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Solenoid Valve Control

A solenoid is an eleciromagnet having an energizing coil (somewhat eylin.
drical in shape) which acts on a movable ferromagnetic core or plunger
positioned in the center of the coil.

Magnetic amplifiers provide a means of controlling solenoid-activated
valves (Fig. 78) in piping or hydraulic systems. Manual or automatic con-
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Fig. 78. Controlling solenoid-activated valves.
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trol elements can be used with these systems. A detector, within the
medium, senses flow, rate of flow pressure, temperature, etc., and gener-
ates a signal to the controller which is connected in the control loop of the
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Fg. 79. Control of solenoid actual |

magnetic amplifier. The magnetic amplifier is biased for switching charac-
teristics. Hence, the output of the amplifier energizes or de-energizes the
solenoid valve in accordance to the requirements of the system (Fig. 79).

Lighting Conirol

Television and theater lighting equipment has had a rapid development
in recent years. Actors’ props and settings must be visible, in proportion
to their importance, from all parts of the stage or auditorium, Naturalism,
composition, and mood are additional factors to be achieved by artificial
stage lighting. These lighting requirements demand a high degree of flexi-
bility in equipment to create brightness, color, distribution of light, and
direction and location of equipment. Hence, dimmer control equipment for
lighting is an important part of stage equipment.

Magnetic amplifiers are a means of controlling lamp brilliancy by pro-
portional dimming (Fig. 80). Individual or group lighting control is made
possible by the use of this component. A manually operated powerstat
varies the d-c current control input to the magnetic amplifier. This control
current varies the degree of saturation which, in turn, varies the current
supplied to the lamps. Power in the order of milliwatis is capable of con-
trolling power in the order of kilowatts,
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Overload Detection System

A high degree of reliability is required of the components that make up
the circuits which protect electrical systems. Overloads — either overcur-
rents or overvoltages — pose important operational considerations in these
systems, This protection is characterized by an inverse-time relationship,
where extreme overloads are allowed to exist for only a brief period of
time or slight overloads are allowed to exist for a longer period of time
before protective devices are actuated.
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Fig. 81. Overload trip device.

Undervoltage or overvoltage (or current) is sensed as power is delivered
to a load. This detector senses voltage changes and generates a signal pro-
portional to these changes to the control winding of a magnetic amplifier.
The magnetomotive force developed by the control winding delivers an
output which activates or de-activates the main line contactors, opening
or closing the circuit (Fig. 81).



76 MAGNETIC AMPLIFIERS

Control System for Semiconductor Production

The wide use of transistors and diodes in electrical equipment and circuits,
has demanded that the processes used to make these semiconductors, be
highly efficient in their productive output, Seed crystal growing is presently
the most common and efficient method of otbaining these crystals. This
process makes use of a crystal-pulling apparatus shown in Fig. 82.

INDUCTION SEED CRYSTAL

I < 3 o SILICON OR GERMANIUM

Fig. 82, Crystal-pulling apparatus.

Germanium or silicon, in order to produce a single crystal, is first melted
in a crucible — germanium in a carbon crucible silicon inside a carbon
crucible with a quartz liner.

A pulling rod, to which the seed is atiached, is lowered into the crucible
and then slowly withdrawn. This seed is a small piece -of crystal with the
proper physical crystalline structure, As the metal cools, it forms a single
crystalline structure upon the seed. The rate of pull, the size of the seed,
and the temperature of the melt, determine the size of the crystal.

The temperatures required for silicon are in the vicinity of 1500°C; for
germanium, approximately 1000°C. Consequently, the heating process to
be used must be reliable, adaptible to temperature measurements, and lend
itself to accuracy in the controls necessary for the pulling operation.

Fig. 83 illusirates a control system for governing the amount of heat input
to the melt, using an induction type of heating process. A temperature
sensor generates a signal proportional to the melt temperature, and is an
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input signal to the recording potentiometer. The output of the recorder is
proportional to the deviation between the set-point and measured variable
{a signal proportional to the ordered temperature and actual temperature)
and goes to a current proportioning unit. Any deviation from the set-
point by the controlled variable results in an error signal applied to a rate
network. {The recorder and the proportioning control unit are means of
gaining extreme sensitivity.) The output of the proportioning unit is fed
into a magnetic amplifier where it is amplified and converted. The output
signal then goes to the control winding of a saturable reacior which de-
livers controlled r-f power or current to the induction coil.
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Fig. 83. Control system for iconductor crystal produciion.

Temperature-Controlled Ovens

Temperature-controlled ovens must be able to not only maintain a. fixed
inside temperature in the presence of wide variations in ambient condi-
lions, but also be able to change from one temperature to another with
minimum delay. Magnetic amplifiers in the control system (Fig. 84) pro-
vide a rugged, reliable and accurate regulated system.

Temperature sensors in the form of a temperature sensing bridge are
placed within the oven. This bridge is balanced when the oven reaches an
ordered temperature. Temperature fluctuations cause an unbalanced bridge
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and cause current to flow in the control winding of the first-stage magnetic
amplifier. The output is then fed into the control winding of another mag-
netic amplifier, which controls the power supplied to the heaters as well
as the power supplied to the motors. The motor-driven fans and the heaters,
together with a magnetic amplifier, provide a fast-response temperature
control system.
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Fig. 84. Yemperature control system.

Metering in Electrochemical Systems

The required accuracy in measuring power on the level of 100,000 kw and
above (125,000 amps at 800 volts) poses a difficult task for ordinary meas-
uring instruments. Accurate methods of metering mean accurate methods
of control. In the aluminum production industry, as well as other chemical
processes, large amounts of direct current are required.

A method used requires individual units (rectifiers) paralleled to obtain
large currents. The metering of a total current on any line is made by a
method of adding the individual currents. Previously, totalizing shunts
were used. However, they are difficult to build, install, and are often hazard-
ous to operators and maintenance personnel. Magnetic amplifiers are used
not only to meter the pot-line current, but also to expedite the location of
trouble in individual cells. This magnetic amplifier type of installation
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uses a multiple-wire tap, one on each bar of a bus. The control wire (one
per bar) is placed close to the bus but insulated from it, as shown in

Fig. 85.

{Note: Pot-lines are a series of furnaces [pots] arranged in a tandum
[line] so that materials, such as aluminum, as they are processed, go from
one pot to another. Pot-line current would be the current required in the

electrochemical process in each pot.)

VARNISH WIRE

Fig. 85. Bus bar wire tap.

As direct current flows into the bus bar, a proportionate amount is allowed
to flow through the bus tap points. The millivolt drop between the tap
points varies with the amount of current in the bus. This millivolt drop
will (with the millivolt drops of the other bus bars) determine the total
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Fig. 86. D-c metering of large power lines.

proportionate amount of current flowing in the system. This is summed in
a network control loop (Fig.86) which generates a proportionate signal.
This signal is then fed into the control winding of a magnetic amplifier,
and amplified sufficiently to be recorded on a meter.
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Speed Control of D-C Motors

The following describes an adjustable speed drive for operation from an
a-c power source, Its basic function is to control drive motor speeds in an
infinite number of steps over a wide range of speeds.

Operating speed levels as low as 14 of base speed, to as high as five times
the base speed, is possible. Base speed is defined as the speed of a d-¢c motor
when rated armature and field voltages are applied. A one-line diagram is
shown in Fig. 87.
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Fig. 87. Speed control of d motors from a-c sources.

System Theory

According to d-c motor theory, speed change can be accomplished by
either changing armature voltage or changing motor field strength. Applied
voltage (V) is equal in magnitude to the counter emf (E;) generated in
the motor armature plus the IR drop in the armature. V; equals E. plus IR,
since E. equals K¢N. Substituting and rearranging: N equals V{ minus
IR/K¢; Where E. equals counter emf, ¢ equals flux, N equals speed, and
K equals constant of the machine consiruction.

The preceding equation shows that speed is a function of applied voltage,
field strength, and armature voltage drop. With a given armature current
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and field strength (¢}, the speed is a function of this terminal voltage
(V). I terminal voltage is increased, speed increases to produce a greater
emi. Also, if the terminal voltage is decreased, speed decreases for the same
reason. From the above equation, it is seen that with a constant terminal
voltage and rated armature current, speed change can be accomplished by
increasing or decreasing the field flux. In accordance with the following
expression, motor torque, speed, and horsepower are related. HP equals
NT/5252; Where N equals speed, T equals torque, and HP equals horse-
power. Consequently, varying the armature voltage below base speed results
in constant torque; varying the field strength above base speed results in
constant horsepower (Fig. 88).
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Fig. 88. Motor torque and horsepower curves.

Speed Change Below Base Speed

Speed change below base speed is achieved by varying the voltage across
the d-¢ drive motor armature. This is accomplished by varying the field
strength of the d-c generator. Field current is supplied by the power wind-
ings of the magnetic amplifier. System operation (Fig.89) is as follows:
(1) After star¢ button has been depressed, holding coil M is energized
closing all M contacts. This starts the a-c motor driving the d-c generator.
(2) The start button at control station is depressed, holding coil 1M is
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energized, closing all 1M contacts which supply ac to transformers and
rectifiers. This results in direct current being available at control poten-
tiometers A and B. Small currents flow through the power windings of
the magnetic amplifiers with low-power transfer to each field. (3) Chang-
ing the control current (potentiometer A} in the control winding varies
the d-c output from the power windings, which supplies the generator field.
This results in a variable output voltage from the generator which is ap-
plied to the drive motor armature resulting in a speed change.
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Fig. 89. Diagram of adjustable speed drive.
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Speed Change Above Speed Base

To effect a change in speed above base speed, the field strength of the
motor is varied. Operation is as follows: (1) Hold generator output volt-
age constant by leaving potentiometer A alone. (2) Since d-c is available
at potentiometer B, varying its output will vary the output of the power
windings supplying d-c to the motor field. This strengthening and weaken-
ing of the field changes the motor speed.

Use of Special Windings

Power and control windings. These windings function in accordance with
basic principles of operation of saturable reactors as brought out earlier.

IR compensating winding. Changes in load result in changes in armature
current and reduced motor speed. Since this is objectionable, a means of
modifying this effect is accomplished through the use of the IR compen-
sating winding. As armature current increases, a greater flux is developed
in the magnetic amplifier, due to the compensating winding which tends
to saturate the core. This increases the current in the d-c generator field,
increasing the generator voltage. Hence, changes in motor speed due to
loads are reduced.

Antihunt winding. The antihunt winding is connected to the generator field
through two antihunt capaciters (C). The circuit operates only during
changes in speed levels to cushion any abrupt or oscillating changes. This
is accomplished by designing the capacitors so that they charge when the
field is increasing and discharge when the field is decreasing. This effect
of the capacitors is delivered to a winding which introduces opposite satu-
ration effects to that of the power windings.

Regulators (General)

Regulation is the process of keeping constant some condition like speed,
temperature, voltage, or position, by an electrical or electronic system
which automatically corrects deviations from a desired output (errors).
Regulation is, therefore, based on feedback, control is not. Automatic
electronic regulators can be designed and constructed to maintain a level
of output for the following conditions: Speed, voltage, current, frequency,
torque, tension, temperature, position, etc.

The degree to which the regulator keeps constant these conditions, depends
upon the accuracy and reliability of the components in the system. The
magnetic amplifier serves as an excellent means toward system reliability
and accuracy as illustrated and described in the following systems.

Speed Regulators

Speed regulators (Fig. 90) are important where constant speed must be
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maintained, such as in the generation of alternating current (d-¢c motor
driving and a-c alternator). Speed variations result not only in poor volt-
age output, but also in frequency deviations.
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Fig. 90. Speed regulator.

Speed deviations on the motor shaft output is sensed with a tachometer
indicator whose proportional signal is compared with a preset reference
speed. The output of the comparator is an error signal, proportional to
the difference in speed. This error signal goes to the control winding of
a magnetic amplifier whose output supplies the excitation current for the
motor field.

Avtomatic Line Voltage Regulators

Fluctuating voltages, both high and low, have undesirable effects on utili-
zation equipment. Low voltage causes lights to dim, motors to slow down
or pull out of step, electronic equipment to function improperly, ete. High
voltage causes some equipment to perform unsatisfactorily and other equip-
ment, such as lights and control devices, to burn out.

The following describes a voliage regulating system which automatically
maintains the output voltage of a generator constant, regardless of load
changes. This system makes use of magnetic amplifiers and consists of the
{ollowing circuits: Start or field flashing circuit, voltage sensing circuit,
frequency compensation, reaclive droop compensation, voltage adjustment.
All these circuits are intended to maintain the system (either for single
operation or parallel operation) terminal voltage constant despite load
variations.
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Starting (Field Flashing) Circvit (Fig. 91)

The diesel-generator system and regulating equipment are started by de-
pressing a master pushbutton. This bushbutton connects a battery power
source to the generator field winding while the engine comes up to speed.
The battery supplied exciting current is delivered te the field winding of
the generator through normally closed contacts of a relay. When the gen-
erator output voltage becomes sufficient to energize the relay, the batiery
circuit is interrupted, permitting the voltage regulator to assume full auto-
matic control of the generator field excitation and output voltage.
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Fig. 91. Automatic line voltage regulator,
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Voltuge Sensing Circuit

This portion of the circuit receives its signal from the a-c generator output
bus. The output voltage of this circuit varies in magnitude and polarity
as its input voltage increases and decreases. This is accomplished by the
use of reactors and capacitors whose values and connections are such that
current through these components are equal at only one voltage value.
This is termed the balance point of two impedances. The operation of the
voltage regulator depends upon the fact that an increase in voltage above
the balance point causes an increase in current flow through the series and
parallel impedance. When the voltage decreases below the balance point,
the current through the series impedance decreases, and the current through
the parallel impedance increases. When this unbalance occurs, a current
flows in the control winding of the premagnetic amplifier stage. The first
stage and second stage magnetic amplifiers are properly biased and sup-
plied with power. The output of the second stage causes the generator field
current to change in the proper direction to bring the a-c voltage back to
the balance point of the regulator.

Frequency Compensation Circuit

Because variations in the load upon the power supply may cause fluctua-
tions in the speed of the diesel engine, means have been provided to com-
pensate for the effects of variable output frequency. The negative feedback
around the preamplifier stage is included to assure stable system operation.
A portion of the output signal is connected to oppose the input signal and
tends to reduce wide variations in voltage changes. In case of overspeed of
the diesel, the over-frequency relay closes, connecting the negative feed-
back winding. This reduces the voltage to a value which will not damage
the regulator. Inductors and capacitors are specified with values so that
frequency changes result in reactance changes that can only upset the net-
work balance within a specified band (55-65 cycles}.

Reactive Droop Compensation

When generators are required to operate in parallel, the reactive kva
carried by each should be in proportion to the generator rating. Division
of reactive kva between generators can be obtained by causing each regu-
lator to droop its regulated voltage as the reactive current increases. This
is accomplished by a reactive current droop transformer, the output of
which is connected to a resistor in the regulator circuit. The voltage droop
across the resistor caused by the transformer current gives an indication
to the regulator of the amount of reactive current supplied by the generator.

Voltage Adjustment

The voltage adjusting unit is essentially a variable voltage transformer,
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connected to provide approximately 20% of the voltage supplied to the
regulator. With this unit, it is possible 1o set the generator voltage at any
value within the 209 range. Voltage adjustment is accomplished by
changing the balance voltage conditions developed by the L, C, R circuits
described previously.

Fig.92 illustrates another type of voltage regulator for maintainingvoltage
on transmission lines, and makes use of magnetic amplifier control to
change transformer taps in accordance to load fluctuations. This step type
regulator is becoming increasingly important.
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Fig. 92. Magnefic amplifier control for load tap changing equipment.

Step regulators, as the name implies, regulate the voltage in steps. For this
reason, the equipment must be designed and connected to perform z level
stepping function due to any changes or deviations in voliage. The mag-
netic amplifier used in this system has a bistable output (Fig. 93}.

For certain input signal values, the output may have one of two values.
This type of operation gives the magnetic amplifier the necessary band-
width and compounding requirements for step regulator control.

The voltage drop that may exist between source and load is subtracted from
the output voltage of the source (line drop compensator). This voltage is
then connected to a detector which generates a proportional signal corres-
ponding to any deviation in voltage from the required balance voltage. If
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this voltage exceeds the allowable limit, the voltage-regulating magnetic
amplifier will amplify the deviation and send a signal to the time delay
unit. While the voltage detector measures the deviation in voltage continu-
ously, no action should take place until this deviation has exceeded the set

bandwidth.
~—»| BANDWIDTH %—

RAISE LOWER

_Eo Eo *Eo —

Fig. 93. Bistuble output of a magnetic amplifier.

The time delay element provides a means of timing the deviation voltage
until the end of the timing period. Then, the bistable magnetic amplifier’s
output energizes a small control relay which in turn energizes the motor
control relays. This starts the motor which changes the necessary taps on
the transformer.

Nuclear Reactor Protection Systems

The term scram refers to the rapid reduction in nuclear reactor power
level. This is accomplished by inserting the control rods into the reactor to
bring the reactivity to its lowest state. Fast trip scram circuits are neces-
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Fig. 94. Nuclear reactor protection system.
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sary in reactor systems in the event of any malfunctions. (See Fig. 94.)
Three malfunctions are capable of scramming a nuclear reactor under fast
trip conditions: (1) Neutron flux scram — The amount of neutron flux
present in a reactor is an indication of the actual power level. This is also
proportional to the amount of heat generated. If heat becomes excessive,
the reactor needs to be scrammed. (2) Reactor period — This is the time
in seconds in which the reactor power level is increased or decreased by
the factor “e” or approximately 2.7. This tells how fast the power levels
are changing. (3) Cooling ratio—This is a measure of the ratio of neutron
flux te coolant flow which is proportional to the difference in temperature
between the generating heat source and the coolant removing this heat
(delta T). This also indicates the large upward temperature transients,
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Fig. 95. Molfunctions are detected by sensors.

Cooling ratio, reactor period, and neutron flux malfunctions are detected
by sensors (Fig. 95). Detected signals go to mixers whose outputs are con-
nected to one of three control windings of a magnetic amplifier. The duplex
bridge-type magnetic amplifier with the three control windings is so biased
that the loss of one input causes the output to fall to zero, initiating a fast-
trip scram by closing a primary safety solenoid valve.

Control Rod Position Indicator for Nuclear Reactors

Various methods of indicating the position of the control rods in nuclear
reactor control systems are used. The following describes a method de-
signed to provide remote indication of the displacement (in inches) of
each control rod from the bottom of the reactor. The overall system can
be characterized into the following areas: Position indicator coils, induct-
ance bridge, demodulator, premagnetic amplifier and output magnetic
amplifier.
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Fig. 96. Indicating system for position of control rod.

Fach of these areas are interdependent, and overall system performance
depends on the proper operation of each area (Fig. 96}.

System Description

The position indicator coil is so installed in the control rod drive mecha-
nisin that its inductance is dependent upon the position of the control rod.
This is accomplished by installing the detector coil in the hollow center of
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Fig., 97. Effects on inductance due to material and position of control rods.
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a screw made of magnetic material and connecting it to the control rod
{Fig. 97). Vertical movement of the screw and contrel rod changes the
amount of magnetic material surrounding the detector coil. When the con-
trol rod is in the bottom position, the minimum amount of magnetic lead
screw material surrounds the detector coil and its inductance is at a mini-
mum. As the screw is raised from the bottom position, more of its mag-
netic material surrounds the detector coil, causing the inductance to in-
crease. This inductance is the result of the higher permeability of the
material surrounding the inductance coil.

Inductance Bridge

When the control rod is in the bottom position, the inductance bridge is
balanced (Fig. 98). Any changes in the rod position result in changes in
inductance in one arm of the bridge. This unbalanced cendition produces
an output proportional to the position of the control rod. The basic pur-
pose of the variable resistances in two of the arms of the bridge is to com-
pensate for the decrease in capacitance of the capacitor with an increase
in temperature. Once the bridge has become unbalanced, it delivers an a-¢
output which is applied to the demodulator circuit for rectification. A test
inductor is included for circuit testing. This test is accomplished by insert.
ing an inductance of equal value to that obtained when the rod is with-
drawn to the halfway position.

The basic purpose of a demodulator is to provide rectification of an a-¢
signal. The demodulator circuit receives the a-c output of the inductance
bridge, rectifies it, and delivers it as a control signal to the preamplifier.
The demodulator utilizes two pairs of transistors which operate as syn-
chronous switches. One pair conducts during the positive half circle, and
the second pair conducts during the negative half cycle producing full-
wave rectification. An a-c biasing transformer (T1) alternately turns each
pair of transistors on and off by applying an a-c voltage between the base
and collector. In addition to delivering an output to the preamplifier input,
the demodulator also supplies a signal to an indicating meter-selector
switch. This is, however, accomplished through a temperature-compensat-
ing network. A phase shifting network compensates for changes in induct-
ance from rod position, and changes in resistance of coils due to tempera-
ture effects.

The preamplifier is a linear magnetic amplifier whose control signal is fed
from the demodulator output to produce an output inversely proportional
to the demodulator output, i.e., d-c output decreases as the control current
increases. Fixed and adjustable biases provide an output independent of
line voltage variations. The output magnetic amplifier is biased to produce
an output directly proportional to the output of the preamplifier. With
this arrangement, the preamplifier and output amplifier deliver their maxi-
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mum outputs when the inductance bridge is balanced, or the control rod
is at the bottom position. This provides fail-safe operation.

Magnetic Core Shift Registers in Digital Computers

Registers used in digital computers are data or information storage de-
vices. Registers can be connected in a circuit to hold (store) a full chain
of coded binary data with one bit in each register.

Magnetic cores, acting as magnetic amplifiers, can be connected in cas-
cade to function as a register, When such a chain (Fig. 99) or cascaded
cores are used, a shift pulse can shift the entire train of binary information.

RCRCACRT

SHIFT

Fig. 99. Coscaded cores function as a storage register.

By this method, each new bit it transferred into the first element. Then
the whole train of data is shifted down the line to make room for the next
bit. This continues until all information is transferred and stored.

Each element in this chain consists of a magnetic core that can be switched
or changed from a negative saturation state to a positive saturation state
(Fig. 100), with a high degree of stability in each state. Changing the
core {rom one state to another is accomplished by pulsing the windings in
such a manner as to reverse the direction of the flux within the core,

INCOMING
PULSE

INCOMING
PULSE

( l SATURATED SATURATED
NEGATIVELY POSITIVELY
—

Fig. 100, Magnetic core can be switched from a negative saturation stote
to o positive saturation state,
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The ability of the core to remain in either state indefinitely is attributed
to the high degree of retentivity or residual magnetism of the core. Mate.
rials having a high residual magnetism exhibit a square hysteresis loop,
as in Fig. 101,
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Fig. 101. Square hysteresis loop for magnefic cores.

Properties of Square Hysteresis Loop

{1) A-B, positive saturation portion of loop. (2) C-D, negative saturation
portion of loop. (3) B and D switching points at knee of curve. These are
the points in which positive saturation is changed to negative saturation,
and vice versa. (4) The change from positive to negative or negative to
positive is very sharp. (5) Residual magnetism OP (positive} and ON
{negative) remains relatively the same through each cycle. (6) Magnetic
core is never in neutral condition, it switches from one state to another.
(7) Low impedance at saturation levels which result in maximum current
output are necessary to pulse the next magnetic core in cascade. (8) Ex-
tremely high impedance between saturation levels prevenls any output
between switching points.

Core-to-Core Transfer

The core-to-core transfer of a magnetic core shift register (Fig. 102) de-
livers the output pulse from one core to the input of the second core, to
switch this second core from one state of saturation to another. In digital
computers, the binary digits 0 and 1 are represented in each core element
as negative and pesitive saturation. In other words, a core element in a
negative saturation state is said to be in binary state 0, and a core element
in a positive saturation state is said to be in a binary state 1.

From Fig. 102, when a pulse arrives in the write winding of core A, it
switches the core from negative to positive (0 to 1}. The sense winding of
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Fig. 102. Core-to-core transfer in a magnetic core shift register.

core A has induced in it an emf, but with a polarity that is reversely ap-
plied to the output diode. No conduction occurs between the cores. When
an addition pluse arrives in the write winding of Core A, nothing happens
because the core is already saturated positively {state 1}, When a pulse
arrives at the shift winding, the core now changes from a positive to a
negative state (1 to 0). The sense winding of core A has induced in it
an emf. but with a polarity that is forwardly applied to the output diode,
causing conduction between the cores. This conducted pulse is fed into
the write winding of core B and changes its state from negative to positive
saturation, and the cycle is repeated. The delay element is necessary to
prevent the write and shift pulses from coming together in time on any
given core. By this method of switching saturation states of a magnetic
core, binary information can be stored or held in a register for an indefi-
nate period of time.

To clear or erase a magnetic core shift register, a repeating pulse is ap-
plied to the shift windings of each core that has been serially connected.
As each shift pulse occurs, every core in the magnetic shift register which
is in a ] state, shifts this 1 to the next core, and so on to the end of the
register, This action continues until the register is cleared of all binary 1's.

Review Questions

1. Compile a list of applications, as explained in the text, under the five functional
uses of magnetic amplifiers: Control, amplification, switching, memory, com-
putation.

2. What factors give magnetic amplifiers increasing applications in electrical systems?

(%]

. In applying magnetic amplifiers in electrical systems, why is it important that the
entire system be consideted in the factors of design, operation or maintenance?
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Amplifier, Magnetic— A device using saturable reactors either alone or
in combination with other circuit elements such as rectifiers and resis-
tors, to obtain control or amplification.

Bias Windings — Those control windings by which the operating condition
is translated by an arbitrary amount.

Control Characteristic — A functional plot of load current versus control
ampere-turns for various loads and at rated supply voltage and fre-
quency.

Control Windings — Those windings by which control magnetomotive
forces are applied to the core.

Efficiency — Ratio of output to input.

Flux —— Term used to designate collectively all the magnetic lines of force
in a region.

Gain — Relative amplitude of output voltage, current, or power, in an
amplifier stage or system to the input voltage, current, or power, re-
spectively, expressed in db.

Hum — Low audio frequency, equal to, or twice, the power line frequency.

Impedance — Total opposition that a circuit offers to the flow of a-c cur-
rent or any other varying current at a particular frequency. The ratio
of the eflective value of the potential difference between the terminals
to the effective value of current.

Inductance — Property of a circuit or two neighboring circuits which
determines how much emf will be induced in one of the circuits by
a change in current in either of them.

Linear — A relation such that any change in one of the related quantities
is accompanied by an exact proportional change in the other.

Noise Level — The strength of acoustic noise at a particular location.

Qutput Windings — Those windings other than feedback associated with
the load and through which power is delivered to the load.

Reactance — The opposition in ohms offered to the flow of a-c by induct-
ance or capacitance in an a-c circuit. It is the component of impedance
of a circuit not due to resistance.

Reactor — A device that introduces reactance (inductive or capacitive)
into a circuit.

Saturable Reactors (also called saturable-core reaciors)—D-c controllable
reactors, saturable transformers, and transductors. Saturable reactors
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are ferromagnetic inductors in which the current versus voltage rela-
tionship, is adjusted by control magnetomotive forces (mmf) applied
to the core. This is accomplished by an a-c winding impedance con-
trolled through the saturation of the core effected by a magnetomotive
force.

Saturation — Maximum possible magnetization of a magnetic material.
Maximum number of lines of flux a magnetic material will hold. Fur-
ther increases in magnetizing force produces little or no increase in
flux density.

Seturation Curve — A magnetization curve for a ferromagnetic material.

Self-Saturation — Refers to the connection of a half-wave rectifying circuit
element, in series with the output windings of saturable reactors. OQut-
put current has a d-c component to increase the saturation of the core,
and results in a reduction in ampere-turn requirements of control
winding.

Signal (input and control) --- An independent input variable. It is applied
to the magnetic amplifier as an independent magnetomotive force.



Acceleration, 10

Accuracy, 63

Air core, 23

Air gap, 23

Alignment of domains, 6
Alignment of elecirons, 5
Ampere-turns, 13, 26, 46
Amplidyne, 57

Amplification, 29, 30, 56, 62, 96
Applications, 72

Bar, magnet, 12

Bias, 36

Bias winding, 46, 96
Bistable operation, 54

Calibration, 64

Cascading, 42

Coercive force, 18, 66
Compautation, 56, 58, 62
Conductor, current carrying, 11
Control, amplifier, 56, 57, 62
Control characteristic, 32, 96
Control region, 37

Control winding, 27, 28, 96
Core materials, 31

Core types, 65

Corrective maintenance, 69
Cost, 64

Current gain, 50

Cut-off region, 37

Degenerative feedback, 53
Demagnetized, 5
Desaturate cycle, 34
Desaturation, 21
Dielectric strength, 39
Digital computers, 93
Diode, 36

Distortion, 28, 65
Domains, 5, 16

Daty cycle, 63

Dyne, 10

Efficiency, 63, 96
Electrical machinery, 1
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Electrical systems, 41
Electromagnetic, 4
Electron emission, 58
Electron spins, £

Electronic amplification, 57

Faraday’s Laws, 19, 20
Feedback, 53
Ferromagnetic, 3, 14
Figure of Merit, 55
Filter choke, 39

Flux density, 7, 16

Flux, properties of, 8, 96
Force, 10

Force, attraction and repulsion, 8
Frequency, 48
Frequency response, 65
Full output region, 37
Fuses, 68

Gain, 35, 38, 43, 50, 63, 96
Gauss, 7

Harmonics, 65

Heaters, 72

Helix, 12

Hermetically sealed, 63
Hum, 96

Hysteresis loop, 17, 54, 66,94

Impedance, 21,27, 28, 42,96
Impedance range, 64
Induction, 18, 96

Inductive reaceance, 27
Inductor, 44

Instep, 16

Insulator, 8, 39,67

Iron core, 23

Lighting control, 1, 74
Linearity, 16, 28, 54, 96
Lines of flux, 7, 14, 24
Load resistance, 48
Load winding, 27, 35
Long life, 63

Magnetic amplification, 57, 23, 26
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Magnetic amplifiers:
compensating types, 42
definition, 34
self-saturating type, 34
three-legged core type, 39

Magnetic circuit, 15, 23, 26

Magnetic conductivity, 14

Magnetic cores, 93

Magnetic field intensity, 11, 14

Magnetic fields, 6, 11

Magnetism, 3

Magnetite, 3

Magnetization curve, 15, 20,
28, 31

Magnetomotive force, 13, 27

Maintepance, 68

Maxwell, 7

Memory, 56, 58, 62

Metering in electrochemical
systems, 78

Negative saturation, 18

Noiseless control, 63

Noise level, 96

Nuclear reactor control rods, 89

Nuclear reactor protection
systems, 88

Output, 42, 53

Output winding, 96
Overload detection system, 75
Overloading, 63

Paramagnetic, 3, 14
Permeability, 14,23

Phase, 40

Polarizaticn, 34, 37, 46
Positive feedback, 54
Positive saturation, 18
Power, 28

Power control to heaters, 72
Power gain, 50

Power regulators, 2
Preventive maintenance, 68
Punchings, 66

Quiescent current, 34, 42
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Radiation exposure, 17
Reactance, 21, 27, 44, 96
Reactance methods, 58
Rectangular cores, 66
Rectifiers, 68

Rectifying diode, 36, 37
Regenerative feedback, 53
Regulators, 83
Reliahility, 63, 72
Reluctance, 14, 15, 23, 41
Remote control, 63
Residual magnetism, 18
Resistance methods, 58
Resistivity, 23, 65
Resistors, 68

Response, 39, 54

Ring cores, 66

Safety, 63
Saturable reactors:
definition, 96
history, 1
maintenance, 68
principle of operation, 28
simple type, 26
Saturation;
changes, 21
cycle, 34, 96
positive or negative, 18
Self-saturation, 97
Semi-conductor preduction, 76
Sensitivity, 39
Series-opposing, 40
Shift registers, 93
Signal, 97
Sine-wave, 30
Slope, 16, 31, 50
Soft iton, 13
Solenoid valve control, 73
Speed control of motors, 80
Stability, 64
Stepless control, 63
Storage, 61
Supply voleage, 48
Switching, 56, 58, 62
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Temperature, 67
Temperature, control ovens, 77
Tension, 8
Thermionic emission methods, 58
Time constants, 54
Toroid, 7,13, 15, 39,66
Transfer characteristic, 32,
36, 44

Transformer action, 34, 39

Transient region, 29
Transition, 21

Trim windings, 69
Troubleshooting, 68, 69, 70

Unilateral conductivity, 36
Voltage drop, 28
Waveform, 29
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