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INSTRUCTIONS
MODEL NRT5 RINGING AND TONE POWER PLANT
SPEC, 5715-004 L1 AND 5715-004 L2
SD=-2903-01 '

DESCRIPTION, RATINGS
a. General

Model NRTS Ringing and Tone Power Plant operates from 46 to 52 volt d-c.
It furnishes ringing current, tone current, interrupted tone signals, and ground
pulse signals. Each ground pulse signal can be connected either to operate an

interruption relay, or to light an indicator lamp as a flash signal.

Model NRTS5 Ringing and Tone Power Plant per Spec. 5715-004 L1 consists

of:
Qty. Description
1 Model TB20R SUB~-CYCLE Ringing Generator
Spec. 5153-311
1 Model F4A Tone Generator Spec. 5114-002
1 NA Interrupter Spec. 5871-003 L1

l.odel NRT5 Ringing Tone Power Plant per Spec. 5715-004 L2 consists of
the apparatus and wiring required in addition to the NA Interrupter Spec.
5871-302 L1 to obtain an additional 30 IPM ground pulse output.

b. Ringing Qutput

Model TB20R SUB-CYCLE Ringing Generator, furnished as part of
Model NRT5, supplies 20 Hw ringing current. Ringing generator output volt-
age is adjustable for 85 volt, 95 volt or 110 volt output. The ringing current
is interrupted by a Lorain Type NA Interrupter to furnish four consecutive
one second ringing signals during each four second cycle.

c, Tone Output

A Lorain Model F4A Tone Generator furnishes 600 Hz tone current modu-
lated at 120 Hz. Tone current is supplied as continuous dial tone signal,
and interrupted at 60 IPM and 120 IPM rates as two types of busy signal.
Total output power rating of a Model F4A Tone Generator is 100 milliwatts.

d. Ground Pulse Output

60 IPM and 120 IPM ground pulse signals are supplied by the Lorain
Type NA Interrupters, Spec., 5871-302 Ll. (An additional 30 IPM ground
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d. (continued)

pulse output is available only if Lorain NA Interrupter, Spec. 5872-302 L2
apparatus is furnished in addition to the Interrupter,) These ground pulse
signals can be connected to operate interruption relays or to light lamps
as flash signals,

INSTALLATION
a. lnounting

Model TB20R SUB~CYCLE Ringing Generator and Lorain Type NA Interrupter
which make up the NRT5 Ringing and Tone Power Plant are fastened together,
one above the other, with two unit mounting strips. The complete unit can
then be mounted in an existing twenty-three inch relay rack. Refer to Equip-
ment and Assembly Drawing J5715-004 for equipment arrangement and mount-
ing details.

b, Preliminary Adjustment

Refer to instructions of the assoclated equipment in this Ringing and
Tone Power Plant for the adjustment of the individual equipment.

¢. Electrical Connections

An interpanel wiring harness is already installed to make necessary con-
nections between the Tone Generator, Ringing Generator and Interrupter. All
installer connections are to be made to the terminal block at the rear of the
Interrupter, as indicated on drawing T-2903-11,

OPERATION

Operation of Model F4A Tone Generator, Model TB20R SUB-CYCLE
Ringing Generator and Type NA Interrupter are described in the instructions
of these individual units,

LORAIN PRODUCTS CORPORATION
Lorain, Ohio, U.S.A.

LORAIN PRODUCTS (CANADA) LTD.
St. Thomas, Ontario, Canada
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CAUTION !

Do not use a test receiver or "earphone" to
check interrupter outputs unless it is a high
impedance test receiver, Most test receivers
used in telephone offices are of low enough
resistance to draw excessive current through
the interrupter output transistors or mercury
relay contacts. If in doubt about impedance
of test receiver, connect a 500 ohm resistor
in series with the test receiver. If this pre-
caution is not followed, the output transis=-
tors or mercury relay contacts may be instant-
ly destroyed without any visible sign of dam-~
age.
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INSTRUCTIONS
LORAIN TYPE NA INTERRUPTER, SPEC 5871-302
SD-3003-01, T-3003-11
DESCRIPTION, RATINGS
a. General
LORAIN Type NA Interrupter, Spec 5871-302, operates from nominal 48
volt d-c to interrupt tone current and ringing current and to furnish ground

pulse signals.

b. Ringing Signals

Four consecutive one-second ringing signals, MR R1 BR1 through MR Rl
BR4, are supplied between 0 to 4 seconds during each four-second cycle,
These signals supply ringing current to four separate ringing circuits; since
these signals are accurately commutated, ringing current is supplied to no
more than one ringing circuit at any given time.

c. Tone Signals

Two tone gates interrupt tone current supplied by an Interrupter mounted
Model F4A Dial Tone Generator (when furnished) or an external 400 milliwatt
or 5 watt tone source (T option wiring) to furnish 60 ipm (interruption-per-
minute) busy signal and 120 ipm all-trunks -busy signal. Level of these tone
signals is individually adjustable, in six-decibel steps, between 1/2 volt to
8 volts.

d. Ground Pulse Signals

A dual ground pulse gate furnishes 60 IPM and 120 IPM ground pulse sig-
nals which can be connected to operate interruption relays or to light lamps
as flash signals.

If optional 30 IPM and WINK 1 and WINK 2 ground pulse signals are re-
quired, two additional dual ground pulse gates are furnished.

e. Circuit Cards

Nine (twelve if 30 IPM and WINK 1-2 signals are required) separate, in-
dependent, plug-in circuit cards are interconnected to make up all Interrupter
circuits. These circuit cards are individually-removable so that, if failure
should occur in any individual circuit card, it can easily be removed and re-
placed with a standby circuit card of similar type, to maintain service.
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1. e. (continued)

Due to similarity of function in three types of circuit card, only six types
of circuit card are required: since any circuit card is directly interchangeable
with any other circuit card of similar type, a total of six standby circuit cards,
one of each, will replace any given circuit card in this Interrupter circuit.

2. INSTALLATION

a. Mounting

LORAIN Type NA Interrupter, Spec 5871-302, can be mounted in a twenty-
three inch relay rack. It requires 3~1/2 inches panel space, extends 4-3/4
inches to front of rack, and has overall depth of approximately 11 inches,

b. Electrical Connections

Installer connections are made at a thirty-point solder-type terminal
block, at left side as viewed from rear of Interrupter. These connections are
indicated on Wiring Diagram T-3003-11; they are summarized and described
below. Timing of output signals is shown in a timing chart on Schematic Dia-
gram SD~3003-01.

(1) If Model F4A Dial Tone Generator (X-option) is used in conjunction
with this Interrupter, connect its tone signal load circuit between
terminals 5 and 6 of the Interrupter terminal block.

If an external tone source is used in conjunction with this Interrupter,
connect the tone source to terminals of Interrupter as follows:

External Tone Interrupter
Source Terminals Terminals
+ 4 , 10
CQM 11
+ 4 12

NOTE: Interrupter must be equipped with "T" option wiring before
external tone supply can be used.

(2) 1If office requires battery connected Ringing Generator, furnish
Z-option wiring, If ground connected Ringing Generator is re-

guired, supply Y-option wiring.

(3) Connect tone signal load circuits between sets of tone output ter-
minals of Interrupter as follows:
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b.

(3)

(4)

(5)

(continued)

Signal Terminals
BOIPM BUSY ..t vivirenrnneaneans veees 21, 27
120 IPM All-trunks-busy ........ e, 22, 28

NOTE: One terminal (either) of each tone signal output circuit can
be connected in common, either to battery or to ground.

This Interrupter supplies four interrupted ringing output signals and
two ground pulse signals. These signals are furnished during a
four-second cycle as follows:

Ringing Signals Terminal
MR R1 BR]l, O secondtol second ....vovueen 15
MR Rl BR2, 1 second to 2 seconds «..o.vev.. . 16
MR Rl BR3, 2 seconds to 3 seconds ...... .o 17

MR Rl BR4, 3 seconds to 4 seconds .....00.. 18

Ground Pulse Signals

60IPM'I..‘......C...‘.I‘.I-'.I 24
].ZOIPM ® & & 4 5 0o & & 9 b s e PO e 000 25

*30 IPM ® # OO P e VTS et e s s s 0 23
**WINK 1 L I A R B B B I B I Y R I R A B ) 8
**WINK 2 5 8 80 0 88 s 4 e s e re e e 9

CAUTION: Each ground pulse output circuit is rated to supply
2 amperes; hence, ground pulse load connected at each output
terminal must have resistance no less than 25 ohms.

*This signal is provided if W-option is furnished.
**This signal is provided if V-option is furnished.

Supply fused negative 48 volt d-c at terminal 3 and connect termi-
nal 1 to office ground (48 volt positive). If input fuse Fl should
open, it furnishes resistance-battery at terminal 4 to give an ex-
ternal fuse alarm.

NOTE: Positive d-c input is connected to chassis ground by a
jumper lead, to protect Interrupter against incorrect input polarity.
If desired, this lead can be disconnected and removed after proper
d-c input connections have been made,
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ADJUSTMENT

a. Signal Tone Levels

Level of 60 ipm (interruption-per-minute) busy signal and 120 ipm all-
trunks -busy signal can be adjusted individually. Busy signal level is set
by connection of an adjustment lead at one of five terminals of transformer
T102; all-trunks-busy signal level is set by connection of an adjustment
lead at one of five terminals of transformer T101. These connections are
accessible at rear of Interrupter. Tone signal levels furnished at each ter-
minal of each transformer are as follows:

Voltage ...... 1/2 veuen. 1 .ooene. 2 eeens 4 ... 8
Terminal ...... Y/ 3 i 4 ...... SR 7

b. Manufacturer Adjustment

Potentiometer R1 of 4872-005 pulse generator is adjusted to set pulse
repetition rate to 240 pulses per minute. This setting detemines timing of
all Interrupter circuits.

OPERATION

a., [Input Fuse

Fuse F1, at lower right side of front cover, protects d-c input of this
Interrupter. Fuse Fl can be connected to give an external alarm if it should
open., If necessary to replace this fuse, replace only with Type 70A indica-
tor-alarm, 1-1/3 ampere, or equivalent.

b. Circuit Cards

Nine (twelve if 30 IPM and WINK 1 and WINK 2 ground pulse signals are

‘- required) separate, independently-removable circuit cards make up this In-

terrupter circuit. Due to similarity of function in three types of circuit card,
only six types of circuit card are required:

Position Description

Al ..o e seea ceesasncassss 4872-005 pulse generator

A2, A3 ...ttt iiainans oeevess 4872-203 pulse divider

Ad L. i Gt eranaseenns 4866-019 dual tone gate

A5, A7, AB ..., e e 4866-033 dual ground pulse
gate

A9, AlOQ, All, Al2 .. ... eerev.. 4866-028 mercury relay
ringing gate

N 4866~030 dual nor gate

NQOTE: Circuit cards A6, A7, and A8 are optional.
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b. (continued)

To gain access to circuit cards, pull front cover of Interrupter forward
and remove from baseplate. If failure should occur in any circuit card, it
can quickly and easlly be withdrawn forward from its connector, and a re-
placement circuit card of similar type can be installed immediately to main-
tain service. Each connector has a polarizing key which assures that no
circuit card can be installed at a position at which it would be damaged.

CIRCUIT DESCRIPTION, GENERAL
a. General

Refer to Schematic Diagram SD-3003-01 for the electrical circuit of the
Interrupter. The Power Supply circuit is shown on Schematic Diagram
SD-1845-01,

b. Timing Circuit, Figure 1

The timing circuit consists of a pulse generator driving a series of pulse
dividers and establishes the basic timing pattern of the Interrupter. The
pulse generator and first divider are on circuit card Al, while subsequent di-
viders are on circuit cards A2 and A3. Pulses from the pulse generator cause
the first divider to make a complete cycle once every 1/2 second. One of
the outputs of the first divider is connected to the input of the next divider.
The next divider changes state each time its input voltage goes from approxi-
mately -22 volts to approximately ground, thereby producing one complete
cycle every second. In the same manner, subsequent dividers act to divide
the timing rate, as shown by lines A, B, C, D, F, and G on the timing chart,
The timing chart shows the voltage produced at leads A, B, C, D, F, and G
with the high portions of each line representing a voltage on the correspond-

ing lead of approximately 22 volts, and the low portions representing approx-
imately ground potential.

c. Ringing Gate Circuit, Figure 2

This circuit is composed of four mercury relay ringing gates. When the
inputs of a particular ringing gate are at ground potential, the mercury relay
is released to allow ringing current to flow. When approximately -22 volts
is applied to one or more of the inputs of a ringing gate, the mercury relay is
operated. When this relay is operated, ringing current flow is stopped.
Timing chart on SD-3003-01 indicates periods during which ringing current is
supplied.

d. Tone Gate Circuits, Figure 4

Tone is supplied to the 60 and 120 IPM tone gates from two 4 volt wind-
ings in series in the Model F4A Dial Tone Generator (not furnished as part
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d. (continued)

of Interruptel or external tone source., When approximately -22 volts is ap-
plied to the control input of a tone gate, this gate allows tone to pass to its
associated transformer. When no voltage is applied to its control input, the
gate blocks tone from the tone generator.

e. NOR Gate Circuit, Figure 7

Certain pulse divider outputs are supplied to the inputs of a dual NOR
gate. When -22 volts is applied to an input of the NOR gate, its correspond-
ing output goes from -22 volts to ground potential. The non-symmetrical out-
puts of this NOR gate are used to control the operation of the WINK 1 and 30
IPM ground pulse gates.

f.  Ground Pulse Gate Circuits, Figures 5, 7, 8

Each ground pulse gate switches ON, or conducts between its output ter-
minal and ground, when its input is at approximately ground potential. When
approximately -22 volts is applied to its input, the gate switches OFF, or
stops output current flow. Gate inputs are connected to divider outputs of
Figure 1 and NOR gate outputs of Figure 7 so that a gate is ON only during
the time that the associated divider output is at approximately ground poten-
tial.

g. Power Supply, Figure 6 (See SD-1845-01)

The power supply circuit furnishes three voltages through multiple straps
common to all circuit cards in the Interrupter. The following voltages are
supplied: -2.2 volts, -22 volts, -48 volts. Voltage limiting is provided to
protect the power transistors in ground pulse gate circuits. This voltage
limiting lead is designated CP.

Resistors R3 and Rl, capacitor Cl, zener diode CR4 and transistor Ql
make up a series voltage regulator circuit which supplies -22 volts to Inter-
rupter circuits. Forward voltage drop across diodes CR1, CR2, and CR3 pro-
vide -2.2 volts to Interrupter circuit cards requiring this voltage.

The CP voltage limiting circuit is composed of zener diode CR6, diode
CR5, resistors R4 and RS and capacitor C2. During normal operation, capa-
citor C2 is charged to 48 volts through diode CR5. When a voltage surge
appears on the CP lead, the voltage rises across zener diode CR6 until its
breakdown voltage is reached, about 10 volts. At this point, the voltage on
the CP lead equals battery voltage plus the zener diode voltage, or about 60
volts, and any increase in voltage causes a current to flow which charges
capacitor C2, thus limiting the surge voltage. When the surge has passed,

capacitor C2 discharges through resistor R4 until its voltage is again 48 volts.

Resistor RS limits the initial capacitor charging current when the Interrupter
is started.
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TROUBLESHOOTING
If the input fuse blows, replace it with a 1-1/3 amp, 70A alarm type.

Different types of failure in various circuit cards will cause different
trouble symptoms. As a guide to quick replacement of any defective circuit
card, should this become necessary, possible trouble symptoms are indi-
cated below. Each symptom denotes a defect in a specific circuit card,
which is indicated.

Symptom

60 IPM tone absent, continuous,
or irregular; all other signals
normal

120 IPM tone absent, continuous,
or irregular; all other signals
normal

60 IPM ground pulse absent,
continuous, or irregular; all
other signals normal

120 IPM ground pulse absent,
continuous, or irregular; all
other signals normal

30 IPM ground pulse absent,
continuous, or irregular; all
other signals normal

WINK 1 ground pulse absent,
continuous, or irregular; all
other signals normal

WINK 2 ground pulse absent,
continuous, or irreqular; all
other signals normal

MR R1 BR4 absent, continuous,
or irregular; all other signals
normal

MR R1 BR3 absent, continuous,
or irregular; all other signals
normal

Defective Card, Position

4866-019 dual tone gate, A4

4866-019 dual tone gate, A4

4866-033 ground pulse gate,
A5

4866 -033 ground pulse gate,
A5

4866-030 dual NOR gate, A6or
4866-033 dual ground pulse gate,
A7

4866 -030 dual NOR gate, A6 or
4866~033 dual ground pulse gate,
A7

4866 ~033 dual ground pulse gate,
A8

4866 ~028 mercury relay ringing
gate, Al2

4866 -028 mercury relay ringing
gate, All

Form 1857




6. (continued)

Symptom Defective Card, Position
MR R1 BR2 absent, continuous, 4866-028 mercury relay ringing
or irregular; all other signals gate, AlQ
normal
MR R1 BRIl absent, continuous, 4866-028 mercury relay ringing
or irregular; all other signals gate, A9
normal

MR R1 BR1-BR4 absent, continuous, 4872-203 pulse divider, A3
or irregular; all other signals nor-
mal

MR R1 BR1-BR4, 60 IPM tone, 4872-203 pulse divider, A2
30 IPM, 60 IPM, WINK 1 and

WINK 2 ground pulse signals

absent, continuous, or irregular;

all other signals normal

All signals either absent, contin- 4872-005 pulse generator, Al
uous or irregular

The following voltage chart shows voltages at important points in the
circuit. All voltages are read with a 5000 ohms per volt a~c and 20, 000 ohms
per volt d-c multimeter, with 50 volts d-c applied to the input.

Between SD-3003-01
oltage Terms. Location Figure - Remarks

3.5to 4.5a~c Hand B Tone Gate (A4) 3
3.5to4.5a-c Fand B Tone Gate (A4) 3
6.5to 9.5a-c land 7 T101 3 When tone is ON
6.5to 9.5a-c land?7 T102 3 When tone is ON
2.2t03.0d-c 6 and 7 Power Supply 6
19.8 to 24.2 5 and 7 Power Supply 6

d-c
50 d-c 1 and 7 Power Supply 6
48 to 50 d-c 2and 7 Power Supply 6

Voltages at the outputs of pulse dividers may be tested with a d-c volt-
meter to check whether a divider is dividing properly, however, the following
conditions must be considered:
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6. {(continued)

First: When a test probe is touched to a pulse divider output terminal,
it causes an instantaneous disturbance in the Interrupter timing se-
quence. If the probe is held steadily on the terminal, no further dis-
turbance occurs., Therefore, it is important to keep a good solid con-
nection with the test probe if a meaningful reading is to be obtained.

Second: On the faster divider outputs, 60 and 120 IPM, for example,
the meter will not follow the voltage exactly, never quite resting near
either a zero or 22 volt reading. However, the meter is still useful for
indicating the divider output rate.

When replacing the 4872-005 pulse generator, the rate of the new pulse
generator must be adjusted by varying the potentiometer on the pulse gener-
ator card. The rate may be set by connecting a test receiver across 60 IPM
busy tone output and listening, while observing the second hand of a watch
or clock. Adjust the rate to produce 15 interruptions in 15 seconds,

LORAIN PRODUCTS CORPORATION
Lorain, Ohio, U.S.A.

LORAIN PRODUCTS (CANADA) LTD.

St. Thomas, Ontario, Canada

March 20, 1968

Printed in U, S. A, Form 1857
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— ELECTRICAL PARTS LIST
LORAIN MODEL NA INTERRUPTER
o SPEC. NO., 5871-302 L1

The quantity of spare parts (except fuses) listed should be sufficient
for ten or less NA INTERRUPTERS for at least 18 months,

- Ref, Lorain Products Corp. Quantity
Desiqg, Part No, Deseription Rec. Spares
- ASSEMBLIES
Al 4872-005 Pulse Generator Divider 1
_ A2 4872-203 Dual Pulse Divider 1
A3 - 4872-203 Dual Pulse Divider *
A4 4866-019 Dual Tone Gate 1
A5 4866-033 Dual 2A Ground Pulse Gate 1
- A9 4866-028 .5A Relay Ringing Gate 1
Al0 4866-028 ' .5A Relay Ringing Gate *
All 4866-028 .DA Relay Ringing Gate *
— Al2 4866-028 .DA Relay Ringing Gate *
El 4864-001 Interupter Type NA *¥
_ FUSES
2486-208 1.33A Alarm 2
— y RESISTORS
CE T 2656-509 50 Ohm 25W, Fixed 1
TRANSFORMERS
- T101 4463-004 -
T102 4463-004 -
MISCELLANEQOUS
2475~142 Socket 8, Contacts 1
2475-747 Connector Plug-In 15 Contact 1

*This part appears more than once in this list. Use
_ recommended spare quantity stated where part first
appears in this list,

**Fo; Rec. Spares, refer to Electrical Parts List for
this assembly,

LORAIN PRODUCTS CORP,
Lorain, Ohio
November 11, 1968
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B/M Issue OOB
Sheet 1 of 1

ELECTRICAL PARTS LIST
LORAIN MODEL NA INTERRUPTER

SPEC.

NO. 5871-302 L2

The quantity of spare parts (except fuses) listed should be sufficient
for ten or less NA INTZRRUPTERS for at least 18 months,

Ref, Lorain Prqducts Corp.
Desiqg, Part No,
ASSEMBLIES
A6 4866-030
A7 4866-033
MISCELLANEQUS

2475-747
*

Quantity
Description Rec. Spares
Dual North Gate 1
Dual 2A Ground Pulse Gate 1

Connector Plug-In 15 Contacts 1

LORAIN PRODUCTS CORP.
Lorain, -Ohio
November 12, 1968
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INSTRUCTIONS AND CIRCUIT DESCRIPTION
LORAIN MODEL F4A AND 4871-307 TONE GENERATCRS
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INSTRUCTIONS AND CIRCUIT DESCRIPTION
LORAIN MODEL F4A AND 4871+307 TONE GENERATOR"

RATINGS
Input: 46~52 volt d-c; 0.1 ampere

Output: 600 Hz modulated at 120 cycle; 100 milliwatts
DESCRIPTION

These Tone Generators produce-continuous tone, suitable for use ag
dial tone. When interrupted, their tone output is also suitable for use as
busy or overflow signal.

Two separate output circuits are furnished. One circuit has two 4 volt
windings in series which can be connected to an Interrupter tone gats cir-
cuit. The output voltage of the other circuit is adjustable between 0.5 volt
and 10. 5 volts,

Model F4A differs from the 4371-307 Tone Generatar in that Model F4A is
equipped with a cover.

a. Mounting

Overall dimensions of Model F4A Tone Generator are 5-1/2 inches by
3-15/52 inches by 1-23/32 inches.

Overall dimensions of the ¢571-407 Tone Generator are 5~1/4 inches by
3-5/16 inches by 1-5/8 inches.

Each unit has a male plug and two ball studs at the rear of the assembly.
To install the Tone Generator, line up the male plug and the two ball studs
with their matching receptacles and plug unit in.

b. Electrical Connections

Each Tone Generator has an eight prong male plug. Electrical connec-
tions are made to a matching female plug with terminals 1 to 8.

(1) Connect terminals 5, 6 and 7 to an Interrupter tone gate circuit if
interrupted dial tone is desired.

Voltage Terminal
.4y 5
0 6
+4V 7
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2. b, (2) Adjustable tone output is available at terminals 3 and 4. Tone
output voltage can be adjusted by connection of adjustment leads
to two of Tone Generator output terminals 6 through 10 on trans-
former Tl, as follows:

Tone Level T1 Transformer
Voltage Terminals
O'Sl..."ll'.'l.‘ll'l 6,7
1.0....'..'.'.'.'.0.. 7’8
l.sl......‘.‘...l.... 6,8
3.0. s 90 8 ¢ 8 8 ¢ & 00 ¢ VSO by 8’9
4.0.'..'.l..|l. IIIII * 7’9
4.5.' . *® st P OB * 40PN 6,9
6'0 L2 I B B N ) ® & b &8 8 s B0 9, 10
9!0..‘. e ¢ 8 o e @ - LN ] 8’ 10
10'0..00 e » L] - @& & .7' 10
10!5.. L N | . L) [ I B R B J . e 6’ 10
(3) Supply nominal 48 volt negative battery at terminal 1 and positive
ground at terminal 2.
CAUTION: Input battery polarity is critical. This Tone Generator
will not operate unless input polarity is correct.
3. CIRCUIT DESCRIPTION
a. Input Circuit

D-c input is supplied across series resistors R2 and R9. Voltage devel-
oped across R2 is furnished to pulse generator and amplifier circuits, which
are described below. Capacitor C2 bypasses voltage transients, which
would otherwise appear across resistor R2, to prevent transmission of noise
to d-c output.

b. Pulse Generator

Transistor Q1, capacitor Cl, resistors R7, R8, and R4, and potentio-
meter R3, make up a pulse generator.

Initially, transistor ¢l is at cutoff. When d-c input is applied, capa-
citor C1 charges through resistances R3, R8, R7, and R9, Capacitor charge
current flows until C1-~R7 voltage increases to threshold emitter-base one
voltage of Q1, at which time Cl discharges through Q1 emitter to base one,
and R7. When capacitor C1 completes discharge, Ql emitter current ceases
to flow and Ql returns to cutoff. Capacitor Cl then recharges to repeat this
cycle.
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b, (continued)

Discharge interval of capacitor Cl is brief, so that transistor Ql con-
ducts only for a brief interval during each pulse generator cycle. When Ql
conducts, a current transient flows from positive input through resistor R4,
base two to base one of Ql, and resistor R9 to negative input. This current
causes a voltage transient (pulse) to be developed across resistor R4; volt-
age transients developed across R4 are supplied as pulse output.

Setting of potentiometer R3 determines time-constant required to charge
capacitor Cl, hence, it determines pulse repetition rate. Potentiometer R3
is adjusted to obtain a pulse repetition rate of 120 pps (pulse per second).

c. Amplifier

Each time a voltage transient appears across resistor R4, it causes a
current transient to flow from positive input through resistor R5, emitter to
base of transistor Q2Z, base two to base one of transistor 1, and resistor
R9 to negative input. This current transient momentarily drives Q2 to con-
duction.

Transistor G2 1s connected in cascade with transistor @3 to form a two-
stage amplifier: when Q2 conducts, a current transient flows from positive
input through Q3 emitter to base, capacitor C3, Q2 emitter to collector, and
resistors R6 and R9, to negative input. This current momentarily drives Q3
to conduction.

Base current of transistor Q3 charges capacitor C3. After each pulse
interval, when Q3 base current ceases to flow, C3 voltage is applied across
resistors R5 and Rl. Resistor Rl voltage is applied as positive base-emitter
potential to (3, to maintain Q3 at cutoff until pulse generator output again
drives .2 and (3 to conduction.

d. Output Circuit

When transistor Q3 conducts, a current transient flows from positive
input through Q3 emitter to collector, primary turns between terminals 2 to
3 of output transformer T1l, and resistor R9, to negative input. This current
transient excites a tuned circuit, composed of transformer Tl primary wind-
ing and capacitor C4, to resonance at a frequency of 600 cps (cycles per
second).

Since transistor &3 supplies 120 current transients per second to trans-
former T1 and capacitor C3, Tl and C4 produce a 600 Hz damped wave which
recurs 120 times per second. Primary winding current induces tone voltage in
two tapped Tl secondary windings.
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3. d. (continued)

One of the windings supplies two 4 volt outputs which can be con-
nected to an Interrupter tone gate circuit. The other winding is tapped to
provide adjustable tone voltage between 0.5 and 10. 5 volts to other tone
circuits. FEither or both of these windings can be connected to supply tone
current.,

Capacitor C4 is connected between Tl primary terminal 1 or 2 and T1

primary terminal 4 or 5 as necessary to adjust resonant frequency of Tl and
C4 to 600E =

LORAIN PRODUCTS CORPORATION
Lorain, Ohio, U.S.A.

LORAIN PRODUCTS (CANADA) LTD.
St. Thomas, Ontario, Canada

August 6, 1869

Form 1864 Printed in U. S.A.
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INSTRUCTIONS
LORAIN MODEL TB20R SUB-CYCLE RINGING GENERATOR
SD-1877-01
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INSTRUCTIONS
LORAIN MODEL TB20R SUB-CYCLE RINGING GENERATOR
SD-1877-01

RATINGS
Input: 46-54 volt d-c; .5 amperes

OQOutput: 20 cycle ringing; superimposed 420 cycle modulated at
40 cycles; 85, 95 and 110 volt; 15 watts

DESCRIPTION

LORAIN Miodel TB20R SUB-CYCLE Ringing Generator supplies 20
cycle ringing current and ringback tone from a nominal 50 volt battery.
Frequency is regulated to remain within plus-or-minus 1/3 cycle of
rated output frequency despite a d-c input voltage variation between 46
and 54 volts or ringing load current variation between zero and full rated
load.

This ringing generator has an overload protection device to protect
semiconductor components against damage; therefore, overload will not
cause fuses to open. Because this ringing generator contains no vibrat-
ing or rotating parts, it does not require periodic maintenance or adjust-
ment,

INSTALLATION

a. Mounting

LORAIN Model TB20R SUB-CYCLE Ringing Generator is designed to
be mounted in a 23 inch relay rack. When mounted, it requires 3 1/2
inches of panel space, extends 5 1/8 inches to the front of the rack and
has an overall depth of 10 1/2 inches.

CAUTION: In mounted position, ventilating grills at top and bottom
of ringing generator must be unobstructed. This is essential to proper
cooling during operation.
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(continued)

b. Electrical Connections

Installer connections are made at a ten point solder-type terminal
block at left side as viewed from rear of the SUB-CYCLE Ringing Genera-
tor. These connections are indicated on wiring diagram T-1877-11 and
are summarized below.

(1) Three output voltage levels are available at the terminals indi-
cated below:

Terminal Qutput Voltage
1 LI I Y 2NN IR B BN BN BN BN B Y Y R N ] COMMON
2 * @ & P ¢ & 2 9 P P O s 88 s 85 volts
3 .ttt ersanaas.. 95 Volts
4 » ® % & F O F e P BT ¢ Y POCYN 1 10 Volts

(2) Supply negative 48 volt battery at terminal 6 and office ground
at terminal 7. E

(3) Terminal 8 supplies resistance-battery to an external alarm
circuit in event fuse RG opens.

ADJUSTMENT

a. Output Voltage

Three output voltage options are provided: 85, 95 and 110 volts.
For 85 volt output, connect ringing leads to terminals 1 and 2; for 95
volt output, connect the ringing leads to terminals 1 and 3; for 110
volt output, connect the ringing leads to terminals 1 and 4.

b. Tone level

Potentiometer R26 adjusts the level of ringback tone. To increase
ringback tone level, turn screwdriver adjustment shaft of potentiometer
R26 clockwise; to decrease, turn shaft of potentiometer R26 counter-
clockwise.

¢. No-load and Full-load Ringing Voltage

This ringing generator is factory adjusted to supply correct output
voltage at both no-load and full-load. Due to the slight interaction be-
tween no-load voltage adjustment potentiometer R16 and fine frequency

adjustment potentiometer Rl, the following procedure should be followed:
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¢c. (continued)

(1) Wwith no load applied to ringing generator, adjust no-load
voltage adjustment potentiometer to obtain correct output
voltage.

(2) Reset output frequency to exact value with FREQUENCY AD-
JUST potentiometer.

(3) Reset no-load voltage adjustment potentiometer to again
obtain correct output voltage.

(4) With full rated load applied to ringing generator sub-chassis,
adjust full-load voltage adjustment resistor R17 to obtain
correct output voltage (equal to no-load output voltage). Full
load output current is 150 ma.

CAUTION: Do not attempt to change output voltage of ringing
generator by changing setting of its no-~load output voltage poten-
tiometer. This adjustment should be used only to obtain correct
output voltage as indicated above. Ringing voltages can be se~-
lected as described in g, above.

d. Overload Adjustment

This ringing generator has an overload protection circuit that pre-
vents damage to semiconductor components due to overload. The set-
ting of overload adjustment potentiometer is a factory adjustment and
no attempt should be made to re-adjust it; doing so may either prevent
the ringing generator from delivering full rated power or cause perma-
nent damage to the ringing generator.

CIRCUIT DESCRIPTION

Basically, the ringing generator circuit consists of an LC oscilla~-
tor, driver amplifier, power amplifier, ringback tone oscillator and an
overload protection circuit.

Transistors Q101 and Q102, inductor T1l, diodes CR103 and CR104,
resistors R1, R3, R4, R6 and R7, capacitors Cl1.1, Cl.2, C2 and C3
form an oscillator circuit to generate the basic ringing frequency. The
transistors are in the common emitter configuration with each emitter
circuit completed by a portion of the oscillator tank inductor Tl. By
putting the oscillator tank inductor in the emitter circuit, a common
connection between a positive feedback winding and a tank coil wind-
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(continued)

ing is obtained. Additional taps of the LC tank inductor serve as drive
connections to the driver amplifier.

Transistors Q104 and Q105, resistors R102, R105, R109, R110,
R111 and R112, capacitors C109, C110 and primary windings of trans~
former T2 make up the driver amplifier stage. The transistors are op-
erated class AB in a common emitter push—pull configuration. The
output of the driver stage works into primary windings of driver trans-
former T2 to induce sufficient drive in T2 secondary windings for the
operation of the power amplifier described below.

Transistors Q6, Q7, Q8 and Q9, resistors R17, R18, R19 and R20
and transformer T3 make up the power amplifier. The transistors are
connected in a common emitter bridge configuration. The output of
the power amplifier operates into primary windings of output transfor-
mer T3. The secondary winding of transformer T3 is tapped for select—~
ing one of three nominal output voltages. Additional windings of trans-
former T3 provide voltage sensing for the overload circuit described
below.

Transistor Q103, diodes CR102 and CR101, capacitor C4, resis-
tors R15 and R17 and windings of transformer T3 make up the overload
protection circuit. The overload protection circuit compares output
current to output voltage. When output current tends to increase to an
excessive value, this circuit limits the supply voltage to the oscillator;
consequently, both the output voltage and current are decreased to a
safe value.

Transistor Q10, transformer T4, diodes CR6, CR7 and CR8, resis-
tors R24, R25, R27 and R28, and capacitor Cl2 make up the ringback
tone generator circuit. This circuit consists of a LC tuned oscillator.
The output of this oscillator is connected to the input of the ringing
generator driver amplifier; consequently, is amplified along with the
ringing oscillator signal.

The basic frequency generated in the ringback tone oscillator is
420 cycles; however, the supply voltage for the ringback oscillator
is obtained at the output of the 20 cycle ringing generator. The supply
frequency is doubled by the use of a full wave rectifier. The supply
voltage variation of 40 cycles causes the ringback tone oscillator to be
amplitude modulated at a 40 cycle rate; hence, the output is 420 cycles
modulated at 40 cycles.

LORAIN PRODUCTS CORPORATION LORAIN PRODUCTS (CANADA) LTD.

Printed in U. S. A. December 3, 1964 Form 1865
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Lorain, Ohio, U.S.A. St. Thomas, Ontario, Canada




LLRCTRICAL PARTS ' I1ST

LORAIN MODTL Tn20R sUL~CYCLE

SPEC. NO. »153-311

5oM Issue 01A
Shert 1 of 2

The guantity of spure parts (except fuscs) listed should be sufficient for wen
or loss SUB-CYCLEs rur =t least 18 months.,

Ref.
Desig.

ASSEMBLILS

CAPACITORS

Cl-1
Cl-2
C2.
C3
C4
C5
Co
C7
CH
C1ll

DIODE
CRS

TUsEs

INDUCTOR
L1
RESITTORS

R1
R3
R4
N

R7

Part No.

4337 -310C
4338-014

2713-188
2713-180
2713-218
2713-227
2731-142
2715-249
2713-227
2715-249
2713-339
2731-208

2812-131

2486 -208

4412-003

2683-255
2614-227
2614-247
2615-303
2615-303

Lorain Produ~ts Cory:.

Description

Plug-in Card

Printed Circuit Card

1.5UF 100V
1UF 100V

.01UF 200V
.047UF 200V

100UF 12V tlectrolytic

. 1UF 200V
.047UF 200v
. 1UF 200V
.47UF 400V

800UF 75V Llectrolytic

Silicon IN538

1. 33A Alarm .

Choke

500 Ohm 2W Variable

220 Ohm
220 Ohm
47K Ohm
47K Ohm

* This part appears more than once in this list.
spare guantity stated where part first appears in this lst.

. 5W Fixed
.5W Fixed
. 5W Fixed
. 5W Tixed

Use recommendaed

(auantity
Rec. Spares

— % N b = R b

* -k

** Por Recormmended Spares, refer to Tlectrical Purts List for this assembly.



BN Issue OlA

Shoet 2 of 2
TLECTRICAL PARTS LIST
LORAIN MODTL TB20R 3UB-CYCLE
SPEC. NO. 5153-311
Ref. Lorain Products Corp. Cuontity

Desig. Part No, Descrij tion Rec. Sparcs

RESISTORS (CONT'D)

2475-747

LORAIN PRODUCTS CORPORATION

Lorain, Ohio
February-10, 1969

R8 2651-342 2.25K Ohm 3W Ttixed 1
R13 2615-263 1. 0K Ohm . 5W Tixed ]
R14 2651-340 1.8K Ohm 3W Vixed |
R15 2683-354 500 Ohm 2W Variable 1
R16 2683-362 1. 5K Ohm 2W Variable 1
R17 2681-403 3 Ohm 10W Adjustable 1
Ri8 2615-239 100 Ohm . 5W Fixed 1
R19 2615-245 180 Ohm . 5W Fixed 1
R20 2615-239 100 Ohm . 5W Fixed *
R21 2615-231 47 Ohm . 5W Fixed )
R22 2615-245 180 Ohm . 5W Fixed *
R23 2656 -319 500 Ohm 5W Vuriable i
R26 2683-3%54 500 Ohm 2W Vuriable *
TRANSFORMERS
Tl 4428-507 Oscillator -
T2 4474-502 Driver -
T3 4476-601 QOutput -
TRANSISTORS
0H 2848-151 2N174 2
(7 2848-151 2N174 -
Q8 2848-151 2N174 -
)9 2848-151 2N174 -
MISCELLANEOQUS

2488-958 Fuseholder Cap 1

2488-959 Fuseholder Body i

2475-762 Connector, Receptacle, 17 Contact 1

Connector, Plug-in, 'S Contact 1
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FIG |QUAN| WRG APP
; 0.15 AMP 20 CYCLE RINGING GENERATOR | | | , Cll | 2713188 1.5 100¥ 03
WITH RINGBACK TONE cl.2 | 2713-180 1.0 100V 09
c2 | 273-218 .0l 200V 03
€3,6 | 2713227 .047 200V 02
ca | 273142 100 12V 03
C5,7 | 2715249 0.1 200V 02
c8 | 2713-339 0.47 | 400V 00
DIODES
CR5 | 2812-13I 02
RESISTORS
R3,4 | 2614-247 220 0.5W 03
R6,7 | 26/5-303 | 47,000 | 0.5W 03
R8 | 2651-342 2250 3W 03
RI3 | 26/5-263 1000 | 0.5W 03
RI4 | 2651-340 1800 3w 03
RI8,20] 2615-239 100 0.5W 03
;“292 2615-245 180 0.5W 83
R2l | 2615-23) a7 0.5W 03
R23 | 2656-319 500 5W 17
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