relay.

DESCRIPTION

The NLR relay consists of a simple rugged
stepping switch, a static timing circuit on a printed
circuit card, a rheostat, a reset selecting link
and 2 telephone type relay units.

A photograph of the relay in its case with
cover in place is shown on the cover of this In-
struction Book. The series of photographs in
Fig. 1 shows the principal parts in the relay and
their relative positions in the assembly. All
units and parts are identified by the nomenclature
or device numbers used throughout the text.

CASE

The case is suitable for either surface or
semi-flush panel mounting and an assortment of
hardware is provided for either mountmg The
cover attaches to the case and also carries the
reset mechanism when one is required. Each cover
screw has provision for a sealing wire.

The case hasg studs or screw connections at
both ends for the external connections. The
electrical connections between the relay units and
the case studs are made through spring backed con-
tact fingers mounted in stationary molded inner
and outer blocks between which nests a removable
connecting plug which completes the circuits. The
outer blocks, attached to the case, have the studs
for the external connections, and the inner blocks
have the terminals for the internal connections.

The relay mechanism is mounted in a steel
framework called the cradle and is a complete unit
with all leads being terminated at the inner block.
This cradle is held firmly in the case witha
latch at the top and the bottom and by a guide pin
at the back of the case. The cases and cradles are
so constructed that the relay cannot be inserted
in the case upside down. The connecting plug,
besides making the electrical connections between the
respective blocks of the cradle and case, also lock
the latch in place. The cover, which is fastened
to the case by thumbscrews, holds the connecting
plugs in place.

To draw out the relay unit, the cover is first
removed, and the plugs drawn out The latcheés are
then released and the relay unit can be easily
drawn out. To replace the relay unit, the reverse
order is followed.

A separate testing plug can be inserted in
place of the connecting plug to test the relay
on the panel, either from its normal source of
power or from other sources. Or, the relay unit
can be withdrawn for testing and replaced by a
spare relay unit.

INSTALLATION

The relay should be mounted on a vertical
surface in a location reasonably free from ex-
cessive heat, moisture, dust and vibration. The
relay case may be grounded, if desired, using at
least No. 12 B & S gage copper wire. "The panel
drilling for the NLR relays is shown in Fig. 10.

The internal connections for the Type NLRI1
relay is shown in Figs. 2A & 2B,

Shorting bars are furnished between terminals
9 - 10 and 1 - 2 to complete the circuiis between
these terminals if the connection plug is with-
drawn from the case.

Unless otherwise requested, all relays are

s,

adjusted at the factory for immediate initial re-

closure. For delayed initial reclosure; loosen
locking nut and move adjustable cam lobe in step
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STEPPING SWITCH CONTACTS [~ 7 48 6 17 37
—_ o}
CONTACTA.___ SWITCH POSITIONS | ?|
RESET | STEPS 1-34 INCJLOCKOUT 401"_;:3-l D1 ~
SU(JALLOSED | CLOSED OPEN | '130—L—Lp |
SL ()| OPEN |  OPEN CLOSED | | sor—F—D2 Re| |Rs
SREL)| OPEN | CLOSED CLOSED || Re |/8.2 |
SRELOSED|  OPEN OPEN I "N MUF 11 —-|¢-J |
[ CLOSED BY ADJUSTABLE CAMS L . D3
T/l IN ANY 3 NON-ADJACENT STEPS | | R3 Ry 'k—; l
SC(F5)| CLOSED WHEN SC CONTACTS(E 71 W SCRL
G 'ARE OPEN & , SU}: )| Y-
SA || CLOSEL WHEN STEPPING SW. ] __:
)| COIL I'S ENERGIZED —_—— e -
SA__. |OPEN WHEN STEPPING SWITCH PRINTED CIRCUIT CARD
()| COIL 1S ENERGIZED
MODEL FORM Lf 01°?
o)
1NLRIA(=)A | 1 2 3 O;
VOLTS D—C 250 | 125 48 7 012
RESISTANCE IN ORMS 04
05
C coit 14,000 | 3,600 500 - 08
R COIL 16,000 | 3,600 | 600
SA COIL 1,500 400 79 ,
| f 01323
R1 1 MEG. |1 MEG. |1 MEG.| { o 14
Rz 18,000 | 8,000 | 2000 | & ©10
B 70 770 G ACTUAL LOCATION OF CONNECTORS
, ON PRINTED CIRCUIT CARD
RE 47 47 Y]
[R5 10 10 10
R6 8200 3900 | 1500
R7 8200 3800 | 1500
R8 2200 1000 | 290
CAPACTTANCE VALUE
c1 1 MUF [1MUF |1 MUF

Fig. 2A (0178A8158-4 Sh. 2) Continued
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STEPPING SWITCH CONTACTS lg'c_ 14 56 'Cl; 7 113 12 e
contacTd SHITCH POSITIONS l ? ? 0: :
RESET] STEPS 134 TNCJLDCROUT, i“OL_R_x—l b, l

SL(;&) CLOSED]  CLOSED OPEN '130 7 H : t
SL(LZ)[ OPEN | OFEN CLOSED {90-%:__'3 2___ | Re| [Rs| |
S
SR(Z) [OPEN | CLOSED CLOSED o | | | |
SR(£)[CLOSEDy  OPEN | OPEN | lGMUF Ty 1
so(-L) CLOSED "BY ACJUSTABLE CAUS " ' 03 |
T/|IN ANY 3 NON-ADJACENT STEPS | | R3 b *—» I
. 4
SC(Jf)[ CLOSED VHEW S CONTACTS( L | | 51 }_scm !
ARE OPEN T | _O_-_lat
CLOSED WHEN STEPPING oW | M |
SA (D] corL 15 ENERGIZED B [ v eporr o G
SA OPEN WHEN STEPPING SWITCH PRINTED CIRCUIT CARD
> ()] CoIL 1S ENERGIZED
0
MODEL FORM o !
12NLRLIA(-)A| 4 5 2
VOLTS AC 120 510 012°° (
RESISTANCE TN OFMS O4
05 ‘
¢ CoIL 5000 21,000
R COIL 8500 |28, 500 ©6
SA oIt 403 | 1,500 08
o} 130 9
RL 1 MEG |1 MEG 014
RZ 10,000 | 20,000 o |
3 470 470 ACTUAL LOCATION OF CONNECTORS
ON PRINTED CIRCUT CARD
R4 47 47
R5 10 10 (
R6 3900 | 8200 - | -
R7 3300 | 8200
k8 1000 3200
~ CAPACITANCE VALUE
C1 Z MOF | 2 WOF

Fig. 2B (0178A8159-4 Sh. 2)  Continued
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0 to the step number which will give the desired
time delay and then tighten the locking nut. THE
CAM SHAFT MUST BE FIRMLY HELD WHILE
LOOSENING OR TIGHTENING LOCKING NUT TO
PREVENT DAMAGE TO STEPPING SWITCH
SPRINGS.

PRINCIPLES OF OPERATION

The basic operating principles of the NLR
reclosing relay will be explained with the aid of
schematic diagrams Figs. 4 and 5.

Fig. 4A is a schematic diagram of the timing
circuit. When the initiating contact starts the
timer, current flows thru the resistor R2 and ad-
fustable resistor R1 to charge the capacitor C1.
fhe zener regulator holds the voltage across R1
and C1 constant even when the supply voltage
~h: nges. This is accomplished by the breakdown
hrracteristic of the zener regulator at a definite
ro' tage to permit current to flow thru the zener
without restraint above this breakdown voltage.
This permits the voltage drop across R2 to vary
with variations in the supply voltage while the
voltage drop across Rl and Cl remains constant.

‘Since the voltage across the R-C circuit is con-

stant, the time to charge the capacitor up toa
certain voltage will vary only when the value of
the resistor R1 is changed. When the voliage
across the capacitor Cl1l reaches a certain value
(about 55 percent of the zener regulator break-
down voltage) it turns the unijunction on to permit
a short pulse of current to flow thru Resistor
R3. The voltage drop across R3 isimpressed on the

Typical External Connections For The Relay Type 12NLR11l

INITIATING
CONTACT
+ 0 o
1
R2
UNI- | |Re
SA
VOLTAGE y
[~ &REG. — ¥ e
DIODE T l

LEGEND
SA-STEPPING SWITCH ARMATURE
SCR-SILICON CONTROLLED RECTIFIER

Fig. 4A (0178A9145-0)  Timing Circuit For Relay
Type NLR1l Relay '
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+ O
13
152 ‘L SR
14
= ¢ /- sL
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SL 01
sC R }f SA
17
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19 | TIMING
| CIRCUIT |
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D | _% C
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1 - SC
iy
BREAKER = RS ‘ 7'- SCR
CLOSE _J
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S e _ A
NS
11 % OVERLAPPING CONTACTS

Fig. 4B (0178A9146-0)

Instantaneous First Reclosure.

CAM OPERATED STEPS
CONTACTS RESET =34 IncL| LOCKOUT
st # [PLosED [cLosep | open
SL/‘ # OFEN OPEN T2 0SED
SR ¢ OPEN  |CLOSED | CLOSED
SR £ [CLOSED[OPEN  [OPEN
U |OPEN WHEN C ¥
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Breaker Reclosing Circuit With Contact Shown As They Are In Reset Position

LEGEND

152-POWER CIRCUIT
BREAKER

& ~RELAY STUDS

For.

12

T8 T T T
152 TSR 152 = R
14
_-¢C
Y
R a
A St D2 T SR
SL ¢
1L <
r- —1 -—n SA 7 R
LTIMING |
 CIRCUIT SA R6
8 ————— — ———
: @ ~STEP 2
‘JL _[_ L'NK"’\\\ \\}
f C C N
ALT B 4L . .
BREAKER 4 | ——R NEXT CLOSE
CLOSE c SCR sc .
- ‘%l

Fig. 4C (0178A9147-1)

Breaker Reclosing Schematic Diagram And Reset Circuits
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SCR (silicon controlled rectifier) gate long enough
to turn on the SCR. When the unijunction is turned
on it partially discharges the capacitor C1 and
turns itself. off. When the SCR is turned on it
will stay on until its current is reduced below
20 milliamperes and once it is turned off it stays
off until voltage is again applied to its gate. The
resistor across the SA coil is to allow the current
thru the SCR to build up quickly.

In the NLR relay when the timing circuit turns
the SCR on, it operates the stepping switch arm-
ature, The armature movement opens one "SA"
contact and closes another "SA" contact as shown
schematically in Fig. 4 and Fig. 5. The opening
of the SA contact turns the SCR off and the closing
of SA contact completely discharges the capacitor
C1 to reset the timing circuit. When the armature
picks up it also raises the driving spring enough
to clear the next tooth on the rachet wheel and
the driving spring snaps into the next notch. When
the SCR is turned off by the SA contact the arma-
ture coil is de-energized and its main spring
rotates the rachet wheel 10 degrees. At this point
the timing circuit starts timing again and it will
rotate the stepping switch rachet wheel another 10
degrees after another time interval has elapsed.
All stepping switch operations will have the same
time interval.

The rachet wheel of the stepping switch is
solidly connected to a cam shaft which contains
three main cams; The two cams nearest to the
rachet wheel (schematically shown in Pig. 5) have

TO CONTROL
POWER

B
<

CONTACTS
SR

Fig. 5 (0178A91L4k4-0)  Stepping Switeh For NLR Relays

Reclosing Relay Type NLR11 GEK-1269

only one lobe each and therefore raise their as-
sociated contact operating springs only during one
step interval for each revolution -of the rachet
wheel. A third cam (not shown in Fig. 5) has 3
adjustable lobes and these lobes may be set to
raise their associated contact operating spring on
any desired step. When the adjustable cam lobes
raise their contact operating spring they close two
"SC" contacts shown in Fig. 4B and one of these
supplies the breaker closing signal. Since the

-adjustable cam lobes can be set to close the "SC"

contact on any step of the rachet wheel they can
provide a breaker closing signal at reset (an in-
stantaneous breaker reclosing signal) and - or on
any subsequent step until the lockout position is
reached which is 35 steps after reset. The sche-
matic diagram Fig. 5 shows the rachet wheel in the
lockout position. In this position the (SL) lock-
out cam opens its SL contacts to open up the
breaker closing circuit and the timing circuit
(which prevents any further operation of the step-
ping switch until the breaker is manually closed as
explained later) and closes an SL contact to ring an
alarm. When the stepping switch armature coil is
energized again, the switch steps from lockout to
the reset position (as explained later),

The lockout cam has 3 contacts, one normally
open and 2 normally closed,

The reset cam has 3 contacts, one normally
open and 2 normally closed.

The adjustable cam (close) has 38 contacts,
two normally open and 1 normally closed.

Fig. 4B shows the NLR breaker reclosing cir-
cuit with the NLR in the reset position and set
for instantaneous first reclosure. In the reset
position the SL contacts are closed, but the SR
contacts are open so there is no circuit connecting
the timer to power until the breaker (152) trips
and closes its N,C. auxiliary switch. This ener-
gizes the breuker closing circuit and the "C" re-
lay coil thru the preclosed SC contact and the
timing circuit thru the blocking diode, "D1". The
"C" relay steps the stepping switch once immediately
and seals in to maintain the closing signal for
one step interval. The instantaneous step is to
prevent pumping the breaker if control power is
lost and then returns and also to open the instan-
taneous trip blocking contact (1-2). The "C" relay
maintains the closing signal to prevent a second
closing impulse if the breaker trips during the
step time interval. At the end of the first time
interval the "C" relay is shorted out by the SCR
and drops out. Its overlapping contacts discharge
the capacitor C1 to reset the timing circuit. When
the "C" Relay picks up the stepping switch closes
its "SR" contacts at once and then the timer
continues to run whether the breaker is open or
closed since both the SR and SL contacts are closed
and they provide a circuit to the timer. After the
"C'" relay drops out the stepping switch continues
with equal elapsed time between steps until its
rachet reaches the step in which the lobe on the
adjustable cam again closes the SC contact. At
this point if the breaker is open the NLR will close
it and if the breaker is closed no closing signal

13
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will be given to the breaker closing circuit due
to the blocking diode shown in Fig. 4B. In either
case the stepping
elapsed time steps to the next reclosing cam lo-
cation and then closes the breaker if it is open
as described above. The stepping switch steps on
to the lockout position where the SL contacts open
to deenergize the timer and stepping switch and a
SL contact closes to sound the alarm if the breaker
is open.

Figure 4C shows the reset circuit added to the
breaker reclosing schematic. The link in the "Re-
set" selecting device is shown in the step two
position. This means that the NLR relay will reset
two step time intervals after any automatic breaker
reclosure. After the NLR relay has reclosed the
breaker as described above the breaker closes its
normally open auxiliary switch shown in Fig. 4C.
The "SCR'" is always turned off by the time the
breaker closes and at the start of the next step
‘time interval is turned on by the timer. As the
connections are shown in 4C when the SCR is turned
on one step time after the breaker has been re-
closed there is no circuit energizing the "R" relay
coil because the "C" relay N.C. contact is still
open. The next time the SCR is turned on the "R"
relay coil is energized thriu the N.O. breaker
auxiliary switch, the SR - contact, the step two
reset link, the ol relay N.C. contact and the SCR
to the negatwe side of power. The R relay together
with its parallel resistor, R%, draw enough cur-
rent to keep the SCR turned on. The R relay
seals in and the stepping switch armature picks up
again as soon as it drops open. Thus the stepping
switch runs without any delay and "homes" to the
reset position wheré the NLR finds all connections
to the plus bus open. The SR contacts open as "'S"
steps into the reset position and the R relay now
drops out and closes its N.C. contact in the breaker
closing circuit. The NLR relay is reset and
waiting for the breaker to trip. The maximum reset
time of the NLR relay after the "R" relay is ener-
gxzed is one to two seconds.

If the reset link is moved to the "NEXT
CLOSE' position stud then "R" canbe energized only
when the NLR rachet wheel has reached the step
when the next reclosing signal is given. If the breaker
is open the NLR relay recloses itas described above
but if the breaker is closed then the "R" relay is
energized, seals in to reset the NLR. The SC con-
tact opens but the R relay seals in around it to
maintain the circuit until the NLR is reset.

If the "NONE" position of the Reset Link is
selected the NLR will not reset until the lockout
position is reached. Then if the breaker is found
closed or if the breaker is open and later is man-
ually closed the timing circuit is energized thru
the breaker N.O, auxiliary switch, the SR contact,
and the blocking diode "D2", If the breaker remains
closed for one step time interval then the timer
turns the SCR on to step the stepping switch one
step to the reset position which turns everything
off. I the breaker trips during this step time
interval then the NLR remains in the lockout posi-
tion and sounds the alarm.
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switch steps on with equal

An additional adjustable cam is provided to
operate the "RS" contact to provide blocking for
the automatic tap changing circuit or other func-
tions as desired. /
micro switch to provide the "RS" contact. The \
auxiliary cam is held by friction and is releaged
by loosening the locknut on the cam shaft. The
cam shaft must be firmly held when loosening or
tightening the lock nut., When the lock nutis
loose the auxiliary cam can be easily moved to any
position and the lock nut re-tightened. The "RS"
contact can be made either a "N.O." or a "N.C."
contact as desired by moving the green lead between
studs 9 and 10. The "RS" contacts are connected to
the relay studs 9 and 10. One "SR'" contactis
connected to studs 1 and 2 to be used to block
instantaneous tripping during the reclosing cycle
if desired.

When the NLR is operated on AC power a bridge
type full wave rectifier is supplied to provide
power for the NLR relay. On AC operation the "C"
relay unit contact connected to studs 7 and 8 is
used to energize the breaker closing circuit as
shown in Fig, 3. When the NLR is operated from an
AC source an instantaneous breaker reclosure is
delayed by the pickup time (8 milliseconds maximum)
of the "C" relay. Also the "C" relay contact can
be used to close the breaker when the NLR is oper-
ated from a DC power source if desired.

The NLR relay can be connected to provide
instantaneous reclose for instantaneous trip and
time delay reclose for time delay trip. Elementary
diagrams showing these connections will be sup- |
plied upon request, /(-<sBZ200 '

(08 RSS9

An elementary diagram for connecting the NLR
relay and a special auxiliary relay to provide two
instantaneous initial reclosures plus two additional
time delay reclosures will be supplied uponrequest.

Due to physical size the cam lobes on the ad-
justable cam cannot be set on adjacent steps. The
reclosing times are multiples of the step time.
If desired, the step time can be changed from the
normal 5 seconds to any valuefrom 1/2 to 5 seconds.
It should be noted that the reset delay times and
the time between the manual closing of the breaker
when the NLR relay is in the lockout position and
reset will change when the step time interval is
changed.

APPLICATION CONSIDERATIONS

Interrupting Ratings Of Power Circuit Breakers

The auxiliary cam operates a o

The derating factor for the interrupting rating
of the power circuit breaker should be checked for
the proposed reclosing cycle., This is given in
ASA Standard C37.7 - 1952,

The Type NLR relay is versatile in adjustment
and application. In addition to the wide choice
of adjustments previously described, the relay has
provi/stons for blocking the instantaneous trip circuit (
and
the reclosing cycle, and for selective reclosing.
It can be used as a single-short reclosing relay if

or the automatic load-ratio control during ™




RELAY
CONTACTS

CLOSE
1-2 |
OPEN

14-17CLOSE
OPEN

7_g CLOSE
OPEN

CLOSE

10 OPEN

CLOSE

I5-1e OPEN

—71— RESET POSITION

TIME [NTERNAL

Reclosing Relay Type NLR11 GEK-1269

=
("]
~ =
—_ O
vy =
[T
o Y—
/9]
= O
D 0.
(@)
> -
QO Ld
= CONTACT
C= L
1 STEP APPLICATION
r INST. TRIP
BLOCK| NG

DELAYED RECLOSURES
ADJUSTABLE

/,/\

-4
]
i

IMMEDIATE
RECLOSURE

RECLOSURE
[| TniaTiON

IF NLR FINDS BREAKER OPEN. CONTACT
STAYS CLOSED 1 STEP TIME INTERVAL

{IF NLR FINDS BREAKER CLOSED.

H

CONTACTS STAYS CLOSED 1 CYCLE (MAX)

1

- MATNTAINS
BREAKER CLOSE

"
CONTACTS ONLY CLOSE ONE

STEP TIME INTERVAL [F BREAKER
IS OPEN

I

SIGNAL

BLOCKING OF TAP
CHANGER AND

STEPS

CONTACT ADJUSTABLE TO
OPERATE ON ANY 6 STEPS

SPECIAL PURPOSES

ALARM

Fig. 6 (0178A9149-0)

Sequence Diagram For NLR11l Relays

15



GEK-1269 Reclosing Relay Type NLR11

desired, but an NSR11 is more economical if the
single reclosure is to be immediate. Some of these
features are described in the following sections.

Control Switches

Referring to Fig. 3 it may be seen thata
3-stage control switch is used with these relays.
This switch has an extra contact which prevents
the NLR from reclosing the breaker after it has
been tripped by the control switch. H tripped in
this manner, the breaker must be reclosed by the
control switch in order to restore the automatic
reclosing feature,

Closing Control Circuits

It is essential that the circuit breaker mech-
anisms use closing circuits which assure com-
plete closure of the breaker, even though the
closing circuit is opened at some point before
.closure is complete,

Latch-Checking Switches

In order to assure successful operation of a
breaker reclosed by an NLR relay adjusted for
immediate initial reclosure, it is necessary to
use a latch-checking switch on its solenoid mech-
anism, if it is trip-free. This switch completes
the closing circuit only after the mechanism latch
is properly reset for the reclosure.

AC Control Power

On a-c operation of the breaker control, it is
necessary to insure pump-free operaition in case
the breaker closes onto a fault that causes the
a-c control voltage to fall below the dropout level
of the "Y" relay (or equivalent) which provides
pump-free control under normal conditions. This
can be done by special calibration, or by special
connection, of the NLR,

To provide pump-free operation by special
calibration, it is necessary to check that the "C"
relay in the NLR drops out at a higher a-c voltage
than the dropout of the "Y' relay or equivalent,
and thus opens its 7-8 contact. The dropout of the
"C" relay can be adjusted as indicated in the
section on "Adjustments', or a resistor can be
connected between studs 17 and 19 to raise the
dropout, the jumper between these two studs having
been removed.

When the NLR relay is used with a-c control
power, and when the breaker closes onto a fault
severe enough to drop out the "C" relay, the NLR
will move forward one step without timing, before
the control power fails on clearing the fault. This
will shorten the delay between this reclosure and
the next one, by one time step.

To provide pump-free operation by special
connection, move the red wire from stud 13 to
stud 14, thus making the NLR pump-free. With this
connection the NLR takes an instantaneous step when
the "C" relay picks up to close the breaker, and

this step is lost in the reclosing cycle. Thus
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to provide an instantaneous reclosure and then a
15-second reclosure the adjustable cam lobes would
be set on positions "O" and "4" instead of "O" and
"3". This setting eliminates the time error which
may occur on low voltage with the standard con-
nection. With this modified connection, the "STEP
2" position of the reset link must not be used.

Overcurrent Relays

The protective relays that trip the circuit
breaker must open their contacts before the breaker
recloses; otherwise the breaker may retrip im-
mediately even though the fault has cleared.

Undervoltage Devices

In order to obtain the advantage of instantaneous
reclosure on utilization devices, the undervoltage
devices (or equivalent) in their control should
not be instantaneous; but should have a dropout
delay of 1 or 2 seconds.

CO-ORDINATION WITH BRANCH FUSES

On some systems involving "multi-shot" re-
closing relays; the main feeder is protected by a
circuit breaker, and the branch feeders by fuses.
This economical means of sectionalizing a system
requires that a fault on a branch be cleared in-
itially by the main breaker tripped by a high-
speed relay unit. I the fault persists following
immediate reclosure, it must be cleared the second
time by the branch feeder fuse. To accomplish

T 152a

LEGEND

151-TIME OVERCURRENT RELAY

151~ INST.-OVERCURRENT RELAY
INSTANTANEQUS ATTACHMENT

179-BLOCKING CONTACT
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Fig. 7 (0178A9148-0) Diagram Showing Use Of NLR
Contact To Block Instantaneous Trip Circuit



‘position,

this, the contacts of the high-speed unit must be
blocked following the initial trip-out., This tran-
sfers tripping of the main breaker to a time delay
unit and thus allows time for the branch fuse to
clear. The "SR" contact connected to relay studs
1-2 can be used for this blocking function. This
contact is closed in the reset position and opens
before the breaker is reclosed and can be connected
in series with the instantaneous trip circuit as
shown in Fig. 7. This will block instantaneous
tripping of the breaker on the first and subsequent
reclosures, thus providing time for the branch fuse
to clear the fault, rather than the main breaker.

Instantaneous tripping can be reinstated auto-
matically when the relay locks out. This is accom~
plished by connecting the spare switch RSinparallel
with 179. (1-2) contact and by setting the adjustable
cam to operate the RS switch when the locked-
out position is reached, With this connection, if
the fault is still present when the circuit breaker
is manually reclosed, the trip circuit will be
energized instantaneously.

SELECTIVE RECLOSING

In certain applications it is desirable to pro-
vide immediate initial reclosing if the circuit
breakers are iripped by an instantaneous relay, but
to eliminate the immediate reclosure and wait for
the first delayed reclosure in the event that the

‘breaker is tripped by a time delay relay. Sucha

situation can be handled with the Type NLR re-
closing relay, and an elementary diagram showing
recommended connections will be supplied upon
request.

4 SHOT RECLOSING

Four reclosing impulses are available only if
the initial one is instantaneous. Then an indicating
dial is supplied with a fixed cam lobe in the zero
The three adjustable cam lobes are then
located as desired. The 4 shot relay is model
12NLR11B.

The NLR11A relay can be easily changed into
a NLR11B relay by removing the dial and replacing
;tbwith a new dial which contains the fixed cam
obe.

FUNCTIONS OF "RS" CONTACT
In making adjustments on the "RS" contact, it

" should be remembered that the cam is dimensioned

to hold this switch operated for about 6 steps of
the stepping switch., Normally, then, the "RS"
contact shown closed on the diagram is open for
30 steps and closed for 6 steps. By moving the
green jumper connected to the common point from
stud 9 to stud 10 the contact shown open on the
diagram becomes the effective one; and it is closed
for 30 steps and open for 6 steps. '

Reclosing Relay Type NLR11 GEX-1269

This spare contact "RS" can be applied in a
variety of ways. Normally, the "RS" contact is
closed in the reset position, and opens shortly
after the start of the cycle, and recloses ahead
of lockout.

With this normal adjustment, the "RS" contact
can be connected in the control circuit to block
automatic load-ratio control while the NLR is in
its reclosing cycle, and reinstate it when the
relay locks out or resets,

The "RS" contact, with the normal adjustment,
can replace the "SR" (stud 1-2) contact in the
instantaneous trip circuit mentioned under CO-
ORDINATION WITH BRANCH FUSES, to open this
circuit only after the first reclosure, thus providing
2 high-speed tripouts of its breaker before shifting
to time delay tripping to clear the branch fuse on
the second reclosure or a later one.

The "RS" contact can also be used as a spare
alarm contact, if the cam is reset so that the
contact closes between the last reclosure and lock-
out, and opens between lockout and reset.

ACCEPTANCE TESTS
Mechanical Tests

1, Operate the telephone-type relay units and
the stepping switch manually to check that all
operate smoothly without binds.

Electrical Tests

With the NLR relay in the lockout position
connect rated voltage to the NLR relay as follows,

For DC operated relays connect plus to stud 13
and minus to stud 11,

For AC operated relays connect AC power to
studs 5 and 6.

Check that there is no relay operation,

Note that indicating pointer points to lock-
out line on the nameplate.

Connect a jumper between studs 13 and 4 and
note that the stepping switch steps once after a b
second interval (or one step time interval if other
than 5 seconds) and stays in the reset position.
Note that indicator points to reset. With the
stepping switch still in reset position, with jumper
between studs 13 and 4, the reset link in the
zero position, connect indicating lights to NLR
as shown in Figure 8. Jumper stud 13 to stud
14 momentarily (1/2 second or less), or one step
time if NLR is set for delayed reclose,

I NLR relay is set for instantaneous reclose
the stepping switch steps instantaneously once,
Then it delays two step time intervals before
stepping again. :

Note that relay runs in 5 second steps (or
step time if it is other than 5 seconds) through
all positions to reset.
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Fig. 8 (0178A91L2-0) Test Connections For The
NLR Type Relay

Note that indicating light 1-2 lights when SA
is in reset position and goes out on the first
step (instantaneous or otherwise) and stays out
until reset is again reached.

Note that indicating light (studs 9-10) lights
when auxiliary cam does not touch the microswitch
operating button.

If the NLR relay is set for instantaneous
1st reclosure note that the indicating light (7-8)
is energized for 5 seconds (or step time) starting
as soon as jumper 13-14 was connected.

Note that the indicating light 15-16 is ener-
gized during the 5 second (or step time) lockout to
reset interval,

Move the reset link to the "step 2" position.
Then jumper studs 13 to 14 again removing the
jumper as soon as light (7-8) comes on.

Note that 10 seconds (or 2 times step time)
after the jumper was removed between studs 13 and
14 the NLR relay begins its rapid reset. Also
note that indicating lights 7-8 and 15-16 are not
energized during this rapid reset.

Next remove the 13-4 jumper and move the reset
link to the "next close" position and again jumper
studs 13 and 14 momentarily. Replace the 13-4
jumper after one step. Note that when the position
is reached where the adjustable cam lobe operates
its contacts to supply the next closing impulse
that rapid reset begins and continues to reset.
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INSTALLATION PROCEDURE

Mechanical Test

-and remains in the reset position.

If after the ACCEPTANCE TESTS the relay is
held in storage before shipment to the job site it
is recommended that the visual and mechanical in-
spection described under the section on ACCEP-
TANCE TESTS be repeated before installation.

Check that adjustable cam lobes are set in
proper positions to provide breaker reclosing im-
pulses at the desired times. A lobe in the zero
position will provide an immediate reclosing im-
pulse when the NLR relay is in the reset position
and the breaker trips. A second lobe in position 3
will provide a second reclosing impulse 3 times the
step time interval (or 15 seconds) after the first
breaker trip when the NLR is set for the standard
step time. Likewise a third lobe in position 8
will provide a reclosing impulse 9 X 5 (or step

, time) or 45 seconds after the first breaker trip.

Set reset link in position to provide desired
time delay before rapid reset.

Electrical Tests

Make connections to NLR relay as shownin Fig.
9. With NLR relay in lockout position, close 52
and check that stepping switch step to reset after
approximately 5 seconds (or one step time interval)
Note that
indicating light 3 turns on at reset and indicating
light 4 turns off.

Open S2 and close S1 and check that NLR relay
initiates reclosing impulses (shown by indicating
light 1 turning on) at desired intervals. Also
check that stepping switch stops in lockout. Also
check that the auxiliary cam (see Fig. 1) operates
the micro switch to open (or close) the "RS" con-
tact on the desired step as shown by indicating
light 2. Adjust auxiliary cam if necessary as
described in section on adjustments. Note that
indicating light 3 turns off after first step.

Close 82 and after NLR has reset close S1 and
note that the stepping switch starts its rapid reset
after the desired time interval after the closing
impulse.

I adjustments are necessary check the section
on "ADJUSTMENTS" for instructions.

ADJUSTMENTS

~ The telephone-<type relays and stepping switch
have been carefully adjusted at the factory to give
correct adjustment. If these adjustments have been
disturbed, readjust as follows:

With the telephone-type auxiliary relay de-
energized each normally open contact should
have a gap of .010"-,015", Observe the wipe
on each normally closed contact by deflecting
the stationary contact member towards the
frame. Wipe should be approximately .005",




The wipe on each normally open contact should
be approximately .005". This can be checked
by inserting a .005" shim between the residual
screw and the pole piece and operating the
armature by hand. The normally open contacts
should make before the residual screw strikes
the shim.

The dropout of the telephone-type relays can
be changed by changing the residual screw setting.
This screw must be locked by means of its lock
nut after resetting, The pickup of the telephone-

. type relays can be decreased by decreasing the

spacing between the armature and the pole face by
binding the contact arm.

After a pickup or dropout adjustment the relay
contact gap and wipe adjustment must be rechecked
as described above. The contact pressure should
never be less than 10 grams measuredat the contact
tips.

The contact on the stepping switch unit should
have minimum gap and wipe values which are the
same as the telephone-type relay units. No other
mechanical adjustment should be necessary except
}:hat all parts should move freely without binds or
riction.

To change the time interval between reclosing
impulses proceed as follows: -

Loosen the locknut and run it back to the
end of the cam shaftt HOLD THE CAMS
FIRMLY WITH ONE HAND WHILE
LOOSENING THE NUT TO LIMIT THE STRAIN
ON THE CAM SHAFT. Pull the indicating

0.C SOURCE
RATED VCLTAGE
USE FOR B.C,RELAYS
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PLUG i1 1z 15 1©7 @
iz 14 16 18 26
® ® ®
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TEST ‘\]' §)
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Fig. 9 (0178A9143-0) TField Test Connections For
The NLR Type Relay
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dial forward far enough to permit moving
adjustable cam rings. Then slide the rings
which hold the contact operating lobes forward
until the lobes are out of the locating sockets,
Now the rings can be rotated to locate the
three lobes in the desired location. After
changing the sefting of one lobe be sure all
lobes are in the desired location.

If the desired total time intervals are not
multiples of 5§ seconds, then it will be necessary
to change the step time intervals., To do this
loosen the locknut on the rheostat (see Fig. 1)
and turn the rheostat counter clockwise to decrease
the step time interval. Connect the relay as shown
in Fig. 9, connect the '"reset" link to the none
osition, and close the S1 switch momentarily
?1/2 second or less). The stepping switch will
run with time delay steps to the lockout position
and stop. Then by closing switch S2 it will move
on to reset after one step time interval. By
timing the 35 steps with a watch and adjusting
the rheostat to produce the correct total time
the step time interval can be set very accurately
without special equipment. After setting the step
time lock the rheostat and place the reset link
on the position which will provide the desired reset
time.

The "RS" contact connected to studs 9 and 10
is a micro switch contact operated by the auxiliary
cam (see Fig. 1). The micro switch operatin
button is depressed in all but 6 steps of the 36
steps which make up one revolution of the cam shaft .
of the stepping switch, By loosening the locknut
on the end of the cam shaft slightly, the auxiliary
cam can be rotated to permit the micro switch but-
ton snap to its extended position on any desired
step. The stepping switch armature can be de-
pressed manually to step the switch to check that
the "RS" contact operates on the desired step.
By holding the stepping switch armature in the de-
pressed position, the cam shaft can be rotated in
counter-clockwise direction without any steps to
speed up the check of the "RS" contact setting.

The contact connected to studs 9 and 10 closes
when the micro switch operating button is released
and opens 6 steps later. By moving the green lead
connected to stud 9 to stud 10 the contact operation
can be reversed (i.e. opens when microswitch button
is released and closes 6 steps later.)

If, for any reason, the micro switch mounting
or the stepping switch mounting has been disturbed
the location of the micro switch with respect to
its operating cam must be rechecked. Loosen the
screws holding the micro switch bracket enough to
permit the bracket to be moved slightly in either
direction. By moving the bracket locate the micro
switch so that the distance between the micro-
switch case and the cam when the button is fully
depressed is .025 to .045 inches.

If it ever becomes necessary to remove the
diode board for any reason, the slip on terminals
must be unsoldered before being pulled off the
diode board stand-offs. When performing this
operation care should be taken not to loosen the
stand-offs.
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Due to physical interference the adjustable
cam lobes cannot be set on adjacent positions. To
obtain a setting such as 0-5-5-5 seconds we re-
commend making the step time interval2 1/2 seconds
and setting the cam adjustable cam lobes on posi-
tions 2, 4 and 6. A fixed cam lobe will be supplied
attached to the indicating dial located in the zero
position to initiate the breaker closing signal in the
reset position. The relay is model 12NLR11B.

A contact of an auxiliary relay can be in-
serted between the N.O. breaker auxiliary switch
and the NLR stud 4 (see Fig. 3) to block resetting
under some system conditions. Thus an instantaneous
overcurrent relay set at the same pickup point as
the feeder time delay relays can be used to monitor
the line after the initial reclosing impulse while
instantaneous tripping is blocked. With the step
time interval of the NLR set at one second, the
rapid reset link set in the step two position and
a N.C. contact of the monitoring instantaneous'
relay in the reset circuit the NLR will reset in 2
seconds after the first reclosing impulse if the
fault has disappeared from the line but go on to
the next close position if the fault persists,

PERIODIC CHECKS AND
ROUTINE MAINTENANCE

In view of the vital role of protective relays
in the operation of a power system it is important
that a periodic test program be followed. It is
recognized = that the interval between periodic
checks will vary depending upon environment, type
of relay, and the user's experience with periodic
testing. Until the user has accumulated enough
experience to select the test interval best suited
to his individual requirements, it is suggested
that the following points be checked at an interval
of from one to two years.
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Operate the stepping switch and telephone-type
relay units manually to be sure they operate freely.
Check and clean contacts as described below.

- Connect the relay as shown in Fig. 9 and run
the NLR relay through its normal operation as
%t;{s;ribed in section on INSTALLATION PROCED-

For cleaning relay contacts, a flexible burn-
ishing tool should be used. This consists of a
flexible strip of metal with an etched roughened
surface, resembling in effect a superfine file. The
polishing action is so delicate that no scratches
are left, yet corroded material will be removed
rapidly and thoroughly., The flexibility of the tool
insures the cleaning of the actual points of contact.

~ Relay contacts should not be cleaned with
knives, files or abrasive paper or cloth. Knives
or files may leave scratches which increase arcing
and deterioration of the contacts. Abrasive paper
or cloth may leave minute particles of insulating
abrasive material in the contacts and thus prevent
closing.

The burnishing tool described is included in the
standard relay tool kit obtainable from the factory.

RENEWAL PARTS

It is recommended that sufficient quantities of
renewal parts be carried in stock to enable the
prompt replacement of any that are worn, broken or
damaged.

- When ordering renewal parts, address thenear-
est Sales Office of the General Electric Company,
specify quantity required, name of part wanted, and
give complete nameplate data. If possible, give the
General Electric Company requisition number on
which the relay was furnished.
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Springfield 62701....607 E. Adams St.

INDIANA
cCl u Evansville 47714.2709 Washington Ave.
C Fort Wayne 46804 . 1635 8roadway
1 U fort Waoyne +3606 . . Calhoun St.
ctu Indmnopohs 46207 3750 N. Meridion St.
[ | South Bend 46601..430 N. Michigan St.
10WA
U Cedar Rumds 52401 .210 Second 51, S.E.
[} Davenport

...... (1039 Staie St., Baﬂendorf 52722)
iy Des Moines 50310. . 8 Merle Hay Rd.
u Sioux City 51101 520 Pisrce St.
KAMNSAS
[d Overiond Park 66204..7219 Meicalf $t.
1V Wichita 67211, .820 E. indianapolis Ave,
HENTUCKY
tuy Laxington 20508....... 485 E. High St
ci u Louisvilla 40218. .. ... 2300 Meadow Dr.

WHEN YOU MEED SERVICE . . .

These G-E service shops will repair, re-
condition, and rebuild your eleciric apparatus. The facilities are wvaile
able day and night, seven doys o week, for work in the shops or on

GENERAL ELECTRIC SALES OFFICE

LOUISlANA
Alexandria 71302. .
Baton Rouge 70815. 633 Oak Vlllu Bivd.

. 2001 MacArthur Dr.

I

H Lake Charles 70601... ... 1424 Ryan St.
[ New Orleans 70125, 4747 Eurhcrt Blvd.
mu New Orleans 70112....837 Gravier St
1y Shreveport 71101........ 400 Travis St.
1 West Monroe 71291.500 Naichitoches St.
MAINE :

1] Avgusta 04330........... 152 Stoia St.
1 Bangor 04402........... 77 Central St.
MARYLAND

C | U Baltimore 21201 1 N. Charles §t.
1} Hagerstown 21740 E. Franklin St
t Salisbury 21801. ..P.O. Box 424
MASSACHUSETTS

C | M U Boston 02117.... 3l St. James Ave.
| Springfield 01103 120 Mapls St.
| Worcester 01405, .. ... 288 Grove St.
MICHIGAN

cl1 Datroit 48202....... 700 Antoinette Si.
1 Flint 48503........ 31612 W. Court St.
c Grand Rapids 49508

.............. 2821 Madison Ave., S.E.

1u Jackson 49201..... 210 W. Franklin $t.
3 Kalamazoo 49003....927 S. Burdick St.
| Saginaw 48607.2nd National -Bank Bldg.
MIN NESO?
| Duluth 55802...... 14 W, Superior St
U Fergus Falls 56537.106 E. Washington St.
C Minneapolis 55424...4018 W. 65th St.
[ 1] Minnzapolis 55402. .., .. 12 S. Sixth St.
MISSISSIPPI
U Guifport 39502...........P. P.O. Box 33
i Jackson 39206....33 North Mart Plaza
V] Jackson 39201....... 210 S. Lamar St.
MISSOURI
i Joplin 64801, ........... 310 Wall St
1 U Kansas City 64105..... 106 W. 14th St.
[l ) St. tovis 83101........ 1015 Locust St.
MONTANA
i Billings 59101....... 303 N. Broadway
i Buite 59701....... 103 N. Wyoming St.
NE!RASI(A

Omaha 68102.......... 409 S. 17th St
NEVADA

Las Yegos 89105...... 1711 S. 8th St
NEW HAMPSHIRE

Manchester 03104.......... 46 Bay St.
NEW JERSEY
ctu East Orange 07017..26 Washington St.
N!W MEXICO

Albuquerqus 87108.120 Madeira Dr. N.E.
NEW YORK

MU Albany 12206........... 8 Colvin Ave.

I v Binghamton 13902........ 40 Front St.
ciy Buffalo 14202...... 625 Delaware Ave.
) Elmnra 14901...... 100 Woodlawn Avs.
1 MU New York 10022....641 Lexington Ave.
[+ Rochester 14618 Winton Rd.
14U Rochester 14604 .339 East Ave.
[4 $yracuse 13206. .2360 James St.
I u Syracuse 13206. 3532 James St.
[+ Waverly 14892.. ..P.O. Box 308
NORTH CAROLINA
C I'U  Charlotis 28202,..... 129 W, Trade St.
I ' Greensboro 27405....801 Summit Ave,
(Y Raleigh 27603...... 120 N. Boylan Ave.
NORTH DAKOTA
u Bismarck 58501........ 418 Rossar Ave.
OHIO
(3] Akron 44313...... 2858 W. Market St.
1 Akron 44313 (Agency & Dlsmbutov)

.................. 2855 W. Market St
1 U Canton 44703...... 515 Third St., N.W.
€ 1 U Cincinnati 45208....2621 Vinoty Pkwy.

GENERAL ELECTRIC SERVICE SHOPS

sules office.

your premises. Laiest factory methods and g
ALABAMA

Birmingham 35211.1500 Mims Ava., S.W.
ARIZONA

{Phoenix) Glendale 85301
................. 4911 Wasi Colter St.

CALIFORNIA
Los Angeles $0C01..6900 Stanford Ave.
Qukland 94608, ....... 3400 Wood St.

Sacramento 95814, ,..99 North 17th St
San Francisco 94103, .1098 Horrison St.

COLORADO
Denver 80205 ......... 3353 larimer St

COMNECTICUT
(Southington) Planisville 06479
...................... 370 Atwater St.
FLORIDA
Jacksonville 32203. .2020 W. Beaver 51,
{Miomi) Hiaieah 33010.1062 E. 28th St.
Tampa 33601........... P.O. Box 1245

GEORGIA
(Atlanta) Chumblae 30005
5 Peachtree Industricl Blvd.

ILLINCIS
Chicago 60632........ 4360 W. 47th St.
INDIANA
Ft. Wayne 46803...... 1731 Edsaill Ave.
Indianapolis 46222.1740 W. Vermont St.
10WA
(Davenport) Bettendorf 32722
...................... 1025 Stata St.

na G-E ron | parts
KENTUCKY

Lovisville 40209..3900 Crittanden Drive
LOUISIAMA

New Orieans 70114..1115 De Armas St.
MARYLAND

Baltimore 212304..... 920 E. Fort Ave.
MASSACHUSETTS

(Boston) Medford 02155
......... 3960 Mystic Valley Parkway

MICHIGAN

Deiroit 48202........... 5950 Third St.

Flint 48505...... 1506 E. Carpenier Rd.
MINNESOTA

Hinnsapolis 55430, .2025—49th Ave.,, N.
MISSOUR!

Kansas City 64120..3525 Gardner Ava,

St louis 63110........ 1115 East Reood
MEW YORK

Albany 12205........ 1097 Central Ave.

Buffalo 14211.......... 318 Urban St

North Bergen, N. J. 07047
................. 6001 Tonnells Ave.
Schenectady 12303

.. (fnsirumentation Sarvica) 1 River Road
Syracusa 13208..1015 E. Hiawatha Blvd.

MORTH CAROLINA
Chariotta 28208...... 2328 Thrift Road

OHIO

Cincinnati  45202....444 W. Third St

GEZ.2500M

. Maad Further Information . . . Require Ordaring Instructions

Cleveiand 44116.20930 Centar Ridgs Rd.

Philadeiphia 19124....1020 E. Erie Ave,
Philadelphia 19102.3 Penn Center Pioza
Pittsburgh 15234.300 #'4. Labanon Blivd.
Pitisburgh 15222. Olivaer Bldg., Mellon Sq.
York 17403.........
HODE ISLAND

Providence 02904..1006 Charles St., N.
SOUTH CAROLINA

C

I MU Cleveland 44114....1020 Lakeside Ava.
C Columbys 43212...... 937 Burrall Ava.
1V Columbus 43215 ...... 395 E. Broud St.
C Dayton 45402....11 W. Monument Ava.
I U Dayton 45439..... 3430 §. Dixis Hwy.
C Mansfield 44902....166 Park Avae., W.
cl vy oledo 43606........ 3125 Douglas Rd.
i Yaungs?cwn 44507 .272 E. lndianola Ave.
OXLAHOMA

1 u Oklghoma City 73106.2000 Closson Blvd.
i Tulsa 74114, ......... 2651 215 St
1] Tulse 74103.............. 420 §. Main
OREGON

1 U Evgene 97401.......... 1170 Pearl 5i.
[t Medford 97501........ 107 E. Main St
C | U Portlond 97210...2929 N.W. 29th Ava.
PENNSYLYANIA .

| Allentown 18102....... 732 N. 16th St.
] Eria 1650)....... ... 1001 State St.
(l: Johnstown 15092.......... 841 Ock St.
i

[

]

C

- ¥ €
<

N. Harrison St.

Iu Columbia 29205....... 2728 Devine St.
i Greenville 29607. . 1403 Lourens Rd.
TENNESSEE

cl u Chattancoga 37402...832 Georgia Ave.
] Xingsport 37664..1170 N. Eastman Rd.
iu Knoxvilla 37921,1301 Hannah Ave., N.W.
iU Memphis 38104....... 1420 Union Ave.
clr y Nashvilie 37203. 1717West End Ave.
M Oak Ridge 37830....253 Main St., East
TEXAS

1} Abilene 7960%1.......... 442 Cedar St.
u Amarillo 79101............ 303 Polk St.
1u Bwumoni 77701 ..... 1385 Calder Ave.
1] us Christi 78401.205 N. Chaparral St.
cl u Dal las 75247..8101 Stermons Freeway
iu El Paso 79901...... 215 N. Stanion St.
U Fort Worth 76102...... 408 W. 7th St.
€ | M U Houston 77027....4219 Rlchmond Ave.
1 Lubbock 79404.......... th St .
] Midland 79704, ........ 122 N N St
1 u Son Antonio 78204....419 S Main Ave.
UTAH . .

(IS Salt Lake City 84101.431 S. Third E S1.
VERMONT

u Rutland 05702.......... 382 Centar St.
VIRGINIA

[ Newport News 23801....311 Main St
tu Richmond 23230..1508 Willow Lona Dr.
1u Roanoke 24016....920 5. Jeffarson Si.
WASHINGTON

1] Pasco 99301.......... 824 W. lewis St.
I MU Seattie 98188..... 12 Andover Park, E.
[ V] Spokane 99220....... E. 1805 Trent St.
WEST VIRGINIA

I * Charleston 25328

.306 MacCorkle Ave., S.E.
U] Fairmont 26555 . ... 310 Jacobs Bldg.

[}

] Huntington 2570 . 1401 Sixth Ave,
| Whesling 26002, ....40 14th St
WISCONSIN

1 U Appleton 54912....510 W, College Ava,
U Madison 53703, 340 W. Washingion Ava.
[ Milwaukee 53218...... 4701 N. 76th S1.
[ Milwavkee 53202..815 E. Michigan St.
CAMADA

Canadian General Electric Company,
Lid., Toronto

ars used fo muaintain peak porfo:mann of your oqmpmmi For full
information abou? these services, contact your nearest servita shop or

Claveland 44125. ..

Columbuys 43223. .2128 Eakin Rd.

Toledo 43605. 405 Dearborn  Ave.

Youngsiown 44507272 E. Indianola Ava.
OREGON

Portlond $7210. ..
PENMSYLYANIA

Allentown 18103....668 E. nghlund §t.

Johnstown 15902........ Oak St

Philodelphia 19124. . 1040 E Eris Ava.

(Pitisburgh) West Ml“'lﬂ, Pa. 15122

4930 Buttermilk Hollow Rd., R.D. #1

(4477 Eost 49th §t.

L2727 N, 2%th Ava.

York 17403........ N. Harrison S,
TEXAS

Corpus Christi 78401....115 Waco S

Dallas 75235,....... 3202 Manor Way

Houston 77020. .5534 Harvsy Wilson Dr.

Hidland 79704. .. .. 704 §. Johnsion St
UTAH

Salt Lake City 84110.301 5. 7th Waest St.
VIRGINIA

Richmond 23224....1403 Ingram Ava.

Roanoke 24007115 Albsrmarie Ave., S.E.
WASHINGTON

Seattle 98134, .....3422 First Avn,, §.

Spokans $9211....E. 4323 Mission St.
WEST VIRGIMIA

Charlssion 25328

............ 06 MacCorkls Ave,. S.E.
WISCOMSIN

Appleton 54910.......... P.O Sox 83

Mengsha, Wisc......... 4 VYalley Rd.

Milwaukes 53207.233 W. Okiuhomu Ava,

GENERAL ELECTRIC COMPANY, PHILADELPHIA, PA.
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