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Relationship to Other Manuals
1.1-14.2

PART 1
INTRODUCTION

CHAPTER 1
GENERAL

1.1 PURPOSE

This manual contains information that will enable
authorized personnel to become familiar with the theory
of operation of the Power Supply System of both the

AN/FSQ-7 Combat Direction Central and the AN/FSQ-8 .

Combat Control Central. The information is also in-
tended to provide maintenance personnel with the
theoretical knowledge necessary to perform adequate
maintenance.

1.2 SCOPE

This manual describes the theory of operation of
the system and the components that supply, distribute,
control, and regulate power for the computer of a
SAGE site. Power supplied to the air-conditioning and
lighting systems is not discussed.

1.3 RELATIONSHIP TO OTHER MANUALS

The Theory of Operation, Power Supply System
AN/FSQ-7 and -8, 3-82-0 is one manual in the set of
manuals provided to each SAGE site. The set of manuals
provides information on the theory of operation and the
maintenance techniques and procedures for all com-
puter equipment.

The following manuals provide the basic informa-
tion necessary for a complete understanding of SAGE
equipment (par. 1.4.4):

Basic Theory of Computers, TO-31P2-2FSQ7-2
Introduction to AN/FSQ-7 and AN /FSQ-8, 3-12-0
Basic Circuits for AN/FSQ-7 and AN /FSQ-8, 3-22-0

Additional manuals which contain information on spe-
cific systems may be referenced as necessary. When more
detailed information is required on a subject, refer to
the manual entitled Contents. This manual contains a
table of contents for the complete set of manuals and
will direct the reader to the proper manual within the
set.

Thorough analysis of any given circuit requires ref-
erence to the appropriate logic diagrams. The logic

diagrams for the Power Supply System are contained in

the five volumes of Schematics, Power Supply and Mar-
ginal Checking Systems, 3-262-0.

Sequence charts contained in Maintenance Tech-
niques and Procedures of Power Supply and Marginal
Checking, 3-192-0, are helpful in determining relay
functions and circuit operations.

Operating procedures are contained in Operating
Procedures for AN/FSQ-7, TO-31P2-2FSQ7-21; Op-
erating Procedures for AN/FSQ-8, TO-31P2-2FSQ8-21;
Operating Procedures for Maintenance of AN/FSQ-7,
3-122-0; and Operating Procedures for Maintenance of
AN/FSQ-8, 3-122-0. These manuals provide the pro-
cedures required to operate and maintain the equipment
but do not include tactical operating instructions.

1.4 USE OF REFERENCES

The method by which text material, tables, and
illustrations in this manual are referenced, and the
method by which other manuals are referenced, are
given below.

1.4.1 Paragraphs
1.4.1.1 Within Same Section or Chapter

References to paragraphs in the same section or
chapter are preceded by the abbreviation “par.” For
example, within Chapter 2, reference to paragraph
3.2.5.1 of Chapter 2 appears as: (par. 3.2.5.1).

1.4.1.2 In Different Chapter or Part

References to paragraphs in chapters or parts other
than that in which the reference appears are made as
mentioned in paragraph 1.4.11, except that the chapter
or part is specified. For example, within Chapter 2,
reference is made to paragraph 4.2.8.1 of Chapter 3.
This reference appears as: (par. 4.2.8.1, Ch 3). If the
reference is in a different part of the manual, the part is
also mentioned. For example: (par. 4.2.8.1, Part 1,
Ch 3).

1.4.2 Figures

Figure references are similar to paragraph ref-
erences. The part of the book in which the figure ap-

1
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pears is identified by the first number of the reference.
For example: (fig. 3—8) refers to the eighth figure in
Part 3.

1.4.3 Tables

Tables are referenced in the same manner as
figures. For example, reference to the third table in
Part 4 appears as: (table 4—3).

1.4.4 Other Manuals

Other manuals are referred to by manual number.
The manual referenced may be either a military manual,
in which case the manual reference is introduced by the
letters “T.0.” or an IBM manual, in which case the
manual reference is introduced by a number only.

The location of a specific subject may be found by
consulting the index or table of contents of the ref-
erenced manual.

1.4.5 lLogic Diagrams
A logic diagram reference is made by placing the
logic number in parentheses. For example, reference to
logic diagram 5.4.10.1 is made as: (5.4.10.1). Note that
the abbreviation “par.” is not used when referring to
logic diagrams. The reference may be within a sentence,
at the end of a sentence, or within a table.

1.5 NOMENCLATURE

Table 1—1 is a list of the names and numbers of
the units mentioned in this manual.

1.6 COMPONENT IDENTIFICATION

Component location and type are designated by a
coded combination of numerals and letters. Several cod-
ing systems are used since the physical construction of
the units used in the equipment differs widely. In all
coding systems, the numbers which precede the first
upper-case letter designate the unit. The upper-case letter
designates the module or section. Succeeding numbers
and letters indicate the placement and type of the com-
ponents. For example, typical location designation
64B7A1f indicates unit 64, module B, panel 7, row A,
column 1, and terminal f. Relay designation 63C5
(K31)2a indicates unit 63, module C, panel 5, relay K31,
relay-contact set 2, and contact a. Component locations
and designations may be found in the component index
and component location logic diagrams for the unit in
which the component is found.

Note
In this manual, relay contacts are designated
by the electrical points on either side of the
contacts of a single set of relay contacts. For
example, electrical points 63C5(K31)2a and
635C(K31)2c appear in the text as “points
2a-2c¢ of relay 63C5(K31) ....”

PART 1
CH 1

TABLE 1-—1. LIST OF NOMENCLATURE

UNIT NO. COMMON UNIT NAME
1 Duplex Maintenance Console
2 Left Arithmetic
19 Computer MCD
23 MI
27 MI and Display MCD
29 Drum MCD
31 Output MCD
32 Crosstell
34% GFI (Gap-Filler Input)
41% LRI (Long-Range Input)
45 Duplex Switching Console
46 Aux Drum MCD
47 Simplex Maintenance Console
48 Display CB
55 Simplex Input PD
56 Simplex CB-
58 Simplex MC
59 Duplex Input MCD
60 Duplex Power Supply
61 Simplex Power Supply
63 Duplex PCD Unit
64 Simplex PCD Unit
92 Test Pattern Generator
94 and 95 Induction Regulators
169* Display Console
170%* Display Console
251 Projection Unit
252 Projection Unit
750 SD (Situation Display) Console
787% SD Console
833 SD Console
935 Auxiliary Display Console

*Units present in AN/FSQ-7 equipment only.
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Site Power Equipment
21-24

CHAPTER 2
SITE POWER EQUIPMENT

2.1 GENERAL

The site power equipment includes the equipment
located in the powerhouse, the load centers and sub-
stations, and the Power Supply System. This equipment
generates, regulates, and controls the power required
by the site (fig. 1—1).

Each SAGE site has about 3,000 kw of power
available. About one-third of this power is required for
computer operations. The remaining power is needed
for air conditioning and lighting. All SAGE sites are
self-sufficient. Both AN/FSQ-7 and AN/FSQ-8 sites re-
ceive primary power from diesel generators which are
maintained by powerhouse maintenance personnel. The
power equipment at each site is almost identical. There-
fore, a typical site is discussed. Where differences occur
between AN/FSQ-7 and AN/FSQ-8 equipment, such
differences will be discussed.

In combined AN/FSQ-7 and AN/FSQ-8 sites, each
Central is self-contained, but both receive primary power
from the same set of diesel generators. There is no
provision for cross-connecting the Power Supply Sys-
tems; one Power Supply System cannot supply both the
AN/FSQ-7 and the AN/FSQ-8 equipment.

2.2 POWERHOUSE

The primary source of power for a SAGE site is
diesel generators located in the powerhouse. The high
a-c voltage produced by the diesel generators (480Vac)
is fed to bus bars for further distribution to the sub-
stations, the load centers, the bus duct sequencing device,
the air-conditioning system, and the lighting system.
The air-conditioning and lighting systems are not dis-
cussed in this manual.

In an AN/FSQ-7 or an AN/FSQ-8 site, one bus
bar feeds one duplex and one simplex power system;
another bus bar feeds the other duplex and simplex
power system. These bus bars can be connected together
when necessary. In combined sites, one bus bar feeds the
AN/FSQ-7 equipment and another feeds the AN /FSQ-8
equipment. The bus bars in the combined site may be
connected so that any four (or less) diesel generators
will supply both the AN/FSQ-7 and the AN/FSQ-8
equipment.

The powerhouse equipment is not under the cogni-
zance of computer maintenance personnel. However,

close liaison is required between maintenance personnel
at the operations building and those at the powerhouse
(refer to 3-192-0).

2.3 LOAD CENTERS AND SUBSTATIONS

The two load centers and three substations receive
control signals from, and deliver power to, the Power
Supply System. The input to the load centers and sub-
stations is 480Vac.

2.3.1 Load Centers

The two load centers are located on the second
floor of the operations building. Each load center con-
tains a 300-kva, delta-wye-connected transformer and
input and output circuit breakers (CB’s). The trans-
former reduces the 3-phase 480Vac to 120Vac (phase-to-
neutral) 208Vac (phase-to-phase). This unregulated ac
is fed through CB’s to the induction regulators, units
94 and 95.

2.3.2 Substations
Each of the three substations receive 480Vac from

_the powerhouse. This voltage is transformed by a 500-

kva, delta-wye-connected transformer to 208V un-
regulated ac and is fed through CB’s to the Power
Control and distribution (PCD) units. Normally, only
two substations are in use. The third is a spare which
may replace either another substation or a load center.

2.4 POWER SUPPLY SYSTEM

The power Supply System for the computer load
receives 480- and 208Vac. The system regulates ac,
produces dc, and controls and distributes all the a-c and
d-c power required for the operation of a SAGE com-
puter.

The Power Supply System is composed of the induc-
tion regulators, PCD units, marginal checking and
distribution (MCD) units, CB units, power distribution
(PD) units, and a simplex marginal checking (MC)
unit. The units of the Power Supply System are discussed
in paragraph 3.3, Chapter 3.

The Power Supply System supplies the power re-
quired by the load units of the other systems (fig. 1—1).
A load unit may be a single console or a unit composed
of several modules. Power is distributed to the load
unit through CB’s and bus bars and is monitored and
controlled by meters, indicators, and switches.
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Figure 1—1. Site Power Equipment
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Power Supply System
1.1-1.23

CHAPTER 3
POWER SUPPLY SYSTEM

SECTION 1
GENERAL

1.1 INTRODUCTION

The Power Supply System for the SAGE equipment
is divided into four independent groups. Power systems
A and B supply duplex equipment A and B, respectively.
Power Systems C and D supply the simplex equipment
(ig. 1-2).

Two simplex power supplies are provided to prevent
loss of all simplex equipment in the event of a simplex
power-system failure. The simplex and duplex power
systems function independently. Separate induction
regulators and d-c power supplies are provided for
each system. Switching circuits permit only one duplex
and one simplex power system to be in the active status
at any given time. The two remaining systems are in
the standby status. The status of the simplex and the
duplex power systems can be switched independently.
Refer to Part 4 for a discussion of the simplex system.

1.2 POWER SOURCES

1.2.1 Unregulated AC

Unregulated high-voltage ac is produced by the
diesel generators in the powerhouse (figs. 1—3 and
1—4). Transformers in the substations and load centers
reduce this high voltage to 120/208Vac (Sect. 2, Part
3, Ch 2). The output of the transformers is distributed
to convenience outlets, test and metering circuits, and
the induction regulators.

1.2.2 Regulated AC
The induction regulators regulate the unregulated
a-c voltage to 120/208Vac =1 percent for load-center
transformer output-voltage variations of =10 percent.
The output of the induction regulators is distributed
to the filament transformers in the load units.

1.2.3 D-C Power
The d-c power supplies convert unregulated 480Vac

FROM LOAD CENTERS SUBSTATIONS & BUS DUCT DEVICES

A

r )
O (8] (&)
o < o < o 2 o <
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8 < w < w '& w 5
= ] = - = ] [ ]
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J o J © J o] = 5]
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r.\:+ =) @ =) x =) 3 =
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Figure 1—2. Power Supply System, Simplified Block Diagram
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Figure 1-3. Typical Duplex Power and
Distribution System, Block Diagram

to 11 d-c voltages. All 11 d-c voltages are used in
duplex equipment; only 10 are used in simplex equip-
ment.

1.3 UNITS OF POWER SUPPLY SYSTEM

The Power Supply System includes PCD, power
supply, MCD, and CB units, and the PD unit. These
units are discussed below and in Section 2.

1.3.1 PCD Units

There are four PCD units in each Central. Two of
these (units A63 and B63) are associated with the
duplex equipment. The other two (units C64 and D64)
are associated with the simplex equipment. The PCD
units receive d-c power from the power supply units,
regulated ac from the induction regulators, and un-
regulated ac from the substation transformers. Each
of the PCD units monitors, controls, and distributes
power to the MCD units (for duplex equipment) and
to the CB units (for simplex equipment).

1.3.2 Power Supply Units
The four power supply units receive unregulated
ac from the diesel bus bars and produce the regulated
d-c voltages required by the Central. Duplex power
supply units AG0 and BG60 produce 11 d-c voltages;
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simplex power supply units C61 and D61 produce only
10 d-c voltages since simplex equipment does not require
+72Vdec.
1.3.3 MCD Units
Power systems A and B each contain six MCD
units: units 19, 29, 46, 31, 27, and 59. These units serve
as secondary power distribution points and contain re-

lays, contactors, and CB’s for distribution and control of
power to load units.

1.3.4 CB Units

1.3.4.1 Simplex Input CB Units
The two simplex input CB units (units C56 and
D5G) contain the CB’s necessary to control power to the
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(S Al
7 LOAD | s ouer ]
SUBSTATION CENTER | SEQUENCING |
DEVICE
L__.[__
INDUCTION POWER SUPPLY
REGULATOR UNIT 6l
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ERE
- I
- l
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DISPLAY CONSOLE SIMPLEX INPUT MC
CB UNIT 48 CBUNIT 56 UNIT 58
T
b [
. |
| | SIMPLEX INPUT _
I PD UNIT 55
| I :
| 1
_a__l-—}..——__—-i—.———-———
‘ + Y Y
DISPLAY SIMPLEX '
CONSOLE LOAD UNIT LOADS
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UNREGUL ATED AC
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Figure 1—4. Typical Simplex Power and
Distribution System, Biock Diagram
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simplex maintenance console and simplex equipment
(fig. 1—4). These units also contain the signal-status
relays. for inputs.

1.3.4.2 Display Console CB Units

The two display console CB units (units C48 and
D48) contain the a-c and d-c CB’s required to supply
power to the various display consoles of the simplex
equipment (fig. 1—4). These units also contain the
signal-status relays for displays.

1.3.5 Simplex input PD Unit

Simplex input PD unit 55 contains relays and
contactors to select power from power systems C or D

3-82-0

Reliability
1.341-14

for simplex input units as designated by the UNIT
STATUS switches and the power supply status.

1.4 RELIABILITY

Reliable operation of a SAGE site depends largely
on the reliability of the Power Supply System. In the
event of total power failure, the site would be in-
operative. To prevent total power failure, four in-
dependent power sources are incorporated in the equip-
ment. If the active duplex power system fails, the standby
power system and standby computer can take over al-
most immediately. If the active simplex power system
fails, the standby simplex power system can be switched
to the active status to supply power to the active simplex
equipment.
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SECTION 2
OPERATING PRINCIPLES

2.1 INTRODUCTION

This section describes the basic functional princi-
ples of the Power Supply System. The description cov-
ers the four power systems, their divisions into power
for duplex and simplex equipment, and various switch-
ing operations.

2.2 THEORY OF OPERATION

The power requitements of the Central Computer
determine the operational characteristics of the Power
Supply System. To ensure long life for the electron
tubes in the load units, power is applied in several
steps. Filament heater power is applied at a low volt-
age and gradually increased to rated value. After the
filament heater power is at the rated voltage, the d-c
voltages are applied in several steps. Power is removed
in the reverse order; d-c voltages are removed before
the filament heater power.

Other sequencing requirements are determined by
the load unit circuitry. All MCD unit relay circuits
which apply power to load units require —48Vdc con-
trol power to operate. Therefore, the —48Vdc power
supply must be at rated voltage before any power (fila-
ment or dc) can reach the load units.

2.3 FUNCTIONAL DESCRIPTION

2.3.1 Power for Duplex Equipment

The principal control unit of a power system is
the PCD unit. Unregulated and regulated ac and the d-c
voltages are supplied to the PCD unit directly from the
substation transformers, induction regulators, and d-c
power supplies, respectively. The PCD units control
and distribute these voltages to the six MCD units. An
MCD unit distributes the above power only to its asso-
ciated load units. During MC operations, an amplidyne
introduces a variable voltage in series with one of five
standard voltages through the MC voltage contactor in
the MCD unit.

2.3.2 Power for Simplex Equipment
Unregulated and regulated a-c and d-c power are
supplied to the simplex PCD unit directly from the

power sources. The simplex PCD unit distributes 10 d-c
voltages (4-72V power is not used) through the dis-
play console CB unit to the display console and through
the simplex input CB unit to the simplex input PD unit.
The PD unit takes power from the active simplex power
supply and distributes it to all simplex load units in the
active status.

2.4 DUPLEX SWITCHING OPERATIONS

Duplex switching operations are accomplished by
switching the active or standby status of duplex equip-
ment A and B. Since power supplies A and B are per-
manently connected to duplex equipment A and B, re-
spectively, power lines are not involved in duplex
switching. The duplex switching operation energizes re-
lays which cause the information line from the simplex
equipment to be directed to the active duplex equip-
ment. The latter is the duplex equipment which is in
direct communication with the active simplex equip-
ment. The active equipment (both simplex and duplex)
is that equipment which is performing the air defense
function.

If a power failure occurs in the active duplex equip-
ment, duplex switching is required to transfer the air-
defense function to the other computer. Maintenance
can then be performed on the power system connected
to the now standby duplex equipment without inter-
rupting the air defense function.

2.5 SIMPLEX SWITCHING OPERATIONS

Simplex units may be switched from the active to
the standby status, or vice versa, by means of the UNIT
STATUS switch. If this switch is in the ACTIVE posi-
tion, unit power is furnished by the active power system
(C or D). If it is in the STANDBY position, unit power
is furnished by the standby system. The ACTIVE push-
button on the duplex switching console (unit 45) des-
ignates which of the simplex power systems (C or D) is
active and connects all active simplex units to this sup-
ply. All standby simplex units are connected to the
standby power system.
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SECTION 3
SYSTEM OPERATING CONDITIONS

3.1 INTRODUCTION

This section contains definitions of the various
conditions or statuses in which the Power Supply Sys-
tem may be placed and the method of changing from
one condition to another.

3.2 POWER CONDITIONS
There are four distinct power conditions:
a. Bus de-energized
b. Bus energized
c. A-c only
d. Power on

3.2.1 Bus De-energized Condition

In the bus de-energized condition, all power is re-
moved from the load centers, substations, and the d-c
power supplies. The diesel generators may be running
and connected to the diesel switchgear. In this condi-
tion, the —130 Vdc control voltage supplied by the sta-
tion battery is available if the battery-disconnect switch
is closed.

3.2.2 Bus-Energized Condition
In the bus-energized condition, power is supplied
to the substations. No power is delivered to the in-
duction regulators or the d-c power supplies. The
—130Vdc control voltage may be available (par. 3.2.1).
Unregulated 208Vac may also be available.

3.2.3 AC-Only Condition
In the ac-only condition, all regulated and unregu-
lated ac and the d-c voltages are available at the PCD
unit and the MCD units. However, only the a-c power
and the —48Vdc control voltage is distributed to the
load units.

3.2.4 Power-On Condition

In the power-on condition, all unregulated ac and
regulated ac and the d-c voltages are distributed
through the Power Supply System to the load units.

3.3 OPERATING SEQUENCES

3.3.1 Power-On Sequence
The power-on sequence can be initiated only if the
high-voltage bus is energized. When the bus is ener-
gized, the power-on sequence is initiated by depressing

the POWER ON pushbutton at the maintenance con-
sole. This causes relays in the PCD unit to complete
circuits that send an oz signal to the d-c power supply
start relays. The input CB to the d-c power supplies
closes and the d-c power supplies begin to cycle up. To
reduce high initial currents, the d-c power supplies are
sequenced on in four groups (par. 2.3, Part 3, Ch 3).

Two seconds after the input CB closes, the ac-start
and ac-hold circuits are energized. These circuits apply
50 percent of rated voltage to the tube filaments. Forty-
five seconds later, contactors close, and rated voltage
is applied to the filaments. About one minute after the
ac-start and ac-hold signals are applied, the dc-start
and dc-hold signals are applied, and the ac-start signal
is removed. Five seconds later, the dc-start signal is re-
moved. The dc-start and dc-hold signals are required
to apply the dc voltages to the computer loads.

3.3.2 Power-Off Sequence

Depressing the POWER OFF pushbutton at the
maintenance console actuates relays in the PCD unit
and the switchgear. The d-c contactors in the MCD
units are opened and all d-c power supplies are discon-
nected from their loads. Since the o» signal is no longer
present, the CB’s feeding the d-c power supplies and
the filaments open and de-energize all the relays in the
PCD and MCD units (par. 3.2, Part 3, Ch 3).

3.4 CONDITION CHANGING

Since d-c voltages are removed from units before
maintenance is attempted, provision has been made to
place the system in the ac-only status and to return the
system to the power-on status.

3.4.1 Power On to AC Only
Depressing the AC ONLY pushbutton interrupts
the dc-hold circuits to the load units. D-c power is re-
moved from the units and the units are in the ac-only
status (par. 4.3, Part 3, Ch 3).

3.4.2 AC Only to Power On
To re-establish the power-on condition, the
POWER ON pushbutton is depressed. The dc-start and
dc-hold signals are initiated, and d-c power is supplied
to all units (par. 2.4, Part 3, Ch 3).
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PART 2
REGULATION, CONVERSION AND METERING EQUIPMENT

CHAPTER 1
INTRODUCTION

1.1 GENERAL

Regulation equipment consists of the induction
regulators which regulate the ac required by the Cen-
- tral.

Conversion equipment consists of components
which produce, control, and regulate the d-c voltages.
This equipment includes magnetic amplifiers, high-fre-
quency alternators, and d-c power supplies.

Metering equipment consists of the various meters
used to monitor both the a-c and the d-c voltages. In-
cluded in the metering equipment are d-c voltmeters,
d-c ammeters, a-c voltmeters, and ripple voltmeters.

1.2 REGULATION EQUIPMENT

The ac produced by the diesel generators in the
powerhouse is regulated by the induction regulators in
the operations building. The regulated ac is trans-
formed by the filament transformers of the load units
and distributed to the filaments of those tubes which
require regulated a-c filament voltages.

1.3 CONVERSION EQUIPMENT

1.3.1 Magnetic Amplifiers
A magnetic amplifier is a static device which em-

ploys an iron core and windings to control voltage or
current. Magnetic amplifiers are used to control the
output of the d-c power supplies (Sect. 1, Ch 3).

1.3.2 High-Frequency Alternator

The high-frequency alternator is a motor-driven,
self-excited a-c generator which produces the 1,440-cycle
ac used by the magnetic amplifiers (Sect. 2, Ch 3).

1.3.3 D-C Power Supplies

The d-c power supplies use rectifiers, magnetic am-
plifiers, and a high-frequency alternator input to
convert 480Vac to the 11 d-c voltages required in the
Central (Ch 4).

1.4 METERING EQUIPMENT

Meters are installed on the PCD units and the con-
trol chassis of each d-c power supply. The meters on
the PCD units are equipped with a selector switch so
that one meter may monitor any appropriate voltage
or current. The meters on the power-supply control
chassis monitor only the output voltage of that partic-
ular power supply (Ch 5).

1!
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CHAPTER 2
INDUCTION REGULATORS

2.1 INTRODUCTION

Induction regulators (figs. 2—1 and 2—2) are used
to regulate the 208Vac output of the load centers be-
cause the induction regulators introduce no a-c wave-
form distortion or d-c ripple, have a high power factor,
and are easy to maintain.

An induction regulator is a variable inductor
transformer which uses a motor-driven core or rotor as
a regulating device. Each induction-regulator cabinet
contains six transformers (two for each a-c phase)
stacked vertically in two 3-transformer assemblies. The
bottom, middle, and top unit of one 3-transformer as-
sembly is electrically in series with, and mechanically
interconnected to, the bottom, middle, and top unit, re-
spectively, of the other 3-transformer assembly. The in-
terconnected units are in series and control one phase
of ac. Two cores are used for each a-c phase to provide
the necessary mechanical strength for the cores to with-
stand the mechanical stress of a 20,000-amp short-
circuit current.

Figure 2—1. Induction Regulator, Right Front View

This discussion of induction regulators is limited
to a consideration of a single inductor transformer con-
trolling one a-c phase. Each of the six transformer as-
semblies in the induction regulator operates in the man-
ner described below. Both of the series-connected trans-
formers controlling one a-c phase operate in electrical
and mechanical unison.

2.2 COMPONENTS

The induction regulator consists of a stator and ro-
tor, a reversible electric motor, control switches, a reg-
ulating relay, and a motor-control relay.

2.2.1 Stator and Rotor

Each induction regulator unit contains a laminated
steel stator (transformer secondary) upon which a reg-
ulating winding is wound and a laminated steel rotor
(transformer primary) upon which the excitation wind-
ing is wound. The rotor (primary) windings are in par-
allel with the load; the stator (secondary) windings are
in series with the load (fig. 2—3).

2.2.2 Motor

The fractional-horsepower motor is a reversible,
single-phase capacitor-type motor and is used to change
the position of the rotor in relation to the stator.

2.2.3 Control Switches
2.2.3.1 Limit Switch

The limit switch limits the travel of the rotor to
180 degrees. This switch consists of two single-pole,
single-throw switches. One switch is in the circuit which
causes the motor to turn the rotor and raise the output
voltage. The other is in the circuit which causes the mo-
tor to turn and lower the output voltage. Tripping de-
vices on the rotor shaft open the switch and stop the
motor when the rotor reaches the maximum permissible
rotation.

2.2.3.2 Control-Power and Motor-Power
Switches

The control-power switch is a single-pole toggle
switch which will open the automatic control circuit but
not the motor circuit. The motor-control switch controls
power to the motor. When this switch and the control-
power switch are open, neither the motor nor the con-
trol device receive power.

13
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Figure 2—2. Induction Regulator, Front View, Covers Removed

2.2.3.3 AUTOMATIC MANUAL Switch

This switch provides for automatic or manual
voltage control. When the switch is in the MANUAL
position, the output voltage is controlled by the
manual-operation levers of the motor-control relay
(par. 2.2.5). When the switch is in the AUTOMATIC
position, the output voltage is automatically controlled
by the regulating relay. Normally, the switch is in the
AUTOMATIC position.

2.2.4 Regulating Relay

This device is both a relay and a sensing instru-
ment. It continually senses the output voltage of the in-
duction regulator. If the voltage begins to vary, it acts
as a relay to control the electric motor and return the
output voltage to normal (par. 2.3.2).

2.2.5 Motor-Control Relay

The motor-control relay is controlled by the con-
tacts of the regulating relay through two coils. Each
coil consists of a winding with a tapped section which
energizes the holding coil of the regulating relay (par.
2.3.2.2). The contacts of the motor-control relay com-
plete the circuit to the motor. Two levers on the front

14

panel are used to operate the contacts manually when-
ever the AUTOMATIC MANUAL switch is in the
MANUAL position.

2.3 THEORY OF OPERATION

The principal components of the induction regula-
tor are the variable inductor transformer and the reg-
ulating relay. The theory of operation of these compo-
nents is discussed below.

Note
In this discussion, raise and lower refer to the
effect which these functions have on the out-
put voltage. For example, the lower contacts
on the regulating relay, when closed, permit
the motor to turn the rotor in such a direction
that the output voltage is lowered.

2.3.1 Variable Inductor Transformer
The variable inductor transformer is the voltage-
regulating component of the induction regulator. The
primary of this transformer is in parallel with the load;
the secondary is in series with the load. Output voltage
variation is obtained by rotating the rotor inside the
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Figure 2—3. Three-Phase Induction Regulator, Simplified Schematic Diagram

stator to change the flux linkage connecting them. Ro-
tation is accomplished by a small electric motor.

The basic operation of the variable inductor trans-
former may be compared to that of a common auto-
transformer. In one configuration of the common auto-
transformer (fig. 2—4), the secondary voltage aids the
primary voltage so that the output voltage is higher
than the input. Reversing the leads of either the primary
or the secondary (but not both), causes the secondary
voltage to buck the primary voltage so that the output

is lower than the input. In the variable inductor trans-
former (fig. 2—5), rather than reverse the leads, the

SECONDARY
P LYY Y I
INPUT REGULATED
PRIMARY OUTPUT LOAD
VOLTAGE VOLIAGE I

Figure 2—4. Typical Avutotransformer, Schematic
Diagram

PRIMARY

SECONDARY

Figure 2—5. Basic Variable Inductor Transformer
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Fig. 2-6

output voltage is adjusted by automatically changing
the flux linkage between the primary and the secondary
windings in both amount and direction. A small motor
changes the position of the rotor and stator with re-
spect to each other so that the secondary voltage either
aids or bucks the primary voltage.

In the inductor transformer, the output voltage is
at a maximum when the secondary voltage is at a max-
imum and in phase with the primary. When the wind-
ings are in the relative position shown in A of figure
2—06, the flux linkage between the stator and the rotor
windings is a maximum, and the output voltage is also a
maximum (fig. 2—6,B). In this position, the mutual
inductance of the two windings is in phase and produces
the greatest output from the secondary (stator) wind-
ings.

If the windings are positioned as shown in C of
figure 2—6, there is still some additive mutual induc-

SECONDARY WINDINGS
PRIMARY WINDINGS
STATOR

ROTOR

PRIMARY WINDINGS
SECONDARY WINDINGS

A. ROTOR POSITION

MAXIMUM OUTPUT VOLTAGE

C. ROTOR POSITION

TYPICAL OUTPUT VOLTAGE

E. ROTOR POSITION
MINIMUM OUTPUT VOLTAGE
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tance between the windings. The output voltage is now
somewhat lower than maximum (fig. 2—6,D).

At the midpoint of rotor movement, the coupling
between the primary and the secondary is zero, and the
induced secondary voltage is zero. Therefore, when the
ptimary and secondary windings are displaced by 90
degrees, the input and output voltages are essentially
the same.

The output voltage of the variable inductor trans-
former is at a minimum when the secondary voltage is
at a maximum but 180 degrees out of phase with the
primary voltage. When the windings are in the relative
positions shown in E of figure 2—6, the flux linkage is
again the greatest, but since the direction of current flow
in the primary windings has been reversed from that
shown in A of figure 2—G, the flux linkage opposes the
flow of output voltage, and the output voltage (fig.
2—6,F) is at a minimum.

| LOAD VOLTAGE |
r ' RERY
OLTAGE | 1
VoL
ROTOR
VOLTAGE

B. VECTOR DIAGRAM
MAXIMUM OUTPUT VOLTAGE

I LOAD VOLTAGE

[ STATOR VOLTAGE |
ROTOR
VOLTAGE

D. VECTOR DIAGRAM
TYPICAL OUTPUT VOLTAGE

ROTOR
VOLTAGE

LOAD
VOLTAGE e

STATOR VOLTAGE

F. VECTOR DIAGRAM
MINIMUM OUTPUT VOLTAGE

Figure 2—6. Induction Regulator, Rotor Positions and Output Voltage Vectors
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2.3.2 Regulating Relay

The regulating relay (fig. 2—7) is used to sense
the output voltage and to permit the motor to drive the
rotor in a voltage-correcting direction.

2.3.2.1 Sensitive Element

The sensitive element of this relay is an iron-core
solenoid. The core is suspended on a spring. The sole-
noid current is made proportional to the voltage by
inserting a ballast resistor in series with the ‘solenoid

. Adjusting nut for compensating spring
. Compensating spring

. Solenoid case assembly

. Solenoid core

. Solenoid and holding coil

I Y R

3-82-0

Regulating Relay
23.2-23.22

coil. In this manner, the solenoid current remains con-
stant for a given voltage and changes with the voltage
to be regulated.

2.3.2.2 Holding Coil

A holding coil is wound over the solenoid coil
and in the opposite direction. The holding coil is ex-
cited through the tapped section of the motor-control-
relay coils. The holding coil modifies the pull of the
solenoid and holds the contacts closed until the varia-
ble transformer has corrected the output voltage.

St
e

6. Contact beam with pivots, shunt connector, coupling spring
and contacts

7. Stationary contacts with insulated tips

8. Locking plate and connector for stationary contacts

Figure 2—7. Sectional View of Regulating Relay for Induction Regulator
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2.3.2.3 Relay Operation

When the relay (fig. 2—7) is in operation, the puil
of the solenoid (which varies with relay current) and
the pull of the compensating spring are balanced
against the weight of the solenoid core. The solenoid
operates a set of single-pole, double-throw contacts as-
sembled on a pivoted beam. The left-hand contact closes
when the output is too high, and the right-hand con-
tact closes when the output is too low. This action causes
the regulator relay to operate the motor and correct
the output voltage.

Assume that the output voltage of the variable
transformer increases above 208V. The current in the
solenoid coil increases, pulling the core up. The com-
pensating spring is relaxed, and the left-hand contact
closes. The closed contact completes the circuit to the
motor to run it in the lower direction. As the
rotor turns, less voltage is induced in the stator wind-
ings, and the output decreases. As this occurs, the cur-
rent in the solenoid coil decreases, and the core is
pulled down. At a predetermined voltage (sensed by
coil current) the contact opens, and the motor stops.

If the output voltage drops, the current in the
coil will drop; the solenoid core will move down and

3-82-0
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close the raise-relay points; the raise-relay contacts will
be closed; the motor will run in the raise direction;
and the voltage will be returned to normal.

2.4 TYPICAL OPERATION
2.4.1 General

In operation, two variable transformers are placed
in the line of each phase of ac (par. 2.1). The output
of these variable transformers is sensed by the regulat-
ing relay (par. 2.3.2). The regulating relay causes the
motot-control relay (par. 2.2.5) to close the motor cir-
cuit. The motor is driven in the direction necessary to
compensate for output voltage variation (fig. 2—8).

2.4.2 Regulating Relay

Assume that the output voltage increases. The in-
creased voltage causes an increased current to flow in
the solenoid coil of the regulating relay (par. 2.3.2.1).
The current pulls the solenoid core into the coil and re-
laxes the tension on the compensating spring. When
the output voltage increases sufficiently, the left-hand
contact on the regulating relay closes (par. 2.3.2.3),
When this contact closes, the motor-control relay is ac-
tuated to drive the motor in the lower direction.
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N N
UNREGULATED rfrff/\'\\
AC q
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T REGULATED ¢2
$3 REGULATED ¢3
LEGEND

8 CONTROL POWER SWITCH
8X  MOTOR POWER SWITCH
90 VOLTAGE REGULATING RELAY

B—I‘-\ BALLAST RESISTOR

52 BALLAST RHEOSTAT
43 AUTO-MAN SWITCH
90X MOTOR CONTROL RELAY
HC HOLDING COIL FOR 90

HCR HOLDING COIL RHEOSTAT
LS LIMIT SWITCH s s e
84 MOTOR ARC SUPPRESSOR 7T"R CH
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Figure 2—8. Induction Regulator, Phase I, Schematic Diagram

18



PART 2
CH 2

2.4.3 Variable Transformer

When the regulating relay is actuated, the motor
begins to turn; in this case, in the lower direction, since
the output voltage is assumed to be high. The motor
turns the rotor of the variable transformer so that
there is less flux linkage between the primary and the
secondary. Since the output voltage varies with the flux
linkage, reducing the flux linkage reduces the output

3-82-0

Variable Transformer
243

voltage. The rotor will be turned until the output
voltage is no longer excessive. This occurs when the
regulating-relay-coil current (proportional to output
voltage, par. 2.3.2) and the spring tension balance the
weight of the core and open the lower points of the
relay. When the lower points are no longer closed, the
motor circuit is opened, the motor stops, and the rotor
remains stationary until further voltage deviation occurs.
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CHAPTER 3
CONVERSION COMPONENTS

SECTION 1
MAGNETIC AMPLIFIERS

1.1 INTRODUCTION

A magnetic amplifier is an amplifying device in
which the gain may be as high as 10%:1. Magnetic am-
plifiers are used to regulate the output voltage of the
d-c power supplies. These amplifiers are used instead of
vacuum tubes because the magnetic amplifiers have no
moving parts or any other parts subject to deteriora-
tion. Therefore, magnetic amplifiers are highly relia-
ble, virtually maintenance-free devices.

The principal component of a magnetic amplifier
is a saturable reactor. This reactor consists of one or
more coils of wire, or windings, placed on an iron core
which has special magnetic properties.

1.2 SATURABLE REACTORS

1.2.1 Basic Concepts

A saturable reactor resembles a transformer in that
several windings are wound on an iron core. However,
it differs from a transformer in that the reactor oper-
ates in the region of core saturation during part of
each a-c input cycle.

Since a saturable reactor is composed of coils
wound on an iron core, the basic operating principle of
the device is that of self-induction. Self-induction is
that electromagnetic characteristic whereby an induc-
tive reactance (X)) is produced in a circuit by varying
the flux density of a magnetic field associated with the
circuit. Inductive reactance always opposes the a-c in-
put to a circuit and tends to prevent current changes in
the circuit. In an iron-core choke, for example, a coil is
wound on an iron core. Current in the wire produces a
magnetic field around the wire. This field concentrates
in the iron core, thereby increasing the flux density in
the core. Flux density in the core varies directly with
the a-c input to the coil up to the point of core satura-
tion. When the core is saturated, an increase in current
in the coil no longer increases the flux density of the
core (fig. 2—9,A).

A simple iron-core choke consists of a piece of mag-
netic material upon which several turns of wire are
wound. Assume that in such an arrangement the wire
is carrying ac and that the current is zero. When the

current begins to rise, the magnetic field surrounding
the core starts to expand and cuts the turns of the coil.
Since, in effect, a wire is cutting a magnetic field, a cur-
rent is induced in the wire. This current opposes the
rising ac and tends to keep the current in the wire at a
low value. The amount of opposition is the inductive
reactance (X) measured in ohms. The magnitude of X,
is a function of the rate of change of the flux density.
Since the flux density varies with the current, and since
X, is a function of the rate of flux density change, then

+B CORE SATURATION
POINT

Y~KNEE OF CURVE

-B

A. FLUX DENSITY (B) VS CURRENT (I)

XL

CORE SATURATION

/ POINT

+I

B. INDUCTIVE REACTANCE (X} VS CURRENT (I)

Figure 2—9. Core Magnetization and Reactance
Curves
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X, is a function of the rate of current change; that is,
the a-c frequency. When the core is saturated, X, is
zero, because the rate of change of flux density is zero
(fig. 2—9,B).

While the amount of ac through the coil is increas-
ing, the impedance (a-c resistance) of the coil is high
and permits little current to flow. When the core sat-
urates, there is no longer a change in flux density; the
impedance becomes zero, the coil has only the d-c re-
sistance of the wire, and a large current flows through
the coil. Conversely, assume that the ac in the wire is
at its maximum value and begins to fall. The falling
current will cause the magnetic field to collapse and
cut the turns of the coil. Again a current is induced in
the coil. This current is opposite in direction to that
which was induced in the wire by the rising a-c current
and the expanding magnetic field. Consequently, the
current induced by the collapsing field tends to keep
the current in the wire at a high value even though the
ac is decreasing towards zero.

1.2.2 Basic Saturable Reactor

A basic saturable reactor is different from the iron-
core choke in that there are two windings associated
with the core. One of these windings is the control
winding and may be considered to be the input winding.
The other winding is the load winding. The load wind-
ing may be considered to be the output winding and
is connected to some load resistance and an a-c source
(fig. 2—10).

1.2.2.1 Ineffective Control Current

Assume that no cutrent is supplied to the control
winding of the saturable reactor shown in figure 2—10,
and that the a-c voltage impressed on the core through
the load winding is not large enough to drive the core
to saturation. The total a-c input voltage (fig. 2—11,B)
appears across the saturable reactor (fig. 2—11,C).
Since the magnetic core never saturates (fig. 2—11, D),
the impedance of the reactor remains high and the volt-
age across the load remains small (fig. 2—11,E).

Assume now that the control current is still zero
and that the a-c input voltage (fig. 2—12,A and B) is
sufficient to drive the core to saturation during part of
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the a-c cycle. A portion of the a-c input voltage appears
across the saturable reactor (fig. 2—12, C and D), and
the core now saturates during the first half-cycle of the
a-c input (fig. 2—12,D). However, before the satura-
tion point is reached, a voltage which opposes the flow
of a-c to the load is induced in the winding. Since the
impedance of this winding is large, very little voltage
reaches the load (fig. 2—12,E). When the core satu-
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rates, the flux density no longer changes and there is no
opposing voltage induced in the load winding. The
impedance of the output winding drops to the d-c re-
sistance value of the wire, and a large voltage flows
through the load winding of the load.

1.2.2.2 Effective Control Current

Assume that a positive control current I, (fig.
2—-10) is applied to the saturable reactor. The mag-
netic core flux is now displaced towards positive satura-
tion. If a large a-c input is now applied to the control
windings, the core will saturate sooner during the posi-
tive half-cycle of a-c input voltage and later during the
negative half-cycle of a-c input voltage. A smaller
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Figs. 2-12, 2-13

portion of the positive half-cycle appeats across the sat-
urable reactor and a larger portion appears across the
load (fig. 2—13,C and E). During the negative half-
cycle, a larger voltage appears across the saturable re-
actor and a smaller voltage appears across the load. Re-
versing the polarity of control current I, displaces the
core flux toward negative saturation and reverses the
above process so that the small portion of the voltage
appears across the load during the positive half-cycle
and across the reactor during the negative half-cycle.
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1.2.3 Typical Saturable Reactor

A typical saturable reactor differs from the basic
saturable reactor (par. 1.2.2) in that: (a) The core is
driven to saturation by applying pulsating dc (full-
wave-rectified ac) through the load windings. (b) A
bias current is introduced to desaturate the core to an
operating point on the knee of the saturation curve
(fig. 2—9). (c) The control current varies the core
saturation about the operating point established by the
bias current.

1.2.3.1 Load-Winding Current

The load wind of a typical saturable reactor does
not carry ac but pulsating dc. Dc is used for two reasons:

a. The current must be capable of keeping the
core saturated.

b. Dc is required in the load circuit. The load cir-
cuit of a saturable reactor in d-c power supply
applications is the control circuit of another
saturable reactor.

Normally, the dc used in the load winding is the
rectified output of an a-c generator. The dc carried by
the load winding is sufficient, if not opposed, to drive
the core to saturation and thereby permit the total volt-
age to be applied to the load after being rectified.

1.2.3.2 D-C Bias Current

In order to be useful regulating devices, saturable
reactors must operate at the knee of the magnetization
curve. To keep the core at the knee of the saturation
curve rather than fully saturated, a d-c bias current is
introduced into the core. This bias current opposes
the current in the load windings and drives the core
from saturation to an operating point at the knee of the
saturation curve. This operating point is near enough
to the saturation point to permit high gain character-
istics in the saturable reactor without permitting exces-
sive distortion of the a-c waveform. Also, this point is
far enough below the saturation point to permit con-
trol of the output without driving the core to satura-
tion.

In operation, the bias current acts as an effective
control current (par. 1.2.2.2).

1.2.3.3 Control-Winding Current

In a typical saturable reactor, the control-winding
current is dc obtained from a d-c source associated
with the device being controlled. The control current
varies with the d-c source current and increases or de-
creases the saturation of the core away from the op-
erating point established by the bias winding. Changing
the core saturation changes the flux density of the core
and the impedance of the windings on the core (par.
1.2.1). The control winding is wound so that the flux
produced by it is aiding the flux produced by the load
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winding and opposing the flux produced by the bias
winding.

1.3 MAGNETIC AMPLIFIER OPERATION

1.3.1 General

A magnetic amplifier is a refined saturable reactor.
The magnetic amplifier has control, bias, and load wind-
ings which operate in the manner discussed in paragraph
1.2.3. In addition, the magnetic amplifier makes use of a
high-frequency a-c input to the load windings to de-
crease response time. Further refinements include the
use of additional windings.

1.3.2 Basic Magnetic Amplifier Circuit
A magnetic amplifier is a saturable reactor whose
output has been rectified so that a small d-c input
controls a large d-c output. Figure 2—14 is a simplified

schematic of a basic magnetic amplifier circuit.

1.3.2.1 Response Time

In a magnetic amplifier, as in any control device,
there is a time delay between the application of a change
in control-winding current and the response of the
output current to this change. The theoretical response
time of a magnetic amplifier is the time for one-half
cycle of the a-c input to be applied to the load windings.
Because the unrectified output current appears as a pulse
occurring once each cycle, a change in average output
current cannot be observed until the next pulse appears
after the control signal is applied to the control wind-
ings. Consequently, increasing the frequency of the a-c
input to the load windings increases the number of
pulses per second and decreases the response time. For
example, if a 60-cycle a-c input were rectified, 120 pulses
would be impressed on the core each second. If the
frequency of the a-c input were increased to 1,440 cycles,
2,880 pulses would be impressed on the core each
second, and the response time would decrease from
1/120 second to 1/2880 second.

1.3.2.2 Cascaded Operation

In the d-c power supplies, two magnetic amplifiers
are used for control. The control winding of the first-
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Figure 2—14. Basic Magnetic Amplifier,
Simplified Schematic Diagram
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stage magnetic amplifier senses changes in power supply
output. The load winding of this magnetic amplifier is
the control winding of the second-stage magnetic ampli-
fier. The gain of the first magnetic amplifier is therefore
multiplied by the gain of the second to produce an
overall gain of about 10%. The load winding of the
second-stage magnetic amplifier is the control winding
of the power reactors.

1.3.3 Typical Operation

1.3.3.1 General

Assume that the magnetic-amplifier control circuit
shown in figure 2—15 maintains regulated 50Vdc
through R;. _

This control circuit is a simplified version of the
control circuitry used in the d-c power supplies.

1.3.3.2 Circuitry

The Zener diode is used as a constant source of
bias current. In the simplified power suppfy, first-stage
magnetic amplifier L1C is held at its operating
point by the control winding and the bias winding.
This bias current is produced by the output of CR4C
which is fed by the auxiliary a-c input. The first-stage
bias is controlled by potentiometer R14. Since the auxil-
iary a-c input current is assumed to be constant, the
biasing current and the resultant flux are also constant.

The second-stage amplifier, L2C, receives control
current from the load windings of L1C and bias current

3-82-0
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from a battery. The output of the load windings is
rectified and applied, to the load.

1.3.3.3 Voltage Regulation

Assume that the load voltage is exactly 50Vdc. The
various windings on both magnetic-amplifier stages per-
mit exactly 50Vdc to flow through RL.

Note
The bias current for L1C and L2C is assumed
to be constant.

If the output of the power supply increases to a
value above 50V, the voltage difference between the
Zener diode and the control winding decreases, and in
the control winding the current also decreases. The
flux density of the core of L1C decreases and, con-
sequently, the output current decreases. The output cur-
rent of L1C is rectified and applied to L2C as a control
current. The second-stage magnetic amplifier responds
in the same manner as L1C. ’

Since the flux density of L2C is reduced, the voltage
in the output winding is also reduced. Since the rectified
output of the load winding is the d-c voltage of the
power supply, reducing the flux density of L2C reduces
the power supply output.

If the output decreases below 50Vdc, the current in
the control winding of L1C is increased and the above
process is reserved.
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Figure 2—15. Typical Magnetic Amplifier Control Circuit, Simplified Schematic
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SECTION 2
HIGH-FREQUENCY ALTERNATOR

2.1 INTRODUCTION

The high-frequency alternator supplies 1,440-cycle,
110Vac to the magnetic amplifiers of the d-c power
supplies. The high-frequency input is used because the
response time of a magnetic amplifier varies inversely
with input frequency. Performance is therefore improved
by increasing the input frequency. For example, a mag-
netic amplifier with a 0.5-cycle response time and a 60-
cycle input frequency requires 83 ms to respond to
changes in output current. The same magnetic amplifier
with a 1,440-cycle input will respond in 347 usec (0.347
ms).

The high-frequency alternator is a motor-driven, d-c
excited, a-c generator. The motor and generator are
mechanically coupled by a common shaft. The motor
receives a 208V, 3-phase, 60-cycle input. The generator
delivers 110V, 1,440-cycle, single-phase ac to the trans-
former which feeds the two magnetic amplifier stages
of each d-c power supply.

2.2 THEORY OF OPERATION
2.2.1 Motor
The motor is a standard 3-phase, low-slip induction
motor which operates on a 208V, 3-phase a-c input.
The motor is directly connected to the rotor of the
high-frequency generator through a flexible coupling.

2.2.2 High-Frequency Generator

The high-frequency generator is a dc-excited
generator whose armature-winding flux, when cut by the
rotor windings, produces a 1,440-cycle output. The out-
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208V AC $3 A
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put voltage is proportional to magnetic field strength.
The output frequency is proportional to the speed of
the motor. Since the motor is of a low-slip design, the
output frequency varies with frequency variations in the
208Vac input. The output voltage is independent of
input voltage variations since the generator is self-
excited at operating speeds.

The control circuitry permits either automatic or
manual output control.

2.2.3 Typical Manual Operation

In the manual mode of operation (fig. 2—16), trans-
former T6 supplies power to the winding of MANUAL
ADJUST autotransformer T7. The output winding of
T7 is the a-c source for bridge rectifier CR1A. This
rectifier supplies d-c current to the field. The magnitude
of this current, and, consequently, the output voltage,
is varied by the MANUAL ADJUST control of T7 dur-
ing manual operation.

Note
MANUAL ADJUST autotransformer T7 is not
disconnected during automatic operation. How-
ever, since there is no load on it under this
mode of operation, the current it draws from
the secondary of T6 is small.

2.2.4 Typical Automatic Operation
The magnetic-amplifier control circuitry operates
in the same manner as that discussed in Section 1 except
that, in this case, the current in the generator field is
being controlled.
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Figure 2—16. High-Frequency Alternator, Manual Control Circuit, Simplified Schematic Diagram
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Phase 2 of the a-c input supplies power to trans-
former T6. The secondary voltage of the center tap
(fig. 2—17) is applied to rectifier CR1A which, during
the starting period, delivers current to the alternator
field. As the alternator speeds up, the output voltage
of the regulating section increases. When the output
voltage of this section (across CR1A) exceeds the recti-
fied line-to-center-tap secondary voltage of TG, CR1A
cuts off. Thus, CR1A supplies current to the alternator
field at the start and the regulating circuit supplies
current to the field after the alternator is at operating
speed.

The a-c feedback winding of the magnetic amplifier
establishes the magnetic state of the core. The d-c bias
winding is wound so that the flux developed by it
opposes the flux developed by the a-c feedback reference

O
o
]

winding; thus, an increase in current in the d-c bias
winding desaturates the core.

Assume that the alternator output rises above its
normal 110V level. As a result, the current through
R3 and the voltage across it increase. Because of the
increased voltage across R3, which is the a-c output to
bridge rectifier CR3A, the d-c output of the rectifier
(filtered by inductor L1) increases. Therefore, the cur-
rent through the d-c bias winding increases. This in-
crease in current desaturates the core slightly and in-
creases the impedance of load windings 2 and 3 of the
amplifier. The magnetic-amplifier output, and, hence, the
voltage across the alternator field, decreases. The field
current decreases, and the alternator output is reduced
to.the normal level.
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Figure 2—17. High-Frequency Alternator, Automatic Control Circuitry, Simplified Schematic Diagram
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CHAPTER 4
D-C POWER SUPPLIES

SECTION 1
GENERAL
1.1 DESCRIPTION OF POWER SUPPLY UNITS roller slides so that the controls are readily accessible.
1.1.1 Physical Description A high-frequency alternator (Sect. 2, Part 2, Ch 3) is

The duplex power supply units (fig. 2—18) are mounted in module B of each unit.

designated units A60 and BG60. The simplex power

supply units are designated units C61 and D61. Each TABLE 2—1. LOCATION OF POWER
of the four units is composed of three cubicles: modules SUPPLIES, UNITS A60 AND B60
A, B, and C. UNIT OFF pushbuttons are located on !

the front and rear door of each module. MODULE POWER SUPPLIES

Since each module contains more than one power
supply (tables 2—1 and 2—2), components associated
with a particular power supply are, wherever possible, B 4600V, 472V, 410V, —15V, —30V
placed together in the module. Rectifiers, saturable
power reactors, transformers, and filter capacitors are
mounted on subassemblies which can be replaced as a
unit. The control chassis (regulator section) of each
power supply is a drawer-type subassembly mounted on

A 490V, —150V

C 4250V, 4150V, —48V, —300V

TABLE 2—2. LOCATION OF POWER
SUPPLIES, UNITS C61 AND D61

MODULE POWER SUPPLIES
A 4600V, —300V
B 490V, 410V, —15V, —30V
C 4250V, 4150V, —48V, —150V

1.1.2. Functional Description

Each power supply unit receives unregulated ac
from the bus-duct sequencing device and converts it to
11 d-c voltages for duplex equipment. Only 10 volt-
ages are developed in the simplex power supply units
since the simplex equipment does not require +72Vdc.
The current rating of each supply is given in table
2—-3.

In addition to converting 480Vac to the required
d-c voltages, the d-c power supplies also regulate the
d-c voltages which they produce.

1.2 METHOD OF CONVERSION

The 480Vac generated by the diesel generators is
fed to the d-c power supplies through the bus-duct se-
Figure 2—18. Duplex Power Supply, Unit 60 quencing device. In each individual power supply, this
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3-phase, 4-wire ac is fed to the wye-connected primary transformer is rectified by stacks of selenium rectifiers.
of an input transformer. The wye-connected, 3-wire, 3- The d-c output of the rectifiers is controlled by saturable
phase a-c output is at approximately the -potential of reactors. The latter are controlled by two magnetic-
the d-c voltage of the d-c supply. The output of the amplifier stages in the control section.

TABLE 2—3. CURRENT RATINGS, D-C
POWER SUPPLIES
RATED CURRENT (AMP) RATED CURRENT (AMP)
VOLTAGE SIMPLEX DUPLEX VOLTAGE SIMPLEX DUPLEX
1600V 85 3 —30V 70 120
+250V 50 65 —150V 80 225
+150V 75 120
—300V 30 55
+90V 60 130
410V 100 45 —48V 560 450
—15V 10 20 +72V - 13
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SECTION 2
TYPICAL D-C POWER SUPPLY

2.1 INTRODUCTION

Since all the d-c power supplies produce and con-
trol the d-c voltages in a similar manner, only a typical
power supply, the duplex +150Vdc supply (5.2.1.2),
is discussed in detail. Variations between this supply
and other supplies are discussed in Section 3.

2.2 INPUT AND CONVERSION CIRCUITRY
2.2.1 Input Circuitry
Regulated 480 Vac is fed to the primary of
wye-connected input transformer T1 (5.2.1.2 and fig.
2—19). The secondary voltage of T1, which is slightly
higher than the d-c output voltage, is fed to the load
windings of power reactors L1 through L6.
2.2.2 Conversion Circuitry
The output of the load windings of the power
reactors is fed to the power rectifiers. These rectifiers
and the saturable reactors are arranged so that the

load winding of each reactor receives only a half-wave
of one phase of current from the output of T1. For
example, saturable reactors L1 and L2 are connected
only to phase 1 of the transformer secondary. Because
of the arrangement of the power rectifiers, the load
winding of L2 receives only the positive half-cycle of
current from phase 1. While the load winding of L2 is
receiving current, the load winding of L1 is prevented
from receiving current because of the orientation of its
associated power rectifier. During the negative half-
cycle of current, the load winding of L1 receives current
and the load winding of L2 is isolated from the current
source. Similarly, the load windings of saturable reactors
L4 and L6 receive only the positive half-cycle of the
current of phases 2 and 3, respectively. The load wind-
ings of saturable reactors L3 and L5 receive only the
negative half-cycles of the current of phases 2 and 3,
respectively.
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Figure 2—19. Typical Input and Conversion Circuitry, Simplified Schematic Diagram
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The output of the saturable reactors is the d-c
voltage of the supply. This voltage is controlled by
the magnetic amplifiers in the control section of the
supply. The output of the supply is filtered by filter
capacitor C(4150V).

2.3 CONTROL CIRCUITRY
2.3.1 General

The d-c power supplies may be controlled either
manually or automatically. The control circuitry for
both modes of control consists of a 2-stage magnetic-
amplifier control circuit and associated components. The
various components, their functions, the controls as-
sociated with the circuitry, and typical manual- and
automatic-mode circuit operations are discussed below
(5.2.1.2 and fig. 2—20).

2.3.2 Manual Control Circuitry
2.3.2.1 General

In manual control, the output of the power supply
is monitored by voltmeter VM1. When VM1 indicates
that the output voltage is incorrect, MANUAL OUT-
PUT ADJUST potentiometer R8 is adjusted to return
the power supply output to normal (fig. 2—21).

2.3.2.2 Reference Voltage Circuit,
Manual Mode
The reference voltage circuit during manual control
consists of a Zener diode, resistor Rz, resistor R7,
MANUAL OUTPUT ADJUST potentiometer RS,
AUTO-MAN switch S2, and reference switch S1.

When the power supply is in operation, the Zener
diode provides a constant voltage of about 8.4V. The
exact voltage is between 8.2V and 8.6V, depending on
the d-c supply. The output voltage of the Zener diode
acts as a constant voltage source for potentiometer
R8 (5.2.1.2). Changes in power supply output do not
change the output of the Zener diode or the voltage
available at R8. The amount of voltage tapped off at

+ 150V RETURN BUS +150V BUS

VOLTMETER i

Lic

Figure 2—21. D-C Power Supply, Manual Control
Circuit, Simplified Schematic
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R8 determines the current which flows through the con-
trol winding of first-stage magnetic amplifier L1C. Nor-
mally, this current is adjusted by GAIN CONTROL
potentiometer R6 to about 1 ma. If the power supply
output increases, the movable arm of MANUAL AD-
JUST potentiometer R8 must be varied so that the volt-
age fed to the control winding from the diode decreases.
This decrease in voltage results in a smaller control
current which will return the power supply output to
normal.

Conversely, if the power supply output decreases,
the movable arm of R8 must be varied to increase the
amount of current applied to the control winding.

2.3.2.3 First-Stage Magnetic Amplifier

The first-stage magnetic amplifier, LIC (fig. 2—20),
is essentially the same as the magnetic amplifier dis-
cussed in Part 1, Chapter 3. Additional windings are
required on L1C, however, because of its use in a d-c
power supply as the first stage of a 2-stage control cir-
cuit. These additional windings are the high-frequency-
voltage compensation, transient-feedback, degenerative-
feedback, and ac-bias windings. These windings plus
the control, dc-bias, and load (output) windings are
discussed below.

A. Control Winding

The control winding of L1C is designed so that a
change in the control current causes a similar change in
the flux density of the core.

Note
The cores of the magnetic amplifiers are not
normally saturated. The magnetic amplifiers
are operated at the knee of the magnetization
curve of the core (par. 1.2.3.2, Part 2, Ch 3).

Changes in control-winding current cause propor-
tional flux density changes which, in turn, cause similar
changes in the output (load) windings because of the
changed impedence of the core of the high-frequency
input.

B. Dc-Bias Winding

The core is partially desaturated at all times with
the dc induced in it through the dc-bias windings. The
biasing current is obtained by rectifying a portion of
the high-frequency input with full-wave bridge rectifier
CR4C. Changes in bias current result in inverse changes
in the magnetic-amplifier output. The dc-bias current is
controlled by FIRST STAGE BIAS CONTROL poten-
tiometer R14.

C. High Frequency-Voltage-Compensation
Winding
Since the bias windings receive current from the
high-frequency alternator, any change in alternator
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voltage results in a change in bias current. The high-
frequency-voltage-compensation winding produces a
flux change equal and opposite to that produced in the
bias winding by a high-frequency voltage variation.
Thus, the effects of high-frequency-voltage variations
are nullified by the high-frequency-voltage-compensa-
tion winding. Current for this winding is obtained by
rectifying a portion of the high-frequency input with
full-wave bridge rectifier CR7C. The current flow is
controlled by HIGH FREQUENCY VOLTAGE COM-
PENSATION CONTROL potentiometer R22.

D. Load Windings

The load windings receive voltage from the sec-
ondary of HIGH-FREQUENCY INPUT TRANS-

FORMER TiC. The current in the load windings is

determinéd by the magnetic state of the core which, in
turn, is determined by the various currents in the other
windings. The current in the load windings varies with
the flux density in the core. The output current is
rectified by diodes CR1C and CR2C and is applied to
the control windings of the second-stage magnetic
amplifier.

E. Ac-Bias Winding

Ac-bias windings are added to a saturable reactor
to keep the permanent core saturation low and to pre-
vent permanent core magnetization. When the control
current is zero, the load current flowing through the
load winding magnetically actuates the core unneces-
sarily. This magnetizes the core and limits the effects of
the dc-bias windings. The current in the ac-bias winding
reduces the amount of control current required by the
magnetic amplifier. The winding is connected between
the center taps of the load windings.

F. Transient Feedback Winding

The transient feedback winding senses any tran-
sient voltage changes in the output of the d-c power
supply and biases the core to compensate for transient
voltages which are of too short a duration to be felt
by the control windings. The transient feedback wind-
ing may be considered as a second control winding
which responds to changes which are too rapid to be
felt by the control winding. The coil of the transient
feedback winding and capacitor C3 form a tuned circuit
which responds only to high-frequency transients.
Changes in current in this winding cause rapid and
compensating changes in the ouiput of the magnetic
amplifier.

G. Degenerative Feedback Winding

The degenerative feedback winding provides a
means of reducing hunting and oscillation and of in-
creasing the speed and linearity of power supply re-
sponse. The degenerative feedback current is the recti-
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fied output (rectified by CR5C) of the second-stage
magnetic amplifier. The feedback current is controlled
by DEGENERATIVE FDBK CONTROL potentiometer
R20.

2.3.2.4 Second-Stage Magnetic Amplifier

The second-stage magnetic amplifier, L2C, contains
control, dc-bias, ac-bias, and load windings. These wind-
ings are discussed below.

A. Control Winding

The current in the load windings of L1C is applied
to the control winding of L2C through CR1C and
CR2C. Capacitors C1C and C2C compensate for the in-
ductive character of the control winding of L2C.
Changes in control-winding current cause correspond-
ing changes in the load windings of L2C.

B. Dc-Bias Winding

The dc-bias windings of L2C perform the same
function and operate in the same manner as the dc-bias
winding of L1C (B of par. 2.3.2.3). The bias current is
regulated by SECOND-STAGE BIAS CONTROL po-
tentiometer R12.

C. Ac-Bias Winding

The ac-bias windings of L2C perform the same

- function and operate in the same manner as the ac-bias

winding of L1C (E of par. 2.3.2.3).

D. Load Winding

The load windings receive voltage from HIGH-
FREQUENCY INPUT TRANSFORMER T1C. The cur-
rent in the load winding of L2C is rectified by rectifier
CR3C and is applied to the degenerative feedback wind-
ing of L1C (G of par. 2.3.2.3) and to the control wind-
ings of the saturable power reactors in the conversion
section. Changes in the output current of L2C cause
corresponding changes in the output of the d-c power
supply.

2.3.3 Typical Control Circuitry Operation,
Manual Mode

2.3.3.1 General

Assume that the AUTO-MAN switch, S2 (fig.
2—21), is in the MAN position. The reference circuit
is now connected as discussed in paragraph 2.3.2.2, and
the d-c power supply is operating in the manual mode
of voltage control. With the switch in the MAN posi-
tion, the output voltage can be varied only by changing
the setting of potentiometer R8; the output voltage will
not correct itself automatically.

2.3.3.2 Output Voltage Variations

Assume that the power supply is in mmanual control
and the output voltage increases. The voltage across
the Zener diode will remain constant at about 8.4V.
The voltage at potentiometer R8 and the current in the
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control winding of L1C will therefore remain constant.
When the operator observes that the power supply out-
put voltage (read on VM1) has increased, he will vary
the setting of R8 so that less current will be applied
to the control winding.

A decrease in control current tends to reduce the
flux density of the core and increase the impedance of
the load windings. Since the output current is inversely
proportional to the impedance of the winding, the out-
put current decreases. The rectified output is applied to
the control winding of the second-stage magnetic am-
plifier.

When the current in the control winding of L2C
decreases, the flux density of the core is reduced, the
impedance of the load winding is increased, and the
output is decreased. The output curtent of L2C is recti-
fied and fed to the control winding of each of the
power reactors in the conversion section. '

The power reactors respond to the decreased con-
trol current in the same manner as the first- and second-
stage magnetic amplifiers. Since the output of the satu-
rable power reactors is the d-c voltage of the supply,
reducing the control current on the reactors reduces the
output of the supply. When the output of the power
supply decreases, R8 is varied to increase the control
current of the first stage with a consequent increase in
stage output. The second-stage output increases, and
the power supply output increases to normal voltage.

2.3.3.3 High-Frequency Voltage Variations

The high-frequency-voltage-compensation winding
(C of par. 2.3.2.3) compensates for variations in the
110Vac output of the high-frequency alternator. The
rectified output of the alternator is applied to the com-
pensation winding so that a change in current (propor-
tional to an a-c voltage change) offsets the effects of the
change in the d-c bias current. The net result is that
there is no change in the output of the magnetic ampli-
fier.

2.3.3.4 Ovutput Voltage Surges

The transient feedback windings compensate for
sudden changes in output voltage. If the d-c output
increases, the current in this winding increases and tends
to reduce the output of the magnetic amplifier stage.

2.3.4 Automatic Control Circuitry

2.3.4.1 General

Automatic voltage control differs from manual con-
trol in that the control current for L1C is not obtained
from the Zener diode but by sensing changes in the
power supply output.

During automatic operations, the AUTO-MAN
switch is in the AUTO position. Normally, the d-c
power supplies are automatically controlled.

3-82-0

Automatic Control Circuitry
233.2-2343

2.3.4.2 Reference Voltage Circuit,
Avtomatic Mode

In automatic operations, the reference input circuit
consists of the Zener diode, resistor Rz, a voltage-
divider network composed of resistors R1 and R2,
AUTOMATIC VOLTAGE ADJUST potentiometer RS,
AUTO-MAN switch 82, and reference switch S1 (fig.
2-22).

The output voltage of the Zener diode is opposed
by the portion of the d-c supply voltage tapped across
the voltage divider network composed of R1 and R2
(fig. 2—22). The voltage across the Zener diode is
higher than that across the voltage divider network.
Under automatic voltage control, any change in the
power supply output voltage results in a similar change
across the voltage divider. The difference between the
voltage across the divider and the output voltage of the
Zener diode determines the current which flows through
the control winding of the first-stage magnetic ampli-
fier. Since the Zener diode voltage is higher, an increase
in voltage across the voltage divider network (i.e., an
increase in d-c output voltage) decreases the difference
in voltage between the Zener diode output and the
voltage output of the voltage divider network. This
decrease in voltage results in a smaller control current.
Conversely, a decrease in d-c output voltage results in a
greater control current.

2.3.4.3 First-Stage Magnetic Amplifier

The operation of the first-stage magnetic amplifier
is the same in automatic control as it is in manual con-

+150V RETURN BUS +150V BUS
R2 Ri
N NV
R5
‘W’
Ii AUTO
s2
O MANUAL Lic

Figure 2-22. D-C Power Supply, Automatic
Control Circuit, Simplified Schematic
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trol (par. 2.3.2.3). The only difference is in the method
used to obtain control current for this stage.

2.3.4.4 Second-Stage Magnetic Amplifier

The operation of the second-stage magnetic ampli-
fier is the same under either mode of control. Refer to
paragraph 2.3.2.4. '

2.3.5 Typical Control Circuit Operation,
Automatic Mode

2.3.5.1 General

In the automatic mode of operation, the power
supply will automatically produce a closely regulated
d-c voltage. The automatic mode is the normal operat-
ing mode for the power supplies.

2.3.5.2 Ovutput Voltage Variations

Assume that the output of the typical d-c power
supply increases above the nominal output voltage.
When the output rises, the voltage at the midpoint of
voltage divider R1 and R2 (5.2.1.2 and fig. 2—20) also
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rises. The difference between this voltage and the out-
put of the Zener diode determines the current in the
control winding of L1C. An increase in d-c output volt-
age increases the voltage at the midpoint of the divider
and decreases the voltage difference between the diode
and the divider. Since the load on the circuit remains
constant, the normal 1-ma current in the control wind-
ing of L1C decreases. The first- and second-stage mag-
netic amplifiers react to this decreased control current
in the manner discussed in paragraph 2.3.3.2 to bring
the power supply output down to normal.

2.3.5.3 High-Frequency Voltage Variations

The control circuitry responds to variations in
high-frequency voltage in the same manner in either
mode of control. Refer to paragraph 2.3.3.3.

'2.3.5.4 Output Voltage Surges

The control circuitry responds to output voltage

surges in the same manner in either mode of control.
Refer to paragraph 2.3.3.4.
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SECTION 3
D-C POWER SUPPLY VARIATIONS

3.1 GENERAL

Although the d-c power supplies are similar in
operation, there are variations in the filtering circuits.
These variations are discussed below.

3.2 FILTERING CIRCUITS

All of the d-c power supply outputs are filtered by
banks of filter capacitors. In addition to the capacitors,
the duplex +4-10V and both —30V power supplies
(5.2.1.4, 52.1.6, and C/D 5.2.1.6) have a choke-coil
filter installed in series with the output. This filter is
required on these low-voltage, high-current power sup-

plies to prevent the power supply output from oscillating
when the load is comparatively small.

The induction filter also partially isolates the power
reactors from the line transients. Assume a heavy load
is placed on the output. The output current drops and
the filter capacitors discharge. The inductance of the
coil changes the time constant of the circuit so that the
effect of the current change is felt by the control cir-
cuits before it is felt by the power reactors. As a result,
the control circuits have time to correct the output volt-
age before the transient is felt by the power reactor
circuits.

Ky}
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CHAPTER 5
METERING EQUIPMENT

SECTION 1
GENERAL

1.1 INTRODUCTION

The d-c and a-c voltages are monitored by am-
meters and voltmeters installed on the PCD units. A
voltmeter is also installed on the front panel of the
control chassis of each d-c power supply.

The four meters on the PCD units are the DC
AMMETER which indicates output current of the se-
lected d-c power supply; the AC VOLTMETER which
indicates the a-c voltage of the selected a-c power; the
RIPPLE VOLTMETER which indicates the peak-to-
peak ripple voltage (a-c component) in the d-c output;
and the DC VOLTMETER which indicates d-c output
voltage. These meters are discussed in this section. The
ripple voltmeter, as a typical meter, is discussed in
Section 2. The voltage monitor relays are discussed in
Section 1, Part 3, Chapter 3.

1.2 D-C AMMETER

Each power supply has an ammeter shunt in its
d-c return lead. When the selector switch is operated
to any of its positions (except position 1), the meter is
placed in parallel with the shunt of the power supply
selected. For example (fig. 2—23), if the selector switch
is operated to position 10, current flows from the d-c
return through a shunt to the 4150V supply. Meter
current flows from the d-c return through contacts
10-1a of the middle deck, through the meter terminals,
and through contacts 10-1a of the rear deck to the
4150V supply. The ammeter circuits for the other
power supplies are similar.

1.3 A-C VOLTMETER
The contacts of the selector switch associated with
the a-c voltmeter are divided into four groups. One

DC AMMETER

63C36G4

DC AMMETER
SELECTOR SWITCH
(MIDDLE DECK) &
63C3H4B
o § o2
+250 310 +90
+150

DC AMMETER
SELECTOR SWITCH
A (REAR DECK)
63C3H4C
110 1; g+90
+250 Q10
T+|50

< RELAY RETURN

DC RETURN @~

+150 V SHUNT

NOTE:

THE AMMETER IS INSERTED IN THE RETURN LINE IN ORDER
TO MEASURE THE POWER SUPPLY CURRENT

Figure 2—23. PCD Unit, Typical Ammeter Circvit, Simplified Schematic Diagram
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group, consisting of contacts 2, 3, and 4, connects the
meter to measure phase-to-phase voltages. For example,
if the selector switch is placed in position 2, the voltage
between phase 3 and phase 1 of the unregulated d-c
line is indicated. Terminal b of the voltmeter is con-
nected to phase 3 as follows: From terminal b of the
voltmeter, the circuit to the phase-1 line is completed
through contacts a-2 of the middle deck, contacts a-2 of
the front deck, and contacts 7 and 4 of the rear deck.
The phase-3 line is connected through contacts a-2 of
the rear deck to terminal a of the meter. At position 3
of the selector switch, the voltmeter is connected across
the phase-2 and -3 lines. At position 4, the meter is
connected across the phase-1 and -2 lines.

A second group of contacts of the selector switch
connects the meter across any one of three unregulated
a-c voltage lines and neutral. Contacts 5, 6, and 7 of the
middle deck connect to the unregulated a-c neutral line.
These same contacts on the rear deck tie into contacts
2, 3, and 4 of the rear deck and make connections to
the unregulated a-c voltages.

The third group, contacts 8, 9, and 10, places the
voltmeter for phase-to-phase readings of the a-c input
to the d-c power supplies. The interconnections of con-
tacts 10, 9, and 8 of the middle deck insert a resistance
in the circuit so that the meter can be used to read the
high-phase-to-phase voltage. The same contacts on the
rear deck connect the meter to phases 1, 2, and 3,
respectively.

Contacts 1, 11, and 12 compose the fourth group.
These contacts place the voltmeter across regulated a-c
neutral and one of the three regulated a-c phases. At
position 1, for example, the voltmeter indicates regu-
lated a-c voltage between regulated a-c neutral and
regulated a-c phase 1.

1.4 RIPPLE VOLTMETER

The ripple voltmeter (Sect. 2) is connected across
the outputs of the d-c supplies. One side of the meter
is connected to the d-c return. The other side is con-
nected to the particular voltage supply selected through

40

3-82-0

PART 2, CH §
SECT. 1

the voltage divider circuit. The meter has its own small

power supply.

The front deck of the selector switch connects the
meter to the d-c return at all 12 positions. The middle
deck selects the desired power supply. The rear deck
provides voltage-divider selection. Varying the moving
contact on the rear deck either adds or removes resist-
ance in the voltage-divider circuit. However, each switch
position always includes the 10K and 240K resistors
and the capacitor.

To measure the amount of ripple present in the
+4-600V supply, the selector switch is placed in position
12. A d-c return is immediately available from the front
deck at position 12. Contact 12 on the middle deck of
the selector switch, connects the meter to the G600V
power supply. Contact 12 on the rear deck connects the
entire voltage divider network (except the 1K resistor)
to the meter circuit.

1.5 D-C VOLTMETER

The selector switch associated with the d-c volt-
meter connects the meter across the power supply to be
measured and selects the appropriate multiplier resistor
for that power supply. For the positive power supplies,
the middle deck of the switch connects terminal a of
the meter to the power supply through the selected
multiplier resistor; the rear deck connects terminal b of
the meter to d-c return. For the negative supplies, ter-
minal a is connected to d-c return by the middle deck;
terminal b is connected to the supply through the
multiplier resistor. For example, consider the metering
circuit for the 4600V supply. When the selector switch
is rotated to position 1, electron flow is from the d-c
return through contact 2 of the middle deck to contact
1 of the rear deck. From this point, the current flows
through contact 13, the meter terminals, contacts 13-1
of the middle deck, and the 750K multiplier resistor to
the positive side of the 4600V supply. The metering
circuits for the remaining power supplies and for the
130V battery supply are similar to the circuit described
above.
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SECTION 2
RIPPLE VOLTMETER

2.1 INTRODUCTION

The ripple voltmeter (fig. 2—24) is an a-c, vacuum-
tube voltmeter (VIVM) consisting of a peak-to-peak
reading voltmeter (the voltmeter is actually an rms-
reading meter calibrated in volts, peak to peak), a 2-
tube negative feedback amplifier, and a power supply.

The purpose of this voltmeter is to measure directly
the ripple component associated with any of the 11 d-c
voltages supplied by the d-c power supply unit. A selec-
tor switch permits the selection of any of these 11 volt-
ages for ripple component measurement. Multipliers as-
sociated with the particular range selected are auto-
matically inserted in the input circuit by the selector
switch.,

2.2 VOLTMETER CHARACTERISTICS
The characteristics of the ripple voltmeter are listed
in table 2—4.

2.3 THEORY OF OPERATION

Excessive ripple (pulsations in d-c voltage caused
by unfiltered a-c harmonic components) causes noise,
signal distortion, and other undesirable effects which

usually prevent electronic equipment from functioning
properly. For this reason, it is often found necessary to
measure the amount of ripple present in a d-c supply
output voltage and to determine whether or not the
ripple is excessive.

When a d-c voltage is to be examined to determine
the magnitude of ripple voltage, the selector switch is
set to the range required to measure the selected volt-
age (fig. 2—23). Voltage is then applied through the
selected multiplier and the 0.047-uf capacitor to the
control grid of the 5702 tube, the first voltage amplifier.
The 0.047-uf capacitor blocks all d-c voltages, permit-
ting only the ripple component to be applied between
the grid and the cathode of the first voltage amplifier.
The 1-megohm input resistor has the dual function of
setting the input impedance at approximately 1 meg-
ohm and bypassing the input dc to ground.

The ripple voltage is amplified by the first voltage
amplifier and applied through a 0.047-uf capacitor to
the control grid of the 5719 power amplifier tube. The
output voltage of this final amplifier stage is then de-
veloped across the 47K plate load resistor. The output

TABLE 2—-4. CHARACTERISTICS OF RIPPLE VOLTMETER

CHARACTERISTIC

SPECIFICATION

Frequency range

Scale indication

Scales (or multiples thereof)
Scale divisions for both scales 0.5V
Sensitivity
Accuracy

Power requirements

20-50,000 cps

Scale reads peak-to-peak volts based on a sine-wave input

1V and 0-2.5V

10-mv rms for full-scale deflection
3% of full-scale reading
6.3Vac, 60 cycles at 0.45 amp for tube filaments. 125-200Vdc at

1.5 ma =209, for the tube plate supply

Input impedance 1 megohm
Tubes used:
First voltage amplifier stage 5702 tube
Output stage 5719 tube

Bridge rectifier

Four 1N51 crystal rectifiers
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Figure 2—24. Ripple Voltmeter, Simplified Schematic Diagram

voltage of this 2-stage amplifier (amplified ripple volt-
age) is then applied, through series-blocking capacitor
C104, across the series combination of a bridge rectifier
and a network of resistors in the cathode circuit of the
first voltage amplifier.

2.3.1 Metering and Feedback Circuitry
The bridge rectifier is a full-wave rectifier. An rms-
reading voltmeter with the scale calibrated in volts,
peak to peak, is connected across the bridge rectifier
output terminals. The rectified amplifier-output voltage
therefore actuates the voltmeter, and the meter reading
is proportional to the amount of ripple voltage present.
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A portion of the return path for the output ripple
voltage consists of the network of 680-, 390-, and 37-ohm
resistors in the cathode circuit of the first voltage <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>