
CHAPTER 5

ELECTRICAL AND ELECTRONIC
CIRCUIT ANALYSIS

There are many electrical and electronic circuits
used in ordnance equipment. These circuits perform
such jobs as power supply, lighting, loading system
control, train and elevation control, and overload
protection. All electrical circuits are made up of basic
electrical or electronic devices. These devices,
individual y or working together, can delay, interrupt,
isolate, or integrate electrical and electronic circuits,
and prevent damage to equipment.

The purpose of this chapter is to provide functional
information of how these devices are used to operate
and control ordnance equipment. Portions of this
chapter are based on foundational information
contained in other training manuals. You are assumed
to have a knowledge of the fundamental properties of
electricity and how to operate a multimeter to read
voltage, resistance, and amperes.

Before proceeding with this chapter, you should
review the information in Navy Electricity and
Electronics Training Series (NEETS), Modules 1,2,3,
and 16, Introduction to Matter Energy, and Direct
Current, NAVEDTRA 172-01-00-79; Introduction to
Alternating Current and Transformers, NAVEDTRA
172-02-00-85; Introduction to Circuit Protection,
control ,  and measurement ,  N A V E D T R A
172-03-00-85; and Introduction to Test Equipment,
NAVEDTRA 172-16-00-84, respectivey.

First we will explain some of the more common
electrical and electronic devices used in missile
launcher and gun mount control circuits. Next we will
describe the operation of the common types of control
circuits and explain the procedures used to locate
common failures within each circuit. We will then
discuss the control system in the Mk 45, Mk 75 gun
mounts and the Mk 13 Mod 4 GMLS. These control
systems are similar to the Mk 26 GMLS, so the Mk 26
GMLS will not be discussed.

The final sections of this chapter are devoted to a
discussion of ships power and distribution and the
fundamentals of synchros and electrical safety. Safety
precautions required for working with electrical and
electronic equipment are provided throughout the
chapter.

POWER SUPPLY AND
CONTROL CIRCUIT

COMPONENTS

LEARNING OBJECTIVE: Recall the electrical
components used in a typical missile
launcher/gun mount power supply and
light-ing circuit, their function, and how they
are tested.

All the mechanical, electrical, and hydraulic
mechanisms in a modern gun mount/launcher are
controlled by the action and interaction of the various
devices of the control and power circuits. The control
circuits regulate the application of power to motors and
to solenoid-operated hydraulic valves. Operation of the
gun mount/launcher is performed sequentially. Barring
a malfunction, no action (hydraulic, mechanical, or
electric) can occur out of sequence because of the
interlocking action of switches, relays, and solid-state
devices.

Power circuits are normally 440 VAC and are used
to operate the electric motors that power the hydraulic
pumps associated with the gun mount. Gun
mount/launcher control circuit voltage can be ac and/or
dc of any value up to approximately 30 VDC or 115
VAC. Control circuit voltage is normally supplied by
gun mount/launcher transformers that step-down 440
volts ac.

CIRCUIT ELEMENTS

This portion of the chapter covers the more
common electrical devices used in power and control
circuits.

Indicator Lights

Indicator lights show the position of mount/
launcher components or the status of switches,
solenoids, fuses, and control and power circuits.
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Figure 5-1 shows a simplified circuit with a light (LI)
that indicates when the motor is running. The letters L
or LI are the reference designations for lights on the
schematics for the older gun mounts; the new ordnance
equipment uses the designation DS.

Fuses

The fuse is the simplest form of a circuit protective
device. It consists of a metal alloy fusible element that
melts at a predetermined value of current. Thus, if a
circuit draws more current than the rated value of the
fuse, the fuse opens (blows) and the circuit components
are protected.

Fuses are rated according to the amount of current
they can safely carry; this current is usually measured
in amperes. The most common cause of fuse failure is
an overloaded circuit. There are, however, other
causes. Failure to set the fuse into its contacts properly
can cause a fuse to open.

On schematics for older gun mounts and missile
launchers, fuses are designated by the letters F or FA
(fig. 5-1). On newer mounts and missile launchers,
such as the 76-mm 62-caliber Mk 75 gun mount and the
Mk 13 Mod 4 GMLS, fuses are designated FE on
schematics.

Switches

A switch is a device used for making, breaking, or
changing the connections in an electric circuit.

Figure 5-1.—Power-on indication circuit.

Switches are used extensively in gun mount/launcher
control circuits to start and stop motors, to turn
indicating lights on and off, to channel information
from one point in the system to another, and to shift
system mode of operation, to name but a few of their
many uses.

An essential function of any switch is to maintain a
good, low-resistance contact when the switch is closed.
A poor connection between switch elements produces
considerable resistance. This resistance results in
overheating the contact area. When heavy current is
being carried by the switch and the switch contacts are
opened, an arc is produced. Therefore, switches should
be opened and closed quickly to minimize arcing.
Usually, they are designed to have snap action.

Switches are classified by the number of poles, by
the throw, or by the number of positions. The pole of a
switch is its movable blade or contactor. A switch may
have one or several poles. The throw of a switch
indicates the number of circuits each pole can complete
through the switch. The number of positions a switch
has is the number of places at which the operating
device (toggle, shaft, plunger, and soon) will come to
rest and, at the same time, open or close a circuit. As
shown in figure 5-2, switches through which only one
circuit can be completed are called single-pole,
single throw switches. Switches with two poles,
through each of which one circuit can be completed, are
described as double-pole, single-throw switches, while
those with two poles, through each of which two circuits
can be completed, are described as double-pole,
double-throw switches.

Switches are also classified by method of actuation
(push button, toggle, and rotary) and by the trade name

Figure 5-2.—Switch classification according to number of
poles and throws.
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of the manufacturer. An example of this type of
classification is the microswitch.

ROTARY SWITCHES.— A rotary switch can take
the place of several switches. As the knob or handle of
a rotary switch is rotated, it opens one circuit and
closes another. This action can be seen from an
examination of figure 5-3. Most rotary switches have
numerous layers called wafers or pancake sections. By
adding wafers, the switch can be made to operate as a
large number of switches. Rotary switches are used in
gun mount equipment to select modes of operation
and for many other functions.

J Rotary Switch.— The J rotary switch (fig. 5-3)
consists of an equal number of rotors and pancake
sections. The number of sections required in the switch is
determined by the application. A shaft with an operating
handle extends through the center of the rotors. The
movable contacts are mounted on the rotors, and the
stationary contacts are mounted on the pancake sections.
Each section consists of eight stationary contacts,
designated A through H, and a rotor with two insulated
movable contacts spaced 180 degrees apart. Figure 5-4
shows the contact array for all pancake sections. Each
movable contact is arranged to bridge two adjacent
stationary contacts. The switch has eight positions. A
detente mechanism properly aligns the contacts in each
position of the operating handle. In one position, the
rotor contacts bridge segments A-B and E-F; in the next
position, the rotor contacts bridge segments B-C and F-G.
Diagonally opposite pairs of contacts are subsequently
bridged for the remaining positions. The various circuit
leads are connected to the proper pancake terminals. To
transfer circuits, you just turn the handle.

JR Rotary Switch.— The letters JR are the
designation for a family of rotary switches. These
switches  (fig. 5-5),  by  a  single motion, control a number

Figure 5-3.—The J multipole rotary switch.

Figure 5-4.—The J switch contact arrangement.

of switches called pancakes or wafers located on the
same shaft. To achieve this control, the switch is built
in layers, or wafers, along the shaft of the switch
handle (fig. 5-5, view A). The number of contacts
determines the type of switching circuit. Usually all
the wafers in the JR switches are identical; that is,
they may be all make-before-break or break-before-
make (fig. 5-5, view B). Each wafer is in itself a
separate switch (fig. 5-5, view C).

Make-before-break means that as the switch is
rotated the rotor contacts touch the next J pole before
breaking the previous contact. Break-before-make means
that as the, switch is rotated the rotor contacts leave the
original pole before the movable contacts touch the new
pole, In rare cases you may find a switch containing both
types of switching arrangements. Extra wafers are
provided for use as spares.

As the handle of the switch is turned, the rotor
blades in all wafers turn simultaneously to make and
break the circuits. A detente wheel is incorporated in
each switch assembly to ensure proper positioning.
Also, a stop plate (fig. 5-5, view A) limits the rotation
of the switch by means of a stop pin. The pin is fixed
in the stop plate to prevent overtravel.

The JR switch is smaller and more readily
disassembled than the J switch. These two features
save space and facilitate repairs. The JR switch is
classified as a 1JR, 2JR, 3JR, or 4JR type.

• The 1JR switch has only one movable contact
per section. This movable contact bridges two
adjacent stationary contacts.

• The 2JR switch is the same electrically as the J
switch and is the type used for general ordnance
applications. The 2JR switch has two movable
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Figure 5-5.—JR rotary switch: A. Typical switch arrangement, schematic; B. JR switch contact
arrangement; C. Face view.

contacts per section, 180 degrees apart. Each
movable contact bridges two adjacent stationary
contacts.

• The 3JR switch uses one of the stationary
contacts as a common terminal. This
stationary contact is connected, in turn, to
each of the other stationary contacts of the
section by a single wiper contact. The 3JR is

used for selecting one of several (up to seven)
inputs.

 
• The 4JR switch has two movable contacts in

each wafer. The movable contacts bridge
three adjacent stationary contacts.

The JR switch is stacked in multiples of five
sections (up to 25 sections). In some cases, a switch
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with a number of sections that are not a multiple of 5
has been installed. If this switch must be replaced, a
switch with the next largest number of sections that is
a multiple of 5 should be installed if space permits. All
sections of a switch should be the same; but, if
absolutely necessary, a switch with some sections of one
type and some sections of another type can be provided.

The JR switches are rated at 115 volts, 60 Hz, and
10 amperes. The switch should not be used on dc
circuits because of the possibility of severely burned
contacts when operated slowly (teased).

Barriers are also provided between sections to
prevent terminals from turning and shorting to adjacent
terminals.

If the sections are not uniform, the switch will be
designated JRSP, followed by the number of sections.

The stop deck on the JR switch (fig. 5-5, view A)
permits setting the switch to the number of positions
desired. By inserting pins or screws in the stop deck
immediately after the desired last position, you can keep
the switch from moving beyond that point.

INTERLOCK SWITCHES.— Interlock switches
include a large group of switch types that are actuated
manually, by mechanical linkage, or by hydraulic fluid.
They act as control or protective devices and are used
on all gun mounts and missile launchers.

Sensitive Switches.— The most common type of
interlock switch is the sensitive switch. There are
various kinds of sensitive switches with different means
of actuation.

These are small, short-traveling, snap-action
switches (fig. 5-6, view A). They are manufactured as
normal] y open, normally closed, and double-throw.
The latter has no OFF position. The microswitch is
frequently used in referring to this type of switch.

Sensitive switches are usually of the push-button
variety and are often used as interlock switches. These
switches usually depend on one or more springs for their
snap action. For example, the heart of the microswitch
is a beryllium copper spring, heat-treated for long life
and reliable action. The simplicity of the one-piece
spring contributes to the long life and dependability of
this switch.

Figure 5-6.—A. Sensitive microswitch; B. Manual push-button switch.
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When a sensitive switch is used as an interlock, the for the 5"/54 gun mounts. Figure 5-6, view B, shows a

plunger (push button) is actuated by mechanical means. cutaway view of this type of switch. Note that this

The device for moving the plunger can include a switch has indicator lamps built into the body of the

rotating cam, lever, wedge, or bellows arrangement. switch.

Sensitive switches of the micro type are also used Proximity Switches.— Proximity switches, also

as manual push-button switches on the control panels called Hall-effect switches, are extensively used on gun

Figure 5-7.—Proximity and optical switches.
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mounts and missile launchers. These switches
(fig. 5-7) are magnetically actuated devices that sense
component positions. A typical proximity switch
consists of a switch circuit and a housing with a bayonet
c o n n e c t o r  o n  o n e  e n d  a n d  a n  e p o x i e d
magnetic-sensitive area on the other end. The switch,
enclosed in either a straight or a 90-degree switch
housing, is normally mounted on a stationary
component. The housing has a quick-disconnect
bayonet connector that connects the internal circuitry to
the gun mount control system cable.

In operation, the switch senses the position of a
magnetic field. The magnet, in a protective housing,
normally is mounted on a moving component. As the
actuator approaches (comes into proximity), the switch
actuates; as the actuator departs (not in proximity), the
switch deactuates.

Optical Switch.— The optical switch is found on
the upper and lower hoists of the Mk 45 Mod 1 gun to
indicate the presence or absence of a projectile or
propelling charge. The unit consists of an optical
switch (detector) and an infrared light transmitter. On
entering the hoist, the round breaks the light beam
which deactivates the switch. Micro, proximity, and
optical switches all provide inputs to the gun control
circuits described in the next section.

Other Types of Interlock Switches.— Transistors
can be used as switches in solid-state circuits. More
information is presented on these switching devices
later in this chapter.

Relays

A relay is simply an electromagnetically operated
switch. Relays are designed to open or close a circuit
when the current through its coil is applied and
removed, or varied in magnitude. The main parts of a
relay are a coil wound on an iron core and an armature
that operates a set of contacts. A simple relay and
circuit are shown in figure 5-8.

Looking at figure 5-8, if you close switch S1,
current flows through the coil, energizing the
electromagnet and drawing the armature upward. The
action of the armature closes the contacts and power is
applied to the load. More contacts can be added to the
armature so that other functions may be accom-
plished,

The operating speed of a relay is determined by the
time between the closing of the coil circuit and the
closing of the relay contacts. In small specially

Figure 5-8.—SimpIe relay circuit.

designed relays, like the ones in the 5"/54 gun mount
control circuits, the operating speed may be as low as 1
millisecond. The operating speed of a relay may be
increased by any technique that reduces eddy currents
in the core. Making the core of laminations is one
method of reducing eddy currents and thus increasing
the operating speed of a relay.

Another method is to place a resistor in series with
the relay coil and increase the operating voltage. These
actions will increase the speed of closing because, at
the instant power is applied to the relay, all the voltage
will appear across the coil and the magnetic field will

build up faster. The speed of relay operations can be
reduced by placing a heavy copper sleeve over the core

of the coil. The copper sleeve has the effect of a shorted
turn. Current flow in the sleeve opposes the field in the
coil as it builds up or collapses, thus delaying the
operation of the relay.

The type of material used for contacts depends on
the amount of current to be handled. Large power
relays usually have copper contacts and use a wiping
action to make sure of a good connection. Small relays
may use silver or some silver alloy, while in some
applications tungsten or some very hard material may
be used that will prevent contact burning or oxidation.
In general, relays that open and close with a fast positive
action cause much less trouble than those that operate
slowly. Relays that malfunction or fail completely
should be replaced. Relays should not be repaired.

CONTROL RELAYS.— Control relays are used
in control circuits to perform switching operations

automatically and in the proper sequence.
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Figure 5-9.—Miniature “canned” relay.

Miniature-Type Control Relays.— Miniature
relays (fig. 5-9), often called “canned” relays, are
two-position hermetically housed relays with plug-in
pins that mate with a receptacle. Wiring from the
receptacle terminal arrangement completes electrical
circuits as appropriate. Basic internal components of
the miniature relay are a spring-return armature, a coil,
and six sets of contacts. (Each set consists of a common
contact, a normally open contact, and a normally closed
contact.) When the relay energizes, the normally closed
contacts (HB) open and the normally open contacts
(HF) close.

Time-Delay Relays.— Time-delay relays (fig.
5-10) impose controlled time lapses into electric
circuits. The relays consist of pneumatic timing units,
coils and switch housings, and wiring terminals. When
the coil energizes, the coil plunger acts on the
diaphragm in the pneumatic timing unit. Because the
relay contacts cannot make (or break) until the air
escapes from the diaphragm through an adjustable
orifice, the size of the orifice determines the delaying
interval. The gun mounts use two types of time-delay
relays: slow-make instantaneous-break (SMIB) and
instantaneous-make slow-break (IMSB).

POWER RELAYS OR CONTACTORS.— The
contactor (also called a power relay or motor contactor)
is a heavy-duty relay used to control motor circuits. The
coil of the relay is in the 115-volt start-and-run circuit,
while three of the contacts (designated A, B, and C) are
in the 440-volt motor circuit. Contact D is in the run

portion of the start-and-run circuit. The D contact
supplies an input to the control circuit which indicates
that the contact is closed. There are three sizes of
contractors (00, 1, and 3) used in gun mounts. Size 1 is
shown in figure 5-11.

Figure 5-10.—Tlme-delay relay.
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Figure 5-11.—Size 1 contactor.

The main components of the size 1 contactor area
coil, an armature, a group of four stationary contacts, a
group of four movable contacts (linked to the armature
through a crossbar), an inertia shock latch, and an arc
suppressor box that encases the contact assemblies.

When the coil energizes, the resultant armature
movement pulls the crossbar upward and closes the
main contacts (A, B, and C) and the auxiliary contact
(D). This action, in turn, completes the 440-vo]t
circuit to the associated motor. An inertia shock
latch prevents the contactor from closing (if
de-energized) or opening (if energized) from inertia
shock. When the contactor is subjected to shock, a latch
weight moves a slider bar to lock the armature in
position momentarily.

The main components of the size 00 and size 3
contractors are basically the same as those of the size 1,
except that the size 00 does not have an arc suppressor
box. The armature of a size 3 contactor pivots to close
its contacts, and it also has five sets of contacts (one
more auxiliary contact than the size 1). A kickout
spring inside the contactor on the size 3 opens the
contacts when the coil de-energizes. This spring also
prevents shock or vibration from closing the con-
tactor.

OVERLOAD RELAY.— The overload relay (fig.
5-12) consists of a coil, a plunger, a dashpot, and a pair

Figure 5-12.—Over1oad relay.

of switch contacts. The plunger is attached to a disk

suspended in an oil-filled chamber (dashpot). The coil

connects in series with an associated 440-volt motor

supply circuit and the switch contacts are in a 115-volt

start-and-run circuit for the motor.

During normal operation, the magnetic flux

induced by the coil is not great enough to cause an

appreciable movement of the plunger. However, if an

overload of sufficient magnitude and duration occurs,

the increased current through the coil draws the plunger

upward.

When the plunger and disk reach the end of their

upward travel, the normally closed contacts open in the

115-volt start-and-run circuit, de-energizing the motor

contactor which opens the 440-volt motor supply

circuit. With the motor circuit open, the overload relay

plunger drops and the relay resets.

Since the dashpot retards upward movement of the

plunger disk, the circuit does not break instantaneously

during an overload. Two conditions determine the

delay time: (1) the size of the orifice in the plunger disk

through which the oil must pass and (2) the magnitude

of the overload (strength of the magnetic field).
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Circuit Breakers Solenoids

Circuit breakers (fig. 5-13) have two purposes: (1)
to perform switching functions and (2) to provide
overload protection. Each circuit breaker consists of a
housing, a seaIed trip unit, three movable contacts, three
fixed contacts, and three arc chutes. Gun mount control
systems use two types of circuit breakers—the magnetic
trip and the thermal-magnetic trip.

Magnetic trip circuit breakers are used in the
440-volt power supply lines. They provide
instantaneous protection against current surges up to
1,400 percent above the rated value of the circuit
breaker. These circuit breakers have a set of auxiliary
contacts (microswitches) that are wired into the control
circuit to indicate the actual position of the circuit
breaker contacts.

Thermal-magnetic circuit breakers are used in the
440-volt supply lines to the control transformer and in
the gunhouse heating and ventilating supply lines.
These circuit breakers provide instantaneous protection
against current surges up to 700 percent above the rated
value of the circuit breaker. A bimetal element,
connected in series with a coil, provides the protection
against sustained overloads.

Solenoids convert electrical inputs from control
circuits into mechanical outputs that actuate mechanical
linkage or hydraulic valves.

All the solenoids consist of a coil and a movable
core or armature. When the coil is energized, an electro-
magnetic field is created that either pulls or pushes the
core. A mechanical linkage is attached to and travels
with the core. In response to core movement, the
linkage moves something. In most cases, that
“something” is a small hydraulic valve (known as a pilot
valve). Shifting the pilot valve redirects system
hydraulic fluid to (for example) a piston. The piston is
made to move so it extends or retracts a particular
GMLS or gun mount component (e.g., a latch).

The newer type of solenoid housing used in the
Mk 45 gun system or Mk 13 Mod 4 and Mk 26 GMLSs
(fig. 5-14) includes a nondetented two-solenoid
configuration and pilot valve. (The function of the
circuit board is described in a later section of this
chapter.) This unit virtually replaces the older types of
solenoid housings that were attached to large valve
blocks to control the operation of hydraulic equipment.
The small pilot valve in this solenoid unit controls the
flow of hydraulic fluid to system operating pistons.

Figure 5-13.—Circuit breaker and terminal arrangements.
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Figure 5-14.—Solenoid assembly.
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While many times smaller, these units efficiently
perform the same function as the large solenoid housing
and valve block configurations. These units are also
much easier to maintain. When a solenoid
malfunctions, the entire unit is removed and replaced
simply by removing four bolts. The unit requires no
adjustment and, because of its configuration, it also
requires fewer hydraulic seals that can leak and lead to
time-consuming repairs.

Therefore, a solenoid plays an important role in
GMLS and gun mount operation. It serves as the
primary link between the electrical control system and
the GMLS’s hydraulic system.

The solenoid assembly shown in figure 5-14 is the
type used by the Mk 13 Mod 4 and Mk 26 GMLSs and
the Mk 45 gun mount. The housing of the assembly
also serves as part of the hydraulic valve block.
Energizing either coil pivots the lever arm. It shifts the
(one) pilot valve to redirect hydraulic fluid to the
associated valve block. De-energizing the coils allows
the return spring to shift the pilot valve back to neutral.

ELECTRICAL SYMBOLS AND
REFERENCE DESIGNATIONS

The symbols presently used to designate electrical/
electronic parts and assemblies in NAVSEA drawings
are specified in ANSI Y32.2-1975, Graphic Symbols
for Electrical and Electronics Diagrams. This
publication provides alternate methods for symbolizing
certain parts and should be consulted when a symbol is
not clearly understood. The electrical/electronic sche-
matic print section of your systems maintenance man-
ual will normally provide a description of the symbols
used. Figure 5-15 shows the electrical symbols used in
the reference drawings of gun mounts currently in service.

In some modem gun mounts and GMLSs, other than
standard reference designations may be used for parts
peculiar to a particular system. In this event, the manufac-
turer assigns reference designation letters and numbers.
Normally, the designations used by each manufacturer
are published in the OP for that particular gun mount.

In general, the electrical components or devices used
in a modem gun mount or GMLS (the 5"/54 Mk 45
or Mk 13 Mod 4) are identified by a combination of
letters and numbers or groups of letters and numbers.
Table 5-1 is a partial listing of first- and second-group
designation used on the Mk 45 gun mount. The first
two letters identify a specific type of component. The
third letter identifies the major equipment assembly
within which the component is located. The number
that follows the third letter indicates the number of the

Table 5-1.—Electrical Component Designations
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Figure 5-15.—Electrical symbols.
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device within the assembly. For example, SIH1 is an
interlock switch (SI) used in the left upper hoist(H) and
the number 1 distinguishes this particular switch from
all other switches in the hoist.

As is often the case, there is one modem gun mount
(76-mm 62-caliber Mk 75) in which both the electrical
symbols and designations are not all consistent with
other gun mounts. For example, a relay is designated
with a number followed by the letter K, followed by
another number (1K1, 2K1, and soon). The symbol for
a relay is a rectangular box.

CONTROL CIRCUITS

current amplifiers. In gun system control circuits,
transistors are used as electronic switches that control
the flow of current.

In most cases, transistors are more desirable than
tubes for ordnance equipment because they are smaller,
require no warm-up power, and operate at low voltages
with comparatively high efficiency.

Semiconductors are the basic components of a
transistor. How these materials behave and the
electrical conduction properties that give the transistor
its basic characteristics are explained in NEETS,
Module 7, Introduction to Solid-State Devices and
Power Supplies, NAVEDTRA 172-07-00-82.

LEARNING OBJECTIVE: Recall electronic
control circuit components, how they function,
and proper troubleshooting procedures.

Modem control circuits allow a single operator to
control the entire operation of a gun system or GMLS
from one electrical panel. Low-voltage components
and wiring are used to control the flow of high-voltage
power to drive motors and solenoids. Imagine the size
of a switch or pushbutton that would be required to con-
trol 440 VAC three-phase power to a drive motor. Most
mounts and GMLSs have three to five drive motors.
This number of motors alone would require a second
panel and operator just to start and stop the drive motors.

We will describe the newer solid-state logic circuits
used to control the 5"/54 Mk 45 gun system. You will
see how a circuit that looks fairly complicated at first
glance actually is made up of individual one-function
circuits. These smaller circuits are made up of just one
or two simple devices (and their associated wiring) and
do just one job. When properly connected to other
one-function circuits, they can act automatically to start
or stop current flow in a circuit, combine or divide these
circuits, and act as safety devices to protect equipment
and personnel. The transistor is the component that
makes all this possible, so that is where we will begin.
We will also describe the control circuits used in the
newer 5"/54 Mk 45 gun system. All GMLSs control
circuits are similar to the 5"/54 Mk 45.

TRANSISTORIZED CONTROL CIRCUITS

A transistor is a solid-state device constructed of
semiconductor materials. Transistors are capable of
performing many of the functions of different types of
electronic and electrical components, such as electron
tubes, interlock relays, switches, control relays, and

Transistors are classed as either PNP or NPN, accord-
ing to the arrangement of impurities in the crystal. The
schematic symbols for both types are similar but not
identical, as illustrated in figure 5-16. A heavy straight
line represents the base, and the two lines slanted toward
the base represent emitter and collector terminals. An
arrow head in the emitter line always points toward the
N-type material. Thus, if the arrow points toward the
base line, the base is of N-type material. Since the base
is always of the opposite type of material from the
emitter and collector, the transistor is of the PNP type.
Similarly, if the arrow points away from the base line
(toward the emitter), the transistor is of the NPN type.
In other words, the arrow points toward the base in PNP
transistors and away from the base in NPN transistors.

Recall that we said transistors are used as electronic
switches to control the flow of current in a circuit. Let
us now explore how this control is possible. Transistors
used as switches are operated in one of two conditions:
(1) the transistor is reverse bias (nonconducting) to open
a circuit, or (2) the transistor is forward bias (conducting

Figure 5-16.—Transistor schematic symbols.
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heavily) to close a circuit. Under these conditions, it
acts as a simple ON-OFF toggle switch.

A transistor conducts when it is forward biased and
stops conducting when it is reverse biased. An NPN
transistor is forward biased when the electrical potential
felt at the base is HIGH in relation to the electrical
potential felt at the emitter. A PNP transistor is just the
opposite; it is forward biased when the potential at the
base is LOW in relation to the emitter. To illustrate the
principle of electrical potential, think of a garden hose
with the water pressure turned on. With the nozzle
turned off, no water flows through the hose, but water
pressure is felt at the nozzle.

LOGIC CIRCUITS

Logic circuits function just like the transistorized
circuits we just described; they just look different. The

basic component of both systems is the same-the
transistor. However, instead of individual transistors
attached to a circuit board and wired together to form a
circuit, logic circuits use silicon chips printed or etched
with several transistors and a circuit. The etched
circuits are designed to perform a standard
summarizing function. They take several inputs in and
provide one output. We will describe the operation of
logic circuits as we examine the circuit used to close the
breechblock of a Mk 45 Mod 1 gun mount.

Logic Symbols

The silicon chips in a logic circuit, called “gates,”
come in five varieties: AND, OR, NAND, NOR, and
inverter. The most commonly used are the AND, OR,
and inverter gates. Table 5-2 illustrates the symbol for

Table 5-2.—Logic Circuit Symbology
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each gate and provides a brief description of its solenoid that initiates a gun-loading cycle, in this case,
function. closing the breech of a Mk 45 Mod 1 gun.

This circuit consists of AND gates, OR gates, and
Logic Circuit Operation an inverter. The numbers within the gates identify the

printed circuit board in the EP2 panel on which the
Figure 5-17 shows a typical logic circuit that uses circuit is located. The numbers on the input and output

inverted and buffered switch outputs to trigger a lines of the gates identify the terminal pin that connects
solenoid driver. The solenoid driver, in turn, controls a to that point. The circled numbers in figure 5-17 are

Figure 5-17.—Typical logic control circuit.
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added for ease in identifying items as we illustrate the
operation of the circuit.

Inputs to the logic gates are identified by both
alphanumeric nomenclature and a brief description of
what the input means. The input SIB4-1 (BREECH
PARTIALLY CLOSED) to gate 1 comes from the
number 1 output leg of the inverter buffer associated
with SIB4 (fig. 5-18). When the breech is partially
closed, the switch is activated and the high switch
output through the inverter buffer produces a low logic
input at input pin 45 of gate 1. Remember, gate 1 is an
AND gate and requires all inputs to be LOW to produce
a LOW output.

The inputs to gates 1 and 2 in figure 5-17 initiate
the operation of breech closing solenoid LHB1-LC1 in
the normal mode of operation, AUTO LOAD. The six
inputs indicate that the gun-loading system has
delivered a complete round into the breech of the gun,
the LOWER CRADLE circuit is energized, and the
cradle has moved clear of the slide. With these
conditions met, gates 1 and 2 pass a LOW logic signal
to gates 3 and 4, respectively. Since gates 3 and 4 are
OR gates, they require only one LOW input to produce
a LOW output. The two LOWS from gates 3 and 4 are
applied, with another LOW from summary circuit

Figure 5-18.—Inverter buffer circuit for SIB4.

QCX8, to gate 5. When all inputs to gate 5 are LOW,
it passes a LOW to gate 6, which is an inverter. With a
LOW input, the inverter passes a HIGH output to the
solenoid driver. This solenoid driver does not control
the current flow to the solenoid. The output of the
solenoid driver is used to forward bias a transistor
circuit located in the solenoid housing. This output
energizes the solenoid by allowing current to flow
through the coil to DC RETURN. The A and B legs of
the +25 VDC solenoid supply, point 7, represent a
primary and secondary power supply to the solenoid.

Troubleshooting Logic Circuits

The Mk 45 Mod 1 gun system is equipped with a
microprocessor that monitors the sequence of operation
of the gun through equipment position switch inputs.
Notice the last output destination on the 1 and 2 legs of
the inverter buffer circuit shown in figure 5-18. µp
INPUT indicates that switch output is supplied to the
microprocessor. On the EP-2 panel there is a Test/Fault
Code Keyboard and Display (fig. 5-19) that is used to
interface with the microprocessor. To test the output of
a switch or summary circuit, the operator needs only to
type in the test number for that circuit or switch. The
result of the testis displayed as a 0 or a 1 in the Test/Fault
Code Display above the keyboard. A zero (0) indicates
a LOW output and a one (1) indicates a HIGH output.
In this case, the test number for SIB4 is 1476 for leg 1
and 1466 for leg 2 (fig. 5-19). The test code number is

Figure 5-19.—Test/Fault code keyboard and displays.
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displayed in brackets along with the circuit or switch
input/output identification (note the same number
[1476] in the SIB4-1 input to gate 1 in fig. 5-17).

Logic circuit failures are isolated much the same as
they are in the older types of control circuits. Refer to
figure 5-17 as we walk through a typical
troubleshooting routine. You have verified equipment
position and determined that the equipment stopped at
the CLOSE BREECH step in the loading sequence.
The first problem is to isolate the fault to one side of the
circuit. This is done by entering the test code for
QCB1-1 [1633]. A LOW would indicate the problem
is in the right side of the circuit, in gate 6—the solenoid
driver or the solenoid. Let us assume we read a HIGH
here, the problem is in the left side of the circuit. Since
there are no test codes for gates 3,4, and 5, we skip over
to the switch inputs for gates 1 and 2. If all the inputs
to gates 1 and 2 are LOW, the problem is on board 62.
A HIGH at any of these test points would lead you back
through the inverter buffer circuit for that input. In this
case we will assume a HIGH input is detected at SIB4-1.
Refer to figure 5-18 as we examine the inverter buffer
for SIB4. Since we have read a HIGH at leg 1, test code
[1476], we can assume the inverter buffer is functioning
if we read a LOW on leg 2, test code [1466]. These tests
lead us back to the proximity switch. After verifying
that the switch is in proximity, we test the switch by
checking switch input at point 8-71. This test is
accomplished using a circuit card extender. The circuit
card extender allows you to take input and output
readings on a particular circuit card while the system is
energized. The circuit card extender provides an
extended circuit card jack with test points for each pin
connection. A LOW reading at pin 8-71 would indicate
a bad proximity switch.

WARNING

The system should always be de-energized
when removing electronic components to
avoid shock hazard and damage to the
equipment.

If a fault is isolated to a circuit card, the system
provides a test slot to verify your diagnosis. Simply
insert the suspected card in the test slot and enter the
appropriate test code for that type of card.

Fault Codes

In some cases, a malfunction in the system will be
detected and presented as a fault code on the Test/Fault
Code Display. The fault codes are defined in volume 1
of the system OP along with a systematic procedure for
isolating the defective component.

SYNCHRO CIRCUITS

LEARNING OBJECTIVE Recall the purpose
and advantage of synchros in naval ordnance
equipment.

Synchro is the name given to a wide variety of
position-sensing devices used to convert mechanical
signals to electrical signals or to convert electrical
signals to mechanical signals. The name synchro
comes from the word synchronize that means “to
happen or take place at the same time.” All synchros
are self-synchronous; hence, the name is most
descriptive of their basic action.

PURPOSE OF SYNCHROS

The purpose of synchros is the precise and rapid
transmission of data among equipments and stations.
The change in course, speed, and range of targets, and
the changes in the position of the ship in relation to the
position of the target must be acted upon in a minimum
of time. Speed and accuracy of data transmission are
most important. Without the position-sensing device
known as the synchro, the offensive and defensive
capability of the fleet would be greatly limited. Navy
ships rely on synchros for rapid data transmission
within weapons systems in such equipments as
computers, faze setters, sight setters, guns, and missile
launchers. Gun and GMLS system power drive
controls make extensive use of synchros.

ADVANTAGES OF SYNCHROS

The flexibility of synchros over mechanical
mechanisms, such as gearing and shafting, gives them
marked advantages; for example:

The controlling unit can be along distance from
the controlled unit.

Any obstacle in the path can easily be bypassed
by leading connecting wires around it.
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 The synchro system uses very little electrical
power and eliminates the necessity of
mechanical linkages between widely separated
units.

Besides the advantages of using synchros over
mechanical mechanisms, there are other advantages:

They provide continuous, accurate, and visual
reproduction of important or need-to-know
information between widely separated stations.

They have good reliability, requiring minimum
maintenance.

They are small in size, providing a significant
saving in space and weight.

They have a wide adaptability without
sacrificing precision.

Synchro systems are important in the ordnance field
in controlling naval weapons because of their accuracy
and speed. Experience with naval weapons control and
operation of ordnance readily proves the importance of
the synchro mechanism. A point to remember is that
naval weapons controlled from remote stations must
use synchro systems for their control. A well-placed
shot can save many lives, and the accuracy of a weapon
depends upon the correct operation of the synchro
system.

Classification of Synchros

Synchros work in teams. Two or more synchros
interconnected electrically form a synchro circuit.
Basically, synchros can be divided into three
classifications: (1) transmitters, (2) receivers, and (3)
differentials.

The synchro transmitter is located at the controlling
station; its output is an electrical order signal. These
synchros were originally called synchro generators but
are now functionally classified into two types: (1)

torque transmitter (TX) and (2) control transmitter
(CX).

Torque and control transmitters are mechanical y
identical. However, the types of systems in which they
are used differ. Torque transmitters are used in systems
that require a mechanical output (dials, etc.), while
control transmitters are used in systems that require an
electrical output.

The synchro receiver is located at the station being
controlled, and its output can be either electrical or
mechanical, depending on the type of synchro used.
These synchros are functionally classified into the
following types: (1) torque receiver (TR) and (2)
control transformer (CT).

Torque receivers are used where the rotors must
perform a mechanical function, such as positioning a
dial or valve. The main difference between torque
receivers and torque transmitters is in their rotors.
Rotors of torque receivers have a damper, while rotors
of torque transmitters do not. Torque receivers were
originally known as synchro motors.

Control transformers are used where an electrical
signal output is required. It is safe to say that all power
drives controlled by amplifiers also have control
transformers.

The synchro differential is used to add or sub-
tract two signals and to transmit the result either to
another synchro or as a mechanical output. In either
case, the differential can always be identified by
its rotor (R) leads. All other synchros have only two
rotor leads while the differential has three.
Functional y, differentials are classified as (1) torque
differential transmitter (TDX), (2) control differential
transmitter (CDX), and (3) torque differential receiver
(TDR).

A mechanical device known as an inertial damper
is used to prevent oscillation or spinning when the rotor
of the torque synchro receiver turns in response to a
sudden change of a received signal. The most common
type of inertial damper consists of a heavy brass
flywheel that is free to rotate around a bushing attached
to the rotor shaft. A tension spring on the bushing rubs
against the flywheel so that they turn together during
normal operation. If the rotor shaft tends to change its
speed or direction of rotation suddenly, the inertia of the
damper opposes the changing conditions, and the
resulting friction between the spring and the flywheel
dampens  the tendency to oscillate. Because of the
inertia damper, torque receiver and transmitter synchros
are not completely interchangeable; a receiver may be
used as a transmitter, but a transmitter is not suitable for
use as a receiver.

Synchro Symbols

A synchro consists of a rotor (R) and a stator (S).
The letters R and S are used to identify rotor and stator
connections both on the synchro and in wiring diagrams
and schematics. Synchros are represented by the
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symbols shown in figure 5-20. The symbols shown in
parts (A) and (B) are used when it is necessary to show
only the external connections to a synchro, while those
shown in parts (C), (D), and (E) are used when it is
important to see the positional relationship between
rotor and stator. The small arrows on the rotors in parts
(C), (D), and (E) indicate angular displacement of the
rotor; in this illustration the displacement is zero.

Synchro Terms

Some standard synchro terms that you will use are
defined as follows:

Rotor position: Amount of rotor offset from zero
position, measured in degrees, minutes, or seconds

Electrical zero: Standard position used as the
electrical reference point from which all angular
displacements are measured (not necessarily the zero
position of the dial)

Angular position: Counterclockwise (viewed from
the shaft extension end) angular rotor displacement
from electrical zero position

Direction of rotation: Clockwise or counter-
clockwise rotor rotation, determined when facing
shaft extension end of the synchro

the

Increasing reading: Reading transmitted to a
synchro when numerical value of the information
transmitted increases

BASIC PRINCIPLES OF SYNCHROS

Synchros are electromagnetic devices; therefore, a
review of magnetism will be necessary to understand
synchro principles.

A bar magnet illustrates the magnetic field and pole
relationship of the synchro. The lines of force flow
from the south pole to the north pole inside the magnet,
as shown in figure 5-21.

Two bar magnets shown in figure 5-21 illustrate the
actions of like and unlike poles in bar magnets.

Three bar magnets, spaced 120 degrees apart, and
a removable bar magnet free to pivot within the ring of
mounted magnets show basic synchro principles (fig.
5-22). If the ring of three magnets is fixed, the single
pivoted magnet moves so that its south pole is in line
with the north pole of magnet No. 1. Since its north
pole is attracted equally by the south poles of magnets
2 and 3, it will remain between the two. The pivoted
magnet, therefore, aligns itself with magnet No. 1. The
three magnetic fields combine to form one resultant

Figure 5-20.—Schematic symbols for synchros.

5-20



Figure 5-21.—Repulsion and attraction.

Figure 5-22.—Pivoted bar magnet.

magnetic field. If the three magnets are now rotated 120
degrees and held in that position, the resultant magnetic
field is also rotated through 120 degrees. The pivoted
bar magnet will turn in the same direction so that it
remains aligned with the resultant magnetic field of the
three stationary magnets. This alignment illustrates the
action of a torque synchro receiver.

Three dc electromagnets could be used in place of
the three permanent magnets mounted on the ring, and
the effect on the magnet pivoted in the center would be
the same. By feeding the proper amount of current in,
the proper bar magnet can be made to rotate in either
direction. The permanent magnet pivoted in the center
could also be replaced by an electromagnet (fig. 5-23).

Because synchros operate on ac voltages, the
magnet (R1, R2) pivoted in the center is energized by
an ac source; the fixed magnets (S1, S2, S3) are also

Figure 5-23.-—Synchro primary magnetic field.
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Figure 5-24.—Effective stator voltages.

energized by the ac source through another set of coils.
The arrangement is shown in figure 5-23.

The pivoted electromagnet will react in the same
manner as the bar magnet did when dc voltage was
applied. The pivoted electromagnet will assume a

position that depends upon the magnetic field
established by the stator coils.

If the 115 VAC is applied to the rotor, at a given
instant the flux takes the directions shown by the arrows

in figure 5-24. Both flux loops cut the S2 winding, but
only one cuts the S1 and S3 windings. If a voltmeter
could be placed directly across the S2 winding, it would
indicate 52 volts; across the S1 and S3 windings, it

would indicate 26 volts.

The coils of the stator are Y-connected (shown

upside down in these illustrations). The stem of the Y
is one coil and the branches of the Y are two other coils.
They have a common connection, but no lead is brought

out from this point.
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SYNCHRO SYSTEM

Torque synchro transmitters and receivers are used
often in ordnance equipment to transmit information
electrically from one point to another. The synchro
transmitter sends out the signal and the synchro receiver
receives it.

These synchros are connected in such a way that
any amount of rotation of the transmitter rotor causes
the rotor of the receiver to turn the same amount. The
receiver either indicates the value of the signal by
turning a dial, as shown in figure 5-25, or positions a
light mechanical load, such as the valves shown in
figure 5-26.

If it is desired that a director control a gun or GMLS
by use of a torque synchro system, the transmitter rotor
will be geared to the director so that when the director
is moved, the rotor of the transmitter is also moved. An
electrical signal representing the amount of rotation of
the transmitter rotor is transmitted over wires to a
synchro receiver located at the mount or launcher. This
signal causes the rotor of the synchro receiver to turn,
or attempt to turn, the same amount that the transmitter
rotor has turned. If the synchro receiver is connected to
a power drive through a servo system, as shown in
figure 5-27, it will control the drive and thereby cause
the gun to turn the same amount as the director.

In synchro transmission, any movement of the rotor
in the torque synchro transmitter produces a
corresponding movement of the rotor in the torque Figure 5-27.—Basic synchro system.

synchro receiver. The position of the rotor of a synchro
receiver always conforms to the position of the rotor in
a synchro transmitter.

If reversing the direction of rotation of a receiver
becomes necessary, interchange stator leads S1 and S3;
S2 represents electrical zero. Changing the S2 lead
would introduce an error of 120 degrees.

ELECTRICAL ZERO

If synchros are to work together properly in a
system, it is essential that they be correctly connected
and slimed in remeet to each other and to the other
devices, such as directors and guns, with which they are
used. Needless to say, the best of ordnance equipment
would be ineffective if the synchros in the data
transmission circuits were misaligned electrically or
mechanically. Since synchros are the heart of the
transmission systems, it only stands to reason that they
must be properly connected and aligned before any

Figure 5-26.—Torque synchros used to move valves. satisfactory shooting can be expected.
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Figure 5-28.—System zero.

Electrical zero is the reference point for alignment
of all synchro units. The mechanical reference point for
the units connected to the synchros depends upon the
particular application of the synchro system. As a GM
on board ship, your primary concern with the
mechanical reference point will be the centerline of the
ship for gun train and the standard reference plane for
gun elevation. Remember that whatever the system, the
electrical and mechanical reference points must be
aligned with each other.

Atypical example of proper alignment is a TX-TR
synchro team coupled to a gun director, so adjusted that
the gun position can be read on the TR dial. The gun
director is at zero when the gun points directly toward
the bow of the ship (fig. 5-28). A TX is coupled
mechanically to the director, and a TR is connected
electrically to the TX. If this system were setup without
paying any attention to the position of the TX rotor, it
would indicate the gun position accurately if the TR dial
were set on zero when the gun director read zero. If the
same synchros remained in the same system, it would
not be necessary to position them more accurately.
Sometimes TRs and TXs become defective and must be
replaced. If another TX were put into this system
without checking the TR dial, its rotor probably would
be positioned differently from that of the original TX.
The TR would follow the new TX, and the TR dial
would read incorrect y. To overcome this difficulty, a
zero degree point is needed, which is standard for all
synchros. In the preceding example of the gun director,
the system first should have been aligned so that all
synchro rotors were at electrical zero, and all dials read
zero when the gun director was on zero degrees. Then,

any synchro could be replaced, without introducing
error into the system, by installing the new synchro with
its rotor on electrical zero when the gun director was on
zero degrees. The electrical zero provides a standard
way of aligning synchro units when they are connected
together in a synchro system.

There are two ways this alignment can be
accomplished. The most difficult way is to have two
GMs, one at the transmitter and one at the receiver or
control transformer, adjust the synchros while talking
over sound-powered telephones or some other
communication device. The better way is to align all
the synchros to electrical zero. Units may be zeroed
individual y and only one GM is required to do the
work. Another advantage of using electrical zero is that
trouble in the system always shows up in the same way.
For example, in a properly zeroed TX-TR system, a
short circuit from S2 to S3 causes all receiver dials to
stop at 60 degrees or 240 degrees.

In summary, zeroing a synchro means adjusting it
mechanically so that it will work properly in a system
where all other synchros are zeroed. This mechanical
adjustment is accomplished normally by physically
turning the synchro rotor or stator.

MAINTAINING AND
TROUBLESHOOTING SYNCHRO
SYSTEMS

One of the duties aboard ship will be to keep the
synchro systems used in ordnance equipment in good
working order. Therefore, Gms must be familiar with
the do’s and don’ts of synchro maintenance and repair.
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The following is a list of don’ts:

 Do not attempt to zero a synchro system that is
already accurately zeroed because of a desire for
practice. Quite often this unnecessary practice results
in misalignments.

 Do not attempt to take a synchro apart, even if it
is defective. A synchro is a piece of precision
equipment that requires special equipment and
techniques for disassembly. If the synchro is faulty,
return it to the supply department if they require it for
turn-in and draw a replacement.

 Never attempt to lubricate a synchro. A synchro,
unlike an electric motor, does not require periodic
lubrication.

 Never force a synchro into place, drill holes into
its frame, use pliers on the threaded shaft, or use force
to mount a gear or dial on the shaft.

Signal lights indicate either overload conditions or
blown fuses. An overload indicator is actuated by
excess current flowing in the stator windings. In one
form of indicator, a neon lamp is connected to the stator
leads by means of two transformers. The primary,
consisting of a few turns of heavy wire, is in series with
two of the stator leads; and the secondary, consisting of
many turns of fine wire, is in series with the lamp. The
turn ratio is such that when excess current flows through
the stator windings, the neon lamplights. For example,
when the difference in rotor positions exceeds
approximately 18 degrees, the lamp lights, indicating
that the load on the receive shaft is excessive.

Fuse indicators are panel lights that glow when a
fuse in the rotor circuit blows. If excessive current
flows in the rotor windings due to a short circuit or
excessive mechanical overload, one of the fuses will
glow and the neon lamp across that fuse will light.
Another type of blown fuse indicator uses a small
transformer with two identical primaries and a
secondary. With both fuses closed, equal currents flow
through the primaries that induce mutually canceling
voltage in the secondary. If a fuse blows, the induced
voltage from one primary is present in the secondary
and the lamp lights.

Synchro maintenance and troubleshooting is a very
complex undertaking in modern ordnance equipment,
and skilled personnel with ordnance rates work jointly
to maintain the synchro systems in a high degree of
readiness. The Navy Handbook, MIL-HDBK-225
(AS), is devoted to synchro troubles and should be used
during analysis of synchro system casualties. The

tables contained in this publication are useful tools for
learning the many problems that may exist in synchro

systems.

If the casualty exists in the transmitter, all receivers
will be affected. If the casualty exists in a receiver, only

that receiver will be affected, except in the case of

shorted stator leads, when all synchros will be affected.

A list of synchro casualties and effects on a typical

synchro system follows:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

S1 and S3 shorted-rotor locks on 0 degrees

or 180 degrees.

S1 and S2 shorted-rotor locks on 120 degrees

or 300 degrees.

S2 and S3 shorted—rotor locks on 240 degrees

or 060 degrees.

S1, S2, and S3 shorted—rotor spins.

R1 or R2 shorted-rotor aligns as 090 degrees

or 270 degrees from the signal; fuse blows.

R1 or R2 open-rotor aligns at 0 degrees or

180 degrees; proper rotation, poor torque.

S1 open—rotor oscillates over S1 or 180

degrees from S1.

S2 open—rotor oscillates over S2 or 180

degrees from S2.

S3 open—rotor oscillates over S3 or 180

degrees from S3.

R1 and R2 reversed—rotor aligns 180 degrees

from signal; proper rotation, good torque.

S1 and S2 reversed—rotor aligns at 120
degrees from signal; reversed rotation, good

torque.

S2 and S3 reversed—rotor aligns at 240
degrees from signal; reversed rotation, good

torque.

S1 and S3 reversed—rotor aligns at 0 degrees;

reversed rotation, good torque.

Synchro units require careful handling at all times.
For more information on synchros, refer to the Navy

Electricity and Electronics Training Series (NEETS),

Module 15, Principles of Synchros, Servos, and Gyros,

NAVEDTRA 172-15-00-80.
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CIRCUIT FAILURES (2) current (amperes) checks, and (3) resistance (ohms)
checks.

LEARNING OBJECTIVE: Recall general
information concerning electrical and
electronic system maintenance and repair.

The failure of a circuit to function properly usually
is caused by a break in the circuit (open), a short circuit
(a circuit that permits current to bypass a part of the
circuit), or a grounded circuit (an undesired path of
current).

Any of these faults affects the current and voltage
values and causes the circuit to function improperly.

Open circuits may result from dirty or loose
connections, improperly installed wire, mechanical
damage, faulty installing or repair, and vibration. If
connections are clean and tight, no resistance is added
to the circuit.

Short circuits are low-resistance paths or shortcuts
that cause the current to bypass the load. The current
from the source passes through the short instead of the
load, causing the load to function improperly. Most
shorts are accidental. They occur when vibration wears
away the insulation, when salt water gets into
connection boxes, when heat melts away insulation, or
when carelessness brings two conductors together.

A grounded circuit is one in which one side of the
path is connected to ground either intentionally or
accidentally. An intentionally grounded circuit uses a
ground that is the hull of the ship, equipment chassis,
and so forth, as one side of the line or one conductor. If
the “hot side” conductor of a grounded source touches
ground accidentally, a short circuit results. Power
circuits in the Navy are not grounded and must be
insulated from ground at all times. One side of this
circuit may be grounded accidental y and no harm will
result, but if both sides are grounded, a short circuit is
the result. An ungrounded circuit has a safety feature.
If anyone accidentally touches one side of an
ungrounded circuit, there will be no path for current
flow through the body to the other side of the source.
This danger is one reason why power circuits in the
Navy are insulated from ground.

TYPES OF CIRCUIT CHECKS

There are three basic circuit checks used to locate
shorts, grounds, and open circuits within electric
and electronic equipment: (1) voltage (volt) checks,

Voltage checks reveal the amount of potential force
present to move electrons in a circuit.

Current checks show the actual amount of current
flowing through the circuit.

Resistance checks tell the resistance characteristics
of the circuit; that is, how much opposition the circuit
offers to the flow of current.

With the proper use of test equipment, failures in
electric and electronic circuits can be detected and
isolated to specific components by using one of these
three checks.

Since volts, amperes, and ohms are units of
electrical measure (Ohm’s law is explained in NEETS,
Module 1), some measuring device must be used to
measure them. One device used for this purpose is the
multimeter. The Simpson AN/PSM-4A and 260 series
are the most commonly used types of multimeters. The
specific operating procedures for these meters are
contained in the manufacturer’s manual. Multimeters
and other test equipment are also covered in NEETS,
Module 16, Introduction to Test Equipment,
NAVEDTRA 172-16-00-84.

GROUND DETECTION INDICATOR

Another type of current measuring device you
should be familiar with is the ground detection
indicator. A ground detection indicator is a continuous
monitoring system designed to detect a first ground.
Because the power distribution and control circuits are
powered by ungrounded currents, the first ground will
not always cause a malfunction. However, if the first
ground is not discovered and a second develops, the
result could be an illogical and destructive sequence of
gun mount operation. The reason for this action is that
the two grounds act as an electrical conductor between
the grounded components. A ground detection
indicator will produce audio and visual indications if a
gun system develops a short or ground.

For example, if a ground were to occur in the 5"/54
automatic loading system and it was not corrected,
perhaps nothing would happen. Operations might be
normal. If a second ground develops, however, and
some safety interlocks are energized due to the
grounded circuit, the equipment could be damaged and
personnel might be injured. The elimination of grounds
and potential grounds is preventive maintenance and
the responsibility of the GM.
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When the ground detector indicator indicates that
some part of the gun system is grounded, the GM must
determine the location and cause of the ground by using
a multimeter. Ground detection indicators are being
installed on all new gun and missile systems.

MK 75 GUN MOUNT CONTROL
SYSTEM

LEARNING OBJECTIVE: Recall general
information concerning the Mk 75 gun mount
control system.

The Mk 75 gun mount control system consists of
the equipment used to distribute power to the
gun-loading and gun-laying systems. It includes
equipment required to activate, control, monitor, and
test gun mount operations, and equipment required to
prevent excessive gun barrel temperatures during firing
operations. The gun mount control system also
includes equipment required to prevent ice from
forming on the gun port shield and the roller path
assembly during cold weather operations.

This section will cover only a general description
of the Mk 75 gun mount control system. For a more
detailed and in-depth description, refer to the Technical
Manual for 76-mm 62-Caliber Gun Mount Mark 75

Mods 0 and 1, SW314-AO-MMM-A10/GM MK75 0-1
series.

GUN CONTROL PANEL (GCP)

The gun control panel (GCP) (fig. 5-29 and table
5-3), located in the ammunition handling room,
provides the intermediate link between the fire control
system (FCS) and the gun mount. The GCP includes
solid-state plug-in modules that contain the electronic
control circuits for the gun mount systems. The GCP
also includes transformers, circuit breakers, indicating
lamps, control switches, train and elevation position
dials, and the train and elevation toggle switches.

Transformers convert ships power to the voltages
needed for gun mount electrical and electronic systems
and components. Circuit breakers permit the
distribution of this power to the hydraulic power unit,
the servo system, and the other gun mount electrical
systems. Indicating lamps provide visual indications of
the gun status and permit the GCP operator to monitor”
gun mount systems.

Control switches permit local control of the gun
systems for maintenance and test purposes. Control
switches also enable the GCP operator to load
ammunition to the last station loader drum. The train
and elevation position dials permit these positions to be
monitored from the GCP. Train and elevation toggle

Figure 5-29.—Gun control panel.
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Table 5-3.—GCP: Controls and Indicators
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Table 5-3.—GCP: Controls and Indicators—Continued
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Table 5-3.—GCP: Controls and Indicators—Continued
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Table 5-3.—GCP: Controls and Indicators—Continued
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Table 5-3.—GCP: Controls and Indicators—Continued
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Figure 5-30.—Inside top cover of GCP.

switches permit local control of the train and elevation 1.
systems (at low speed only). 2.

When the gun mount is operated in remote control,
the GCP receives control inputs directly from FCS.

3.

When the gun mount is operated in the remote mode, 4.
the GCP is normally used to monitor system functions 5.
and gun status.

Inside top cover

Inside top compartment

Inside bottom compartment

Right side

Left side

The equipment of the GCP is organized into
compartments. Each compartment permits ready

Inside Top Cover

accessibility for maintenance and testing. An interlock
switch under each compartment cover opens the GCP The top cover of the GCP is hinged in the back and
circuit breakers when the cover is removed. The secured in the front with cap screws. With the top cover
following locations provide access to equipment and open (fig. 5-30), access is provided to the components
test points at the GCP listed in table 5-4.

Table 54.—Inside Top Cover of GCP
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Figure 5-31.—Inside top compartment of GCP.

Inside Top Compartment screws. With the cover removed, access is

The top compartment of the GCP (fig. 5-31) is provided to the plug-in modules and components

also protected by a cover plate secured with cap listed in table 5-5.
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Table 5-5.—Inside Top Compartment of GCP
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Figure 5-32.—Inside bottom compartment of GCP.

Inside Bottom Compartment with cap screws. With the cover removed, ac-

The bottom compartment of the GCP (fig. cess is provided to the components listed in table

5-32) is also protected by a cover plate secured    5-6.
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Table 5-6.—Inside Bottom Compartment of GCP
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Right Side

The right side of the GCP (fig. 5-33) contains 10
test points behind a protective plate, 10 connector jacks,
and a ground connection. Table 5-7 is a list of the test
points and connectors. Table 5-8 lists connector jack
J12 test points.

Figure 5-33.—Right side of GCP.

Table 5-8.—Connector Jack J12 Test Points

5-38



Table 5-7.—Right Side of GCP
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Left Side Table 5-9.—Left Side of GCP

For the Mod 0, the left side of the GCP (fig. 5-34)

contains nine connector jacks-the Mod 1 contains 12

connector jacks. Table 5-9 lists the connectors for
Mod 0 and Mod 1.

Figure 5-34.—Left side of GCP.

CONTROL SYSTEM COMPONENTS

The control system commonly uses the components
shown in figures 5-35 through 5-43. Table 5-10
provides a brief description of the components and
gives their function in the control system. The
designations of some components contain number
codes which indicate their general location. For
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Figure 5-35.—Microswitch.

Figure 5-36.—Proximity switch.

Figure 5-40.—Toggle switch.

Figure 5-37.—Fuses.

Figure 5-38.—Indicating lamp.

Figure 5-39.—Push-button switch.

Figure 5-41.—Module.

example, the first number in the relay designations used
in plug-in modules identifies the module (2J1 through
2J5) containing the relay. A relay with a designation
beginning with 4 (4K10, for example) indicates that the
relay is located in module 2J4.
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Figure 5-42.—Synchro. Figure 5-43.—Circuit breaker.

Table 5-10.—Control System Components
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Likewise, for any component designation indicates the component is mounted on the weather
beginning with a number, the number indicates its shield.

general location on the gun mount. A designation

beginning with a “1” indicates the component is BARREL COOLING CONTROL
PANEL

mounted on a bulkhead; “2” indicates the component is

located on the training mass; “3” indicates the The barrel cooling control panel (fig. 5-44) is
component is located on the elevating mass; and “4” located on a bulkhead in the ammunition handling

Figure 5-44.—Barre1 cooling control panel.
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room. Figure 5-45 shows the interior components of

the barrel cooling control panel. Table 5-11 provides a

brief description of the use or function of these

components in the control system.

This panel controls the flow of water to cool and

flush the gun barrel. Both salt water from the ships

firemain and fresh water from the ships supply are

connected to the panel for delivery to the gun barrel

water jacket. The flow of salt water cools the barrel

during firing; fresh water flushes the barrel cooling

system after firing to prevent excessive saltwater
corrosion.

ANTI-ICING SYSTEM

The anti-icing system uses thermostatically
controlled heating elements. These heating elements
allow the gun mount to continue to operate when the
abovedeck temperature is as low as -40°C. The heat
prevents ice formation from interfering with train and
elevation movements. The anti-icing system consists

Figure 5-45.—Barrel cooling control panel—inside cover.

5-44



Table 5-11.—Barrel Cooling Control Panel (Inside Cover)

of seven heating elements—one for train and six for The six heating elements for elevation are on the
elevation. inner surface of the gun port shield. The thermostat is

The heating element for train is mounted on the mounted in the gun port shield above and to the

outside of the water shield. The controlling thermostat left of the barrel. The heating elements for both train

is beneath the outer ring of the roller path assembly. and elevation receive power from junction box 1JB1
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(fig. 5-46, Mod 0 gun mount; fig. 5-47, Mod 1 gun box assembly 1JB2. Junction box 1JB1 distributes

mount). power to the elevation heating elements via the slip ring

Junction box 1JB1 is located in the ammunition
assembly and elevation anti-icing junction box

handling room. It distributes 440 VAC power (60 Hz
assembly 3JB2. Junction box 1JB2 is located
abovedeck on the underside of the water shield; 3JB2

for Mod 0 gun mount, 400 Hz for Mod 1 gun mount) to is located on the right side of the slide forward of the
the train heating element via the train anti-icing junction trunnion.

Figure 5-46.—Junction box 1JB1 (Mod 0 gun mount).

5-46



Figure 5-47.—Junction box 1JB1 (Mod 1 gun mount).

The components of 1JB1 are a transformer, a GUN MOUNT CABLING
rectifier, four relays and associated diodes (two relays
in Mod 1), four fuses and fuse-blown indicators, and
four cable connectors. An indicating lamp and the

Electrical cabling and barrel cooling piping

fuse-blown indicators are mounted on the cover to
extending into the gun mount are routed through the
slip ring assembly. The slip ring assembly, through the

permit quick verification of the operational status of the use of rotating electrical contacts and a rotary pipe joint,
anti-icing system. allows unlimited training of the gun mount.
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SLIP RING ASSEMBLY

The slip ring assembly (fig, 5-48) provides
continuous electrical connections between the cabling
of the stationary structure of the gun mount and the
cabling of the training mass. The slip ring assembly
also contains a rotary joint for the barrel cooling system
piping.

The slip ring assembly extends up the center of the
gun mount. The lower end of the slip ring assembly
contains plug-in connectors for the cabling on the
stationary structure. The lower end of the slip ring
assembly is prevented from rotating by guides mounted
to the deck which engage a retaining lug on the slip ring.

The shaft and upper end of the slip ring assembly
rotate with the gun mount in train. The upper end
contains plug-in connectors for the electrical cables on
the rotating structure. When the gun mount moves in
train, the upper end and the shaft of the slip ring rotates

Figure 5-48.—SIip ring assembly.

on bearings mounted on top of the lower end of the
assembly.

Brushes inside the shaft of the slip ring assembly
rotate around stationary ring-shaped conductors as the
gun mount moves in train. The ring-shaped conductors
maintain continuous electrical contact with the brushes
as the gun mount trains. Each wire going into or out of
the slip ring has its own ring and brush assembly.

AUXILIARY SYSTEMS

The three electrical auxiliary systems of the Mk 75
gun mount are the ventilation system, the lighting
system, and the telephone system.

Ventilation System

Ventilation in the ammunition handling room is
provided by the ships ventilation system. Ventilation
inside the gunhouse is provided by an exhaust fan
mounted in the weather shield above the entry hatch
(fig. 5-49). The fan motor operates on 115 VAC 60 Hz
power. The fan is controlled by the mount exhaust fan
on switch 2S4. Switch 2S4 is located on the outside of
the lower feed system support next to the train-securing
pin-operating handle,

Figure 5-49.—Exhaust fan (inside view).

5-48



WARNING

Fumes resulting from gun firing contain
hydrogen, carbon monoxide, and other toxic
gases which are potential health hazards. The
proper operation of the gun mount ventilation
system is imperative when firing the gun.

Lighting System

Illumination inside the gunhouse is provided by
two fluorescent light fixtures (fig. 5-50) mounted on the
inside of the weather shield. One fixture is on the left
side of the gun mount; the other is on the right side.
Each light fixture contains three fluorescent tubes. The
two outer tubes are connected to the white light supply
of the ship. The center tube has a red sheath over it and
is connected via the GCP to the red light supply of the
ship. The red lights are on at all times. The white lights
are on when the white light supply of the ship is on and
when two interlock switches are actuated. Circuit
protection for the gunhouse lighting system is provided
by circuit breaker CB4 in the bottom compartment of
the GCP.

One of the interlock switches, the mount hatch
closed switch 4S 1, is a manually actuated switch
located inside the entry hatch. In normal operation,
however, switch 4S 1 is actuated when the entry hatch
is closed. The other interlock switch, mount white
lights, on switch 4S2, is a manually actuated switch
located inside the weather shield on the right side

Figure 5-50.—Light fixture.

of the entry hatch. When both switches are actuated and
ships power is on, all lights (white and red) are turned
on.

In addition to the light fixtures, the gun mount has
a 115 VAC convenience outlet located on the base of
the right trunnion support. This outlet provides power
for use inside the gunhouse. Circuit protection for the
convenience outlet is provided by circuit breaker CB3
in the bottom compartment of the GCP.

NOTE

The convenience outlet provides only
a limited amount of current. Equipment
requiring more than 3 amps should NOT be
connected to this outlet.

Telephone System

Shielded cable for two telephone lines is provided
from the GCP to the gunhouse for use with
sound-powered telephones. The telephone connector
jacks are located on the right side of the GCP (refer to
fig. 5-33 and table 5-7) and on the right trunnion support
(fig. 5-51). The telephone lines are routed through
slip ring assembly 2C1 and signal junction box
2JB1.

MISCELLANEOUS ELECTRICAL
COMPONENTS

.

There are three miscellaneous electrical
components in the GCP not involved in the gun control
system. The three components are the GCP blowers,
the ROUNDS COUNTER CC, and the ELAPSED
TIME COUNTER CO.

GCP Blowers

Two GCP blowers (one intake, one exhaust)
circulate air inside the GCP to prevent excessive
temperatures from damaging the electrical
components. The blowers are mounted on the back
of the GCP, on top of air ducts leading into the GCP
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Figure 5-51.—Sound-powered telephone jack box (J302).

(fig. 5-52). The blower motors receive 115 VAC whenever the SERVO SYSTEM AND SERVICES

three-phase power (60 Hz for Mod 0, 400 Hz for circuit breaker is positioned to I (see fig. 5-29 and table

Mod 1) from the main transformer T1 and are on 5-3).
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Figure 5-52.—GCP blowers.

Rounds Counter CC

The ROUNDS COUNTER CC is located inside the
top cover of the GCP. The counter CC is operated by a
solenoid which is energized when a round is fired and
allows the gun crew to monitor the number of rounds
fired (fig. 5-53 and table 5-12).

Elapsed Time Counter CO

The ELAPSED TIME COUNTER CO is also
located inside the top cover of the GCR The counter

CO allows the gun crew to monitor the running time of
the gun mount for maintenance purposes. Counter CO
operates whenever 115 VAC 400 HZ servo power is on
(refer to fig. 5-53 and table 5-12).

MK 75 TRAIN AND ELEVATION
SYSTEM

LEARNING OBJECTIVE: Recall general
information about the Mk 75 gun mount train
system and its six major components.

The train and elevation systems position the gun in
response to gun-laying orders from the fire control
system (FCS) or from the gun control panel (GCP). The
train and elevation systems use low-inertia dc drive
motors with reduction gearing as power drives. Both
systems also use conventional synchros with associated
power supplies and electronic control systems to
regulate current to the motors.

The train and elevation systems consist of two
independent but similar power drives, power supplies,
and control systems. Because of their similarity, only
the train system will be discussed in this section. A
more detailed description of the train and elevation
system can be found in the Technical Manual for 76-mm
62-Calibre Gun Mount Mark 75 MODS 0 and 1,
SW314-AO-MMM-A10/GM MK 750-1 series.

Figure 5-53.—Switch and counter board assembly.
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Table 5-12.—GCP: Controls and Indicators (Top Cover Open)
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The train system consists of strain power drive (fig. 1.
5-54) that is mounted on the rear platform of the carri-

2.
age. The power drive moves the gun mount around the
stationary ring of the roller path assembly in response 3.

to train positioning orders. Train movement is unlimited 4.
due to a slip ring assembly for electrical cabling and a
rotating coupling for the barrel cooling piping. The 5.

train system consists of the following six components: 6.

Electric motors

Reduction gear assembly

Train synchro control box assembly

Power supply

Motor control system

Train securing mechanism

Figure 5-54.—Train power drive.
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ELECTRIC MOTORS

The train system uses two electric motors (fig. 5-55)
to drive the reduction gear assembly and move the gun
in train. The electric motors are lightweight (25 kg)
low-inertia, dc motors with permanent magnet fields
and printed disk rotors. The rated output of each motor
is 3 kW at 3,000 rpm.

The left electric motor (No. 1) has an electro-
mechanical brake assembly installed on the top of its
output shaft. The brake assembly consists of an
electromagnet, a braking disk, and a rotating disk
splined to the motor output shaft. With no power
applied to the brake, steel springs around the top of the
electromagnet push the braking disk up. When power

is applied to the brake, the electromagnet pulls the
braking disk down (compressing the springs) and
releases the rotating disk. The electromagnet remains
energized, and the brake remains released as long as
power is applied to the brake.

The brake has a manual release handle for
power-off operation. It also has a push button for use
with a manual hand crank, The pushbutton releases the
brake only when the servo system power is on and the
hand crank is installed.

The hand crank fits into an opening in a bracket on
top of the brake. The hand crank is used to train the gun
mount manually during maintenance and power-off
operations. A proximity switch, mounted under the
bracket, turns on the TRAINING HAND CRANK IN

Figure 5-55.—Train power drive (cutaway).
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lamp at the GCP (refer to fig. 5-29 and table 5-3). The
proximity switch also disables the train amplifier ready
circuit and this, in turn, disables the motor start-run
circuit. With the hand crank installed, a microswitch,
mounted under the bracket, is actuated. This action
enables the brake to be energized by the brake push
button.

The right electric motor (No. 2) has a tachometer
control assembly installed on the top of its output shaft
beneath a protective guard. The tachometer produces
voltage in direct relation to the motor speed. This
voltage provides feedback to the motor control system.

REDUCTION GEAR ASSEMBLY

The train reduction gear assembly (refer to fig.
5-55) reduces the high rpm rate developed by the
electric motors by a 308.7-to-1 ratio. This reduction
ratio and the motor control circuitry produce a
maximum train rate of 65 degrees per second. The
reduction gear assembly consists of the gear housing,
two pairs of reduction gears, and the pinion gear.

The reduction gear assembly is mounted on the rear
platform of the carriage. The train pinion gear extends
through the carriage and meshes with the stationary ring
of the roller path assembly. The two electric train
motors are mounted on top of the reduction gear
assembly. The pinion gears of the electric motors drive
the gear train.

The reduction gears operate in a lubricating oil bath.
A fill plug is located on the side of the assembly, and a
drain plug is located on the bottom. Removing the fill
plug permits the oil level to be checked and, if
necessary, permits oil to be added. Removing the drain
plug permits the oil to be drained.

TRAIN SYNCHRO CONTROL BOX
ASSEMBLY

The train synchro control box assembly houses the
train synchros. The train synchro control box assembly
and the train synchro transmission gear assembly (fig.
5-56) are mounted on the rear of the carriage platform
forward of the elevation power drive. Graduations and
a marker on the outside of the train synchro control box
assembly provide an installation benchmark.

The train synchro control box (fig. 5-57) houses the
train synchros, the tilt-angle potentiometer, the motor
and firing cutout camstack assembly, and the dials and
dial-illuminating lamp components of the train servo
system.

Figure 5-56.—Train synchro control box assembly and
transmission gear assembly.

Train Synchros

As the gun moves in train, the train response shaft
rotates the synchros through the synchro gearing in the
bottom of the train synchro control box. The
antibacklash gears and the couplings ensure that the
rotation of the synchros exactly matches the train
movements of the gun mount.

Three of the train synchros are control transformers
(CTs). Two CTs receive position signals from the FCS
and generate error signals-the third is a spare. The
error signals, when amplified and processed by the
motor control circuity, regulate the current applied to
the train motors. One of the Cts (1X) is for coarse
control (error signal greater than 1.5 degrees); the other
CT (36X) is for fine control (error signal less than 1.5
degrees).

In addition to the 1X and 36X CTs, the train
synchros include two torque transmitters (Txs) and five
control transmitters (CXs). The 1X TX continuously
transmits the train position to FCS and to a torque
receiver synchro at the GCP. The torque receiver
synchro operates the train position indicator dial. The
180X TX continuously transmits a superfine indication
of train position to FCS.
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Figure 5-57.—Train synchro control box components.
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One of the five CXs is for tilt-angle correction. This
CX adds error through the tilt-angle potentiometer to
the output of the elevation 36X CT. The error is based
on the tilt-angle difference between the roller path of
the gun mount and the master level of the ship.

Of the remaining four Cxs, one is for the high
nonpointing zone, one is for the low nonpointing zone,
and the other two are spares. The outputs of the
nonpointing zone Cxs are used to temporarily override
training orders. This output prevents the barrel from
training into a nonpointing zone until it elevates over

the zone.

Tilt-angle Potentiometer

The tilt-angle potentiometer adjusts the intensity of
the correction signal from the tilt angle correction CX.
This adjustment is made during installation. It
compensates for any angular difference between the

plane of the gun mount and the plane of the master level
of the ship. The tilt-angle potentiometer can correct an
angular difference up to 10 minutes. On ships outfitted
with the FCS Mk 92, the potentiometer is set at 0 and is
locked down since the computer makes this correction
directly.

Motor and Firing Cutout Camstack
Assembly

The motor and firing cutout camstack assembly,
like the train synchros, is driven by the synchro gearing
in the bottom of the train synchro control box. The
camstack assembly consists of a stack of 10 cams and
10 cam-actuated microswitches. As the gun mount

moves in train, the camstack rotates in a 1-to-1 ratio
matching train movement. The cams are cut during
installation to conform to the structure of the ship at the
gun mount location.

The cams are numbered 1 through 10 from top to
bottom. The No. 1 cam is a spare. The No. 2 cam is cut
to indicate the train stow position. When the gun mount
is at the stow position, the No. 2 cam deactuates its

microswitch, which allows the normally closed contacts

to close and light the TRAIN—IN STOW POSITION
lamp at the GCP.

Four of the remaining cams deactuate their
associated microswitches (opening the contacts) to
disable the firing circuit as the gun mount trains into
nonfiring zones. Two other cams are spare nonpointing
zone cams. The remaining two cams deactuate their
associated microswitches (opening the contacts) to
disable the train motor circuits. With the motor circuits
disabled, the brake is set. This action prevents the barrel
from entering the nonpointing zone if the electronic
nonpointing zone system fails. When the motor circuits
are disabled, the barrel must be manually cranked out
of the nonpointing zone.

Dials and Dial-illuminating
Lamps

The train synchro control box contains five dials,
driven by the synchro gearing. The dials indicate the
train position of the gun mount. One of the dials is on
the tilt-angle potentiometer; another is on the tilt-angle
correction CX. These dials are used to adjust the
tilt-angle correction between the gun mount and the
FCS reference (not used with the Mk 92 FCS). The
remaining three dials are graduated to provide coarse,
fine, and superfine indications of the train position.

The coarse position dial is graduated in degrees
from 0 to 360. This dial makes one revolution with each
revolution of the gun mount. The fine position dial is
graduated in 5-minute increments between 0 and 10
degrees. This dial makes 36 revolutions with each
revolution of the gun mount. The superfine position
dial is graduated in l-minute increments between 0 and
120 minutes. This dial makes 180 revolutions with each
revolution of the gun mount.

The train synchro control box contains two
dial-illuminating lamps. With the protective cover of
the synchro control box removed, the lamps permit the
synchro dials to be read. The lamps are on when the
servo system power is on.

POWER SUPPLY

The train and elevation systems use a common
power supply, consisting of three transformers located
at the GCP. The transformers supply the power required
to drive the train and elevation motors. The
transformers also supply power to the train and
elevation motor control systems. The power supply
transformers (refer to fig. 5-32 and table 5-6) are the
main transformer (T1), the signal-ramp (sawtooth)
transformer (T2), and the electronic supply transformer
(1J1-T1) (not shown).
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Main Transformer T1 Silicon-Controlled Rectifiers

(SCRs)

The main transformer (T1) is located at the GCP

and supplies power to the train and elevation motors.

The ships supply provides 440 VAC three-phase power

60 Hz for Mod 0 or 400 Hz for Mod 1) to T1.

Transformer T1 then provides six outputs of 170 VAC

power. The six outputs provide a common power

supply to the train and elevation motors.

Signal Ramp (Sawtooth)
Transformer T2

The signal-ramp (sawtooth) transformer (T2)

supplies power to the phase-consent and signal-ramp

circuits. The ships supply provides 440 VAC

three-phase power 60 Hz for Mod 0 or 400 Hz (for

Mod 1) to T2. Transformer T2 then provides 50 VAC

six-phase power to the phase-consent and signal-ramp

circuits.

Electronic Supply Transformer
1J1-T1

The electronic supply transformer (1J1-T1) is

located in the power supply module 1J1 of the GCP.

Ships supply provides 115 VAC 400 Hz single-phase

power to 1J1-T1.

MOTOR CONTROL SYSTEM

The motor control system regulates the polarity and

amplitude of the current supplied to the train and

elevation motors. This action controls the direction and

speed of motor rotation. The motor control system is
mostly electronic and consists of the following

components and circuits at the GCP: the:

silicon-controlled rectifiers (SCRs), the phase-consent

and signal-ramp circuits, the demodulator circuits, the

error amplifier circuits, the tachometer circuits, and the

motor current-limiter circuits.

The SCRs (fig. 5-58) are solid-state electronic

devices that act both as switches and as rectifiers. The

train and elevation systems each use 12 SCRs to control

the speed and direction of the drive motors. The 12 train

SCRs are located on modules 1J6 and 1J8 (refer to fig.

5-31 and table 5-5). A pair of SCRs control each of the

six 170 VAC voltages. These voltages are supplied to

the SCRs by the main transformer T1.

One SCR in each pair conducts current for

clockwise rotation; the other conducts current for

counterclockwise rotation. The polarity of the error

signal determines which SCR in each pair conducts.

The magnitude of the error signal determines the

amount of current flow through the SCR. The current

controls the speed of the motors.

The conduction of the SCR depends on a positive

potential being present on its control gate. It also

depends on a forward bias between its anode and

cathode. Once turned on, the SCR continues to conduct

until the potential between the anode and cathode is

either interrupted or inverted.

Figure 5-58.-Silicon-control1ed rectifier (SCR).
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Phase-Consent and Signal-Ramp
Circuits

Each of the two submodules (A1 and A3) of the
signal-ramp module 1J4 at the GCP (refer to fig. 5-31
and table 5-5) contains three phase-consent (square
wave) circuits and three signal-ramp (sawtooth wave)
circuits. These circuits generate six phase-consent
signals and six signal-ramp signals. These signals, in
turn, are used to control the control gate voltage to the
six pairs of SCRs for the train system and the six pairs
of SCRs for the elevation system.

Demodulator Circuits

The train demodulator circuits are located in
submodules A7 and A8 of elevation amplifier module
1J3 at the GCP. These circuits rectify the 400 Hz error
signals from the train synchros into a dc voltage. The
dc voltage can then be used by the error amplifier
circuits. The demodulator circuits use metal-oxide
semiconductor field-effect transistors (MOSFET
switches), operated by reference square wave signals.
The MOSFET switches are used to produce the required
full-wave rectification.

Error Amplifier Circuits

The train error amplifier circuits are located in
submodule A2 of 1J3. The error amplifiers amplify and
process the demodulated error signals from the synchro
systems. They provide one input to the tachometer
circuit.

Tachometer Circuits

The train tachometer circuits are located in
submodule Al of 1J3. These circuits combine the
output from the error amplifier and either the obstacle
contouring circuit or the limit-stop circuit with a
velocity output from the tachometer and a current
feedback signal from the drive motors. The outputs
from the tachometer circuits are order signals that, after
passing through the motor current-limiter circuits,
control the gating of the SCRs.

Motor Current-Limiter
Circuits

The train motor current-limiter circuits are located
in the current-limiter module in the bottom
compartment of the GCP. These circuits monitor the
current feedback from the electric drive motors. If the

drive motor draws high levels of current longer than the
short time required for normal acceleration, the
current-limiter circuit reduces the order signal. This,
in turn, reduces the current applied to the drive
motors.

TRAIN SECURING MECHANISM

The train securing mechanism locks the carriage to
the stationary outer ring of the roller path assembly
when the gun is stowed. The train securing mechanism
consists of a stowing pin shifting lever, a train stowing
pin, and the train stowing pin handle. A proximity
switch, mounted behind the stowing pin handle, is
actuated when the stowing pin is engaged. The stowing
pin handle is on the left side of the mount and extends
down into the ammunition handling room. The
proximity switch lights the TRAIN LOCK IN lamp at
the GCP. With the stowing pin engaged, the train
amplifier ready circuit is disabled, in turn, disables the
train motor start circuit.

MK 45 GUN MOUNT CONTROL
SYSTEM

LEARNING OBJECTIVE: Identify the
components of the Mk 45 gun mount control
system.

Components of the Mk 45 gun mount control
system control and distribute power to the gun-loading
and gun-laying systems. The power panel EP1, located
in the loader room, distributes power to the control
components. The control panel EP2, also located in the
loader room, controls the gun mount operations and
provides a means for testing and exercising the
gun-laying and the gun-loading systems. The dis-
play panel EP3, located adjacent to the lower load-
ing station, displays round orders for ammunition
handlers.

The gun mount control system also includes
position sensors (proximity and optical switches),
relays, and solenoids that activate, control, monitor, and

test operations of the gun mount. Solid-state logic and
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microprocessor circuits in the EP2 interlock and

sequence the cycles of gun-loading system components

and also control electric motor operation. The panels

of the control system (fig. 5-59) are as follows:

1.

2.

3.

4.

Power panel (EP1)

Control panel (EP2)

Train and elevation local control unit

Display panel (EP3)

Individual components of the gun mount control

system are located throughout the gun mount. This
section will cover only a general description of

the Mk 45 gun mount control system. For a more

detailed and in-depth description, refer to the
Technical Manual for 5-Inch 54-Caliber Gun

Mount Mark 45, SW323-D1-MM0-010/GM MK 45

series.

POWER PANEL EP1

Power panel EP1 contains the electrical
power-distribution and power-converting components
of the gun mount control system. Power from the ship’s
440 VAC normal or alternate supplies enters EP1 and
passes through circuit breakers and contractors to the
drive motors. A step-down transformer in EP1 reduces
the 440 VAC motor supply to 115 volts for control,
lighting, anti-icing, and test purposes.

Panel EP1 contains motor contractors, overload
relays, manual interlock switches, +25 VDC power
supplies for solenoids, lights, switch circuits, a fan,
batteries, battery chargers, an electronic component
assembly, ac output driver circuit cards, resistors,
capacitors, rectifiers, relays, fuses, and terminal boards.
A solenoid door latch prevents the panel door from
being opened when normal or alternate 440 VAC is
applied to the panel. Figure 5-60 shows the back of the
EP1 door, and table 5-13 is a list of the components

Figure 5-59.—Electrical control system panel.
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Figure 5-60.—Power panel EP1 (back of door).
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Table 5-13.–Power Panel EP1–Back of Door

5-62



mounted on the back of the door. Figure 5-61 shows CONTROL PANEL EP2
the interior of EP1, and table 5-14 lists the components Control panel EP2 contains components which
inside of the EP1. control gun-loading system functions and locally

Figure 5-61.—Power panel EP1 (interior),
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Table 5-14.—Power Panel EP1—Interior
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controlled gun-laying system functions. The panel The back of the front door contains relays,
has a front door, an angular shelf, and a rear synchros, servtorqs, an emergency tiring circuit card
door. The front door and shelf contain the operator’s assembly, an alert buzzer, relay pin straighteners, a
console with switches, indicators, and two telephone magnet gage and magnet chargers, indicating lights and
jacks. displays, a relay test meter, and a door interlock switch

(fig. 5-62 and table 5-15). The angular shelf contains

Figure 5-62.—Contro1 panel EP2 (back of front door).
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Table 5-15.—Control Panel EP2—Back of Front Door

the control switches, indicating lights, and digital counters, and test plates for train, elevation, and

displays (fig. 5-63). fuze-setting functions. It also contains a circuit card

The inside of the rear door (fig. 5-64 and table 5-16) information plate, a power supply test plate, and a lower

contains elapsed-time indicators, electromechanical hoist configuration switch.

Figure 5-63.—Control panel EP2 (inside of angular shelf).
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Figure 5-64.—Control panel EP2 (inside rear door) (sheet 1 of 2).

Figure 5-64.—Control panel EP2 (inside rear door) (sheet 2 of 2).
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Table 5-16.—Control Panel EP2—Inside of Rear Door
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Figure 5-65.—Control panel EP2 (inside rear) (sheet 1 of 2).

The inside rear of the panel case (fig. 5-65 and table

5-17) contains four rows of circuit cards, the train and

elevation servo amplifier, the electronic components

housing, three +5 VDC power supplies, two time delay

relays, two transformers, two fans, three SCRs, two

fuseholders, and a synchro control assembly. The

electronic components housing contains six circuit

cards and, behind the lockbox door, two toggle switches Figure 5-65.—Control panel EP2 (inside rear) (sheet 2 of 2).
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Table 5-17.—Control Panel EP2 (Inside Rear)
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Table 5-17.—Control Panel EP2 (Inside Rear)—Continued

5-71



Table 5-17.—Control Panel EP2 (Inside Rear)—Continued
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Figure 5-66.—Control panel EP2 (inside front).

(fig. 5-65, sheet 2). The inside front of the panel case backplane, 18 terminal boards, a fuseholder, and two
(fig. 5-66 and table 5-18) has a covered wire-wrap transformers,

Table 5-18.—Control Panel EP2 (Inside Front)
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TRAIN AND ELEVATION LOCAL
CONTROL UNIT

The train and elevation local control unit (refer to
fig. 5-59) is on top of the EP2 panel. It contains the gun
mount position synchros used when exercising and
testing the train and elevation systems. The control unit
also contains four synchros (fig. 5-67) and the gearing
which produce train and elevation order signals.

DISPLAY PANEL EP3

Display panel EP3 (refer to fig. 5-59) contains only
those components mounted on the front panel face. All
indicators are protected by a sealed waterproof door.
The door can be unlatched and swung down for easy
access to burned out light bulbs.

GUN MOUNT CONTROL SYSTEM
COMPONENTS

Components of the gun mount control system are
located throughout the gun mount (fig. 5-68 and table
5-19), generally near the equipment with which the
component functions. Connection boxes throughout
the gun mount interconnect the panels with motors,
proximity switches, photocells, solenoids, the fuze

setter, anti-icing heaters, and the firing pin. Many of
the control system components were discussed in the
beginning of this chapter. Only a brief description will
be given on how they interact on the control system of
the Mk 45.

Solenoid units controlled by control circuits initiate
gun loading and unloading cycles. Control circuit
interlock switches sense component and round
positions. Control switches select modes of control
(AUTO, STEP) and type of operation (LOAD,
UNLOAD, and so on). Circuit cards contain electrical
and logic circuits that use interlock and control switch
input signals to trigger solenoids; logic and electrical
circuits also control the fuze setter. Indicating lights on
the panels indicate equipment and round position,
switch status (activated, deactivated), and solenoid
status (energized, de-energized). Segmented readout
displays give numerical quantities that represent rounds
of each type in the loader and test or fault codes. A
wire- wrap backplane contains pins and connectors to
interface the circuit cards.

Connection Boxes

Connection boxes serve as terminals for cabling
between EP2 and the switches, solenoids, fuze setter,
and firing pin. There are two types of connection

Figure 5-67.—Train and elevation local control unit, back of panel.
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Figure 5-68.—Gun mount control system components (sheet 1 of 3).
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Figure 5-68.—Gun mount control system components (sheet 2 of 3).
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Figure 5-68.—Gun mount control system components (sheet 3 of 3).
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Table 5-19.—Gun Mount Control System Components
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boxes-jack boxes (fig. 5-69) and terminal boxes (fig.
5-70). Some boxes also serve as connection points for
distributing electrical power from EP1 to the lights, the
heaters, and the motors.

Solenoid Units

The solenoid units (refer to fig. 5-14) convert an
electrical signal from logic circuits into a hydraulic
output, which initiates a mechanical motion. Each
solenoid unit consists of two coils, a lever arm, a circuit
board, a pilot valve, and a housing with a cover and
cable jack. These solenoid units are often mounted on
a solenoid valve assembly. Six separate solenoid valve
assemblies, each with up to four solenoid units, are
mounted at various points on the gun mount.

Interlock Switches

An interlock switch electrically indicates the
position of a component or the position of a round of
ammunition. The gun mount has two main types of
external interlock switches—the proximity switch and
the optical switch (refer to fig. 5-7).

EXTERNAL PROXIMITY SWITCH.— The
proximity switch is a straight (or 90-degree) metal tube
with threads on one end, a hex nut area around the
center, and a cable jack at the other end. The switch
element, which is sensitive to a magnetic field, is in the
threaded end. A magnet, generally moved by a lever,

Figure 5-70.—TerminaI box.

slide, or cam, activates or deactivates the proximity
switch.

OPTICAL SWITCH.— The optical switch, used
on the lower and upper hoist, is a straight (or 90-degree)
metal tube with a mounting flange near one end and a
cable jack at the other end. An identically shaped
transmitter unit, aimed directly at the optical switch
(detector unit), sends pulses of infrared light to the
detector unit. The modulated infrared detector circuit
then activates the optical switch output. When a
projectile, powder case, or other obstruction interrupts
the light path, the switch deactivates.

Control Switches

Control switches on the EP2 are used by the EP2
operator to select, start, and stop various equipment
operations. Three types of control switches are
used—the light-e milling diode (LED) switch/indicator
assembly (fig. 5-7 1) or the switch/indicator assembly

Figure 5-69.—Jack hex. Figure 5-71.—Light-emitting diode switch/indicator assembly.
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Figure 5-72.—Switch/indicator assembly.

(fig. 5-72), the thumbwheel switch (fig. 5-73), and the
rotary switch (fig. 5-74).

LIGHT-EMITTING DIODE SWITCH/
INDICATOR ASSEMBLY.— The LED switch/indi-
cator assembly (refer to fig. 5-71) is a rack-mounted,
plug-in type, lighted push-button switch and LED indi-
cating light assembly with a display face. The assembly
consists of a switch module and a lens module.

The switch module contains a radio interference
(RIF) ground and a momentary-type action switch that
closes switch contacts whenever the lens module is
pressed. A locating pin at the base of the switch module
ensures that the LED switch/indicator assembly can
only be plugged into the panel-mounted rack in one
direction to avoid damaging the LEDs contained inside
the lens module. The lens module contains LEDs which
are isolated from the switch contacts and, therefore, are

independently controlled. The lens module
permanently connects to the switch module. The lens
module contains a colored (red, green, or amber) LED
capsule seal.

SWITCH/INDICATOR ASSEMBLY.— The
switch/indicator assembly (refer to fig. 5-72) is a
rack-mounted, plug-in type, lighted push-button switch
or indicator light assembly with a display face. The
push-button unit has a momentary-type action that
transfers switch contacts whenever the front lens is
pressed. Indicator lamps are isolated from the switch
contact and, therefore, are independently controlled.
However, the indicator light feature is not used in all
push-button units.

The display screen and lamp capsule assembly
permanently connects to the basic unit. This assembly
contains a legend lens, color filters, a radio frequency
interference (RFI) protective screen, and four light
bulbs. When the display screen and lamp capsule is
pulled out, light bulbs are immediately accessible for
replacement. The remaining lens, falters, and screen are
accessible by sliding the lens retainer housing upward.

THUMBWHEEL SWITCHES.— Two types of
rotary thumbwheel switches are used on the EP2
panel-local electronic fuze order switches and type
assignment switches (refer to fig. 5-73). Each
thumbwheel dial contains one layer of multiple contact
points; each contact point connects to a common wiper
for a given dial position. The numerical thumbwheel
dials have 10 positions; the round assignment
thumbwheel dials have 12 positions. No position stops
exist for any of the dials. All thumbwheel switches are
water and dust protected by a hinged transparent

Figure 5-73.—Thumbwheel switches.
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Figure 5-74.—Rotary switch.

covering (bezel assembly). The covering screws down
tightly whenever dial positions are not being changed.

ROTARY SWITCH.— The rotary switch (refer to
figs. 5-3 and 5-74) contains layers of multiple contacts.
The layers are mounted in a circular pattern inside a
cylindrical housing which has external connectors. Ro-
tary switches have from two to seven layers of enclosed
contacts and from two to six possible switch positions.

Circuit Cards

The circuit cards (fig. 5-75) contain the transistors,
integrated circuits, capacitors, diodes, and other
electronic components. These rectangular fiberglass

Figure 5-75.—Circuit cards.
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cards, coated with a clear epoxy insulating lacquer, have
printed conductors and contacts on both sides.

The top and bottom edges of the card slide in
mounting channels that guide the contacts into a circuit
card connector in the circuit card rack. Key pins in a
locking bar on a comer of the circuit card prevent the
wrong circuit card from being inserted into a connector.
A cap screw on the locking bar locks the card into place.

The circuit card rack in EP2 holds four rows of
circuit cards, including the microprocessor CPU circuit
card and all microprocessor-associated cards. Other
circuit card racks include the electronic components
housing located in EP2 which holds six cards; the circuit
card housing in EP1 which holds three cards; and the
electrical components housing on the ventilation
system duct which holds three circuit cards.

Indicating Lights

The three types of indicating lights used on the
panels are indicator lights, indicator lamps, and LEDs.
The indicator lights used on EP1 indicate that an
electrical circuit is energized and that power is
available. The indicator light has a step-down
transformer in the base to reduce the supply voltages
from EP1 to the 2 volts needed for the two bulbs in each
indicator light.

Indicator lamps are used on EP2 as operational
sequence indicators, mount-ready status indicators, and
warning indicators. Indicator lamps contain from 3 to
16 lights, with each light illuminated by two 28-volt
bulbs. For some older gun mounts these indicator
lamps on EP2 are replaced with LEDs.

On older mounts, LEDs on EP2 are limited to the
weapons control round order display. These LEDs are
mounted on one circuit card assembly containing the
necessary current-limiting resistors and using a +5
VDC power supply.

Segmented Readout Displays

The segmented readout displays (fig. 5-76) are two-
and five-digit numerical readouts located on EP2. The
two-digit displays indicate round quantities loaded in
the loader drum and lower hoist. The five-digit displays
are used along with the built-in-test features of the
control system (refer to fig. 5-19) for troubleshooting.

Figure 5-76.—Segmented readout displays,

Wire-Wrap Backplane

The wire-wrap backplane (fig. 5-77) is a wiring
board inside EP2 that interfaces circuit cards PC1
through PC140. The backplane contains circuit card
receptacle connectors, backplane connectors, pins,
wires, and a board. Wires are wrapped around pins
providing electrical connection between circuit cards
and between the circuit cards and the backplane
connectors located at the bottom of the assembly. The
backplane connectors provide external interfacing for
all control signals leaving or entering the backplane as
well as the +5 VDC and +25 VDC power supplies

Figure 5-77.—Wire-wrap backplane.
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needed by the circuit cards. A large cover which
mounts on the backplane protects the wire-wrap pins
and wires.

SOLID-STATE CONTROL CIRCUIT
OPERATION

LEARNING OBJECTIVE: Recall general
information concerning operation of a Mk 13
Mod 4 GMLS solid-state control circuit.

We will now describe the operation of an actual
solid-state control circuit. Our example comes from the
Mk 13 Mod 4 GMLS and pertains to the retractable rail
of the launcher.

The normal position of the retractable rail is to be
extended, ready for launcher loading. When the GMLS
is in auto-load mode, the rail retracts automatically
during two operations: (1) missile firing and (2) dud
jettisoning. When the GMLS is in step control, the rail
can be retracted in two modes: (1) step-load and (2)
step-exercise. Usually the rail is not retracted during
step-load operations. However, in conjunction with a
step-jettison operation, a loaded rail can be retracted if
required. Bear in mind, this operation is not a normal
circumstance, but it is available. In step-exercise, the
rail must be empty/not loaded during a retract cycle.
Depressing the correct push button on the EP2 console
initiates the desired operation.

Figure 5-78 shows the schematic used to retract the
launcher rail electrical y. Take a moment to review the
drawing. Some of the items you should notice include
the following:

1. A variety of AND, OR, and OR-AND logic
gates. Refer to table 5-2 as we go through these gates.
There are no polarity indicators (flags) used.

2. A latching relay and a solenoid driver circuit are
used.

3. A +5-volt dc logic supply controls the +26-volt
dc (+25-volt dc backup) relay, solenoid, and
miscellaneous power supplies.

RETRACT LAUNCHER RAIL

Retracting the launcher rail during a missile firing
does not (directly) involve the solid-state circuit in
figure 5-78. After the rocket motor of the missile
ignites, the round travels about 20 inches up the rail.
The forward missile shoe contacts the retract trigger

located on the underside of the rail. The trigger shifts
(or cams) a valve to start the hydraulic-mechanical
actions that move the rail. The rail retracts to provide
clearance for the tail-control surfaces of the missile as
the round leaves the launcher.

However, in dud jettison, step-load, or exercise
operations, the solid-state circuit is directly involved in
initiating a retract cycle. Solid-state interlocks are used
to ensure equipment conditions are correct before
energizing the retract launcher rail solenoid
LHL1-LC1. The solenoid, located in the guide arm,
then initiates the hydraulic-mechanical actions to
retract the rail.

Auto-Not-Unload Circuit (Jettison)

The auto-not-unload circuit is the primary signal
path used to retract the launcher rail. The object of this
circuit is to energize relay coil PC67-K5A, RETRACT
LAUNCHER RAIL CYCLE (SET) (DETENTED).
When the A- or set-coil energizes, the PC67-K5
contacts close. This action applies a +5-volt input
signal to LHL1-LC1’s solenoid driver circuit. The
solenoid driver circuit activates and energizes the LC1
coil.

The following logic gate inputs must be satisfied to
energize PC67-K5A. They are listed (and explained)
by groups for ease of presentation. Locate them in
figure 5-78.

GROUP A:

1. SIR1-1—Launcher rail loaded

2. SIR3-1—Contactor and fin opener cranks
disengaged

3. QCY5-1—Dud jettison

4. QCX7-1—Auto-not-unload selected

GROUP B:

1. SIA1-1—Arming device extended and
forward-motion latch unlocked

2. KPX4-1—Launcher power unit motor
contactor energized

3. SIN1-2—Not strike-down fixture on launcher

GROUP C:

1. SIL1-2—Not launcher rail retracted

2. PC67-K9B-1—Harpoon missile safe (detented)

3. PC67-K6-2—Not extend launcher rail cycle
(detented)
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GROUP A INPUTS.— Input SIR1-1 ensures that
the launcher rail does not retract during a jettisoning
operation unless the guide arm is loaded. The aft
missile shoe contacts the rail-loaded indicator plunger.
The plunger moves an actuator into proximity with
launcher rail loaded switch SIR1. The switch activates
and applies an input signal to an inverter-buffer circuit.
The output line 1 of the circuit goes high. This high is
applied to the OR-AND gate at 77-48.

Input SIR3-1 ensures the contactor and fin opener
arm assembly has disengaged from the missile before
the launcher rail retracts. Proximity switch SIR3 is
activated and, through its inverter-buffer circuit, applies
a high to gate input 77-46.

Input QCY5-1 ensures that dud jettison summary
circuit QCY5 is activated. A summary circuit
summarizes a variety of different input conditions into
one output statement. The QCY5-1 input to 77-44 will
be high when remote dud jettison pointing or local dud
jettison pointing is selected.

Input QCX7-1 is high when auto-not-unload
selected summary circuit QCX7 is activated. This
signal is applied to 77-40 when the control system is
placed in automatic control and the not-unload mode.

The step-load related input to 77-42 is low at this
time. With four high inputs to the OR-AND gate, a high
is produced at output 77-38. The high output is used as
an input to 77-43, the next OR-AND gate.

GROUP B INPUTS.— Input SIA1-1 ensures the
launcher rail does not retract until two equipment
conditions are met. The arming device must be
extended and the forward-motion latch must be
unlocked. When these two conditions are satisfied,
proximity switch SIA1 and its inverter-buffer circuit
apply to high to 77-47.

Input KPX4-1 ensures the launcher power unit
(LPU) motor contactor is energized. When the
contactor is energized, the electric motor drives a
hydraulic pump. The LPU supplies the required
hydraulic fluid pressure to operate the launcher guide
and blast door components. The high signal is applied
to 77-49.

Input SIN1-2 ensures the launcher rail does not
retract if the strike-down fixture is installed on the guide
arm. If the fixture is not on the arm, an actuating lever
is not in proximity with SIN1. The switch deactivates
and its inverter-buffer circuit provides a high output on
line 2. This high is applied to 77-51.

The step-exercise related input to 77-45 will be low
at this time. The four high inputs at the OR-AND gate
will produce a high output at 77-35. The high is then
applied to 77-50.

GROUP C INPUTS.— Input SIL1-2 ensures that
the circuit to LHL1-LC1 de-energizes after the launcher
rail retracts. When the rail is in the extended position,
a magnetic actuator is not in proximity with SIL1. The
switch is deactivated and a high signal from output 2 of
the inverter-buffer is applied to 77-37.

Input PC67-K9B-1 ensures a Harpoon missile has
been disarmed and is safe to jettison. The Harpoon
booster is electrically disarmed through a signal circuit
of the 23-pin missile-to-launcher contactor. When this
disarming is accomplished, PC67-K9B-1, Harpoon
missile safe (reset) (detented) relay coil will energize.
The input to 77-39 will go high.

Input PC67-K6-2 ensures an extend launcher rail
cycle is not in progress. This action prevents
LHL1-LC1 from energizing until an extend cycle has
been completed. This high input is applied to 77-41.

The logic gate activates with four high inputs and
produces a high at 77-36. A latching circuit (or holding
circuit) is established by the high output at 77-36
feeding back to input 77-52. The latching circuit is used
to keep the logic circuit energized whenever the
launcher rail is retracted in exercise mode. That is
required because the console operator will release the
RETRACT push-button switch of the rail before the
retract cycle ends.

The high signal from 77-36 is also used to forward
bias the NPN transistor at 67-42. The transistor
conducts and PC67-K5A relay coil energizes. When
the contacts of the relay close, a high input signal is
applied to the solenoid driver circuit. The LC1 solenoid
energizes and initiates the hydraulic-mechanical
actions to retract the launcher rail.

COMPLETING THE RETRACT CYCLE.—
When the launcher rail is fully retracted, proximity
switch SIL1 activates. The 1 and 2 outputs from its
inverter-buffer affect the retract circuit in two ways.
First, the SIL1-2 input (Group C) to OR-AND gate
77-39 now goes low. The change in input status
produces a low output at 77-36. The low-output signal
turns off the NPN transistor and de-energizes
PC67-K5A relay coil. Since it is a detented relay, its
contacts remain closed to the LHL1-LC1 solenoid
driver.
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The second result of SIL1 activating affects
OR-gate 132-6. Its SIL1-1 input now goes high. The
output signal produced at 132-14 goes high. It turns on
the other NPN transistor (67-44) that energizes the
PC67-K5B relay coil. This coil, being the reset coil of
PC67-K5, causes the contacts of the relay to open. The
high input to the solenoid driver of LHL1-LC1 is
thereby removed. The solenoid de-energizes and
returns to neutral.

The other input to OR-gate 132 is QCS21-1, system
start reset. This input is high whenever summary circuit
QCS21 is activated. The purpose of summary circuit
QCS21 is related to safety. It is activated during system
start or turn on procedures. When activated, QCS21
produces a high output. This signal is supplied to every
reset coil of all the guide arm component relays.
Energizing each reset coil prevents the accidental
movement of equipment. After initial light off and
when the system is ready to operate, QCS21’s output
goes low.

Step-Load Circuit

The step-load circuit centers around the two inputs
of Group D in figure 5-78. The circuit is used to retract
a loaded launcher rail if jettison operations must be
performed in step control. Therefore, many of the
conditions of an auto-not-unload mode must still be
satisfied for the step-load cycle.

When the console operator changes modes, the
QCX7-1 (Group A) input to 77-40 goes low. This
change effectively disables the entire retract circuit and
PC67-K5A cannot be energized. As the console
operator switches into step-load, the QCX4-1 (Group
D) input to AND gate 77-8 goes high. This action only
satisfies one of the required inputs to the circuit.

To retract the launcher rail, the console operator
depresses push button SML1. The switch provides an
input signal to its buffer circuit. The unflagged output
line of the circuit goes high. The high SML1-1 input
applied to 77-10 activates the AND gate. It provides a
high output at 77-18. This signal satisfies the OR-AND
gate’s (Group A) inputs and the launcher rail retracts.

Step-Exercise Circuit

The step-exercise circuit centers around the Group
E inputs on figure 5-78. When the three input
conditions to the Group E AND gate are satisfied, a high
is produced at 77-54. The high is applied to 77-45 of
the OR-AND gate in Group B. The remaining circuit
inputs and operations are the same as a step-load cycle.

Notice that all Group A inputs are low at this time and
are not used.

Take a minute to review the various retract cycles
performed by this solid-state control circuit. It is
important that you understand the principles involved.

EXTEND LAUNCHER RAIL

The launcher rail automatically extends following
missile firing or jettisoning operations. After the rail is
empty, the aft-motion latch and arming device retract.
The forward-motion latch also locks in place. These,
and other conditions, complete the auto-not-unload
circuit to energize extend solenoid LHL1-LC2. The
hydraulic-mechanical actions are then initiated to
re-extend the rail. In step-load and exercise modes,
depressing the extend push button initiates the circuit to
energize LHL1-LC2.

We will not go into a detailed analysis of the extend
circuit shown in figure 5-79. It is very similar to the
retract circuit in terms of logic gate operation and
sequence of events. Refer to figure 5-78 as the
following paragraphs describe the various signal paths.

Auto-Not-Unload Circuit

The following logic inputs are involved with the
extend auto-not-unload circuit. Locate them and trace
their outputs on figure 5-79.

1.

2.

3.

4.

QCX7-1—Auto-not-unload selected

QCY1-2—Not aim

SIR1-2—Not launcher rail loaded

SIA2-1—Arming device retracted and
forward-motion latch locked

5. SID2-1—Dud jettison retracted

6. KPX4-1—Launcher power unit motor
contactor energized

7. PC67-K5-2—Not retract launcher rail cycle
(detented)

8. SIL2-2—Not launcher rail extended

9. SIL2-1—Launcher rail extended

10. QCS21-1—System start reset

When the first eight inputs in the above list are
satisfied (high), PC67-K6A will energize. Its contacts
close to activate the solenoid driver circuit. LHL1-LC2
solenoid coil energizes and the launcher rail extends.
When the rail is extended, proximity switch SIL2-1

5-86



5-87



activates. The inverter-buffer outputs change and
SIL2-2 (item #8) goes low to de-energize PC67-K6A.
The SIL2-1 input (item #9) goes high to energize
PC67-K6B (reset). This action de-energizes
LHL1-LC2 that returns to neutral.

Step-Load and Step-Exercise Circuits

The following logic inputs are involved with the
two-step modes of control used to re-extend the
launcher rail:

1. QCX4-1—Step load selected

2. QCX6-1—Step exercise selected

3. SIR1-1—Launcher rail loaded

4. SIE14-2—Not elevation not at load position (90
degrees)

5. SIR1-2—Not launcher rail loaded

6. SIA2-1—Arming device retracted and
forward-motion latch locked

7. SML2-1—Launcher rail extend push button
depressed

The remainder of the circuit is the same as the
auto-not-unload signal path.

Solid-State Control Circuit—Summary

The solid-state circuits we studied in figures 5-78
and 5-79 were relatively simple in nature. But, again,
they are not “hard” if you do the following:

1. Understand the sequence of equipment
operation.

2. Understand how solid-state devices function
(and use the truth tables).

3. Practice to develop your skills.

SHIP’S POWER AND
DISTRIBUTION

LEARNING OBJECTIVE: Recall general
information concerning ships power
distribution and safety precautions for working
on and around electrical or electronic
equipment.

As with compressed air, the electric power you need
to run your equipment is generated and controlled by

the ships engineers. Ships power is referred to as either
60 or 400 cycle (or Hz). All electrical power of the ship
begins as the 440 volt, 60-cycle, three-phase output of
the ships generators. This output, as shown in figure
5-80, is directed through the main switchboards of the
ship to the various sections of the ship. Gun mount
power drive motors normally operate off this power.
Transformers are used to regulate some of the output to
115-volt, 60 Hz ac for lighting and other common uses.
Other circuits convert some of the output to 400 Hz.
Gun mounts use 400 Hz ships power to operate the
synchros in positioning equipment, fuze setters, and
sights.

Gun mounts normally have more than one source
of electrical power. Both the primary and secondary
sources are made available to the equipment through a
large switch called an automatic bus transfer (ABT).
The ABT powers the equipment from the primary
source as long as it (power) is available. Should the
primary source be interrupted for any reason, the ABT
switches to the secondary source. Some gun
maintenance will require the power supply to be secured
from this switch box.

It is beyond the scope of this text to explain the
details of electric power generation and distribution.
Our intent is to give you the fundamental knowledge of
its existence and impact on your equipment. For further
information about power generation and distribution,
refer to the Navy Electricity and Electronics Training
Series (NEETS), Module 5, Introduction to Generators
and Motors, NAVEDTRA 172-05-00-79, and ships
drawings.

SAFETY

Some common safety features of electrical or
electronic equipment are interlock switches, bleeder
resistors, current-limiting resistors, insulating controls,
and power line safety devices, such as fuses. Keep in
mind that these features cannot always be relied upon
to function. Do not develop a false sense of security
just because an equipment has safety features. The
following list of safety precautions will help prevent
electric shock or bums when working on or near
electrical or electronic equipment.

1. Do not block high-voltage protective cutouts on
doors or covers to keep the circuit energized with the
cover off. It is intended that work be performed on such
electrical equipment while the circuit is de-energized.

2. Always ground the provided ground lead
located at the plug of portable tools, such as electric
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Figure 5-80.—Shipboard power distribution on a FFG-7 class ship.

drills, to protect yourself from shock in case a ground
occurs within the tool.

3. Always be sure all condensers (capacitors) are
fully discharged before commencing work on a
de-energized high-voltage circuit. Use an insulated
shorting bar for this purpose.

4. Tag the switch OPEN (open the switch and place

a tag on it stating “This circuit was ordered open for
repairs and will not be closed except by direct order
of        .”) at the switchboard supplying power to
the circuit you will be working on. When possible,
remove the fuses protecting the circuit and place them
in your toolbox for safekeeping until the job is
complete.

5. Always remove fuses with fuse pullers, and
never remove fuses until after opening the switch
connecting the circuit to the source of supply. Never
replace a fuse with one larger than the circuit is designed
to handle.

6. Observe utmost caution when inspecting behind
an open-back switchboard in an energized state.

7. Never use an incandescent test lamp unless its
voltage rating is greater than the highest voltage that
may be tested.

8. Always test a supposedly de-energized circuit
with a voltage tester before commencing work on the
circuit.

9. Never work on an electric circuit or network
without first thoroughly acquainting yourself with its
arrangement and with its points of power feed.

Electric shock may cause instant death or may
cause unconsciousness, cessation of breathing, and
burns. If a 60 Hz alternating current is passed through
a person from hand to hand or head to foot, the effects
when current is gradually increased from zero are as
follows:

1. At about 1 milliampere (0.001 ampere) the
shock can be felt.
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2. At about 10 milliamperes (0.010 ampere) the
shock is severe enough to paralyze muscles so that a
person is unable to release the conductor.

3. At about 100 milliamperes (0.100 ampere) the
shock is fatal if it lasts for 1 second or more.

It is important to remember that current is the shock
factor, rather than the amount of voltage.

You should clearly understand that the resistance of
the human body is not great enough to prevent fatal
shock from a voltage even as low as 115 volts. In many
cases, voltages less than 115 volts are fatal. When the
skin is dry, it has a high resistance. The resistance may
be high enough to protect a person from fatal shock even
if one hand touches a high voltage while another part of
the body touches the chassis or another ground.

Contact resistance decreases when the skin is moist
and body resistance may drop to as low as 300 ohms.

With this low resistance, a very low voltage could
supply enough current to cause death.

SUMMARY

In this chapter we have looked at some of the
components that make up electronic gun control
circuits. We have also examined the predominate types
of control circuits used to control gun system
operation-transistorized circuits and logic circuits.
We described the basics of circuit operation and the
procedures for troubleshooting when circuits fail. We
described some of the fundamentals of synchros and
some general circuit failure principles. The Mk 75,
Mk 45, and the Mk 13 control systems were only briefly
described. Finally, we addressed some common safety
precautions for working with electricity. Remember,
you should refer to the publications cited within the
chapter for additional specific information on
individual subject areas.
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