









































































































































































tecoi.se










































































































































































































































































































ELECTRONIC CIRCUITS NAVSHIPS

The frequency of the a- generator voltage depends upon
the speed of rotation of the rotor and the number of pairs of
poles in the machine. That is:

where P is the number of pairs of poles, and rpm is the
revolutions of the rotor per minute. The following examples
are provided to illustrate the use of the formula in solving
for rpm, F, and P.

Alternators are generally designed with a multipole rotor
and a multipole stator; however, for simplicity, the first
example will consider a basic alternator having only a two-
pole rotor and a two-pole stator. In this machine one com-
plete cycle of ac voltage will be induced in the armature
winding for each complete revolution of the rotor as it
passes under the two (north and south) poles of the stator.
When the rotor of this simple machine rotates at a rate of
3600 rpm, the frequency (in cps) of the a-c output voltage
Is easily found by using the basic formula. Thus:

=wcps

If six poles are provided on the rotor and on the stator of

an a-c generator, then during each revolution each pair of
rotor poles passes under three pairs of stator poles, and

thus generates three complete cycles of a-c output. Since
there are three pairs of poles provided on the rotor, it follows
that three times as many cycles will be generated during

one rotor revolution as will be for a single pair, or a total

of nine cycles. Assuming again that the output frequency

is 60 cps, the required tpm of the rotor may be found by
transposing the basic formula to solve for rpm. Thus:

pm =QQ§*
x 60

- %00

3

= 1200 rpm

This exampie clearly illustrates the inverse relationship
existing between the speed of rotor rotation and the number
of pairs of poles of the alternator. For the same output
frequency as in the first example (60 cps), when the number
of palrs of poles was increased by a factor of three, the
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required rpm of the rotor was decreased by one thitd, that is,
from 3600 to 1200 rpm.

When the speed of rotor rotation and the output frequency
of the alternator are known, the number of pole pairs is
easily found. For example, if F =400 cps'and the rotor
rotation is 3000 rpm, then the number of pairs of poles is
found as follows:

p8OF
tpm

-5

= 24000
3000

= 8 pairs of poles

When the load on a generator is changed, the terminal
voltage varies with load. The amount of variation depends
on the desiyn of the generator and the power factor of the
load. Unless the load is fixed and constant, some form of
voltage requlation is necessary to maintain the output volt-
age relatively constant under conditions of varying load,

In practice, once a machine is designed and butlt, the output
voltage Is controlled by varying the d-c excitation voltage
applied to the field winding. When an a-c generator is
equipped with a voltage regulator, the requlator uses the a-c
output voltage which is to be requlated as a sensing voltage
to control the amount of current used to excite the field.

The operation of a typical requlation system can be
briefly explained as follows: a drop in output voltage sensed
by the requlator causes the requlator to increase the field
current, and an increase in field current causes a correspond-
ing increase in output voltage to compensate for the original
drop In output woltage. Stated conversely, if the output volt-
age should rise, the requlator decreases the fleld current,
causing a corresponding decrease in output voltage to com-
pensate for the original rise in voltage. Thus, the regulator
senses a change in output voltage and compensates for this
change by altering the field (exciting) current accordingly.
A detailed description of the construction and opetation of
various voltage requlators can be found in Navy publications
covering basic electricity, or In course materials for EM
and AE ratings.

Sevetal typical inverters will be discussed briefly in the
parggraphs that follow.

Inverter with Permanent-Magnet Rotor. One of the
simplest inverters is the permanent-magnet-type inverter
shown in the accompanyiag schematic. This rotating-field-
type Inverter ts designed to supply single-phase ac at a
frequency of either 400 or 800 cycles to a constant and
relatively light load.

The inverter consists of a d-c motor and a permanent-
magnet-type a-C generator assembly combined within a single
housing. The d-c motor Is a shunt-connected, or shunt-
wound, motor with armature and commutator mounted on a
single shaft, and rotating within the stationary field (stator)
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ELECTRONIC CIRCUITS NAVSHIPS

The actions described in the preceding paragraphs are
practically instantaneous; consequently, the output voltage,
Eout, remains practically constant. Since all of the load
current must pass through the series control tube, V1, the
tube must be capable of passing considerable current. In
some circuit applications where the load current require-
ments exceed the capabilities of a single tube, two or more
identical tubes are connected in parallel (as the sections
of twin-triode V1 have been paralleled) in order to obtain
suitable regulation characteristics and current handling
capability.

The output of the regulator circuit is coupled to the
grid of the input section of the cascode twin-triode regulator-
amplifier tube, V2B, through coupling capacitor C2. Any
ripple component present in the output voltage is amplified
in the requlator amplifier, and, since the circuit is basically
a negative-feedback circuit, the ripple component is sup-
pressed. As a result, the requlator circuit is sensitive to
any voltage changes and is very effective in removing any
[undamental ripple-frequency component which is present
in the requlated voltage output. Although there are many
minor variations in the regulator-amplifier circuit configura-
tion, the function of the regulator circuit remains the same,
that is, to supply a requlated output voltage to the load
which is independent of variations in input voltage or
changes in load current.

FAILURE ANALYSIS.

Generol. The d-c requlator using a cascode twin-triode
amplifier includes several components which are rather
critical and directly affect the operation of the requlator
circuit. For this reason, voltage-divider resistors R8, R9,
and R10, and R11, as well as resistor 136 are normally close-
tolerance (on the order of 1, 2, or S percent) resistors with
good temperature stability characteristics. The operation
of the circuit will be impaired if these resistors should
change in value for any reason. Since the regulator circuit
attempts to hold the output voltage constant, it is usually
good practice to determine whether the load current is within
tolerance before suspecting trouble within the regulator
circuit proper. A load-current measurement may be made by
inserting a milliammeter (having a suitable range) in series
with the output of the requlator circuit. Also, a voltage
measurement should be made at the input to the requlator
circuit to determine whether the unrequlated voltage output
from the power supply (and filter circuit) is within tolerance.

No Output. In the d-c regulator using a cascode twin-
triode amplifier, the no-output condition is likely to be
limited to one of the following possible causes: the lack
of filament voltage applied to series regulator tube V1, the
lack of applied d-c voltage (from the associated power
supply and filter circuit), or a short-circuited load (including
output capacitor C3). A visual check of the glass-envelope
series regulator tube, V1, should be made to determine
whether the filament is lit; if the filament is not lit, it may
be open or the filament voltage may not be applied. The tube
filament should be checked for continuity; also, the
presence of filament voltage at the tube socket should be
determined by measurement. The d-c voltage applied to the
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regulator circuit should be measured at the input (plate

of V1) to determine whether it is present and of the

correct value, since the lack of input voltage from the
associated power supply and filter circuit will cause a
lack of output voltage. With the d-c voltage removed from
the input to the circuit, resistance measurements can be made
across the load (voltage-divider resistors R8, R9, R10, and
R11) to determine whether the load circuit, including
capacitor C3, is shorted. (The resistance measured across
the load circuit will normally measure something less than
the total value of series-connected resistors R8, R9, R10,
and R11, depending upon the load circuit design.)

High Output. The high-output condition is usually caused
by a decrease in operating bias for the series requlator tube,
V1, which, in turn, causes the tube to decrease its intemnal
resistance and permits the requlator output voltage to rise
above normal. Therefore, any defects in the electronic
regulator circuit which can cause a decrease in the operat-
ing bias for V1 should be suspected. Voitage measurements
should be made at the socket of V1 to determine whether
bias (cathode-to-grid) voltage is present. The series
regulator tube, V1, may be checked by substitution of a tube
known to be good to determine whether the tube is defective
(qrid-to-cathode short, etc).

A visual check of the gas-filled requlator tube, V3,
which provides a reference voltage for the operation of the
cascode twin-triode amplifier circuit, should be made to
determine whether the tube is conducting. A voltage
measurement made between the plate and cathode of V3 will
determine whether sufficient voltage is present at the
tube to cause conduction. If the voltage is above normal,
the tube mcy be defective; a tube known to be good may be
substituted to check for proper operation of the reference-
voltage circuit. If the voltage measured across V3 is below
normal, it is likely that resistor R6 is open, or possibly
the cascode regulator-amplifier stage, V2, is not conducting.

A visual check of requlator-amplifier tube V2 should
be made to determine whether the filament islit; if the
filament is not lit, it may be open or the filament voltage
may not be applied. The tube filament should be checked
for continuity; also, the presence of filament voltage at
the tube socket should be determined by measurement.

The bias voltages applied to V2 should be measured to
determine whether the tube is improperly biased, causing
the operating bias on V1 to decrease. Assuming that V3 is
conducting normally to provide a reference voltage, if the
voltages at the grids of V2 are below normal, and thus cause
an increase in V2 bigs, it is possible that voltage-divider
resistor R8, R10, or R11 has changed in value; in addition,
an inproper setting of variable-resistor RS will affect the
bias voltage at the grid of V2A. However, if no woltage
whatsoever is present at the grids of V2, the tube will be
biased to cutoff and V1 will conduct heavily as a result of
the decreased operating bias. In this case, it is likely that
resistor R8, RY, or R10 is open. If requlator-cmplifier

tube V2 has low emission, the voltage drop across plate-
load resistor Rl will be below normal; therefore, a tube
known to be good should be substituted and operation of the
circuit observed to d~temine whether tube V2 is the

cause of the trouble.
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ELECTRONIC CIRCUITS NAVSHIPS

Resistor R7 is a series voltage-dropping resistor which is
common to both screen -grid circuits.

Capacitor C1 and resistor Rl form an R-C circuit to
determine the discharge time constant in the grid circuit
of V1; capacitor C2 and resistor R2 determine the discharge
time constant in the grid circuit of V2.

Output pulses can be taken from the plate of either or
both electron tubes. Capacitors C3 and C4 are the output
coupling capacitors for V1 and V2, respectively.

+Epb

RS RT R6
c3

] OUTPUT
]( O vi
c4

$ |( C OU’\TIPZUT

Pentode Electron-Coupled Astable Multivibrator

The switching action of the electron~coupled multi-
vibrator is similar to that of the triode plate-to-grid-coupled
multivibrator circuit, previously described in this section.

When voltage is first applied to the circuit, the grids of
both tubes are at zero bias and both plate and screen cur-
rents start to flow; the plate currents pass through plate-
load resistors RS and RS, and the screen currents pass
through resistors R3 and R4 and through the common voltaye-
dropping resistor, R7. Also, capacitors Cl and C2 begin
to charge when the applied voltage appears at the screen
of each tube. The curents through both tubes may be equal
at first; however, in spite of the close tolerances of the
components in the control-grid and screen-grid circuits,
there will always be some slight difference in the total
currents of the tubes. The difference in screen-yrid cur-
rents will cause a further unbalance, resulting in a re-
generative action which rapidly switches the circuit to a
condition wherein one tube is conducting maximum screen
and plate currents and the other is cut off.

For example, if initially the total plate and screen
current through tube V1 should be slightly greater than
that through V2, the voltage drop across screen resistor 33
will be greater than the drop across screen resistor R4.
This results in a lower screen voltage for V1. This de-
crease in screen voltage is applied through coupling capa-
citor C2 to the ¢rid of V2 as a neyative goiny instantareous
grid voltage which reduces the plate and screen currents
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of V2. When the screen current of V2 is decreased, the
current through screen resistor R4 (and resistor R7) is

also decreased; therefore, the voltage drop across resistor
R4 decreases, resulting in a rise in the screen voltage of
V2. This increase in screen voltage is fed through coupling
capacitor Cl to the grid of V1 as a positive-ygoing instan-
taneous grid voltaye which increases the screen current of
V1. The voltage drop across screen resistor R3 increases
as the screen current increases, the screen voltage of V1
decreases, and, as before, the decrease in the screen vol-
tage of V1 is applied to the grid of V2 as a neyative-yoing
voltage. Note that as the screen current of V1 increases
the screen current of V2 decreases. Since the screen
currents of V1 and V2 flow through dropping resistor R7, the
voltage (with respect to ground) at the junction of resistors
R3, R4, and R7 remains essentially constant throughout

the entire period of oscillation.

‘The regenerative switching action just described for
the screen-grid to control-grid coupling of the pentode
multivibrator circuit continues rapidly until V2 is cut off
and V1 is at maximum conduction. In order to cut off plate
and screen current in V2, the grid of V2 must be driven
neyative beyond the cutoff voltage. The neyative grid
voltage results from a charge on coupling capacitor C2.
Since this charge leaks off through grid resistor R2, the
grid voltage at V2 does not remain in a neyative condition
but starts to return to zero as C2 discharyges through resistor
R2 and the conduction resistance (cathode to screen yrid)
of V1. When capacitor C2 discharges sufficiently and the
grid voltage cutoff point is reached, the plate and screen
currents once again start to flow through V2, initiating
another switching action similar to the first action described.
However, this time as V2 conducts, coupling capacitor C1
discharges through grid resistor R1 to cut off the plate and
screen currents in V1, and the switching action ends with
V1 cut off and V2 at maximum conduction. Here again, the
charge existing on coupling capacitor Cl must discharge
through grid resistor 31 and tube V2 before the yrid voltaye
cutoff point is reached and V1 can conduct to initiate another
switching action.

In a sharp cutoff pentode tube, as lony as the plate
voltage is greater than the applied screen voltaye, the
plate current in the tube depends largely upon the screen
voltaye rather than upon the value of the applied plate
voltage. The screen grid is made positive with respect
to the cathode and therefore attracts electrons from the
cathode; however, most of the electrons attracted by the
screen pass on through the screen grid and reach t..e plate.
It is this flow of electrons to the plate that couples the
multivibrator action to the plate circuit, from which the out-~
put waveform is obtained. The term electron coupled re-
fers to this method of coupling within the tube.

The fact that plate current is largely independent of ap~
plied plate voltage makes it possible to produce the desired
output waveform in the plate circuit since the positive
potential existing on the screen will control the number of
electrons arriving at the plate. Furthermore, the plate and
screen currents are controlled by the action of the control
grid; therefore, when the tube is at maximum conduction
and plate current flows through the plate~load resistor, the
voltage drop across the plate-load resistor is a!so maximum
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