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PREFACE

By enrolling in this self-study course, you have demonstrated a desire to improve
yourself and the Navy. Remember, however, this self-study course is only one part of the
total Navy training program. Practical experience, schools, selected reading, and your
desire to succeed are also necessary to successfully round out a fully meaningful training
program.

THE COURSE: This self-study course is organized into subject matter areas, each
containing learning objectives to help you determine what you should learn along with
text and illustrations to help you understand the information. The subject matter reflects
day-to-day requirements and experiences of personnel in the rating or skill area. It also
reflects guidance provided by Enlisted Community Managers (ECMs) and other senior
personnel, technical references, instructions, etc., and either the occupational or naval
standards, which are listed in the Manual of Navy Enlisted Manpower Personnel
Classifications and Occupational Standards, NAVPERS 18068.

THE QUESTIONS: The questions that appear in this course are designed to help you
understand the material in the text.

VALUE: In completing this course, you will improve your military and professional
knowledge. Importantly, it can also help you study for the Navy-wide advancement in
rate examination. An additional important feature of this course is its reference to useful
information in other publications. The well-prepared Sailor will take the time to look up
the additional information.

2011 Edition

Published by
Center for Surface Combat Systems (CSCS)

NAVSUP Logistics Tracking Number
0504-LP-110-7077
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Sailor’s Creed

“] am a United States Sailor.

| will support and defend the

Constitution of the United States of
America and | will obey the orders of those
appointed over me.

| represent the fighting spirit of the Navy
and those who have gone before me to
defend freedom and democracy around the
world.

I proudly serve my country’s Navy combat
team with honor, courage and commitment.

I am committed to excellence and the fair
treatment of all.”
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STUDENT FEEDBACK AND QUESTIONS

We value your suggestions, questions, and criticisms on our courses. If you would like to
communicate with us regarding this course, we encourage you, if possible, to use e-mail
or to post your comments on the Interior Communications Electrician Community of
Practice (COP) page located at https://wwwa.nko.navy.mil/portal/home/. If you write or
fax, please use a copy of the Student Comment form that follows this page.

For subject matter questions:
E-mail: Thomas.malley@navy.mil
Phone: Comm: 540-653-4639
DSN: 249-4639

Address:

COMMANDING OFFICER
Center for Surface Combat Systems
5395 First St

Dahlgren, VA 22448-5200
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1 SYNCHROS, SYNCHRO SIGNAL AMPLIFIERS, AND
WIND INDICATING SYSTEMS

Upon completion of this chapter, you should be able to do the following:

Describe the types of wind direction and speed indicating systems.
Identify the major components of wind and speed systems.

Describe the purpose and operation of the major components.
Describe synchros and the different types of synchros.

Describe the synchro signal amplifier and its principles of operation.

1.0.0 INTRODUCTION
This chapter will introduce the most common synchros, synchro signal amplifiers, and
wind indicating systems found aboard U.S. Navy ships.
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1.1.0 SYNCHROS

In performing the required PMS and maintenance on wind direction and indicating
systems and on synchro signal amplifiers (discussed later in this chapter), you should
have an understanding of synchros. The following paragraphs will discuss synchros and

the zeroing of synchros. Figure 1-1 shows synchro classifications used to identify its
application.

Standard Synchro Classifications

16CT4d

SiZe: "18"

-Indicates 1.8 inches MAXIMUM diameter.

- MINIMUM is 9 hundredths of an Inch (.09) smaller.
- Can be ANY measurement in between. -
- Other popular sizes are 23, 31 and 37.

FUNCTION: "CT"
FIRST DIGIT: "C"-,

- C = Control System.
- T= Torque System.

SECOND and/or THIED DIGIT: "T
- R = Receiver.
- T = Transformer.
- X = Transmitter..
- DX = Differential Transmitter
- DR = Differential Receiver.
- RX = (ie TRX) Receiver Transmitter.

FREQUENCY: "4"

-4 = 400 Hertz
-6 =60 Hertz

REVISION: "d"

- A modification to the original spec. Can be as simple as differences In varnish,

or some other MIL spec. In MOST instances, a older revislon can be used to replace a
newer one. Revision "a" Is the first revision. Revision “d" (example given) would be the 4th

revision.

-35-

Figure 1-1.-Standard Synchro Classifications.
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Synchros (fig. 1-1) are used primarily for the rapid and accurate transmission of
information between equipment and stations. Synchros are seldom used singly. They
work in teams, and when two or more synchros are interconnected to work together, they
form a synchro system. Such a system may, depending on the types and arrangement of
its components, be put to various uses. Figure 1-2 shows a simple synchro system that
can be used to transmit different types of data.

STNCHRO
TRANSMITTER

EADS

RECEIVERS
INDICATOR
DIALS

Figure 1-2.-A simple synchro system.

1.1.1 Standard Synchro Connections

In systems in which a great many synchro units are used, it is necessary to have a closely
defined set of standard connections to avoid confusion. The conventional connection is
for counterclockwise rotation for an increasing reading.

The standard connections of a simple synchro transmission system consisting of a
synchro transmitter and receiver is shown in figure 1-3. The R1 transmitter and receiver
leads connect to one side of the 115-volt ac supply line. The R2 transmitter and receiver
leads connect to the other side of the line. The stator leads of both the transmitter and
receiver connect lead for lead; that is, S1 connects to S1, S2 to S2, and S3 to S3. Thus,
when sending an increasing reading over the transmission system, the rotor of the
synchro receiver will turn in a counterclockwise direction.

When it is desired, the shaft of the synchro receiver turns clockwise for an increasing
reading. The R1 and R2 transmitter and receiver leads connect as before. The S1
transmitter lead connects to the S3 receiver lead, and the S2 transmitter lead to the S1
receiver lead.

1-3
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MECH. INPUT MECH. OUTPUT
SYNCHRO GENERATOR SYNCHRO RECEIVER

S| si
RI RI
) s [

52
R2 / 83 <3 & R2

1

15V, {& REPEATER
SUPPLY

Figure 1-3.- Transmission system diagram; standard
connections of a simple synchro.

1.1.2 Zeroing Synchros

If synchros are to work together properly in a system, they must be correctly connected
and aligned in respect to each other and to the other devices with which they are used.
The reference point for alignment of all synchro units is electrical zero. The mechanical
reference point for the units connected to the synchros depends upon the particular
application of the synchro system. Whatever the application, the electrical and
mechanical reference points must be aligned with each other. The mechanical position is
usually set first, and then the synchro device is aligned to electrical zero. Each type of
synchro has a combination of rotor position and stator voltages that is its electrical zero.

There are various methods for zeroing synchros. Some of the more common zeroing
methods are the voltmeter and the electrical lock methods. The method used depends
upon the facilities and tools available and how the synchros are connected in the system.
Also, the method for zeroing a unit whose rotor or stator is not free to turn may differ
from the procedure for zeroing a similar unit whose rotor or stator is free to turn.

1-4
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Voltmeter Method

The most accurate method of zeroing a synchro is the ac voltmeter method. The
procedure and the test circuit configuration for this method vary somewhat, depending
upon which type of synchro is being zeroed. Transmitters and receivers, differentials, and
control transformers each require different test-circuit configurations.

For the ac voltmeter method to be as accurate as possible, an electronic or precision
voltmeter having a 0- to 250-volt and a 0- to 5-volt range should be used. On the low
scale, this meter can also measure voltages as low as 0.1 volt.

Many synchro units are marked in such a manner that the coarse setting may be
approximated physically by aligning two marks on the synchro. On standard synchros,
this setting is indicated by an arrow stamped on the frame and a line marked on the shaft,
as shown in figure 1-4. The fine setting is where the synchro is precisely set on 0°.

ARROW STAMPED ON
ON FRAME

MARK ON SHAFT
EXTENSION

Figure 1-4.- Coarse electrical zero markings.
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Zeroing Transmitters and Receivers (Voltmeter Method)

A synchro transmitter, CX or TX, is zeroed if electrical zero voltages exist when the
device whose position the CX or TX transmits is set to its mechanical reference position.
A synchro receiver, TR, is zeroed if, when electrical zero voltages exist, the device
actuated by the receiver assumes its mechanical reference position. In a receiver or other
unit having a rotatable stator, the zero position is the same, with the added provision that
the unit to which the stator is geared is set to its reference position. In the electrical zero
position, the axes of the rotor coil and the S2 coil are at zero displacement and the
voltages measured between terminals S1 and S3 will be the minimum. The voltages from
S2 to S1 and from S2 to S3 are in phase with the excitation voltage from R1 to R2.

Synchro Zeroing
New AC Yoltmeter Method

*** This method prevents the use of jumpers and excessive time to zero synchros.

ERELIMINARY:

Use a DIGITAL MULTIMETER. (Fluke 77 or cquhfalent}
Synctro must be energized. Observe Al dlectrical sz
FPower supply must be FREE OF GROUNDSI

Deenergized all output feeds (ACO Switchboard).

If unable to perform Step 4, then stator leads must be Isolated.

o ko

%

Energlze circuit.

Measure between El and E2 for 120 VOLT Reference Voltage .

Measure Rl to ground (Reading should NOT be zero or 120 YOLTS).

Measure between 51 and S3.

Loosen captive screws 1/2 tur and rotate synchro body while measuring to

obtain a MINIMUM voltage reading.

MAXIMUM voitage should be:
250 mY on 400 Hertz systems.
500 mY on 60 Hertz systems.

6. I lowest voltage readings are above the maximum, then Iift stator leads
and re-perform STEF 5,

7. If lowest voltage readings are still not obtalnakble, then repl ynehro.

&. When null is obtained, carefully tighten down captive screws in a "lugnut"
pattemn while watching meter. If voltage reading begins to rise, then back off on
tightening captive screw and go to another screw.

8. After all screws are tightened, ensure voltage readings are still at null

10. Measure between S2 and Rl, and observe reading.

M. Measure between S2 and R2, and observe reading.

12. S2-R1 reading should be LOWER than S2-R2 reading.

13. K STEF 12 Is NOT TEUE, then loosen synchro body, rotate 180 degrees,
and re-perform procedure starting with STEP 4.

14. I STEF 12 readings are the same, then recheck circult for grounds, or
measure between Rl and R2 to check for OPEN rotor. Replace if
necessary.

15. Reconnect any lifted stator leads.

oo

Figure 1-5.- Synchro Zeroing Method.
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The common electrical zero position of a TX-TR synchro system can be checked with a
jumper. Put the transmitter and receiver on zero and intermittently jumper S1 and S3 at

the receiver. The receiver should not move. If it does, the transmitter is not on zero and

should be checked again.

Zeroing Differential Synchros (Voltmeter Method)

A differential is zeroed when it can be inserted into a system without introducing a
change in the system. In the electrical zero position, the axes of coils R2 and S2 are at
zero displacement. If a differential synchro requires zeroing, the following method may
be used:

1. Carefully and accurately set the unit to be zeroed to its zero or mechanical reference
position.

2. De-energize the circuit and disconnect all other connections from the differential leads.
Set the voltmeter on its 0- to 250-volt scale and connect as shown in figure 1-6, view A.
If a 78-volt supply is not available, you may use 115 volts. If you use 115 volts instead of
78 volts, do not leave the unit connected for more than 2 minutes or it may overheat and
may cause permanent damage.

0-2350 YOLT RANGE

78Y
(oR 10.2v]

0-5 VOLT
¥ R1 RANGE
T8V
(OR 10.2V]

B, FINE SETTING

Figure 1-6.- Zeroing differential synchros by the
voltmeter method.
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3. Energize the circuit, unclamp the differential’s stator, and turn it until the meter reads
minimum. The differential is now approximately on electrical zero. De-energize the
circuit and reconnect it as shown in figure 1-6, view B.

4. Re-energize the circuit. Start with a high scale on the meter and work down to the 0- to
5-volt scale to protect the meter movement. At the same time, turn the differential
transmitter until a zero or null (minimum voltage) reading is obtained. Clamp the
differential stator in this position, ensuring the voltage reading does not change, de-
energize, and connect all leads for normal operation. This is the fine electrical zero
position of the differential.

Zeroing a Control Transformer (Voltmeter Method)

Two conditions must exist for a control transformer (CT) to be on electrical zero. First,
its rotor voltage must be at a minimum when electrical zero voltages are applied to its
stator. Second, turning the shaft of the CT slightly counterclockwise produces a voltage
across its rotor in phase with the rotor voltage of the CX or TX, supplying excitation to
its stator. Electrical zero voltages, for the stator only, are the same as for transmitters and
receivers.

To zero a CT by the voltmeter method, use the following procedure:

1. Set the mechanism that drives the CT rotor to zero or to its reference position. Also, set
the transmitter that is connected to the CT to zero or its reference position.

2. Check to ensure there is zero volts between S1 and S3 and 78 volts between S2 and S3.
If these voltages cannot be obtained, it will be necessary to re-zero the transmitter.

NOTE: If 78 volts from the transmitter cannot be used and an autotransformer is not
available, use a 115-volt source. The CT should not be energized for more than 2 minutes
in this condition because it will overheat and may cause permanent damage.

3. De-energize the circuit and connect the circuit as shown in figure 1-7, view A. To
obtain the 78 volts required to zero the CT, leave the S1 lead on, disconnect the S3 lead
on the CT, and put the S2 lead (from CX) on S3. This is necessary since 78 volts exist
only between S1 and S2 or S2 and S3 on a properly zeroed CX. Now energize the circuit
and turn the stator of the CT to obtain a minimum reading on the 250-volt scale. This is
the coarse or approximate zero setting of the CT.

1-8
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A
¥
A, COARSE SETTING
0-5 YoLT
RANGE
5l
R1
52
R2
Tav(0R 10.2V) 53

Figure 1-7.- Zeroing a control transformer by the
voltmeter method.

4. De-energize the circuit, reconnect the S1, S2, and S3 leads back to their original
positions, and then connect the circuit as shown in figure 1-7, view B. 5. Re-energize the
circuit. Start with a high scale on the meter and work down to the 0-to 5-volt scale to
protect the meter movement. At the same time, turn the stator of the CT to obtain a zero
or minimum reading on the meter. Clamp down the CT stator, ensuring the reading does
not change. This is the fine electrical zero position of the CT.
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Zeroing Multispeed Synchro Systems

If multispeed synchro systems are used to accurately transmit data, then the synchros
within the systems must be zeroed together. This is necessary because these synchros
require a common electrical zero to function properly in a system.

First, establish the zero or reference position for the unit whose position the system
transmits. Then, zero the most significant synchro in the system and work down to the
least significant. For example, zero the coarse synchro, then the medium synchro, and
finally the fine synchro. When zeroing these synchros, consider each synchro as an
individual unit and zero accordingly.

Remember that all synchros in a system must have a common electrical zero position.

Electrical Lock Method

The electrical lock method (although not as accurate as the voltmeter method) is perhaps
the fastest method of zeroing synchros. However, this method can be used only if the
rotors of the units to be zeroed are free to turn and the lead connections are accessible.
For this reason, this method is usually used on the TR because, unlike transmitters, the
TR shaft is free to turn.

To zero a synchro by the electrical lock method, de-energize the unit, connect the leads,
as shown in figure 1-8, and apply power. The synchro rotor will then quickly snap to the
electrical zero position and lock. As stated before, you may use 115 volts as the power

supply instead of 78 volts if the unit does not remain connected for more than 2 minutes.

TBY {(QR 10.2v]

L7,
[

Figure 1-8.- Zeroing a synchro by the electrical
lock method.
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1.2.0 SYNCHRO MAINTENANCE AND TROUBLESHOOTING

Synchro units require careful handling at all times. NEVER force a synchro unit into
place, NEVER drill holes into its frame, NEVER use pliers on the threaded shaft, and
NEVER use force to mount a gear or dial on the shaft.

In maintaining synchros, there are two basic rules to apply:
1. IF IT WORKS, LEAVE IT ALONE.
2. IF IT GOES BAD, REPLACE IT.

Shipboard synchro troubleshooting is limited to determining whether the trouble is in the
synchro or in the system connections. You can make repairs to the system connections,
but if something is wrong with the unit, replace it.

1.3.0 SYNCHRO SIGNAL AMPLIFIER

The reason for using synchro signal amplifiers is to reduce the size of synchro
transmitters. These smaller synchro transmitters are used in wind indicators and other
sensing devices that are more accurate if there is only a small load on their outputs.

The input to the amplifier is from a small synchro transmitter or two small transmitters
that give a coarse and a fine signal. The input signal controls a small servomotor. This
servomotor drives one or more large synchros into a position corresponding to the
position of the input synchro. The output from the large synchros is then used as needed
to drive several synchro receivers.

Synchro signal amplifiers must meet some or all of the following operational
requirements:

e Accept a low-current synchro signal, amplify the signal, and use the amplifier
signal to drive large capacity synchro transmitters.

e Isolate oscillations in a synchro load that may be reflected from the input signal
bus.

e Permit operation of a 60- or 400-Hz synchro load from either a 60-or 400-Hz
synchro bus.

e Provide multiple channel output transmission of a single-channel input signal.

Permit operation of a synchro load independent of the input synchro excitation.

A block diagram of a synchro signal amplifier is shown in figure 1-9.

1-11
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— 4 ARM
RELAY
-] SIGMALING - —
CIRCUIT
36X CONTROL
TRANSFORMER
36X
INPUT
SERVO
| FINE OR MOTOR
| Ry
! CUTOVER Th
| S SERVG
i - CIRCUIT MPLIF'EH
|
I BIO
M OR 2% |
INPUT SMOOTHING |
CIRCUIT
X 0R 2% |
| CONTROL [
i TRANSFORMER I
=== _-—— e e - r=——=-—=-- -
1% OR 2X GX | 1X0R 2x | 2ex
1WE sy
B0 4
O!{ BI04 BICS
60 CYCLE QUTPUT 400 CYCLE QUTRUT

NOTE'BIO4, 5,6,7 ARE SYNCHRO GENERATORS OR DIFFERENTIAL GENERATORS.

Figure 1-9.- Block diagram of a synchro signal
amplifier.
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1.3.1 General Description

E- and F-type synchro signal amplifiers will be discussed in this section of the chapter.
The major difference between the two types is that the type E operates with 60-Hz supply
and input. The type F operates with 400-Hz supply and input signals. The different
supply and input frequencies require that the E- and F-type units use different synchro
control transformers, servomotors, synchro capacitors, and amplifiers. Both types have
provisions for four output synchros: Normally there are two for 60-Hz and two for 400-
Hz transmission. Both types of synchro signal amplifiers are designed to provide for
input and output transmission at any of the following combinations of speeds:

1 and 36 speed
1 speed

36 speed

2 speed

2 and 36 speed

NOTE: Other gear combinations can be used for additional speed outputs.

The E- and F-type synchro signal amplifiers consist of subassemblies housed in a drip-
proof case. These cases are the same on both types of synchro signal amplifiers. The
internal subassemblies are similar in design. The only differences are the ones previously
covered.

The subassembly is easily accessible through a front access door in the case that can be
opened by loosening screws in the door. The door has hinges and supporting chains so it
can be lowered and used as a service platform for the internal subassembly. An alarm
switch, a dial window, four indicator lights, and a double fuse holder are mounted on the
front access door. A schematic diagram of the subassembly is provided on the inside of
the front access door.

Terminal boards on the inside bottom of the case serve as a common junction for
connecting the ship’s wiring. Access plates on both sides of the synchro signal amplifier
provides for external cabling. Stuffing tubes are mounted to these plates as required at
installation, and the external cabling is run through the stuffing tubes.

1-13
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Speed changes from 1 speed to 2 speed and vice versa are made by installing change
gears. These gears are not normally furnished with the synchro signal amplifier. Both the
E- and F-type units have a dial with two scales, one on each side. One scale is calibrated
every degree from 0° to 360° and is driven at 1 speed, when 1 speed is used. The other
scale is calibrated 60° either side of zero (300° to 0° and 0° to 60°), and this scale is used
when a 2-speed transmission is needed. The dial turns over when changing from 1 speed
to 2 speed or vice versa.

When either unit is operating from a low 1- or 2-speed input, you must make some minor
wiring changes. Connections between the terminals on the plug-in damping unit should
be changed from those shown for 1 and 2 speed and 36 speed to those shown for 1 or 2
speed. This connects the normally disconnected low-speed synchro control transformer.
These connections also remove the anti-stick-off voltage, which will be discussed later in
this chapter.

1.3.2 Principles of Operation

The synchro signal amplifier is actually a synchro data repeater. It accepts synchro data
from remote transmitters, aligns associated output synchros to electrical correspondence
with the remote transmitters, and retransmits the data to other equipment. Synchro
transmission is increased by using larger output synchros than the remote transmitter.

Since the output synchros are driven to electrical correspondence with the remote
transmitters by gearing, a power supply of a different frequency may be used for the
output synchros. This gives the synchro signal amplifier another attribute, as a frequency
converter.

A higher accuracy is obtained from a synchro signal amplifier with a 36-speed input than

would be obtained from a I-speed input. By virtue of the 36 speed revolving 36 times the

angular distance that the 1 speed would revolve in response to the same reading, a vernier
effect is achieved so that a higher accuracy is obtained.

1.3.3 Synchro Operation

The synchro transmitter resembles a small bipolar 3-phase motor. The stator is wound
with a three-circuit Y-connected winding. The rotor is wound with a single-circuit
winding. Electrically, the synchro acts as a transformer; all voltages and currents are
single phase. By transformer action, voltages are induced from the rotor (Transformer
Primary) into the three elements of the stator winding (Transformer Secondary), the
magnitude depending upon the angular position of the rotor.

1-14
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The synchro receiver is constructed essentially the same, both mechanically and
electrically, except it is provided with a mechanism for dampening oscillations.

Consider the simplest synchro transmission system, where the transmitter and receiver
units are connected as shown on figure 1-3. If the receiver rotor were free to turn, it
would take a position where induced stator voltages would be equal to the transmitter
voltages. Under such a condition there is no current flow. However, if the transmitter
rotor was displaced by any angle, the stator voltage balance would be altered and current
would flow in the stator windings. This current flow would set up a two-pole torque,
turning the receiver rotor to a position where the induced stator voltages would again be
equal. Therefore, any motion given to the rotor of one unit would be transmitted to the
rotor of the other unit where it is duplicated thereby setting up a system of electrically
transmitted mechanical motion.

The synchro signal amplifier transmission system depends upon the type of transmitter
described in the previous paragraphs, but its receiver is a synchro control transformer.
The purpose of the synchro control transformer is to supply, from its rotor terminals, an
ac voltage whose magnitude and phase polarity depend upon the position of the rotor and
voltages applied to its stator windings. Since its rotor winding is not connected to the ac
supply, it does not induce voltage in the stator coils. As a result, the stator current is
determined by the high impedance at the windings and it is not affected appreciably by
the rotor’s position. Also, there is no detectable current in the rotor and, therefore, no
torque striving to turn the rotor. The synchro control transformer rotors cannot on their
own accord turn to a position where the induced currents are once again of balanced
magnitude. The synchro amplifier cycle of operation must take place to turn the rotor of
the synchro control transformer.

A synchro amplifier cycle of operation takes place as follows:
1. A change occurs in the remotely transmitted synchro data.

2. The signal received by the synchro control transformers in the mechanical unit is, as an
error voltage, amplified and used to operate the servomotor. The servomotor, through
gearing, turns the synchro control transformer rotors until the error voltages are zero (or,
in the low-speed unit, matched to the stick-off voltage), thereby stopping the turning or
follow-up action.

3. Simultaneous with step 2, the servomotor also drives the rotors of the output synchros
into alignment with the new input signal.

1-15
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1.3.4 Synchro Connections of a Synchro Amplifier

The conventional connection is for counterclockwise rotation for increasing reading-an
increasing reading is when the numbers associated with the action being measured are
increasing. The five wires of a synchro system are numbered in such a way that the shaft
of a normal synchro will turn counterclockwise. When an increasing reading is sent over
the wires provided, the synchro is connected as follows:

R1 to terminal block terminal B

R2 to terminal block terminal BB
S1 to terminal block terminal B1
S2 to terminal block terminal B2
S3 to terminal block terminal B3

When the shaft of the synchro is to be driven clockwise for an increasing reading, the
connections to the terminal bus should be as follows:

R1 to terminal block terminal B

R2 to terminal block terminal BB
S3 to terminal block terminal B1
S2 to terminal block terminal B2
S1 to terminal block terminal B3

For a synchro control transformer, these connections will apply to the stator, but the rotor
connections go to the input of the servo amplifier.

1.3.5 Cutover Circuit

The purpose of the cutover circuit is to automatically select the error voltage from either
the high (36 speed) or low (1 or 2 speed) synchro control transformer and feed it to the
servo-amplifier input terminals. The low-speed control transformer is connected when the
error is large (more than 2.5 degrees), and the high-speed control transformer is
connected when the error is small (less than 2.5 degrees).

The cutover circuit (fig. 1-10) consists of six diodes (CR12A through CR17) and three
resistors (R12, R13, and R14). The circuit operates on the principle that diodes,
connected back to back, act as nonlinear resistances. When a high voltage appears across
the diodes, it appears as a low resistance or a short circuit. When a low voltage appears
across the diodes, it appears as a high resistance or an open circuit.
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Figure 1-10.- Cutover circuit.

When control transformer error voltages are small, diodes CR12A, 13A, 14, and 15 act as
a high resistance and block the low speed (1X) signal from the servo amplifier. Diodes
CR 16 and 17 act as a high resistance and allow the high-speed (36X) signal to pass to the
servo amplifier.

When the error voltages are high, diodes CR12A, 13A, 14, and 15 act as a low resistance
and pass the low-speed signal to the servo amplifier. Diodes CR16 and 17 act as a low
resistance and short the high-speed signal before it reaches the servo amplifier. Resistors
R12, 13, and 14 are current-limiting resistors.

Anti-stick-off

The low-speed control transformer output winding connects in series with a 2.7-volt
winding of the power transformer. This small, constant voltage (called the anti-stick-off
voltage) is added to the output voltage of the low-speed control transformer. It, in effect,
shifts the angular position of the control transformer null, or position of zero output. The
anti-stick-off voltage is either in phase or 180° out of phase with the low-speed control
transformer output.
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If the high- and low-speed control transformers were set to electrical zero at the same
position, there would be a point at 0° and 180° where the error voltage would equal zero.
Within 2 1/2° of the 180° point, the 36-speed error signal would drive the servomotor to
synchronize the control transformers at the 180° point. The control transformers would
also synchronize at the 180° point if the synchro signal amplifier were energized when
the control transformers were within 2 1/2° of the 180° point.

To remove the chance of synchronization of the control transformers at the 180° point,
the low-speed control transformer is rotated 2 1/2° from correspondence with the high-
speed control transformer null, or zero, position. An anti-stick-off voltage of constant
magnitude and phase is added to the single-speed control transformer output. The
resultant voltage is now zero at the 185° point instead of the 180° point. At either side of
the 185° point, both the 36-speed and single-speed voltage tend to drive the synchro
transmitters toward true zero.

Servo Amplifier

The servo amplifier is a 10-watt plug-in amplifier with a push-pull output stage that feeds
the servomotor control winding. The servo amplifier drives the servomotor, which, in
turn, repositions the control transformer rotors to null the error voltage to the servo
amplifier. The amplifier has an internal power supply operating from 115 volts ac. It
provides 12 volts dc and unfiltered 40 volts dc for the amplifier stages. In addition, the
power supply power transformer supplies reference voltage for the servomotor and anti-
stick-off voltage.

The amplifiers for 60- and 400-Hz units are similar except for the power transformers and
capacitors.

Gear train oscillation, or hunting, is caused by overshoot as the servo reaches its null. To
prevent this, clamping circuits introduce a stabilizing voltage at the amplifier input. This
stabilizing voltage is proportional to acceleration or deceleration of the unit.

Alarm Circuit

The alarm circuits in the synchro signal amplifier monitor the 60- and 400-Hz output
excitation, servo excitation, and follow-up error. With all power sources present and a
follow-up error of less than 2 1/2°, the four indicator lights on the access door will light.
If one of these conditions fails, the appropriate light will go out, indicating the problem
area, and an alarm will sound.

With the equipment normally energized and the alarm switch in the ON position, the
alarm circuit will be open. A loss of any of the three power sources, a follow-up error of
more than 2 1/2°, or putting the alarm switch in the OFF position will close the alarm
circuit, causing an alarm to sound.
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Gear Train
The gear train consists of a series of fine pitch, precision, spur gears. They link together
the rotors of the two control transformers, four output synchros, and the servomotor.

1.3.6 Maintenance of Synchro Signal Amplifiers

The synchro signal amplifier should require little attention in service, there being few
parts inside the amplifier unit or the synchros that need lubrication or replacement under
normal operating conditions.

The alarm circuit takes the place of many routine checks, since failure of the synchro
signal amplifier output to follow the input or loss of input excitation automatically
completes the alarm circuit. The only routine checks that are required are a monthly
check of the alarm circuit and yearly inspection of the gearing.

When inspecting the gearing, if dirt is found, clean the gears. If a gear shows excessive
wear, replace it. Turn the gears manually, with the equipment deenergized, noting
whether the gears mesh smoothly.

1.4.0 WIND INDICATING SYSTEMS

The anemometer (wind direction and speed indicator) system, circuits HD and HE,
provides instantaneous and continuous indication of wind direction and speed relative to
the ship’s heading and speed. Wind direction and speed information is important for
combat systems operations, flight operations, and maneuvering. Throughout this chapter
we will use the term wind direction and speed indicator systems interchangeably with the
term anemometer systems.

1.4.1 Type F and Type F (Hi-Shock) Shipboard Wind Measuring and Indicating
Systems

The Type "F" and Type "F" (Hi-Shock) Shipboard Wind Measuring and Indicating
Systems (WMIS) (Figure 1-11) provide wind direction (in degrees) and wind speed (in
knots) data. These Shipboard WMIS consist of the following subassemblies:

Refer to Table 1-1 for characteristics applicable to these WMIS subassemblies. Figure 1-
12 illustrates typical WMIS installations.
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LEGEND

1. DETECTOR

Z TRANSMITTER

3 HINGLE STATION BITE
4. DUAL STATION BITE

Figure 1-11.- Type F and Type F (Hi-Shock)
Shipboard Wind Measuring and Indicating

System (WMIS).
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Table 2. Type "F" and Type “F" (Hi-Shock)
Wind Measuring and Indicating System Leading

Particulars
Response and 1 1o 60 knots — 1 knot
accuracy 61 to 100 knots — 42 5 knots
Direction Above § knots —42°
Starting wind 1 knot
speed

Table 3. Detector Leading Particulars

Dimensions Height —32-1/2in. (69.85 cm)
Width ~—15-1/2 in. (39.37 cm)
Depth —27-/2in. (82.55 cm}
Weight 15.5 lbs (7.03 kg)
Voltage 115 VAC, 1 ph, 400 Hz, 0.3A
Heat Dissipation SW
Speed Output Type 18CX4
Synchro
Direction Type 18CX4
Catput
Synchro

Table 4. Transmitter Assembly Leading

Particulars
Dimensions Height —13-1/2 in. (3429 cm)
Width — 15-1/2 in, {39.37 cm)
Depth ~——7-12 in. (19.05 cm)
Weight 61 1bs (27.67 kg)
Voltage 115 VAC, 1 ph, 60 Hz, 2ZA
115 VAC, 1 ph, 400 Hz, 3A
Heat dissipation 60 Hz- 70 W
400 Hz- 92 W
Total- 162 W
Speed Input Type 18CT4
Synchro
Direction Input Type 18CT4
Synchro
Speed Output Type 31TRX4 and Type 37TRX6
Synchro
Direction Type 31TRX4 and Type 37TRX6
Output
Synchro

Table 5. Indicator (Types F/60 and F/60 (Hi-Shock))

Leading Particulars
Dimensions Height —~11-If8 in. (28.26 cm)
Width —7-3/8in, (18.73 cm}
Depth — 41316 in. (12.22 cm)
Weight 15 1bs (6.8 kg)
Voltage 115 VAC, 1 ph, 60 Hz, .250A
115 VAC, 1 ph, 400 Hz, 850A
Heat Dissipation ~ F/60- 13 W
F/400-18 W
Speed Input Type 18TRX6
Synchro
(60 Hz)
Direction Input Type 18TRX6
Synchro
(60 Hz)
Speed Input Type IBTRX4
Synchro
(400 Hz)
Direction Input Type 18TRX4
Synchro
(400 Hz)

Table 6. Single Station BITE Leading Particulars

Dimensions Height — 24 in. (60.96 cm)
Width ~—20 in. (50.8 em)
Depth ~—11-5/32in. (2B.25 cm)
Weight — 81 Ibs (36.74 kg)
Voltage 115 VAC, | ph, 400 Hz, .85A

Table 7. Dual Station BITE Leading Particulars

Synchro Panel Asscmbly:
Height = 14 i1, {35.56 cm)

Width —13in. (33.02 cm)
Depth —7in. (17.78 cm)
Weight — 24 1bs (10.89 kg)
Test Panel Assembly:
Height —20in. (50.8 cm)
Width — 16 in. (40.64 cm)
Depth —11-5/32 in (28.25 cm)
Weight — 58 Ibs (26.31 kg)
Voltage 115 VAC, 1 ph, 400 Hz, .B5A

Table 1-1.- WMIS Subassembly Characteristics.
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NOTES

1. 6HD, 6HDOD = 115Y. 60Hz Power
2. 4HD. 4HDD = 115¥, 400Hz Powaer

3. HD1-%, HEL-9 = 30V L-L Synchrg DETECTOR
4HD DIR SPD
4HDD HD4. 5.6 HE4. 5. 6
I SHIP'S INTERCONNECTING WIRING, SWITCHING. AND INPUTS TO DTHER SYSTEMS
- aHD SPD 6HD -
AHDD HE4, $. 6 €HDD
TRANSMITTER
DIR (60 HZ} $PD (60 HZ) | DIR(400HZ) | SPO (400 HZ)
DL 2.3 HD7.8.9 HEZ. 8,9
| SHIP'S INTERCONNECTING WIRING, SWITCHING. AMPLIFICATION, AND INPUTS TO OTHER SYSTEMS !
- T SPD DR SPD AHD -

HEL 2.3 4HDD

INDICATORS

F400 {**=13 MAX.}

*Typa "B Indicators {15 max.) can be substituted for FEO.
“*From 1 “'F" Tranamitter without Synchro Ampiifier.

Figure 1-12.- System Block Diagram (Typical)
(Sheet 1 of 3).
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~
|
NOTES / DETEGTOR

1. 6dAD EHDD = 115V. 60Hz Power
2 4HD. 4HDD = 115V. 400Hz Power
3, HDB1-9.HE1 9 - 90V L.L Synchro

4HO ol 5PO
AHDD D45, 6. HE& 5.5

SHIP'S INTERCONNECTING WIRING, SWITCHING, AND INPUTS TO OTHER SYSTEMS I

SINGLE STATION
BITE

- — —

| SHIP'S INTERCONNECTING WIRING SWITCHING, AND INPUTS TO OTHER BYSTEMS ]

#HD DIR 1] sHO
4HOD HO4, 5.6 HES. 5.6 | sHDO

[
TRANSMITTER Y

bik (80 HZ) $PD (60 HZ) | DIR (400 $PD (400 HD)
HDE. 2.3 HELZ ) jHD7.8.9 HEZ. 8.9

SHIP'S INTERCONNECTING WIRING. SWITCHING. AMPLIFICATION, AND INPUTS TO OTHER SYSTEMS |

INDICATORS

*Typa "B Indicators (15 max.} can b substituted for FGO.
**Eram 1 “F* Transmitier withaut Synchro Amplitier.

Figure 1-12.- System Block Diagram (with Single
Station BITE) (Sheet 2 of 3).
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NOTES g e
1. 6HD. SHDD = 115V. 60Hz Power DETECTOR
2 4HD.4HDD = 115V, 400HZ Power <y

3. HD1-9 HEL-3 = 80V L-L Synchro

DIR 500
iow HD4. 5. 8 HES, 5.6
1 SHIP'S INTERCONNEGTING WIRING, SWITCHING, AND INPUTS T0 OTHER SYSTEMS I

SPD
HEL. 5. ¢

: Synchro Tast
DUAL STATION ! Panel Panel
BITE Assembly Assembiy (Test Signats)
HE4, 5. 6
[_ SHIP'S INTERCONNECTING WIRING. SWITCHING, AND INPUTS TO OTHER SYSTEMS |
AHD DIR 5D BHD
4KDO HO4 5.6 [HE4.5.6 | &HDD

TRANSMITTER i%\\n A
N

DIR (64 HI) SPD (60 HIN DIR (400 HZ)| SPOD (400 HI)
[ SHIP'S INTERCONNECTING WIRING, SWITCHING, l"ﬂlﬂc‘"ﬂﬁ. AND INPUTS TO OTHER SYSTEMS I
- &HD DIR sPD DIk sPD o

4HDD

INDICATORS

*FEO (**35 MAX } FA00 (*713 WAK)

*Type "B Indicators {15 max.) can ba substituted for F6O.
*SFram 1 “F* Transmittar without Synchro Ampiifier.

Figure 1-12.- System Block Diagram (with Dual
Station BITE) (Sheet 3 of 3).
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Wind Direction and Speed Detector Type "'F'* and Type "'F'* (Hi-Shock), hereinafter
referred to as the detector. The detector is a dual purpose instrument that employs two
type 18CX4 synchros that transmit wind direction and speed signals to a transmitter and
to other shipboard equipment requiring wind data.

Wind Direction and Speed Transmitter Assembly Type 'F and for Type ""F"* (Hi-
Shock), hereinafter referred to as the transmitter assembly. The transmitter assembly
consists of two plug-in assemblies secured in a common drip-proof case assembly. The
plug-in assemblies receive wind direction and wind speed signals from the detector,
convert the values, and then transmit these signals to remote indicators and/or other
equipment.

Wind Direction and Speed Indicator, Type F60 and Type F60 (Hi-Shock), hereinafter
referred to as the indicator. The indicator consists of a single wind speed and direction
assembly housed in a water tight case. The indicator dials are red-illuminated and display
wind direction (in degrees) and wind speed (in knots).

Built-In Test Equipment (BITE) (not on all ships) for either Single Station or Dual
Station installation. The Single Station consists of a Test and Synchro Panel Assembly.
The Dual Station consists of Synchro Panel Assembly and Test Panel Assembly.

The BITE is used to generate known test (synchro) signals to check the operation of the
WMIS equipment.

1.4.2 Physical Description

Detector

The detector (Figure 1-13 Type "F", Sheet 1 of 2 and Type "F" (Hi-Shock), Sheet 2 of 2)
is a dual purpose instrument that employs two type 18CX4 synchros that transmit wind
direction and speed signals to a transmitter and to other shipboard equipment requiring
wind data.

Direction Synchro

Direction synchro (8) is mounted in the support assembly (1) which is coupled to vane
assembly (2). Speed synchro (9) is enclosed in the wind speed mechanism assembly (3),
mounted opposite the vane. The wind speed mechanism assembly is fastened to a
propeller-type rotor (4) which senses wind speed. Electrical connections are made to the
speed synchro (9) by collector ring assemblies (10) and brush holder assembly (5).

Mounting Assembly

Mounting assembly (6) is bolted to support assembly (1) and contains an 11/16-inch
diameter hole, three inches deep, for pintle mounting. Mounting bolt (7) acts as a dowel
to hold the detector in alignment. In the Type "F" a terminal tube fitting hole with a 3
1/4- inch national pipe thread (13) is provided for attaching a stuffing tube. The Type "F"
(Hi-Shock) mounting assembly (6) is internally wired.
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Figure 1-13.- Wind Direction and Speed Detector
Type “F” (Sheet 1 of 2).
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Figure 1-13.- Wind Direction and Speed Detector
Type “F” (Hi-Shock) (Sheet 2 of 2).
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Plug Connector

Plug connector (11) is located at the lower end of the support assembly (1) with socket
connector (12) located at the top of the mounting assembly (6). They form an electrical
connection to permit removal of the detector mechanism without disturbing the incoming
wires or the alignment.

Transmitter Assembly

The transmitter assembly (Figure 1-14) consists of direction assembly (1) and speed
assembly (2) which process and amplify wind speed and direction signals. The two plug-
in assemblies are secured in a common drip proof case assembly (3) by screws. They are
connected electrically through plug connectors on each assembly and mating receptacle
connectors in the case assembly. External wiring enters the case assembly through two
holes in the bottom. These holes are threaded to accept stuffing tube fittings with one-
inch national pipe threads. The incoming wires connect to terminal boards (4) mounted in
case assembly (3).

Direction Assembly

The direction assembly (1, Figure 1-14) is a servo amplifier circuit using a type 18CT4
synchro control transformer (5) as a receiver for angular displacement signals
representing vane position. Synchro control transformer (5) output signals are amplified
by magnetic amplifier (6) which drives servo motor (7). Servo motor (7) drives the
37TRX6 and 31TRX4 torque receiver transmitters (8 and 9).

Speed Assembly

The speed assembly (2, Figure 1-14) consists of a servo-amplified circuit and a roller
disc-type integrator. A servo amplifier circuit uses a type 18CT4 synchro control
transformer (11) as a receiver for signals from the detector representing the rotating speed
of the rotor. Synchro control transformer (1) output signals are amplified by magnetic
amplifier (12) which drives servo motor (13). Synchronous motor (14) and servo motor
(13) drive the roller disc integrator (10), which in turn drives the 37TRX6 and 3ITRX4
torque receiver transmitters (15 and 16).
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DIRECTION ASSEMBLY
SPEED ASSEMBLY
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SERVO MQTOR

B. 37TRXE TORQUE RECEIVER
TRANSMITTER

N®

2 (SEE DETAIL B)

1 (SEE DETAIL A)

8. 31TRX4 TORQUE RECEIVER
TRANSMITTER
10. ROLLER DISC INTEGRATOR
11. 18CT4 SYNCHRO CONTROL
12. WMAGNETIC AMPLIFIER
13. SERVO MOTOR
14. SYNCHROMNOUS MOTOR
15. 37TRX6 TORQUE RECEIVER
TRANSMITTER
16. 31TRX4 TORQUE RECEVER
TRANSMITTER
16A. GROMMET {HI-SHOCK)

Figure 1-14.- Wind Direction and Speed
Transmitter Type “F” and Type “F” (Hi-Shock)
(Sheet 1 of 2).
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19. GEAR {18CT4 SYNCHRC CONTROL TRANSFORMER)
20. GEAR {SERVC MOTOR)
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Figure 1-14.- Wind Direction and Speed
Transmitter Type “F” and Type “F” (Hi-Shock)
(Sheet 2 of 2).
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Indicator

The indicator (Figure 1-15), Type F/60 displays wind direction (in degrees) and wind
speed (in knots). The indicator consists of two independent synchros, one for direction
(1) and one for speed (2), installed on mounting plate (3) within watertight case assembly
(4). The indicator houses two type 18 TRX6 or 18TRX4 synchros and requires a 60 Hz or

400Hz input.

LEGEND

SYNCHRO (DIRECTION) 18TRX6 OR 18TRX4
SYNCHRO (SPEED) 18TRX6 OR LBTRX4
MOUNTING PLATE

CASE ASSEMBLY

TERMINAL BOARD

DIRECTION DIAL

SPEED DIAL

DIFFUSER

PDINTER

10. KNOB

11. LAMP

12. STEPDOWN TRANSFORMER

13. VARIABLE RESISTOR

14, FILTER (RED)

@END

Figure 1-15.- Wind Direction and Speed Indicator
Type “F” and Type “F” (Hi-Shock).
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External wiring enters through a hole in either end of case assembly (4). These holes are
threaded to accept stuffing tube fittings with one-inch national pipe threads. The
incoming wires attach to terminal boards (5) within case assembly (4).

Direction Dial

Direction dial (6) and wind speed dial (7) are mounted to diffuser (8) opposite the
synchros. The direction dial (6) is graduated in 5-degree intervals from 0 to 360 degrees.
The wind speed dial (7) is graduated in one-knot intervals from 0 to 100 knots, covering
360 degrees. Pointers (9) attached to each synchro shaft will indicate wind speed and
direction as read on the direction and speed dials during indicator operation. The
indicators allow both the speed and direction dials to be manually repositioned,
permitting the indicator to be mounted either horizontally or vertically without
disadvantage to the observer. Knob (10) controls the intensity of lamps (11) which
illuminate the dials and pointers. Red filters (14) permit illumination for night operations.

BITE

The BITE is used to increase the reliability of existing fleet WMIS. The BITE generates
known test (synchro) signals to check the operation of the WMIS equipment. Differential
synchros are used to compensate for inherent wind direction errors due to the ship's
structure. Two BITE systems, Single Station BITE and Dual Station BITE, are discussed
in this section.

Single Station BITE

The single station BITE consists of a test and synchro panel assembly (Figure 1-16). The
enclosure contains a printed circuit board (1), card extractor (2), 5V and + 15V power
supplies (3 and 4), converter (5), planctary drives (6), and differential synchros (7). An
interlock switch (8) automatically de-energizes the test circuit whenever the enclosure
assembly door is opened. The enclosure assembly door contains direction meter (9),
speed meter (10), fuses (11), 5V and + 15V indicators (12 and 13), two rows of modular
switches to test direction in degrees (14) and wind speed in knots (15), and detector
selector switch (16). The five-position selector switch (16) can be positioned to

OFF, TEST, PORT, STBD, and FWD. External wiring enters the enclosure assembly
through stuffing tubes mounted in top and bottom cover plates (17) and attaches to
terminal boards (18) within the assembly.
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Figure 1-16.- Single Station BITE Test and
Synchro Panel Assembly.
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Dual Station BITE

The Dual Station BITE consists of a test panel assembly (Figure 1-17) and a synchro
panel assembly (Sheet 2). The enclosure of the test panel assembly contains a printed
circuit board (1), card extractor (2), 5V and £ 15V power supplies (3 and 4), and
converter (5). An interlock switch (6) automatically de-energizes the test circuit
whenever the enclosure assembly door is opened. The enclosure assembly door contains
direction meter (7), speed meter (8), fuses (9), 5V and * 15V indicators (10 and 11), and
two rows of modular switches (12 and 13) to test wind direction in degrees and wind
speed in knots. A detector selector switch external to the dual station BITE permits
WMIS equipment to be tested through the BITE. The synchro panel assembly (Sheet 2)
houses the differential synchros (16) and planetary drives (17). External wiring enters
both enclosure assemblies through stuffing tubes mounted in top and bottom cover plates
(15, Sheet | and 18, Sheet 2) and attaches to terminal boards (14, Sheet 1 and 19, Sheet 2)
within the assemblies.
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LEGEND 10. INDICATOR, 5V
11. INDICATORS, +15V
1. PRINTED CIRCUIT BOARD 12. DIRECTION MODULAR SWITCHES
2 CARD EXTRACTOR 13. SPEED MODULAR SWTCHES
3. POWER SUPPLY, 5VDC 14, TERMINAL BOARD
4 POWER SUPPLY, £15VDC 15. COVER PLATE
5. CONYERTER
6. INTERLOCK SWITCH
7. DIRECTION METER
B. SPEED METER
9. FUSES, 1/2A

ASSEMBLY

ENCLOSURE DOOR
SHOWN REMOVED
FOR CLARITY.

Figure 1-17.- Dual Station BITE Test Panel Assembly and Synchro Panel
Assembly. (Sheet 1 of 2).
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LEGEND

16. DIFFERENTIAL SYNCHRO

17. PLANETARY DRIVE (Bahind Vernier Dial)
18. COVER PLATE

19. TERMINAL BOARD

|

19|

N

VERNIER

16

£

PANEL
ASSEMBLY

NOTE:

ENCLOSURE DOOR
SHOWN REMOVED
FOR CLARITY.

Figure 1-17.- Dual Station BITE Test Panel Assembly and Synchro Panel
Assembly. (Sheet 2 of 2).
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1.4.3 Principal of Operation

Detector

The detector (Figures 1-13 and 1-18) contains two type IBCX4 synchros for transmitting
signals representing wind direction and speed, to the transmitter and to other shipboard
equipment requiring wind data. Wind direction is determined by the position of vane
assembly (2, Figure 1-13) and is indicated in degrees relative to the bow of the ship.
Direction synchro (B) in the detector is at electrical zero when the vane is parallel to the
"Bow-Stern" centerline of the ship with the rotor facing the bow.

SPEED DIRECTION
_________ 5 mn PRECTOR
¥
'ROTOR ASSEMBLY /! ! g
23.8RPM/KNOT ’ /
. . -
12.5/1 GEAR
REDUCTION DETECTOR
| TAIL
CCW ROTATION TRANSMITTING
SYNCHROS
0° CORRESPONDS TO
CENTERLINE OF SHIP

v
OUTPUT TO TRANSMITTER ~ OUTPUT TO TRANSMITTER
SPEED ASSEMBLY DIRECTION ASSEMBLY
HE4-6, 1.9RPM/KNOT HD4-6. 9-360°

Figure 1-18.- Detector Assembly Functional Block Diagram.

As the wind positions the vane, the rotor of the synchro (directly coupled to the vane)
moves angularly by a like amount. The angular position of type IBCX4 direction synchro
(B) is transmitted electrically to the IBCT4 direction input synchro in the transmitter
direction assembly.

Rotor assembly rpm is proportional to the speed of the wind striking the rotor blades. In
a 100-knot wind the rotor will rotate at 2380 rpm. The rotation of the rotor is transmitted
through a 12.5 to 1 gear reduction to type IBCX4 speed synchro (9). The IBCX4 speed
synchro (9) signal is transmitted electrically to the IBCT4 speed input synchro in the
transmitter speed assembly.
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Transmitter Assembly
The transmitter assembly (Figures 1-14 and 1-19) consists of a direction assembly O.
Figure 1-14) and a speed assembly (2) contained in case assembly (3).

DUTFUT TO INDICATORS
AND OTHER EQUIPMENT

INPUT FROM DETECTOR POWER, 115 VAC WIND DIRECTION, 0-360°
WIND DIRECTION B60HZ 400HZ HD7-3 HD1-3
Hm-alo.asm l l 4o$-|z so+uz
@ @ DIRECTION
A \ ASSEMBLY
T — L
% SERVO (MAGNETIC) SERVD Y, TRANSMITTER \ TRANSMITTER
CONTROL 'y AMPLIFIER MOTOR \  SYNCHRO, 400HZ %, SYNGHRO, 60HZ
TRANSFORMER \ \\ \ \
e . e — —— ————— A e e e m o —— S

QUTPUT TO INDICATORS
AND DTHER EQUIPMENT
WIND SPEED, 3.6°/KNOT

HE7.9 HE1l-3
INPUT FROM DETECTOR TR e
WIND SPEED POWER, 115VAC
HE4-6, 1.9 RPM/KNOT 60HZ 400HZ T

SERVO MOTOR

ROLLER
@
INTEGRATOR . SPEED
; ASSEMBLY

CONTROL\ SERVD (MAGNETIC) ' TRANSMITTER TRANSMITTER
TRANSFORMER AMPLIFIER SYNCHRO. 400HZ SYNCHRO, 60HZ

\ k! SYNCHRONOUS 1 b

Figure 1-19.- Transmitter Assembly Functional Block Diagram.

Direction Assembly

The direction assembly IBCT4 input synchro (5. Figure 1-14) receives the angular
position of the detector IBCX4 direction synchro. The 37TRX6 (60 Hz) and 3ITRX4 (400
Hz) direction output synchros (8 and 9) transmit the same angular position as received by
I8CT4 input synchro (5) via the electro-mechanical servo mechanism. The electro-
mechanical relationship between the input and output synchros are as follows:
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a. When the vane of the detector changes position. A signal is transmitted to the stator of
type 18CT4 input synchro (5). The output signal of the type 18CT4 input synchro (5)
rotor is nearly in-phase or 180 degrees out-of-phase with the line voltage depending upon
which direction the vane has turned. Two voltage regulating diodes (7) limit the synchro
rotor output to magnetic amplifier (6) to approximately 6.8 volts. The amplified output
from the magnetic amplifier drives servo motor (7) which rotates until the output of the
type 18CT4 input synchro (5) is zero.

b. Rotation of the servo motor is transferred to the rotors of the 37TRX6 and 31TRX4
direction output synchros (8 and 9) through gears (18-21). Servo motor rotation is at a
constant rate (7° £1/2°/sec). If the deviation rate of the detector vane exceeds the servo
motor rate the vane deviation rate is damped by the limiting factor of the servo motor.
The direction signals produced by output synchros (8 and 9) are available for connection
to external indicators or other equipment.

Speed Assembly

The stator windings of 18CT4 input synchro (11. Figure 1-14) in the transmitter are
connected to the output of the speed synchro in the detector. The 37TRX6 (60 Hz) and
31TRX4 (400 Hz) output synchros (15 and 16) transmit an angular position directly
proportional to the rpm of detector rotor assembly (4. Figure 1-13).

The electromechanical relationship between the input and output synchros is as follows:

a. When the detector rotor assembly rotates. a signal is transmitted to the stator of the
18CT4 input synchro (11. Figure 1-14). The rotor windings of input synchro (1) are
connected to the input of magnetic amplifier (12). Two voltage regulating diodes (22)
limit the input to the magnetic amplifier to approximately 27 volts. The output of the
magnetic amplifier drives servo motor (13) which rotates, through gearing, input synchro
(11), When the servo motor rotates the input synchro at the same rpm as the speed
synchro in the detector is being rotated by the wind, the input to magnetic amplifier (12)
is minimum (just sufficient to drive the servo motor), As the servo motor (13) rotates, it
turns eighteen-tooth spiral gear (23) through a 6:1 gear reduction.

NOTE
The speed of spiral gear (23) is 21.155 rpm when wind velocity is 100 knots.
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b. The spiral gear (23) engages the roller gear (24) of roller gear assembly (25). Action of
spiral gear (23) against the roller gear (24) of roller gear assembly (25) is that of a pinion
on a rack, driving roller (26) away from the center of driving discs (27). As driving roller
(26) is displaced from the center of driving discs (27) it begins to rotate and reduces the
speed at which spiral gear (23) is driving roller gear assembly (25).

NOTE
The driving discs sit on spur gears (30) which are rotated at a constant speed of 13.55
rpm by synchronous motor (14).

c. When driving roller (26), has been displaced from the center of driving discs (27) a
sufficient amount, the rotation of roller gear assembly (25) will be just adequate to cancel
the rotation of spiral gear (23). Roller gear assembly (25) will then remain stationary with
the driving roller (26) displaced some distance from the center of driving discs (27).
Linear displacement of roller gear assembly (25) is converted to angular displacement by
roller assembly (28). As gear (29), which is part of roller assembly (28), is rotated, output
synchro transmitters (15 and 16) are positioned proportional to wind speed.

NOTE
One complete revolution of either of the output synchro transmitters is equal to a wind
speed of 100 knots.

d. Two limit switches (32) are used in the transmitter speed assembly to prevent damage
and unnecessary wear of driving roller (26) and driving discs (27). As driving roller (26)
approaches the center of driving discs (27), the roller shaft (24) end, located by the spiral
gear (23), is forced against bell crank (31) which in turn opens limit switch (32) and
breaks the circuit to synchronous motor (14). When the roller gear assembly is displaced
by a wind velocity greater than 95 +2 knots, the roller gear (24) end, located by roller
assembly (28), is forced against the bell crank (31), which in turn opens limit switch (32)
and breaks the circuit to servo motor (13). As wind velocity decreases a few knots, the
switch will close and energize the circuit to servo motor (13).

NOTE
The system will oscillate between 95 +2 knots.

1-40
UNCLASSIFIED



Interior Communications Electrician, Volume 2

NAVEDTRA 14121A
UNCLASSIFIED

Indicator

The indicator direction and speed synchros (1 and 2, Figure 1-15) are electrically
connected to and track the transmitter output synchros (see Figure 1-20). Pointers (9,
Figure 1-15), fastened to the rotor shafts of the synchros, indicate wind direction or wind
speed on separate circular dials (6 and 7). Dials and pointers are illuminated by a circuit
consisting of stepdown transformer (12), variable resistor (13), and three incandescent
lamps (11). The transformer reduces 115-volt input to 6.3 volts. The variable resistor
controls lamp intensity by rotating knob (10).
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Figure 1-20.- Indicator Assembly Functional Block Diagram.
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Built-In Test Equipment (BITE)

The Single Station BITE and the Dual Station BITE (Figures 1-16, 1-17, 1-21, and 1-22)
channel wind speed and direction information from the detectors to the system
transmitters in a manner virtually identical to present day operations with the addition of
directional compensation. Wind direction information is channeled through differential
synchros which are adjusted during an at-sea calibration to correct for misalignment or
wind variations caused by the ship's structure. The differential synchro vernier dials
(Figure 1-16 and Figure 1-17, Sheet 2) on the shafts of the planetary drives (6, Figure 1-
16 and 17, 7 Figure 1-17) are then locked in position.

CAUTION
Any attempt to adjust the differential synchros will require calibration by
NAVAIRENGCEN.
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TEST AND SYNCHRO PANEL ASSEMBLY

SPEED HE4-6
SYNCHROS B1-B3 18CDX4 (SEE NOTE 1)
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SPEED 10, 20, 30, 40, SIGNALS CONVERTER
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POWER ——)» METER METER
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DETECTOR READING.
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DIFFERENTIAL SYNCHROS BI, B2,
AND B3 REQUIRE NAVAIRENGCEN

AUTHORIZATION TO ADJUST.

Figure 1-21.- Single Station BITE Functional Diagram.
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SYNCHRO PANEL ASSEMBLY
SYNCHROS B1.B3, 18CDX4 (SEE NOTE 1)
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Figure 1-22.- Dual Station BITE Functional Diagram.
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1.4.4 Troubleshooting Anemometer Systems

Troubleshooting wind direction and indicating systems is simple once you have identified
that you have a problem. Many potential problems can be avoided by careful preventive
maintenance. If the trouble is not avoided, you can at least identify it by following the
Planned Maintenance System (PMS) procedures. The principles of operation of the
various components of the systems were included in this chapter to aid you in
troubleshooting.

When troubleshooting the systems, you should refer to the troubleshooting section of the
technical manual. These troubleshooting tables can be very useful in that they enable
personnel to locate malfunctions and take the necessary corrective action. They are also a
quick reference guide.

1.4.5 Maintenance of Anemometer Systems

Preventive maintenance for the system consists of periodic inspections, cleaning, and
lubrication. You should refer to the appropriate technical manual for specific procedures
to follow. Many potential troubles in the system can be avoided by careful preventive
maintenance.

Detector

Most ships have a detector mounted port and starboard on the mast. By switching from
one to the other while watching the indicator and comparing the readings, you can
determine if there is a problem with a detector. Every 90 days and after exposure to high
winds, inspect the detector mounting and tighten the mounting bolts if necessary. The
rotor and vane also should be inspected every 90 days. Turn the rotor by hand to confirm
that it turns freely. Rotate the vane through 360° in both directions to assure it rotates
freely. If friction or binding of the vane is suspected, perform the friction test. Every 6
months, the detector should be inspected, lubricated, and, if conditions warrant, cleaned.
Refer to the technical manual for specific procedures.

Transmitter
Every 6 months, the transmitter should be inspected, lubricated, and, if warranted,
cleaned. When inspecting the transmitter, you should inspect the following:

e All moving parts for freeness.

e Gears for excessive wear and broken teeth.

e Bearings, gears, and other moving parts for gummed oil, dust, and so on.
e Sensitive switches; turn them over and replace if worn.

e Driving discs for wear.
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Indicator

Watch the indicator periodically for uneven movement of the pointer as this indicates a
possible problem. By comparing the pointer movement of one indicator with another, you
can determine if the trouble is in a single indicator or in the system. Erratic indications,
resulting from excessive friction, often can be avoided by cleaning and oiling of the units.
Other causes of excessive friction may be discovered during periodic maintenance
inspection. When beginning a periodic inspection, observe the indicators when there is
enough wind to act on the vane and rotor. Only the indicator unit requires no lubrication.

1.5.0 CROSSWIND AND HEADWIND COMPUTER ASSEMBLY AND SPEED
INDICATOR

Crosswind and Headwind Computer Assembly hereinafter referred to as the computer.
The computer receives wind direction and wind speed signals from a WMIS transmitter,
converts the values, then transmits these signals to the speed indicator.

Crosswind and Headwind Speed Indicator hereinafter referred to as the speed indicator.
The speed indicator receives voltages from the computer assembly. The red illuminated
dials of the speed indicator display crosswind and headwind speed (in knots) of either the
angle deck or straight deck, as selected by the operator.

1.5.1 Physical Description

Computer
The computer (Figure 1-23) consists of a chassis assembly which processes and amplifies

crosswind and headwind signals. The plug-in assembly is secured in a common drip-
proof case assembly by screws. It is connected electrically through mating connectors on
the chassis assembly and the case assembly. External wiring enters the case assembly
through two holes in the bottom, threaded to accept stuffing tube fittings with one-inch
national pipe threads. The incoming wires connect to terminal boards mounted in case
assembly.

The chassis assembly contains two synchros two board assemblies and two reversible
motors. One each of these items is associated with the wind direction input from the
WMIS transmitter; the remainder is associated with the wind speed input. The chassis
assembly also contains a sine-cosine potentiometer linear potentiometer dc power supply
and transformer. The inductor and transformer are secured to the same mounting bracket.
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Figure 1-23.- Cross and headwind computer assembly.
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Refer to Figure 1-24, Error voltage outputs from these synchros are amplified in separate
servo amplifier circuits and then applied to the CW and CCW windings of separate servo
motors. The amplifiers furnish the drive necessary to cause the motors to operate and
position analog computing devices, which develop voltages representing the sine
(crosswind) and cosine (headwind) components of angle deck and straight deck wind
speed. A dc power supply provides regulated dc voltage for a linear precision
potentiometer, located in the wind speed circuit. One computer is capable of operating a
maximum of five parallel-connected speed indicators without affecting accuracy.
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Figure 1-24.- Computer system , functional diagram.
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Speed Indicator

The speed indicator (Figure 1-24) receives voltages from the computer that represent the
crosswind and headwind components of either angle deck or straight deck wind speed.
The speed indicator consists of plug-in chassis assembly secured in watertight case
assembly. The case and chassis assemblies are connected electrically through a plug
connector on the chassis assembly and a mating connector in case assembly. External
wiring enters through a hole in the end of case assembly. This hole is threaded to accept
stuffing tube fittings with one-inch national pipe threads. The incoming wires connect to
terminal board within the case assembly. The chassis assembly contains crosswind
microammeter and headwind microammeter. Wind speeds are observed on illuminated
dials which are calibrated in knots.

Two circular diffusers cause illumination, provided by four lamp assemblies, to be
diffused uniformly around the periphery of the indicators. Knob controls the intensity of
the lamps. Red filters permit illumination for night operations. Two additional lamp
assemblies with red filters are used to indicate angle deck (A) or straight deck (S) values.

The speed indicator receives voltages from the computer that represent the sine
(crosswind) and cosine (headwind) components of either angle deck or straight deck wind
speed, as selected by an existing ANGLE DECK-OFF-STRAIGHT DECK switch under
manual control of the operator. The wind component voltages are applied directly to
microammeter movements in the indicator. Wind speeds are observed on illuminated
dials calibrated in knots. Operations that cause off-scale pointer indications will not
damage the component indicators.

1.5.2 Maintenance and Troubleshooting

The maintenance of this unit is outlined in the appropriate PMS documents. The technical
manual for the equipment contains an adequate troubleshooting chart. Therefore, there
should be no difficulty in keeping the unit running. You should be sure that personnel
trying to repair the amplifier units are familiar with the proper techniques for working
with transistors and that they follow the instructions in the proper technical manual. The
manufacturer has specified the use of certain meters for analyzing the condition of the
components of the unit, and, where possible, these should be used.
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1.6.0 DIGITAL WIND SYSTEM

The digital wind system is designed to provide the ship’s combat system with accurate
relative and true wind direction and speed. The system provides this data to the combat
system, as well as presenting them to dedicated digital wind system Multifunction Color
Repeater (MFCR) displays. The main system components are illustrated in figure 1-25.
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Figure 1-25.- Main System Units.
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1.6.1 System Components
The digital wind system is comprised of the following components:

Anemometers

The digital wind system uses two anemometers fitted to the mainmast. The anemometers
are the prime sensor units within the system and are fitted to the mainmast, well away
from any structures that may affect the unobstructed flow of wind across the sensor.

The anemometer sensors are in a cruciform structure with an ultrasonic transducer fitted
to the head of each arm of the cross. The time taken for the emitted ultrasonic beams to
reach the opposite transducers is affected by the wind blowing across the cruciform
structure. The resultant wind speed and direction data is formatted and transmitted via the
junction box to Meteorological Interface Units (MIUSs) for processing. Internal anti-icing
heaters ensure operation in all but the most severe icing environments. The anemometers
are fitted with Radar Absorbent Material (RAM) after their installation on the mast.

Junction Box

The junction box contains an array of diodes and tag boards that allow power supplies to
be fed to both anemometers from either MIU. Data from both anemometers is connected
within the junction box and fed to both MIUs for processing.

Meteorological Interface Unit

Two identical M1Us are fitted to ensure 100% redundancy and system availability. The
MIU houses the main processing and interfacing elements of the digital wind system.
Inputs to the MIU consist of:

a. wind speed and direction data from the anemometers, and
b. ship’s heading and speed data from the Fiber Optic Data Multiplex System (FODMS).

Following processing, the MIU processor reformats the relative wind data into raw and
damped data formats for transmission to the ship’s FODMS and distribution around the
ship.

Multifunction Color Repeater (MECR)

The wind data is distributed by the FODMS to the combat system and three MFCRs.
Ship’s heading and speed are also input to the MFCRs to convert the relative wind data
into true speed and direction. This data is then available to the users via the MFCR Thin
Film Transistor (TFT) display. The user is able to select various presentations of the data
via a series of softkeys on the display’s front panel.
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1.6.2 Component Location

Anemometer Location
The anemometers are situated on the extremities of the lower yardarm of the mainmast.
One anemometer is located to port and the other to starboard.

Junction Box Location
The junction box is situated in the director equipment room 1, above the pilot house.

MIU L ocation

The two MIUs are situated in Director Equipment Room 1, on opposite bulkheads, and
are connected to separate sources of ship’s power to improve survivability. Each MIU is
physically identified as either MIU A or MIU B.

MFECR L ocation
One MFCR is situated on the bridge, a second is located in Helicopter Station and the
third is located in the Recovery Assist Secure and Traverse (RAST) Station.

1.6.3 Functional Overview
The digital wind system performs five major functions as follows:

a. detection,

b. interface processing,

c. display,

d. power distribution, and
e. Built In Test (BIT).

Figure 1-26 illustrates the functional arrangement of the system.
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Figure 1-26.- MIU Functional Diagram.

Detection

The anemometer is the primary detection sensor of wind speed and direction for the
system. This sensor contains a structure of four arms, with each arm containing an
ultrasonic transducer. Each transducer transmits a sonic pulse to the opposite transducer
and detects the pulse generated by its opposite sensor.

The time taken for the sonic pulse to reach the opposite transducer is affected by the
direction and speed of the wind in relation to the direction of the transmitted pulse.

Wind moving in exactly the opposite direction of the transmitted beam will slow the
beam in one direction and assist it in the other direction. The ultrasonic beam is also
affected by cross-wind movement. The direction of the wind is derived by resolving the
travel times of both ultrasonic beams into a resultant direction vector. The detected wind
speed and direction values are computed by the anemometer processor, formatted into
RS422 serial data words and passed to the MIU, via the junction box, as relative speed
and direction data.
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Interface Processing

In the dual MIU redundancy configuration installed in the DDG 51 Flight lla class, one
of the MIUs is assigned as the primary unit and the other is assigned as the secondary
unit. MIU A is the primary unit.

Under normal operating conditions, the primary unit performs all interface processing
while the secondary unit only provides status messages to indicate its status (‘am alive’
MIU status bit). The MIU status bit is set to *0’ to indicate normal condition and is set to
‘1’ when a fault condition is detected. In the event that the primary MIU detects a fault
condition, the secondary MIU detects the setting of the primary’s ‘am-alive’ message
MIU status bit to 1, or the lack of any status message from the primary MIU, and
assumes control of the system, performing all interface processing functions.

Data lines from each anemometer are connected for input to both M1Us within the
junction box.

There are two types of data provided by the MIU:
a. raw data from both anemometers, and
b. single sensor output damped data (referred to as damped data).

Raw data from the anemometers is transmitted to the ship’s FODMS for distribution to
the ship.

For the single sensor output data, the primary MIU processor determines which of the
anemometers is the windward instrument and selects this device as the more accurate
(since the leeward anemometer may be reading incorrectly due to wind shadows caused
by the ship’s structure).

The processing function contains a 5° hysteresis band about the changeover point
between sensors. This prevents jitter in the output data when the wind direction is
oscillating around the changeover point between port and starboard sensors. A damping
filter is also applied to the raw data to minimize erratic swings in direction and speed
caused by gusting winds. This produces damped, relative wind data.

Ship’s heading and speed, and the other MIU status message are fed to the MIU
processor via an Ethernet 10Base?2 interface with the FODMS. These inputs are used by
the processing function to convert the damped, relative wind speed and direction to true
values. However, this data is not fed back to the FODMS, as the relative to true
conversion process also occurs in the MFCRs.
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The outputs from the MIU are raw port and starboard wind data, damped port or
starboard wind data, and ‘am-alive’ status messages. Damped and raw wind data is
reformatted into suitable form for transmission and passed to the FODMS via the
10Base2 Ethernet interface, where it is distributed to the combat system. The MFCRs
only receive the damped data from the FODMS.

Display

The primary display element of the digital wind system is embedded in the MFCR (ref
figure 1-27). This unit receives the damped wind data (from the primary MIU) and ship’s
speed, heading, roll and pitch from the FODMS in RS422 format. The single board
computer (SBC) within the MFCR uses the ship’s parameter data to convert the damped
relative data from the MIU into true values. This data is then reformatted for display on

the Thin Film Transistor (TFT) display. Either relative or true wind data can be selected
for display.
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Figure 1-27.- MFCR Front View.
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Ship's Helicopter Operating Limit Diagrams (SHOLD) Envelopes

The SHOLD displays ship’s helicopter landing envelopes, which allow for ‘Fox
Corpen’ data to give a new ship’s heading and speed to provide safe helicopter operating
conditions in instances where the present conditions are unsafe.

Power Distribution
The digital wind system derives its primary power from the ship’s 115 V, 60 Hz, single-
phase supply. All MIU internal supplies are derived from this source.

Separate 115 V AC ship’s supplies are fed to each MIU to retain the dual redundant
feature of the system. The 115 V AC is fed to the MIU where it is used to power the main
system power supply unit. This unit produces the supplies for the MIU internal
components (main processor and Ethernet modules) as well as the power supplies for the
anemometer electronics and heaters, via the junction box.

The junction box consists of an array of diodes that permits the connection of +24 V DC
power supplies to both anemometers from both MIUs, providing the sensors with
continuous power in the event of a loss of +24 \VV DC from one of the MIUs. The diodes
act as safety devices, preventing the power supplies from one MIU appearing at the
output of the other whenever it is shutdown or in a fault condition.

Each MFCR derives its power separately from the ship’s 115 V, 60 Hz supply.
Built-In Test (BIT)

The digital wind system incorporates several BIT features to identify fault conditions and
display system status data at the MFCRs.

The anemometer contains circuitry and firmware that perform periodic testing of the
analog and digital modules within the anemometer. Failure of anemometer components
causes a fault message to be transmitted to the MIUs.

The MIU processor performs periodic testing of its own board components. The
processor produces an ‘am-alive’ message containing status bits for each anemometer
and the MIU itself. Identification of a failure within the MIU causes the MIU status bit in
the ‘am-alive’ message to be set to ‘1’ (fault condition). Similarly, if one of the
anemometers passes a fault message to the MIU processor, the relevant anemometer
status bit in the ‘am-alive’ message is set to ‘1’. The ‘“am-alive’ message is passed to the
FODMS, and consequently, the other MIU and all MFCRs, where a fault indication is
displayed.
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The MFCR built in test facility automatically tests the display, memory and input data
each time the MFCR is switched on. Whenever the MFCR is switched on, the display,
processor, keypad and memory are all tested and user verified. Status monitoring is
continuous. A failure in the MFCR input channel from the FODMS will illuminate the
input data channel indicator (CH1 FAIL) on the TFT display. A failure in a specific
packet of data (timeout for new data to be received) will result in a red line through that
particular digital data field on the MFCR screen. Loss of the pitch input, for example,
will result in a red bar being displayed across the section of the MFCR page on which
pitch data is presented.

There is additionally a status page which displays the ‘am alive’ data from each
processor. A bright green spot indicates the unit is active and selected. A dark green spot
indicates that the associated unit is serviceable but not selected, and a red spot indicates
that the unit is unavailable. A failure of any status bit results is a ‘SERVICE’ message
being displayed in the bottom left hand corner of every page on the MFCR.
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1.6.4 Operation
This section describes the operating modes and procedures for the digital wind system.
Figure 1-28 illustrates the digital wind system operating controls.
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Figure 1-28.- MFCR Controls and Indicators.
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Modes of Operation
The digital wind system has two modes of operation:

a. normal (auto) operation, and
b. sensor select operation.

Both modes of operation of the system are achieved by switching the Meteorological
Interface Units (MIUs) and the Multifunction Color Repeaters (MFCRs) on locally.

In normal mode the active MIU is set to AUTO.

In Sensor Select mode the button on the active MIU is repeatedly pressed until the
required sensor is shown to be selected by the corresponding LED.

The user can select required pages at the MFCRs to access various information pertaining
to wind speed and direction data as it relates to helicopter operations. Correct Ships
Helicopter Operating Limit Diagrams (SHOLD) envelopes can also be selected at the
MFCR.

1.6.5 Controls and Indicators

The digital wind system incorporates controls and indicators that can be used to access
information and monitor the status of the system. Refer to table 1-2 for a list of the
controls and table 1-3 for a list of the indicators embedded in the digital wind system.

MECR Controls and Indicators
The following controls are available to the operator at the MFCR (refer to figure 1-28 and
table 1-2).
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Control

Unit Location

Function

ON/OFF switch SW1

MIU

Controls application of ship’s 115
V, 60 Hz to the MIU PSU. Note
that this switch is only accessible
with the front cover open.
WARNING
The digital wind system is
powered from 115 VV AC. Contact
with this supply can be lethal. All
ship precautions and procedures
pertaining to working on live
equipment are to be observed
when performing the following
steps.

Sensor Select

MIU

Selects between ‘Auto’, “‘Port’
and ‘Stbd’ sensor.

STANDBY pushbutton

MFCR keypad

During normal operation,
toggling the STANDBY button
inhibits or enables the display
without the need for rebooting.

Softkey 1

MFCR keypad

Relative wind with ship’s speed
and heading page.

SHOL options page.

Wind component display page.

Softkey 2

MFCR keypad

Used on the SHOL pages.

Softkey 3

MFCR keypad

Used on the SHOL pages.

Softkey 4 NEXT

MFCR keypad

Selects next display page.

Softkey 5 PREV

MFCR keypad

Selects previous display page.

Dimmer control

MFCR keypad

Adjusts display brightness.
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Indicator

Unit Location

Function

ON/OFF switch SW1

MIU

Illuminated power switch. Glows orange
when 115V, 60 Hz supplied to MIU (SW
1 in the ON position).

PSU LED 1 (red)

MIU PSU

+5 V DC output O.K. Note that this switch
is only accessible with the front cover open.

WARNING

The digital wind system is powered from
115 V AC. Contact with this supply can be
lethal. All ship precautions and procedures
pertaining to working on live equipment are
to be observed when performing the
following steps.

PSU LED 2 (red)

MIU PSU

+15 V DC output O.K. Note that this
switch is only accessible with the front
cover open.

WARNING

The digital wind system is powered from
115 V AC. Contact with this supply can be
lethal. All ship precautions and procedures
pertaining to working on live equipment are
to be observed when performing the
following steps.

PSU LED 3 (red)

MIU PSU

-15V DC output O.K. Note that this switch
is only accessible with the front cover open.

WARNING

The digital wind system is powered from
115 V AC. Contact with this supply can be
lethal. All ship precautions and procedures
pertaining to working on live equipment are
to be observed when performing the
following steps.

Sensor LED 1

MIU front cover

Indicates that sensor selection is set to
AUTOMATIC (MIU determines which
sensor is selected as the wind data input
source).

Sensor LED 2

MIU front cover

Indicates that the PORT sensor has been
manually selected and the automatic
selection function has been overridden.

Sensor LED 3

MIU front cover

Indicates that the STARBOARD sensor has
been manually selected and the automatic
selection function has been overridden.

Table 1-3.- Digital Wind System Indicators.
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a. Standby Switch (Display ON/OFF). This switch allows the display to be switched off
if not required. When depressed to bring the MFCR on line, the data is instantaneously
available.

b. Brightness Control. Using the rotary control establishes the brightness and can be
adjusted from a minimum to a maximum, viewable in bright sunlight.

c. Eive Function Soft-key Controls. These controls are software defined, with the
function performed dependent on the displayed page. The function of each control for a
particular page is shown at the bottom of the display, immediately above that control.

1.6.6 Normal Operating Procedure
To operate the system, perform the following procedure (refer to figure 1-28 and figure
1-29):

a. Ensure that both circuit breakers supplying 115 V, 60 Hz to the MIUs are in the OFF
position.

b. Ensure that the three circuit breakers supplying 115 V, 60 Hz to the MFCRs are in the
OFF position.

c. Ensure that the ship’s Fiber Optic Data Multiplex System (FODMS) is operating and
serviceable.

d. Set the circuit breakers that supply the MIUs with 115 V, 60 Hz to ON.
WARNING

The digital wind system is powered from 115 V AC. Contact with this supply can be
lethal.

e. At each MIU:
1. Open the MIU front cover.

2. Set the power switch to ON.

3. Close the front cover.

4. Check the sensor override indicators at the bottom of the MIU front panel to
ensure that ‘AUTO’ is illuminated. If either ‘PORT’ or ‘STARBOARD’ is

selected, repeatedly depress the “‘Sensor Select’ button until the ‘AUTO’ LED is
illuminated.
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Figure 1-29.- MIU Controls and Indicators.
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f. Set the circuit breakers that supply the MFCRs with 115 V, 60 Hz to ON.
g. Press the Standby switch.

NOTE
Once the MFCR is operating, operation of the Standby switch causes the display to be
toggled between on and off, without rebooting the MFCR processor.

h. Observe that the MFCR start up display is present on the MFCR (refer to figure 1-28).
After a few seconds, observe the MFCR display at each MFCR reverts to one of the
display pages (the MFCR will display the last page that was used before being shut
down).

I. If necessary, adjust the brilliance for individual requirements. At each MFCR, ensure
that there are no fault messages indicated in the lower left hand corner of the screen. A
horizontal red bar through a field indicates that the particular data packet is invalid. If the
messages SERVICE or CH1 FAIL are displayed in the lower left corner of the display,
refer to the Technical Manual for recommended actions.

NOTE
The available displays are shown in the figures in this section.

j. At startup, the MFCR will display the issue status of the current software (refer to
figure 1-28) the numbers following MFD being the software issue. Checks against the
ship’s configuration status should be made to ensure that it is correct as it may effect the
layout and type of the pages.

k. Confirm that all allocated pages can be accessed from the MFCR by cycling through
the available pages. Ensure that each page is complete as per the relevant display.

To switch off the display but not the processor, press the Standby switch and observe that
the standby indicator is lit.

To switch the display back on, press the Standby switch again. Observe that the Standby
indicator is extinguished, and the last page used is displayed.

1-64
UNCLASSIFIED



Interior Communications Electrician, Volume 2
NAVEDTRA 14121A
UNCLASSIFIED

1.6.7 Sensor Select Operating Procedure

The turn on procedure is the same as for normal operation, except that the Sensor
Select button on the MIU is used to force data to be read from the desired anemometer,
either port or starboard.

At the primary MIU (MIU A is the default primary unit) front panel, select either ‘PORT’
or ‘STARBOARD’ by repeatedly depressing the ‘Sensor Select’ button until the desired
sensor LED is illuminated.

NOTE

The normal operating mode is to have the AUTO LED illuminated. On completion of the
requirement to operate the digital wind system with a particular sensor selected, the
primary MIU should be returned to automatic by repeatedly depressing the Sensor Select
button until the AUTO LED is illuminated.

1.6.8 General Information

The following paragraphs describe the pages displayed at the MFCR. It should be noted
that the following pages are examples only to ensure the correct pages are displayed.
Check the software issue as displayed at startup (refer to figure 1-28).

Prime Function

The pages displayed at the MFCRs pertain to wind speed and direction parameters.
This information is utilized for general information and specifically as they affect ship
helicopter operating procedures.

Available Pages
Examples of the dedicated pages available at the MFCRs are:

a. System Status,

b. SHOLD 1/2,

c. SHOLD 2/2,

d. True and Relative Wind and Ship’s Velocity in Digital Format,
NOTE

Tape refers to the style or format in which ship’s heading is displayed; here a scrolling
tape or ribbon is used.
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e. Roll, Pitch and Tape Heading, and

f. Relative Wind, Tape Heading, Speed Bar Graph and Digital True Wind and Local
Time.

System Status Page

A display of the system status for the DDG-51 system is shown (figure 1-30). The status
flag (dot) allocated to the unit will be bright green to show that the current wind data is
coming from the sensor or MIU in question. They will be dark green when status packets
are still arriving, indicating that the unit is still healthy or will go red if not.

™ - T =] {1
B Erocecoor mE ST B Sid Sensor
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Figure 1-30.- System Status Page.

Ship’s Helicopter Operating Limit Diagrams (SHOL D) Page

A SHOLD is a polar plot of relative wind speed and direction. Combinations of wind
speed/direction (referred to as wind envelopes) considered safe to operate the helicopter
are then superimposed on the polar plot. The SHOLD system will give a green (go) status
if the wind is within limits, and a (no-go) if outside limits, to assist the flight officer to
make an assessment on the safety of flying operations. There are four envelopes available
for selection.
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The SHOLD pages consist of several elements:

a. A polar presentation of relative wind overlaid over a bitmap showing the permitted
landing envelope.

b. A digital display of the relative wind which includes identification of the wind sensor
being used.

c. Ancillary notes pertaining to the envelope being shown which are derived from a
locally stored text file.

The ship’s roll and pitch amplitudes on the SHOLD envelope display peak values over a
5 second period. These figures are normally shown in white, but will change to red as a
warning if they exceed configured limits.

The MFCR allows more than one SHOLD page to be defined (the 1/2 shown in the
example in figure 1-31 indicates that this is the first of two pages in the current
configuration).
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Figure 1-31.- SHOLD.

1-67
UNCLASSIFIED



Interior Communications Electrician, Volume 2
NAVEDTRA 14121A
UNCLASSIFIED

The ‘Envelope’ key allows the operator to select the desired SHOLD. Pressing the
‘Envelope’ key produces the list of possible envelopes (defined by the envelope’s
configuration). The resultant window is illustrated in figure 1-32.
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Figure 1-32.- Envelope List.

Pressing the ‘Fox Corpen’ key produces a page containing a cursor which can be steered
around the screen. This is illustrated in figure 1-33.

Figure 1-33.- Fox Corpen Display.
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When the ‘Compute’ key is pressed, the MFCR recommends two possible ship speed and
course combinations which would produce the desired relative wind, given the current
true wind as shown in figure 1-34.
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Figure 1-34.- Fox Corpen Solution Display.

Pressing the Notes page produces notes associated with the particular envelope (refer to
figure 1-35).
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True or Relative Wind and Ship’s Velocity in Digital Format

The True or Relative Wind and Ship’s Velocity in Digital Format page (refer to figure 1-
36) displays the relative or true wind direction and speed in an analog presentation, wind
speed in a bar graph and ship's heading and speed in digital format.

Rel Wind

8.0

Figure 1-36.- True or Relative Wind and Ship’s Velocity in Digital Format
Display.

Roll, Pitch and Tape Heading
The Roll, Pitch and Tape Heading page (refer to figure 1-37) displays the ship’s
instantaneous roll and pitch on an analog display and ship’s heading on a tape display.
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Figure 1-37.- Roll, Pitch and Tape
Heading Display.
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Relative Wind, Tape Heading, Speed Bar Graph and Digital True Wind and L ocal
Time

The Relative Wind, Tape Heading, Speed Bar Graph and Digital True Wind and Local
Time page (refer to figure 1-38) displays true wind direction and speed in digital format,
local time in digital format, relative wind speed direction and speed in analog format and
ship's speed in digital format and as a bar graph. Ship’s heading is also presented as a
tape display.

Rel Wind , ™

Figure 1-38.- Relative Wind, Tape Heading, Speed Bar Graph and Digital True
Wind and Local Time Display.

1.6.9 Updating Configuration of the MFCR

Downloading Pages and Software

New SHOLD envelopes, and any software updates, are down loaded into the MFCR,
using the Support Equipment (SE) Personal Computer (PC) and the PS/2 Keyboard.
(Refer to Figure 1-39).

CAUTION
It is possible to damage the equipment. Configuration settings must only be changed by

trained personnel.
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P52 to MFCR
Cable

P52 Cable

Figure 1-39.- MCFR, PS/2 Keyboard and PC Configuration.
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1.7.0 MORIAH WIND SYSTEM

This section provides details of the layout of the Operation, Maintenance (O&M), and
introduces the Moriah Wind System (MWS).

The MWS is designed to provide accurate wind data to the ship. The wind sensor units
measure the wind in free air around the ship, and the wind processing unit presents this
information in suitable formats to ship’s systems such as:

a. Command Information systems

b. Navigation systems

c. Weapon systems

d. Meteorological systems

The MWS also displays this wind information, along with other ship data, on dedicated
displays located at strategic points throughout the ship. The system is designed with dual

redundant features for reliability.

1.7.1 System Components
Components of the MWS, illustrated in Figure 1-40, are briefly described below. A

simplified block diagram is shown in Figure 1-41.
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Figure 1-40.- MWS Main Components.
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Figure 1-41.- Simplified System Block Diagram.

The MWS comprises the following components:
a. Wind Sensor Unit (WSU)

b. Wind Processor Unit (WPU)

c. High End Display (HED)

d. Low End Display (LED)

1-74
UNCLASSIFIED



Interior Communications Electrician, Volume 2

NAVEDTRA 14121A
UNCLASSIFIED

The following items may also be supplied as part of the MWS to support specific
installations:

e. Uninterruptible Power Supply (UPS)
f. 28VDC Power Supply Unit (PSU)
g. Network Switch Rack

Wind Sensor Unit (WSU)

The WSU shown in Figure 1-42, is the prime sensor unit of the system. The number of
WSUs installed in a particular system is dependent on the ship class or shore station.
There may be up to five (5) of them on any one installation. Onboard ships, they are
typically installed on the yardarm away from any structure that may affect the
unobstructed flow of wind. The number of WSUs installed in a particular system is
dependent on the ship class or shore station. On aircraft carriers there is a third WSU
installed on a forward mast.

\

WIND ZERSOR

Figure 1-42.- WSU General View.
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Wind Processor Unit (WPU)
The WPU shown in Figure 1-43, houses the main processing and interfacing elements of
the MWS.

Internally it has two separate control assemblies called Sub Processor Units (SPU) acting
in a dual redundant configuration. Either can take control and run the system
independently. Each has a separate power input to allow them to be driven from separate
supplies.

There are indicators on the front panel to indicate the state of each SPU. Each SPU has
three states:

a. Normal — Green indicator, indicating everything OK.

b. Degraded — Amber indicator, indicating that the MWS can perform its function and
distribute wind information, but one or more components are faulty.

c. Fault — Red indicator, indicating that one or more critical components are faulty, and
that the MWS is unable to distribute wind information correctly.

: ﬂ
o

Figure 1-43.- WPU Front View.
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There is an additional green indicator to indicate which SPU is currently active.

The “RS422 and power” connections are used for the wind sensor unit inputs, and also
for the primary connection to the Flight Critical High End Display (FCHED). The power
outputs for these connections are individually fused.

The “RS422 only” connections are used for the serial connections to other ships systems.

The “dual synchro” outputs are dual, giving both speed and direction for any one-wind
measurement. These are used to attach to legacy systems that require the wind input in
this format. Legacy systems may include such as the Integrated Launch and Recovery
Television System Surveillance (ILARTS) System and the AN/SPN-46 Radar.

The WPU incorporates built-in test equipment and provision for an external PC and
Graphical User Interface (GUI) for detailed fault reporting and system reconfiguring
facilities.

Modular construction used in the WPU unit enables the system to be expanded to fit
many different installations, and also be reconfigured, and maintained with a minimum of
down time.

Inputs and outputs to the WPU consist of:

a. Wind speed and direction data from each WSU, including the status data of the WSU,
over RS422 cabling with power.

b. Ship’s speed, heading, roll and pitch data from the ship’s navigation system over fiber
optic Ethernet.

c. Processed wind speed and direction data distributed to “ships” systems over Ethernet
and synchro signals.

d. Processed wind speed and direction, and ship’s navigational data distributed to MWS
displays over both Ethernet and RS422 cabling.

e. Status from each MWS display over both RS422 cabling with power and Ethernet.

1-77
UNCLASSIFIED



Interior Communications Electrician, Volume 2
NAVEDTRA 14121A
UNCLASSIFIED

During processing, the WPU reformats the relative wind data into raw and damped data.
Raw data is data directly from each WSU, filtered by the WPU to be similar in response
time to the Type “F” wind measuring and indicating, system that the MWS replaced.

Damped data is wind data selected from the active wind sensor, but further filtered by the
WPU to ensure its readability on all displays. True wind data is calculated by the WPU
from the damped relative wind data and ship’s speed and heading. This True wind data is
formatted for distribution throughout the ship over Ethernet and RS422 signal cabling.

High End Display (HED)

The HED is shown in Figure 1-44. It is a 15" (diagonal) display unit using a Thin Film
Transistor (TFT) screen, providing multiple pages. Various presentations of the data can
be selected via a series of soft-keys on the display’s front panel. It has two RS422
channels and two fiber optic Ethernet channels. It receives wind, machinery control,
navigation and MWS status data, from the WPU. It can display aircraft recovery bulletin
data stored on the ADMACS server on aircraft carriers). It transmits its own “health”
status back to the WPU when requested. Displayed data is as follows:

(® @ MFCR - 15

@@@@QI]@

Figure 1-44.- HED Front View.
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a. Relative/True Wind Speed and Direction

b. Deck Crosswind and headwind (for single deck vessels such as amphibious ships)

c. Angled/Straight Deck Crosswind and Headwind (for aircraft carriers)

d. Ship's Speed and Heading

e. Ship's Roll and Pitch

f. Launch and Recovery and Envelopes and associated notes

g. Fixed Wing Aircraft Recovery Bulletins (for aircraft carriers only)

h. Fox Corpen data

i. MWS Status Indication

j. Each MWS Display status and configuration

Low End Display (LED)

The LED is shown in Figure 1-45. It is a smaller multi page display unit, very similar in
construction to the HED. It can be configured to be mounted in either portrait or
landscape mode. It uses an 8.4” (diagonal) Thin Film Transistor (TFT) screen. Various
presentations of the data can be selected via a series of soft-keys on the display’s front
panel. It has two RS422 channels and a single fiber optic Ethernet channel. It receives

wind, and MWS status data from the WPU. It also transmits its own “health” status back
to the WPU when requested. Displayed data is as follows:

a. Relative/True Wind Speed and Direction

b. Deck Crosswind and Headwind (single deck vessels such as amphibious ships)
c. Angled/Straight Deck Crosswind and Headwind (for aircraft carriers only)

d. Ship's Speed and Heading

e. Ship's Roll and Pitch

f. MWS status

g. Each MWS Display status and configuration
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Figure 1-45.- LED Front View.

The Flight Critical High End Display (FCHED)

The FCHED is also shown in Figure 1-44. It forms part of the MWS. It is a standard
HED. It has merely been configured to be the flight critical unit. Its primary interface is
via RS422 directly to the WPU. It is programmed to control WSU selection and force a
changeover between SPUs. In the event of failure of the RS422 channel, it is able to
transmit and receive data on its secondary input via Ethernet. On aircraft carriers, it also
displays aircraft recovery bulletin information, which it receives over the Ethernet from
the ship’s data network. Also, on aircraft carriers fitted with a forward wind sensor unit,
that has an independent 28VDC power supply unit (PSU), the FCHED can be configured
to receive and display wind data from this wind sensor only, but only if all
communication with the WPU is lost.
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Uninterruptible Power Supply (UPS)

The UPS unit provides battery power if the ship’s supply is interrupted. It is designed to
support flight critical components of the MWS system. The unit is self contained, and

functions automatically. It will operate for at least 15 minutes after the ship’s power has
been lost. The length of time depends on the loading.

Stand Alone 28VYDC PSU for WSU

The discrete power supply unit (PSU) provides heating and power for a particular WSU.
It produces 28VDC output from the 115VAC input power from UPS. With the WSU
anti-icing on, a maximum of 75 Watts is required. The unit allows the associated WSU to
function independently of the WPU. This enables the MWS to provide basic, although
degraded, data, should the WPU fail for any reason.

Network Switch Rack

Some platforms do not have a shipboard network that Moriah Wind System uses to
distribute wind data to Moriah displays or other systems that require wind data.

For these platforms, the Moriah Wind System provides a Network Switch Rack. The
Network Switch Rack contains a network switch, backup power units and power
distribution modules. The Network Switch Rack provided to the LHA/LHD Class Ships
is covered in Chapter 10 of the Technical Manual.

1.7.2 Moriah Wind System Versions
The MORIAH Wind System Versions and Ship Class Applicability are shown in Table

1-4.

Installation Wind Sensors High-End Displays | Low-End Displays

Category

Version 1
Force Level 2-3 1-4 0-21
Version 2
Aegis 2 3 0-11
Combatant
Other 2 0 0-5
Combatant
Version 3
Mine Hunting 1-2 0-1 0-3
Auxiliaries 1-2 0-3 0-5
Patrol 1 0-1 0-3
Version 4
Shore 1-5 0-5 0-8

Note: All MWS Versions have the same Sensors and Displays; only the processors are

different.

Table 1-4.- MWS Version.
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Legend: Ship Characteristics:

* Force Level - CV/CVN, LHA/LHD, LPD-21, AF, MCS

* Aegis Combatant — CG47, DDG51

* Other Combatant — FFG, LSD

* Mine Hunting - MMC, MHC

* Auxiliaries — T-AGOS, T-AGS, T-AH, T-AKR, AO, T-AO, Coast Guard
* Patrol - PC

1.7.3 Function

The MWS is treated as a complete entity, the purpose of which is to provide accurate
wind speed, direction data to the ship’s combat system and for use in helicopter and fixed
wing launch, and recovery operations. A functional diagram is shown in Figure 1-46.

Functionally, the Wind Sensor Unit measures the wind speed and direction at its location.
It then sends this information to the WPU. This gathers data from all the wind sensors in
the MWS, and other data from other ship’s systems, and distributes it to the high and
low-end displays. The WPU also distributes the wind information in different formats to
other ship’s systems that require the information.

The wind information is referred to as “raw relative” when it is received by the wind
processor, and filtered to represent a signal similar to the Type “F” wind measuring and
indicating system, which is being replaced by the MWS. The wind processor computes
this value for all wind inputs. It then selects, the windward sensor, which is the WSU that
is in the clearest wind. The data from this wind sensor is further processed by the WPU
and is referred to as “damped relative” wind.
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Figure 1-46.- Functional Diagram (Sheet 1 of 2).
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Figure 1-46.- Functional Diagram (Sheet 2 of 2).

The above diagram illustrates possible MWS interfaces. Any combination of these
interfaces may be present at each installation. The MWS utilizes existing networks where
available. Note the wind sensor selection switch is no longer required. Note also that the
synchro connections are not digital output data signals, but rather analogue 60Hz and
400Hz synchrol10VAC signals.
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Wind Detection

The WSU consists of four (4) sensing elements at the top of the unit. Each element is an
ultrasonic sensor that can both transmit and receive appropriate signals. The sensing
elements consist of two pairs of transducers, mounted at 90° axially to each other, which
alternately transmit and receive sound pulses to each other. Measurements are made of
the time taken for each pulse to travel to the other sensor. The difference between the
times taken for a signal to travel the same path in either direction is used to calculate the
wind speed along that axis. The wind speed measured is independent of variations in the
velocity of sound. The use of opposite facing ultrasonic sensor orthogonal pairs, provides
for good signal/noise ratio, giving the sensor a very high tolerance to rain or other
precipitation, as beam energy is concentrated specifically in the axis of each of the sensor
pairs.

Speed Sensing

The component of wind speed between a sensor pair is aided in one direction by any
trailing wind and impeded in the other direction. By comparing the sound pulse travel
times in both directions, it is possible to determine the wind speed.

Direction Sensing
By performing trigonometric calculations on the wind speed components in the two
orthogonal axes, wind direction is accurately calculated.

1.7.4 Data Distribution

The ultrasonic WSU transmits data and test signals via a serial digital interface to the
wind processor system unit (WPU) processor. Continually updated wind data is
transmitted together with a sensor status code and message check enabling the wind
processor to check the validity of the wind data.

WPU Dual Redundant Processing

The data output lines from the WSUs are connected to both sub processor units (SPUs)
within the WPUs through internal wiring. This ensures that the MWS continues to
process wind data if one of the SPUs is switched off or fails.
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WPU Interface Processing
There are two types of wind data provided by the WPU to the ships data distribution
system:

a. Raw data (relative and true)
b. Damped data (relative and true)

RAW and Damped Data

Raw data from the WPU is transmitted to the ships data distribution system for
distribution to the ship. To produce sensor output damped data, the WPU processes the
raw wind data. The processing function contains a 5° overlap on either side of O degrees
between sensors. This prevents jitter in the output data when the wind direction

is oscillating around the changeover point between port and starboard sensors. A
damping filter is also applied to the data to minimize erratic swings in direction and
speed caused by gusting winds. This produces damped relative wind data.

WPU Processing

The WPU is able to automatically identify and select the windward sensor or selected
sensor. It damps and processes raw wind data, calculates true wind speed and direction
from inputs from the WSUs, ship's speed log and gyro. It then sends the damped wind
data to the ships data distribution system in the correct format (ETHERNET T2/FO,
RS422 and Synchro) for distribution to the ship’s systems including the navigation and
combat system and display units (HEDs and LEDs).

Wind Sensor Selection

Wind sensor selection is automatically accomplished by the WPU. The active (worker)
SPU automatically determines the most windward WSU and selects it as the most
accurate. This function is done automatically because WSUs on the leeward side at a
particular point in time may be sensing inaccuracies caused by air turbulence around
superstructures. The WPU can be manually placed into maintenance mode by the
Graphic User Interface (GUI) when the laptop is connected. In this mode, the simulator is
active, and any wind sensor can be selected using the laptop.

a. Wind Sensor 1
b. Wind Sensor 2

c. Wind Sensor 3 (configured option)
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d. Wind Sensor 4 (configured option)

e. Wind Sensor 5 (configured option)

f. Automatic selection

In descending order of priority the selection criteria are:
a. WPU Maintenance GUI simulator

b. Flight Critical High End Display

c. WPU automatic selection

Dual Redundant WPU

The WPU comprises two identical state-of-the-art industrial computer systems designated
as Sub Processor Units (SPU) operating in a dual redundant configuration.

At any time only one SPU has control of the system. This control can be over-ridden by
turning off power to one SPU. During normal operation, the processor at standby mode
monitors the performance of the active (worker) SPU. In order to do this, most of the
processing of input and output signals is duplicated. If only one sub processor is powered
then it automatically becomes the active SPU (worker).

Various scenarios involving faults may cause a sub processor changeover to occur. For
example if the Standby SPU misses several consecutive status messages from the Active
(Worker) SPU across both, the dedicated and network communication paths, this will
indicate a fault with the Active (Worker) sub processor and a changeover is initiated.

All configuration data is stored in non-volatile memory. This data is consistent across the
two SPU. This data is read at WPU startup. If configuration data is altered on a SPU from
the maintenance PC, the information is cross-loaded to the other SPU and both SPU are
required to be reset to bring the system up utilizing the new information.

Wind data from the WPU is fed to both SPU, where it is corrected by comparison to
internally stored calibration tables. These can contain correction values for the effects of
ship’s superstructure on wind flow around the WSU. A damping filter is also applied to
account for sharp, short changes in detected wind speed and direction (i.e., wind gusts).
Ship’s heading and speed inputs are then used to modify the relative windward data to
produce true wind speed and direction.
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WPU Data Input/Output
Data is received and transmitted by the WPU in various formats depending on the ships
systems. The various protocols are described later in this section.

Data Inputs
The WPU requires ship’s speed and heading data to convert the relative wind data from

its orientation referenced to ship’s heading and speed (relative), to true wind data, which
has an orientation that is referenced to true north minus the ship’s speed component
(true). Ship’s inputs are requested from the ships data distribution system by the WPU.
The ship's parameters are passed into the WPU.

Data Outputs
The WPU transmits the following data out to the Ship’s data interface network:

a. Raw relative wind speed and direction data from the WSU

b. Damped relative and true wind speed and direction data filtered and calculated by the
WPU sensor output damped data, referred to as damped wind, which is damped relative
wind data.

1.7.5 Displays
The MWS displays are of two types: primarily the High End Display (HED) and Low
End Display (LED).

FCHED

The FCHED is an HED with additional control facilities for selecting any one of the up to
five 5 WSUs. It is also used to select the current (worker) SPU. On the status page, two
soft key buttons are enabled. One is “sensor”, the other “processor”. Pressing either of
these buttons will toggle through the selections. The SPU selection has only three
options: Sub-Processor A, Sub-Processor B or automatic selection.

As an option, the FCHED is able to provide basic wind direction and speed data in the
event of a catastrophic failure of the WPU. When systems include a separately powered
WSU, and the RS422 output from it is fed directly to the FCHED, the FCHED is able to
select that particular WSU, and receive and display the signals directly. It will only do
this if all other inputs have failed. This raw data would enable an airborne aircraft to be
recovered in an emergency.
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HED

The High End Display unit receives wind and meteorological data from the WPU. Each
page is set to display as much data as is required. Usually several items are displayed on a
single page. Displayed data is as follows:

a. Relative/true wind speed and direction

b. Deck crosswind and headwind (single deck vessels)

c. Angled/straight deck crosswind, headwind and tailwind (carrier class (CVN)
d. Ships speed and course

e. Ships roll and pitch

f. Launch and recovery envelops

g. Aircraft Recovery Bulletins (aircraft carriers only)

h. Fox Corpen information (i.e., computation of ships speed and course to achieve a wind
speed and direction to safely land an aircraft).

i. MWS health status indication

HED Processing Function

The HED functions are managed by a high speed processor. A LINUX operating system
is used and serial communication is at standard baud rates up to 38,400, using an Ethernet
interface 100 BaseFx or RS422 10Base2. The processor controls all the functions
required to store, distribute and display wind-related data, and calculates Fox Corpen
from the true wind and wind envelope. Parameters for each type of aircraft employed on
the ship (wind envelope pages) may be downloaded using the GUI with a standard
Laptop PC. By the same means, the required display pages may be selected, and their
sequential order changed and stored in a non-volatile memory.

Built In Test Equipment (BITE)

The HED has built-in test (BIT) facilities for display checking, memory testing and other
self test. BIT Mode is automatically initiated at each power up. Diagnostic fault messages
are provided on the display.
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HED Fault Indication

The presence of data from any of the enabled inputs (dual redundant configuration), or a
single input is provided for every accessible page of data. To alert the crew if data is lost
or unavailable, numeric and text data is scored across with a thick Red bar, dial pointers
removed, and bar indicators are filled Red. Alert messages are displayed. In addition,
where the serial input message contains specific status information, a status page is
available, to give full fault data. This reports the status of each of the MWS component
units and ships data.

Watchdog
A built in watchdog timer automatically reboots the display in approximately 30 seconds,

if it detects a lack of processor activity. This is precautionary step to prevent a “frozen”
display and is not expected to be a regular occurrence. In addition an activity indicator is
displayed in the form of a moving blue square at the lower Left Hand corner of each
HED/LED.

VSTOL and Helicopter Launch and Recovery Envelopes

A wind envelope is a polar plot of wind speed and direction limits acceptable to land an
aircraft on board ship. Providing the wind speed and direction vector lies within the polar
diagram envelope, a safe landing is possible. The polar diagram changes according to the
ship type, and aircraft type, as well as other parameters including roll, pitch, helicopter
weight and deck cursor.

The selection method employs a tiered menu, selectable with soft-keys, allowing the crew
to select a diagram, based on a sequence of decisions. The technique allows a large
number of diagrams to be retained by the system, and allows for an efficient selection
based on the criteria given below.

a. Aircraft type

b. Aircraft load category

c. Aircraft direction of approach/takeoff

d. Day/Night or Standby time

e. Sea conditions (based on historical roll and pitch data)

f. Deck cursor or landing platform (for ships with more than one landing site)
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Aircraft Recovery Bulletins

The aircraft recovery bulletins are tables of valve settings for the recovery of fixed wing
aircraft. These tables are stored on a server on the ship’s network ADMACS system in
the form of JPEG files. The Server makes these available to the HED. They are only
available for ships with an ADMACS installed. The initial selection on the HED is by a
particular aircraft type. Detailed selection then depends on the recovery system being
employed. The JPEG files are viewed as a page.

Fox Corpen
When the wind and other weather conditions do not allow flight operation within an

acceptable envelope, facilities are provided on the display units to compute an alternative
ships course and/or speed.

Using the function keys provided to move a cursor (or the use of the external pointer
option), until a preferred wind vector is selected and shown on the display. The system
automatically computes the required ships heading and speed to achieve the required
vector. This is referred to as Fox Corpen data and there can be one, two, or no solutions
to the computations. When there are two solutions, one is known as the high-speed
solution and the other as the low speed solution. The display units will present both
solutions. The high-speed solution could easily be removed, but the decision is based on
maximum ships speed which may be classified information.

Roll and Pitch

The ships roll and pitch amplitudes govern whether flight operations can be carried out.
The envelope page displays the roll and pitch using either standard deviation calculation,
or sliding peak value. When the maximum permitted, value is exceeded then the wind
cursor is displayed as red independent of the wind speed. If the peak option is chosen
then the number of samples is a further option. There is a manual peak reset mode where
the peak is cleared by pressing a soft key rather than when the peak value leaves the
sliding data window. The roll and pitch instantaneous values are displayed on a separate
page, and updated constantly.

LED

The Low End Display (LED) receives wind and other ship sensor data from the WPU and
displays data in the following formats:

a. Relative/True Wind Speed and Direction

b. Deck Crosswind and Headwind (single deck vessels)
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c. Angled/Straight Deck Crosswind, Headwind and Tailwind (aircraft carriers only)

d. Ship's Speed and Course

e. Ship's Roll and Pitch

f. MWS health Status

LED Processing Function

The LED uses the same hardware and operating system as the HED. The only difference

is the number of pages stored and readily accessed. These are configured at the factory or
on-board the ship at installation. Possible Configurable items include:

a. Fixed angle deck cross and head wind display
b. Fixed straight deck cross and head wind display
c. Units for all data (meter per second to knots and millibars, to inches of Hg)

Built In Test Equipment (BITE)
The LED BITE is identical to that described for the HED.

Aircraft Launch and Recovery Envelopes
These are normally provided by the HED facilities.

Roll and Pitch
The ships roll and pitch amplitudes govern whether flight operations are permissible. The
LED computes roll and pitch and functions the same as the HED.

1.7.6 Power Supply for HED and LED

Power supply arrangements for both types of display are identical. A single phase of
115VAC is the normal input. The HED and LED receive power on P1 where:
a.PinA Ll

b. PinB L2

¢. Pin C Ground
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WPU Power Supplies

The power input for each Sub-Processor enters the WPU via a separate connector J21 or
J22. The connector J21 feeds the SPU Sub-Processor “A” power supply unit and the
associated 24VDC supply to power the wind sensors. J22 powers APU Sub-Processor
“B” and its 24VDC wind sensor supply. Each input power line is fed through a separate
power filter to the individual power switch and fuse.

Power Supply Options
There are two options for the power supply: dual 115VAC feeds or single 115VAC feed
with 115VAC UPS backup. Both options are explained below.

Dual 115VAC Feed
The system receives dual 115VAC feeds from separate ship power sources.

Subprocessor-Processor Power Supply

Each SPU has a self-contained PSU providing supply for its own operation. The input
can be either 115VAC. The power supply produces +5VDC and +/-12VDC supplies,
which are fed directly to the sub processor motherboard.

Fuse Protection

All power inputs and DC outputs are protected by fuses on the front panel of the WPU
and on the underside of the HED/LED. There are additional fuses in the WPU to protect
the 24v DC PSU. Each of the power supplies for the WSU and backup 24VDC is fed
from separate fuses within the WPU. The 24VVDC is fed power through the terminal
block mounted on the side of the transformer. This terminal block can be wired in
different ways. It is factory set to have 115VAC as its input. It can be changed at the
factory to accept 230 VAC. The outputs of both 24VDC supplies are cross connected
through diodes, the output feeding the power output from the RS422 and power
connectors, through suitable fuses.

Cooling Fans
Overheating protection is provided by the two fans. These are mounted on either side of

the WPU. Each provides a tachometer output that is monitored by the built in test. Loss
of this signal forces the SPU into degraded mode.

WPU Power Supply BITE

The outputs from both the 24VDC power supplies and the SPU PSUs are monitored by
the WPU built in test equipment. The green indicators LED’s on the front panel indicate
the status of each supply.
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1.7.7 Uninterruptible Power Supply (UPS)

The UPS provides continuous power to maintain the MWS functions for a period of 15
minutes. It also filters out minor fluctuations of the normal power supply, and isolates it
from large disturbances.

The UPS performs a self-test when the MWS is turned on, and every two weeks
thereafter. A self test can also be manually performed by pressing Test button for a few
seconds. Depressing the Test button activates a column of five indicator LEDs to indicate
the power voltage (VAC) as incremental steps as follows:

133
124
114
105
96

When the supply is at 115VAC, the bottom three indicators are lit.

External 28VDC Power Supply Unit (PSU)

The external 28VDC power supply provides a separate source of 28VDC power supply to
a WSU. It is used in ship installations where a particular WSU is located too far away
from the WPU to be directly powered by the WPU. The external PSU provides 28VDC
power to the WSU components, as well as powering the WSU heaters in cold weather
conditions.

1.7.8 Data Communications

The following paragraphs describe the data communication system between components
of the MWS and the transfer of data to and from the data network for use by other ship
dependent systems and MWS. Refer to Figure 1-46 for an overview. Data transfers
throughout the MWS use standard open architecture LAN and serial RS422 interfaces.
The MWS has been designed to be compatible with data transfer system used in the U.S.
Navy ships.
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WSU Output Protocol
Each WSU supplies an RS422 asynchronous serial data stream to the WPU. The data is
updated at 10 Hz. The basic rate is as follows:

9600 — 19200 Baud (9600 as standard)

8 data bits

Even parity

LSB sent first

Update rate 10 Hz

Variable averaging is not set

Units m/s.

WPU Data Protocols

This paragraph describes the interface protocol and format requirements of the Moriah
Wind System (MWS) and other systems aboard ship. It also defines message contents on

external WPU interfaces. This is applicable to all installations that incorporate any of the
following interfaces:

a. (Fiber Optic) Data Multiplex System (FO) DMS

b. Navigation Sensor System Interface (NAVSSI)

c. Aviation Data Management and Control System (ADMACS)
d. High End Display (HED)

e. Low End Display (LED)

f. Synchro Interface for Legacy Systems

g. Wind Sensor Unit (WSU)

h. Inter-Processor Communication (IPC)
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The following interface information is in the order shown above. Additional useful
information on unlisted items is at the end of these paragraphs.

(FO) DMS Interface

(FO) DMS interface (Aegis Destroyers) supplies ship’s data for speed, heading, roll and
pitch and an interface to distribute wind speed and wind direction. The (FO) DMS
network (if available) is also utilized for inter-processor communication. MWS does not
transmit wind data directly to the LEDs and HEDs; they actually register as wind data
clients to receive wind data via (FO) DMS.

NAVSSI Interface
This transfers a standard navigational message of ships behavior and direction and is sent
via the ship’s data network server, ICAN or ADMACS LAN interfaces.

ADMACS Interface

The ADMACS interface (aircraft carriers only) provides a means of supplying ADMACS
with both wind data calculated/processed by MWS and specific meteorological data that
MWS receives via the SMOOS(R) interface. The ADMACS Network is also used for
transferring information to displays and for inter-processor communication (IPC).
NAVSSI data corresponding to ship’s course, speed, heading, roll and pitch is received
over the ADMACS network).

WPU to HED Interface
The HED interface is either by a dedicated RS422 serial line, or by the ship’s data
network. Details are given in the HED data communications.

LED Interface
The LED interface is identical to the HED.

HED Data Communications

The Flight Critical HED (FCHED) has a dedicated RS422 serial interface directly to the
WPU. In an emergency situation other HEDs and LEDs can also be connected to the
WPU via a serial RS422 interface. In normal operations the HEDs and LEDs are
interfaced with the WPU via the ship’s data network server. There are four types of data:
a) a general message describing the ship and the MWS status, b) a query as to the status
of the receiving display, c) the response from that display, and d) the controlling
messages to change the WSU/WPU selection.
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The HEDs and LED’s also communicate via a 100-BaseFx Ethernet connection.

The Ethernet network on various U.S. Navy ships includes ICAN, ADMACS, and (FO)
DMS, ISNS or a direct link. The serial connected units do however have limited ability to
respond to system status interrogations. The ability to display ARBs is limited to those
attached to the ship’s network server ADMACS Ethernet LAN. The HED is fed with
operational data in a series of NMEA data packets. Packets sent via RS422 are sent at
19200 baud. Packets sent via Ethernet are multicast packets sent to a configurable address
and port. The HED has access to Fixed Wing Bulletins stored on the ship’s network
ADMACS Server in the form of JPEG files.

===l e
1.7.9 Connectivity

The HED is primarily a passive device acquiring wind and other ship products broadcast
from the WPU. To provide redundancy, there is a minimum of two connections for each
HED.

Physical Interfaces
The HED is configurable to accept input either from an Ethernet connection and/or from
one or both of a pair of RS422 connections.

HED Interfaces Identification
HED packets may be sent over a serial connection, sent, and received over an Ethernet
network. The serial connection between the WPU and a HED consists of:

Interface R5422 (umdirectional)
(bi-directional for
FCHED)

Pratacol SLIP

Data Format | NMEA
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LED Data Communications

The LED is functionally similar to the HED. The LED responds to exactly the same
message formats as the HED. However, it has only a single serial connector, and a single
100BaseFx Ethernet connection.

WPU Synchro Interface Identification

The WPU synchro interface provides up to eight 60Hz and/or 400Hz synchro outputs of
any combination for existing ship's systems that require synchro input signals to function
normally. These existing ship synchro systems are referred to as legacy systems, referred
to as legacy systems, for example, AN/SPN-46 and AN/SLQ-32. Data from any wind
sensor may be output, giving speed and direction. Wind speed output from the WPU
synchro interface module may be a fixed or rotating synchro signal. Wind direction
output from the WPU may be raw, damped, headwind or crosswind synchro signal.

Interface Analog (3 Phase)

Maximum | 90v RMS (per phase)
Amplitude

Reference 60Hz or 400H=
Clock

Freguency

Maximum 1.6VA
Load

Interface Messages

Synchro WPL
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1.7.10 Legacy Wind Raw (WIRS-WP-SYN-01)
This consists of analog data representing raw wind direction and speed:

a. Raw Wind Direction - Phase angle indicating wind direction.
b. Raw Wind Speed - Rate of Turn Wind Speed

1.7.11 Legacy Wind Dampened (WIRS-WP-SYN-02)
This consists of analog data representing damped wind direction and speed:

a. Damped Wind Direction - Phase angle indicating wind direction.
b. Damped Wind Speed - Phase angle indicating wind speed.

1.8.0 SUMMARY

In this chapter, we have described the purpose of Synchros, Synchro Maintenance and
Troubleshooting and Wind Systems. We have identified and discussed the operation of
Anemometers, Crosswind and Headwind Computer Assembly and Speed Indicator. We
have identified and discussed the operation of some of the various Wind systems installed
on Navy ships including Digital Wind System and Moriah Wind System. We have briefly
discussed some of the preventive and corrective maintenance measures associated with
Synchros, Amplifiers and Wind and Speed Indicating Systems.

1-99
UNCLASSIFIED



Interior Communications Electrician, Volume 2
NAVEDTRA 14121A
UNCLASSIFIED

2 AVIATION EQUIPMENT

Upon completion of this chapter, you should be able to do the following:

o Describe the Ship’s Aviation Equipment systems and its associated components.
Identify the purpose and principles of operation of the components of Aviation
Equipment systems.

e Describe the procedures to follow when troubleshooting the Aviation Equipment
systems

e Describe the procedures to follow when performing maintenance on the Aviation
Equipment systems

2.0.0 INTRODUCTION

In this chapter you will be introduced to various pieces of Aviation Equipment, their uses,
how they function, and your responsibilities as a maintainer for the systems and
components.

2-1
UNCLASSIFIED



Interior Communications Electrician, Volume 2
NAVEDTRA 14121A
UNCLASSIFIED

2.1.0 STABILIZED GLIDE SLOPE INDICATOR (SGSI) SYSTEM

The stabilized glide slope indicator (SGSI) system consists of a GSI cell mounted on top
of an electrohydraulic stabilized platform. The GSI cell is an optical viewing system used
to indicate to a pilot the aircraft approach angle to a landing platform or ship. The GSI
system is an electrohydraulic optical landing aid designed for use on ships equipped for
helicopter operations. By use of the SGSI, a helicopter pilot may visually establish and
maintain the proper glide slope for a safe landing. The system is self-contained, relying
on the ship for 115 volts ac 400-Hz and 440 volts ac 60-Hz power.

The GSI, which is mounted on a stable platform, provides a single bar of light either
green, amber, or red (fig. 2-1). The cell face acts as a window through which the pilot
views the light. The color of the light bar indicates to the pilot of the approaching aircraft
whether the aircraft is above (green), below (red), or on (amber) the correct glide slope.
By varying the aircraft altitude to keep the amber light bar visible, the pilot maintains the
correct glide path to the ship’s landing pad. The bar of light is formed by the combined
actions of source light, Fresnel lens, and lenticular lens.

VERTICAL FIELD
ANGLE

GREEN

[
. Tl
=0 JA E = PLeT Etsslm
DECK
ANGLE OF ;—_:'—J'\&' SOURCE

ELEVATION

Figure 2-1.-Glide slope indicator and light beam.

To steady the GSI with respect to the pitching and rolling motions of the ship, the light
cell is mounted on an electrohydraulic stabilized platform. This equipment uses a local
gyro for reference and develops electronic error signals that, in turn, control hydraulic
cylinders that move the platform in the opposite direction to the ship’s pitch and roll axis.
The system incorporates a failure detection circuit that turns off the lights in the event of
stabilization failure.
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2.1.1 SGSI System Components

The assemblies that comprise the SGSI system are as follows (fig. 2-2):
Electronic enclosure assembly

Remote control panel assembly

Hydraulic pump assembly

Transformer assembly

GSI assembly

Stabilized platform assembly
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‘wor NOMENCLATURE DESIGNA TiON
1 ELECTRONICS EMCLOSURE ASSEMBLY Floo
2 REMOTE COMNTROL PANEL ASSEMBLY Floo
3 HYDRAULIC PUMP ASSEMABLY Flco
4 TRANSFORMER EHNCLOSURE ASSEMBLY Fa00
- sYstEM 5 GLIDE SLOPE INOICATOR ASSEMBLY F 500
CONFIGURATION E & STABILIZED PLATFORM ASSEMBLY Féo0
ONLY . 7 RMER ASSEMBLY F00

Figure 2-2.-Stabalized Glide Slope Indicator (SGSI) System.
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Electronics Enclosure Assembly

The electronics enclosure assembly (fig. 2-3) is the signal processing distribution and
control center for the system. It contains the circuits, amplifiers, and other electrical and
electronic components required to control the major components of the system.

4. Card Cage Assembiy

l. Component Panel Assembly 5. Erection Amplifier

2. Terminal Boards 6. 115 vac, 400 Hz [nverter
3. EMI Hardening Enclosure (Used on 7. 28 vd

e i vdc Power Supply
and E only) B

- Dual 215 vde Power Suppiy

9. Ground Strap Connecuon

Figure 2-3.-Electronics Enclosure Assembly (F100).
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To understand the system operation, you must understand feedback control systems. A
feedback control system compares an input signal with a reference signal and then
generates an error signal. This error signal is then amplified and used to drive the output
in a direction to reduce the error. This type of feedback system is often referred to as a
servo loop. A gyro, mounted on the stabilized platform, acts as the reference of the
system. Since the gyro is stable, synchro transmitters located on the gimbals will sense
any motion of pitch or roll. As the ship begins to pitch or roll, an error signal is developed
by the synchro transmitter stators. Look at the block diagram in figure 2-4 and follow the
path of the error signal through the electronic enclosure assembly. (The block diagram
represents either the pitch or the roll control loops. They are identical electrically.)

MANUAL
CONTROL PUMP
EARTH GYRO STAB LOCK
GYRO | SERVO SERVO
GRAVITY ™1 pEMOD [ mReLay [ ampLiFIER FT™ VALVE
i
L
¥
1
I
LWOT HYDRAULIC
[ -
! DEMOD [ LVOT 1~~~ acTuaToR
: ELECTRONIC
! ENCLOSURE
. LAESEMELY 1
] )
. I
L]
I
]
T PLATFORM
............. TOp - 651

Figure 2-4.-Stabalization circuits block diagram.
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From the transmitter stators the error signal is sent to the gyro demodulator, where the
signal is changed from ac to dc. The signal then goes through a stab-lock relay (described
later) and is amplified as it moves through the servo amplifier, which in turn operates the
servo valve. The servo valve opens and allows hydraulic fluid to enter the hydraulic
actuator (fig, 2-5), thereby leveling the platform and thus canceling the error signal.

GS| LIGHT L= R

e = 2= ==

STABILIZED PLATFORM
ROD END _/ATOP PLATE ASSEMBLY)

T"“MHG UNIT

NIVERSAL
v JOINT HYDRAULIC | )‘,'Eo-
ACTUATOR ~ ROLL

T

SERVD VALVE

BALL JOINT
BASE PLATE

Figure 2-5.-Stabilized platform assembly functional diagram.

When this occurs, a READY light is actuated on the remote control panel. If the system
develops a malfunction and the error signal is not canceled, an error sensing circuit will
light the NOT READY light on the remote control panel and turn off the GSI.

In the previous paragraphs, we discussed the normal mode of operation in the electronics
portion of the system. The stabilization lock feature (stab-lock relay) tests and aligns the
GSI. Referring to figure 2-6, you will see internal gyro stab-lock and ship gyro stab-lock
push buttons and two test switches, one of which is pitch-off-roll.
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LAMPF RELAY CYRO ELAFSED
TIME METER

TIME DELAY RELAY

ERROR RELAY

STABLDCK RELAY FOWER RELAY

TERMAL
GYRG ALARM 1321 IMTERNAL

GYROD ALARM PLSH L GYRO
OFf SHIF
RESET GYRD STAB LOCK

INTERMNAL
400 ";’ Fgﬂ'll
HIF

vSTEM READY | 400 1y powen|

14 Amp un—lmw FLGAMPF FJ 34 AMP F4 ] AMF F5 1 AMF  Fi 174 AMP
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OVER TEMP

SHIF GYRD
STAB LOCK

TEE

oFF
MANUAL GYRD POWER
TEST DRIVE

Meivew CIRCUIT BREAKER
PUMP o

il @ % O

ROLL

COMPONENT PANEL ASSEMBLY (F120) NAEC P/N 620265-1

Figure 2-6.-Components panel assembly (P/O electronics enclosure-F100) controls and indicators.
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As previously mentioned, the error signal in the normal mode goes through a stab-lock
relay. When the stab-lock button is pushed, the normal error signal supplied from the
gyro is stopped at this point (see fig. 2-7). When the stab-lock button is pushed, the error
signal comes from the linear voltage differential trans-former (LVVDT) when the test
switch is in the off position. The core of the LVDT is mechanically attached to the
hydraulic actuator, which levels the platform. As the actuator moves, the core also
moves, thereby supplying a signal proportional to the amount of roll or pitch. These
signals can be measured to aid in the maintenance and alignment of the system. Revisions
are also made to drive the platform manually using the test switches and the manual drive
potentiometer.

LR
PONTROL CHANNEL 2

LI&UV:E BOT ! HOT READY
: ] % i =
il [ TEST
SwiTCH ! EWITCH + 18
'rﬁ"'-' L I

BE &b
— |
ELRPSED = TEST
TIME né—ﬁ— SELECTOR
SWITCH =
METE - | VARIAC
GrRD AEMOT
ERCROR ERROR E
ERECTION pes CONTROL
AP CL T RELAY PANEL
i
|
T3 TAANSFORMER
AMWP
aran SERVD SERVD e
=i BEMOD B e VALV E i
r
r'\',.._l—

DEMOD

Figure 2-7.-Stabilization control circuit-signal flow.
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Remote Control Panel Assembly

The remote control panel (fig. 2-8) is located in the flight operations control room. The
panel provides control and indicators for operating and monitoring the SGSI system from
a remote location. It contains the READY and NOT READY lights described previously.
The panel also contains an OVERTEMP light to indicate when the hydraulic fluid is
heated to a temperature higher than 135°F+5°, a source failure light to indicate that one
or more of the GSI source lights are burned out, a variable transformer to control the
intensity of GSI light, and a panel illumination control. A standby light will be energized
when the main switch on the electronic enclosure assembly is on.

Figure 2-8.-Remote Control Panel Assembly (F200).
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Hydraulic Pump Assembly

The hydraulic pump assembly (fig. 2-9) is a self contained medium-pressure, closed-loop
system used to supply hydraulic pressure for the stabilized platform. This assembly
consists of an electric pump motor, a coupling unit, a hydraulic pump reservoir, valves,
piping, and an electrical system. All components are mounted on a steel base with
isolation mounts and comprise a complete self contained 1400-psi hydraulic power

supply.

1. Reservoir 8. Junciion Box
2. Motor Controller 9. Hydraulic Fluid Heater
3. Hydraulic Fluid Filter 10. Hydraulic Fluid Temp. Switch
4. Hydraulic Pump (aot showa)

N ic

11. Returo Valve

. ing A bl

5. Coupling Assembly 12, Supply Valve
6. Pressure Switch

13, lsolation Mount
7. Eleccaic Motor

Figure 2-9.-Hydraulic Pump Assembly (F300).

2-11
UNCLASSIFIED



Interior Communications Electrician, Volume 2
NAVEDTRA 14121A
UNCLASSIFIED

Hydraulic fluid is stored in a reservoir and piped to a motor-driven pump. The output is
pressurized by the pump to 1400 psi, filtered, and piped to the power supply output line
where it is available to the external system through a shutoff valve. On the return line,
fluid is returned from the external system to the reservoir at a reduced pressure of 75 psi.
A shutoff valve is also used in this low-pressure line. Electrical power is obtained from
ship’s power system and connected through the motor controller and junction box. This
assembly is located as close as possible to the stabilized platform. It provides hydraulic
fluid at 1400 psi to the hydraulic actuator on the stabilized platform. The motor and
controller operate on 440-volt, 3-phase received from normal ship’s power supply. The
temperature switches (not shown) operate the OVERTEMP light on the remote control
panel. Also, a pressure switch in the hydraulic pump discharge line will close at 1200 psi.
If not closed, the pressure switch will de-energize the electronic panel assembly on low
oil pressure. Hydraulic fluid heaters in the oil reservoir maintain the temperature at
approximately 70°F+5°.

Transformer Assembly

The transformer assembly is a weather tight enclosure mounted within 3 feet of the
stabilized platform. An interconnecting cable, which is part of the transformer assembly,
connects the transformer assembly to the GSI. This assembly is located as close as
possible to the stabilized platform. Its purpose is to step down the voltage for the source
light (GSI) from 115 volts ac to 18.5 volts ac.

Glide Slope Indicator Assembly

The GSI assembly consists of two major subassemblies: the mounting base assembly and
the indicator assembly. The indicator assembly is supported in the mounting base
assembly, which is mounted on the stabilized platform. The incoming system cable
connects at the rear of the right-hand heater compartment. The mounting base assembly
provides the means to accurately position the indicator assembly in relation to the landing
pad. The mounting base is then secured in this position by the retractable plunger.
Indicator elevation is controlled by the elevation adjustment knob. The GSI sits in the
trunnions of the mounting base assembly.

Stabilized Platform Assembly

The stabilized platform assembly is mounted to the ship’s deck in close proximity to the
helicopter landing area. This assembly contains a local gyro, gimbaled platform,
hydraulic cylinders, and electrically operated servo valves. More information on the
stabilized platform is given later in this chapter.
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GSI Cell Assembly
The Glide Slope Indicator (GSI) cell is an optical viewing system used to indicate to a
pilot his aircraft approach angle to a landing platform or a ship.

The indication that the pilot sees is a three color display of which only one color (or a
mixing at the interface) is seen.

The cell face acts as a window through which the pilot views the light. The light will be
colored depending on which portion of the window the pilot is looking through (see
Figure 2-10).

g OBSERVERS EYE
- @
LIGHT MASK / HIGH{GREEN - 1.5%)

..——""P ON{AMEBER - 1%)

-u"'-..._b LOW(RED - 6.5%)

h\—l!2.l‘.'..'lLI:IREI:'.t WINDOW

al-x-n o

Figure 2-10.-Simplified Cell Schematic.

Figure 2-10 is a simplified schematic of the cell. The actual cell uses a ground glass
diffuser which evens the light bar intensity. A Fresnel lens (which permits the use of a
shorter cell length) and a lenticular lens to color and spread the light horizontally.
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Figure 2-11 is a simplified functional diagram of the GSI as it appears in the system. The
action of this cell is exactly the same as that described in Figure 2-10.

REFLECTORS (3 FuR)

GLASS DIFFUSER 1)

]

VIRTUAL WAGE
L5 SLITS {

2T B T D N N e o

e 5.7
TII-CULBI‘—/

LENTHC UL AR
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Figure 2-11.-Glide Slope Indicator, Simplified Functional Diagram.

The cell is usually set on a three degree glide slope as its red/amber intersection and it has
a horizontal coverage of forty degrees (see Figure 2-12).
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Figure 2-12.-Viewing zone of glide slope indicator.

2.1.2 Principles of Lenses used in the GSI System

There are two types of lenses used in the optical portion of the Glide Slope Indicator
system: The Fresnel lens and the lenticular lens. A discussion of the principles of the
plano-convex lens is provided so that the physical characteristics of this type of lens may
be compared with the physical characteristics of the Fresnel lens.

PLANO-CONVEX LENS

A plano-convex lens has a plane, or flat surface and a spherical surface. A plano-convex
lens is a positive or collective lens, that is, a lens in which the light rays are collected
together at a focus point and thus form. an image. The radius of the spherical surface of
the lens is known as the radius of curvature.

FRESNEL LENS

The Fresnel lens in this system is a lightweight and relatively thin sheet of transparent
lucite. The refraction of light rays by the Fresnel lens is collective, as in a plano-convex
lens; however. The Fresnel lens differs in configuration from a plano-convex lens, as
shown in Figure 2-13. One surface of the Fresnel lens consists of a number of stepped
facets. These facets are circular, concentric grooves that extend from the center of the
lens to the edges.
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Figure 2-13.-Comparison of Physical Characteristics of Plano-Convex Lens and Fresnel Lens.

The slope of each facet is independent of the slope of all other facets. These slopes are
designed to provide a perfect focus of the light rays which pass through the lens. This
provides an advantage over a plano-convex spherical lens, which causes spherical
aberration of light rays, as illustrated in Figure 2-14. When the rays of light, parallel to
the principal axis of a convex spherical lens, pass through zones near the edge, the
principal focus occurs at a point which is closer to the lens than the focus for rays which
pass through the lens near the principal axis. Therefore, the light rays from a plano-
convex spherical lens tend to scatter. The Fresnel lens can also be formed around a
suitable radius to minimize astigmatism. Astigmatism of a lens is the inability of the lens
to bring all of the light rays from a point on an object to a sharp focus to form the image.

—— PARALLEL
LIGHT
——  RAYS

PLAMO-CONVEX LENS

UNDEFINED FOCAL POINT
A5 RESULT OF SPHERICAL

ABERRATION

PARALLEL
— LIGHT
RAYS
- DEFINED FOCAL
FRESHEL LENS POINT

Figure 2-14.-Comparison of Optical Characteristics of Plano-Convex Lens and Fresnel Lens.
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The optical characteristics of the Fresnel lens will vary with a change in temperature. If
the lens temperature is allowed to vary, three effects will be observed. First, if the
temperature varies, the size of the bar of light near the center of the lens is different from
that which is seen near the center of the lens when the lens is at design temperature. Also,
as the observer moves up or down, the size of the bar of light appears to change as the
image moves from the lens center.

The second effect that will be observed is that the bar will have a more noticeable bend
when the lens is not at design temperature.

The last effect that will be observed is that the vertical field angle is larger when the
ambient temperature is higher than design temperature and smaller when the ambient
temperature is lower than the design temperature (Figure 2-15). To maintain design
characteristics of the Fresnel lens. The lens-heating compartments are maintained at a
temperature which is relatively constant. The Fresnel lens is enclosed in a separate
compartment in which the lenticular lens serves as the front and an optical glass serves as
the back of the compartment. Hot air is circulated in the compartment under thermostatic
control.
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Figure 2-15.-Vertical Field Angle.

2-17
UNCLASSIFIED



Interior Communications Electrician, Volume 2

NAVEDTRA 14121A
UNCLASSIFIED

The GSI cell, unlike its similar cousin the Fresnel Lens Optical Landing System (FLOLYS)
cell, does not require close temperature control; however the heaters and blowers are
necessary to keep condensation from forming on the back of the lenticular lens.

LENTICULAR LENS

A lenticular lens is placed in front of the Fresnel lens. The lenticular lens consists of
many long, convex, cylindrical lenses placed side by side as shown in Figure 2-16. Each
individual lens has the same short focal length. The viewing area of the object is spread
by the short focal length of the lenticular lens. If the object consists of a multiple light
source with spacing between the lights, the object appears to an observer looking into the
lens as a continuous band of light which fills the width of the lens. In the GSI system, the
arrangement of the lens with respect to the source lamps and the physical properties of
the lens cause the source lamps to appear as a common light image 12 inches wide and
approximately 1/2 inch high. The object appears as a continuous hand of light regardless
of the observer's position in the azimuthal range of view of the lenticular lens. The
azimuthal range is the angular position (expressed in degrees) in a horizontal plane in
which a pilot of an approaching aircraft can observe the band of light. The azimuthal
range of the lenticular lens used in the GSI system is forty degrees. The appearance of-the
object height is not affected by the lenticular lens.
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Figure 2-16.-Optical characteristics of Lenticular Lens.
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The lenticular lens in the GSI assembly is manufactured with three different color
segments to eliminate the need for filters and their subsequent light attenuation. The top
segment is colored green, the middle is amber and the large bottom segment is red.
When projected, the resulting glide path has the viewing zone shown in Figure 2-12. The
GSI cell was designed so one inch on its face is equal to one degree of arc. Thus the one
degree amber is one inch on the cell face.

The stowlock assembly provides a means of securing the source light indicator in a fixed
position when the system is not in operation. The stowlock assembly is located directly
below the source light indicator assembly and is secured to the deck-edge boom. The
shipbuilder’s junction box is used as a junction point for various cables of the system, as
are all junction boxes that are a part of the system.

2.1.3 System Operation, Troubleshooting, and Maintenance

The following paragraphs provide information on operating, checking-out,
troubleshooting, and maintaining the SGSI system. We will discuss some of the things
that can be done to keep the SGSI operating efficiently.

When troubleshooting the SGSI system, you should refer to the troubleshooting charts in
the Stabilized Glide Slope Indicator (SGSI) Mk 1 Mod 0 (Incorporating Gyro Failure
Alarm) for Air Capable and Amphibious Assault Ships, NAVAIR 51-5B-2, technical
manual. By using the charts/tables in the technical manual for overall system checkout
procedures, you will know what controls must be set during the performance of the
checkout procedure. These tables also list the location of each control, the necessary
instructions for the proper use of these controls, and the normal indications that should be
observed during the operation of these controls. When an abnormal indication is observed
during the checkout procedures, certain additional procedures must be performed that use
the controls available within the equipment to establish conditions that enable
maintenance personnel to isolate malfunctions with a minimum use of test equipment. By
using these procedures, you can locate the cause of the specific malfunction and perform
the recommended corrective maintenance.

Maintenance is an ongoing process to keep the equipment operating efficiently and
consists of preventive and corrective maintenance. For all maintenance requirements for
the SGSI system, you should refer to the maintenance requirement cards (MRCs). There
are maintenance items to be performed weekly, quarterly, semiannually, and annually.
System maintenance must be performed on a regular basis regardless of use cycle.
Deterioration and/or damage to equipment may result if system maintenance is not
performed regularly. The information given in the following paragraphs is not intended to
replace preventive maintenance cards or the applicable technical manuals. This
information should familiarize you with some of the requirements and procedures to keep
the equipment in top notch operating condition.
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Gyro Alarm Off

If a failure occurs in the error sensing circuitry or if the ship’s gyro information or gyro
reference voltage is not being sent to the SGSI, a ready light cannot be obtained. This will
keep the lamp relay de-energized and not allow the source lamps to illuminate. Operation
in the internal gyro mode is still possible through the activation of the gyro alarm off
switch-indicator on the component panel assembly. Since the gyro alarm off switch-
indicator disables the independent failure detection circuit, a gyro alarm off indicator is
automatically illuminated in both the electronic enclosure and the remote control panel.
Servo error sensing is not affected by activation of gyro alarm off. Depressing the gyro
alarm off push button will activate the ready light and allow the source lamps to
illuminate if no other system problems exist.

Gyro Failure Alarm Circuit Tests
These tests are to be performed once a week when the SGSI is being used for air
operations. These tests will ensure that all failure monitoring circuits are operational.

Vertical Gyroscope

The vertical gyroscope is basically a mechanical device. The essential element of the
gyroscope is a flywheel rotating at high angular velocity about an axis. The flywheel is
mounted within gimbals that allow it two degrees of freedom as shown in figure 2-17.

GYRD SPIN MASS
[FLYWHEEL)

ROLL AXIS

PITCH AXIS

Figure 2-17.-Vertical gyro, simplified schematic.
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When the flywheel of the gyroscope is rotating at high speed, its inertia is greatly
increased. This causes the flywheel to remain stationary within the gyro gimbal structure.

To align the gyroscope flywheel to the local earth gravity vector (downward pull of
gravity) a pendulum sensor is attached under the spinning flywheel. In operation, the
pendulum is held suspended within a magnetic sensor with the magnetic sensor
measuring the difference between the pendulum axis and the spin motor axis.

The sensor output is amplified and used to drive a torque motor that causes the gyro
flywheel to rotate in a direction to reduce the sensor output. In actual operation, the
pendulum sensor is affected by lateral accelerations that cause it to oscillate about true
position.

To correct for this oscillation, the gyro circuit’s time constants are long. The long time
constants cause the gyros flywheel to ignore periodic variations of the pendulum and
align itself to the average pendulum position. Figure 2-18 shows the essential elements of
the gyro.

GYRO OR
INNER GIMBAL (PITCH)
GYRO WHEEL
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OR GIMBAL RING

-~
(RO (‘ TORQUER
LL) _
g < l
_~ "~ PICKOFF
" ERECTION SIGNALS
al _’.}-

VERTICAL REFERENCE SENSOR

Figure 2-18.-Vertical gyro, schematic diagram.
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2.1.4 Cell Alignment
For a pilot to use the SGSI for an accurate landing, the cell (Figure 2-19) must be
properly aligned. There are two adjustments necessary for this alignment. One adjustment

is focusing the cell and the other is setting the beam angle in reference to the GSI base
plate.

PROJECTION
LANP COMPARTMENT SLOWER WOOD
ASSEMBLY

= LENS COMPARTMENT
BLOWER WEATER BAFFLE
ASSEMBLY )

FRESNEL/LENTICULAR
LENS ASSEMBLY

Figure 2-19.-Glide Slope Indicator.

Cell Focusing

As shown in the simplified cell schematic, figure 2-20, you can see that by moving the
light mask into or away from the colored filter changes the sensitivity of the cell. The
sensitivity can be defined as how fast the light bar will appear to move in the cell as an
observer traverses from the bottom to the top of the cell. If the light mask is close to the
colored filter, the sensitivity is decreased and the angle that a viewer would move through
in going from the bottom to the top of the cell is increased. If the light mask is moved
away from the colored filter, the sensitivity is increased and the angular coverage of the
window decreases.
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Figure 2-20.-Simplified cell schematic.
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Thus, the cell can be focused and the sensitivity set by moving the light source and slots
in relation to the colored filter (fig. 2-21). In the GSI cell, the distance from the slots to
the Fresnel lens is 16.8 inches. The cell is calibrated so the 1-inch amber section of the
lenticular lens is exactly 1 degree of arc. A typical cell calibration setup is shown in

figure 2-22.
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Figure 2-21.-Glide slope indicator, simplified functional diagram.

To focus the cell, it must be placed on a level plate and two screens 10 feet (£1/8 inch)
apart must be set up in front of the cell (see fig. 3-18). Turn the cell on and measure the
height of the amber at screen one and subtract it from the height of the amber at screen
two (fig. 2-22). If the cell is properly focused, the difference should be 2-3/32inch+1/8
inch. A dark band will appear between each of the colors due to light scattering at the
interface; this band should be split evenly to obtain height measurements.

0 1/{ P |
o

F— 5-10 L 10 -

SCREEN 1_/

Figure 2-22.-Typical cell calibration setup (overhead view).

2-24
UNCLASSIFIED



Interior Communications Electrician, Volume 2
NAVEDTRA 14121A
UNCLASSIFIED

COLORED
FILTER a2

-~

SCREEN 2 ——

SCREEN 1—¥

R

———————————— 10’ £ 1/8" >

d2 - di = 120" tan 1°=120 (.01746)
d2-di =20052= 2332+ 1/8

Figure 2-23.-Cell focusing measurements.

Beam Angle
The angle of the light beam to the horizon must be accurate and remain constant so a

pilot may maintain a fixed rate to the ship. The glide slope angle is set using the degree
plate on the right side of the cell and is checked on-the platform by means of pole checks
to ensure the proper settings.

At the same time the cell is focused it can be calibrated for proper glide slope. Referring
to figure 2-23, you can see that the same screen arrangement can be used for measuring
the angle of the red/amber inter- face.

Set the baroscope supplied with the system on top of the level plate and mark off a
reference mark on each screen. Adjust the cell glide angle using the knurled knob under
the lamp housing until the difference between the reference mark on the red/amber
interface on screen two is equal to 6-9/32 inches £7/32 inch. Drill and pin the degree
plate so it indicates three degrees.

In this measurement, the cell should project the beam on the two screens and the center of
the dark band between the red and amber filter should be used for all measurements.

The slot through which the light bar is formed determines the size of the light bar as it is
viewed through the cell face. In this system, it is not adjustable.
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2.1.5 Thermal Control

Temperature control of the GSI includes cooling of the projection lamp compartment and
temperature regulation in the lens compartment. These are discussed in the following
paragraphs.

Projection Lamp Compartment Cooling

The three projection lamps used in the GSI generate large amounts of heat when they are
operated at full intensity. Cooling of this compartment is accomplished by a
blower/louver arrangement. A special design louver assembly is located on each side of
the projection lamp shroud; this design allows entry of cooling air while maintaining a
weather seal to keep moisture, dirt, and so on from entering. Cool air is drawn in through
the rear louver by the blower fan, and exhausts through the side louver after absorbing
heat radiated by the projection lamps.

BLOWER MOTOR
AND FAN ASSY

AIR EXHAUST

COOL AlR
INLET

COOL AIR
IHLET
PROJECTION LOUVER
LAMP SHRQUD ASSY

AIR EXHAUST

Figure 2-24.-Projection Lamp Cooling Assembly.
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Lens Assembly Temperature Control

Temperature control of the Fresnel/lenticular lens assemblies is important to prevent lens
distortion fogging, or other environmental reactions. In the GSI, lens temperature control
is achieved by blowers, heaters, and thermal switches.

The temperature control circuits (see figs. 2-25 and 2-26) are used to regulate operating
temperatures in the GSI assembly. When power is applied at the remote control panel,
voltage is applied to the heaters and blowers to the left and right of the lens assemblies.
Blower motors B1 and B2 begin to operate as soon as voltage is applied. Control
thermoswitches S1 and S2 are set at 100 +10°F. To keep this temperature constant,

S1 and S2 open and close as the temperature rises and falls in the GSI assembly. As the
thermoswitches open and close, power is removed from or applied to heaters H1 and H2.
If S1 and S2 fail to open, backup thermoswitches S3 and S4 will open, preventing
damage to the lenses. A simplified schematic of the cell wiring appears in figure 2-25.
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Figure 2-25.-GSI cell, simplified schematic.
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Figure 2-26.-Cell power.

GSI Transformer

The GSI uses three 21-volt 150-watt projection lamps for its light source. This is about 21
amps of current and would cause considerable voltage drop if long cables were used, thus
the transformer assembly is mounted close to the GSI light and uses a fixed length of
cable (10 feet) from the transformer secondary to the GSI cell connector. The system
autotransformer supplying the primary voltage to the transformer is located in the remote
control panel. A simplified schematic is shown in figure 2-26.

2.1.6 Stabilized Platform System

The stabilized platform system is an electrohydraulic served platform used to stabilize the
GSI against the ship’s pitch and roll. This keeps the tricolored GSI light at a fixed angle
to the horizon. The stabilization is termed a one-to-one stabilization system. This means
that for each degree of pitch or roll of the ship, the platform pitches or rolls an equal
amount in the opposite direction. Thus, the platform remains level to the horizon or more
precisely perpendicular to the local earth gravity vector.

Operational Modes
The system has four operational modes: Internal Gyro, Ship’s Gyro, Internal Gyro
Stabilization Lock, and Ship’s Gyro Stabilization Lock.
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2.1.7 SGSI System Normal Operating Procedure

Stabilization from the internal gyro is the normal mode of system stabilization and is
preferred to ship gyro mode because of higher system accuracy and addition of the gyro
failure alarm. The system should always be operated in this mode as opposed to ship gyro
operation unless a system failure prevents it. Operating control is normally conducted
from the remote control panel from which the operator can turn the system on and vary
the intensity of the source light. The system may also be turned on at the electronics
enclosure assembly when the POWER ON/OFF push button is depressed. Adjustment of
the source light intensity, however, can only be adjusted at the remote control panel. The
normal mode is the interred gyro mode, where the gyro acts as the system sensor
detecting any deviations from platform level. In this mode the platform will always
remain level and cannot be offset.

Internal Gyro Stabilization Lock Mode

The internal gyro stab-leek mode disconnects internal gyro signals from the stabilization
loop and locks the platform in a neutral position for test, alignment, and troubleshooting
purposes. The system must be set to internal gyro for internal stab-leek operation.

While in this mode, the test switches and manual drive potentiometer can be operated to
enable insertion of signals independent of the local gyro. This mode enables the operator
to isolate and test various parts of the system while disabling other parts.

Ship Gyro Stabilization Mode

Ship gyro stabilization is provided as an alternative to platform-mounted internal gyro
stabilization. The system should be operated in the internal gyro mode unless component
failure disables that portion of the circuitry since switching to the ship’s gyro reduces
system accuracy. The internal gyro/ship gyro switch-indicator is on the component panel
assembly. A ship gyro indicator on the remote control panel serves to remind system
operators when the alternative stabilization source is in use.

Ship Gyro Stabilization Lock Mode

The ship gyro stabilization leek mode disconnects the ship’s gyro signals at the input to
the gyro signal card assembly and replaces them with ground reference or manual drive
potentiometer signals. This permits check-out and troubleshooting of ship gyro
stabilization and stabilization error detecting circuitry. The internal gyro/ship gyro
switch-indicator on the component panel assembly should be placed in the ship gyro
position to enable the stabilized platform to track manual drive signals. The lamp control
relay extinguishes GSI source lamps while operating in this stab-leek mode.
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Platform Configuration
The stable platform consists of a flat top plate to which the GSI is affixed. The top plate

is attached to the base plate through a universal joint and a center post and is moved by
two hydraulic actuators that are coupled to the top plate with two axis rod ends. The
universal joints and rod ends allow the platform to tilt in two axes. These are designated
pitch and roll to match ship motions for which the platform compensates. Figure 2-27
illustrates the major components of the platform.
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Figure 2-27.-Functional diagram of the stabilized platform assembly.
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2.1.8 Servo Loops

To understand the system operation, you need to have an understanding of feedback
control systems. A feedback control system is a system where an input signal is
compared with the system output and an error signal is generated. This error signal is
then amplified and used to drive the output in a direction to reduce the error.

Assuming the input and output pots are initially equal, then the difference in voltage is
zero and there is no error. If the input command pot is moved, then an error is generated.
The amplifier amplifies the error and drives the power actuator that moves the output pot
in a direction to reduce the error. Thus, in a feedback system, the output can be made to
follow the input. This type of feedback system is often referred to as a servo loop.

The GSI stable platform uses two servo loops in each axis, the gyro loop and the LVDT
loop. In the gyro loop, the gyro is used as an error detector sensing the downward pull of
gravity at its particular location. This is termed earth’s local gravity vector. The gyro
lines itself up with this downward pull and any difference between the gyro case and its
internal reference provides an output. This output is used as an error signal to correct the
platform top to earth level.

The LVDT loop is quite similar to the gyro feedback loop, only the sensor is changed.
Figure 2-28 shows that the LVDT is mechanically connected to the actuator to sense its
position pot. The feedback signal from the LVDT is connected to the error detector. The
LVDT has as its input either zero (stab-lock) or a signal from the manual position pot.
With the manual position pot switched out of the circuit, the input to the error detector is
zero (ground). The LVDT is adjusted so its output is zero when the platform top is level
to its base, thus errors are only generated when the LVDT has an output and these are
amplified and drive the output to zero. In operation, any voltages measured in the servo
loops are small and are proportional to the system error. The complete system servo
feedback loop (single channel) is shown in figure 2-29. This incorporates both the gyro
and stab-lock loops and the switching between them.
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Figure 2-28.-LVVDT servo loop.
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Figure 2-29.-Stabilization circuits, block diagram.
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2.1.9 Operational Amplifiers

Operational amplifiers (op-amps) are used throughout the stable platform system as
amplifiers, oscillators, and comparators. To understand the different circuits, you need to
have a basic understanding of op-amps. An operational amplifier is a high gain (10,000 or
greater), highly stable, dc amplifier. It is used most often to perform analog computer
functions such as summing and integration.

The op-amps used in this system are integrated circuit types using a configuration as
shown in figure 2-30.

+15 SUPPLY
INVERTING -
INPUT
QUTPUT
HONINVERTING +
INPUT
=15 SUPPLY

Figure 2-30.-Op-amp diagram.

An op-amp is a very high gain device, whose output is the amplified difference between
the inverting and non-inverting inputs. If feedback is added, the op-amp will try to keep
the voltage difference between the two inputs near zero.

The most common form of op-amp is the inverting amplifier, as shown in figure 2-31.
With the non-inverting input tied to ground, the inverting input will be close to ground
and is referred to as a virtual ground. The higher the amplifier gain, the closer the point
will be to ground and for all computations it is assumed to be ground. If an input voltage
(Vin) is applied to the circuit of figure 2-31, a current will flow in Rin. The amplifiers
will amplify and invert the current and provide an output voltage. The output voltage will
cause a current to flow in RF that will exactly cancel that flowing through Rin. If the
currents do not cancel, the difference between them will be amplified until they do.
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Figure 2-31.-Inverting amplifier diagram.

Multiple input circuits are similar to the inverting amplifier circuit. The gain of each
input is controlled by its input resistor and the feedback resistor with the inputs added.

No voltage greater than 15 volts should be applied to any pin of an op-amp or damage
will result. The op-amps output is short-circuit protected; thus, shorting the op-amps
outputs will not damage them. Op-amps exhibit three common types of failures: no
output, saturated positive, and saturated negative. A saturated voltage is one that is
maximum for a particular op-amp usually greater than 11 volts. Any op-amp whose
output is greater than 11 volts and does not change with varying inputs may be defective.
Check for large inputs and open feedback resistors before replacing the op-amp.

2.1.10 System Electronics
The GSI system electronics is divided into 13 fictional areas as follows:

Gyro demodulator

LVDT

LVDT demodulator card
LVDT oscillator

LVDT demodulator

Servo amplifiers

Dither oscillator

Error circuit

Gyro alarm circuits

Gyro signal card

Source light failure detector
Power distribution circuits
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Gyro Demodulator

The gyro demodulator is a non-repairable item. The gyro demodulator receives 115-volts
ac, 400-Hz reference signals from stator leads S1 and S3 of the pitch and roll synchros in
the gyro. The demodulator converts the ac synchro signals to dc with the in-phase ac
signal positive and the out-of-phase signal being negative. This type of demodulator is
called a phase-sensitive rectifier. For an in-phase signal, the device behaves as a bridge
rectifier with a capacitor filter to remove ripple.

The internal gyro synchros that feed the demodulator are excited with 26 volts ac, 400 Hz
and have a maximum output between S1 and S3 of 11.8 volts ac at +90° rotation. When
the signals are demodulated by the gyro demodulator, the output is £10 volts dc at £90°
of rotation from horizontal.

Linear Voltage Differential Transformer
The LVDT is an ac electromechanical transducer that converts physical motion into an
output voltage whose amplitude and phase are proportional to position.

In operation, an ac excited primary winding is coupled to two secondary windings by a
moveable core placed between them (fig. 2-32). Displacement of the core from its null
position causes the voltage in one winding to increase, while simultaneously reducing the
voltage in the other winding. The difference between the two voltages varies with linear
position.
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Figure 2-32.-LVDT amplified schematic.
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LVDT Demodulator Card

The LVDT demodulator card supplies a constant voltage ac excitation to the LVDT
primaries and converts the pitch and roll LVDT amplitude and phase signals to a variable
dc voltage. This is accomplished in three separate circuits: the LVDT oscillator and the
pitch and roll demodulators.

LVDT Oscillator

The LVDT oscillator consists of a quadrature oscillator and a power amplifier. The
quadrature oscillator is used to generate a constant-amplitude, constant frequency sine
wave. The power amplifier is a low output-impedance driver used to power the LVDT
primaries and the pitch and roll demodulator diode switches.

To understand the operation of the quadrature oscillator, assume capacitor C3 of figure 2-
33 is initially charged positive. The non-inverting integrator 1C3-1 will charge C1 so its
output goes positive. This positive voltage will cause the inverting integrator IC3-2 to
charge its capacitor C2 and its output will go negative. This negative voltage will
discharge C3. This will continue until C3 is charged negative and then reverse, causing
the circuit to oscillate. The zener diodes clamp the output and stabilize the amplitude so
the output voltage is a stable 6.5 volts ac.

9.1¥ ZENER DIODES

+
131 _E— 132

F = 2.5 KHx
¥V = 6.5 VRMS

Figure 2-33.-LVDT quadrature oscillator.
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LVDT Demodulator

The pitch and roll LVDT demodulator are identical except for their gains. They are called
phase sensitive demodulators. The input to the demodulator is a variable-voltage,
variable-phase signal from the LVVDT. This signal is full-wave rectified and filtered and
its output polarity is positive for signals out of phase with the reference and negative for

signals in phase.

Servo Amplifiers

The pitch and roll servo amplifier circuit cards are identical except for the gains and
servo compensation. Three inputs are summed into amplifier Al: LVDT, gyro/manual
control, and rate gyro. In normal operation, only gyro signals are used. In stab-lock mode,
the LVDT signal is the input with manual control being used for testing. Figure 2-34
shows a schematic diagram of the pitch servo amplifier card.
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Fiaure 2-34.-Pitch servo amplifier card assembly (F102), Schematic diaaram.
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Dither Oscillator
The dither oscillator provides a high-frequency (compared to system response) signal to
the servo valves to keep them in constant motion to prevent sticking at null.

The dither oscillator is a phase shift oscillator. It depends on the phase shifts inherent in
RC networks to shift the phase of the amplifier feedback 180°. This will cause a
sustained oscillation if the amplifier gain is high enough. The gain also determines the
quality of the sine wave.

Error Circuit Card

The error circuit card is used to monitor the pitch and roll servo errors. It allows
monitoring of the gyro’s internal pendulum reference for test purposes. Since the system
is not perfect, servo errors are present. Voltages representing system errors are compared
with a reference voltage that represents the maximum allowed system error. If it is
exceeded the system will go from ready to not ready and turn out the GSI light. System
errors existing during turn-on would trigger a false not ready light. To prevent this, a
delay is included in the error circuit.

A schematic of the error circuit is shown in figure 2-35.
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Fiaure 2-35.-Error Circuit Schematic Diaaram.
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Gyro Alarm Circuits

The SGSI system incorporates an independent failure detection circuit that detects any
failure that will result in a loss of stabilization. It does this by comparing an input from
the ship’s gyro with the output of the platform LVDT. When the system is operating
correctly in the internal gyro mode, the output of the LVVDTSs is directly proportional to
the ship’s motion. If the ship’s motion from the LVDTSs is out of phase (reverse polarity)
to the ship motion from the ship’s gyro, the two will cancel. Any voltage left over from
the summation will be the error between the ship gyro and the platform. The error is
compared against a preset limit, and if it exceeds this limit the platform error relay is
tripped. The ship gyro input is required for the gyro alarm and is also used for ship gyro
stabilization and for the rate lead. The rate lead circuits are used to reduce velocity lag of
the platform and increase system dynamic accuracy. In the ship gyro stabilization mode,
the system operates at a reduced accuracy due to null errors and LVDT linearity error.
Therefore, the ship gyro mode is to be used as a backup mode only. Figure 2-36 shows a
simplified diagram of the gyro alarm circuits.
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The gyro alarm failure alarm circuit can be disabled by pushing the gyro alarm OFF push
button. This supplies +15 volts dc to one side of the error relay and effectively
disconnects the gyro failure alarm circuits. In addition an interlock circuit prevents
unwanted platform oscillation when the alarm circuit is not actuated.

Gyro Demodulator Board

The gyro demodulator board contains a synchro to dc converter and a gyro error detector
circuit. The F110 and F111 are identical cards: one is used in the pitch channel and the
other in roll. The synchro to dc converter is a sealed module not repairable by shipboard
personnel.

Gyro Error Detector Circuit

The gyro error detector circuit consists of a precision full wave rectifier, a filter, a voltage
comparator, a transistor, and a relay. The input signal to this card is the summation of the
ship’s gyro and the platform LVDTs.

Gyro Signal Card Assembly

The gyro signal card (F106) amplifies and sums the demodulated pitch and roll synchro
signals from the ship’s gyro with the platform LVDT outputs. It also provides offset
adjustments to make up for any difference in alignment between the ship’s gyro and
platform. In addition, rate lead signals are derived by differentiating the ship gyro signals.

Source Light Failure Detector

The source light failure detector is a circuit that monitors the voltage and current going to
the three source lights. When one or more of the source lamps fail, the source light failure
indicator on the remote panel is illuminated.

Power Distribution Circuits

The system requires two power sources from the ship 440-volts ac, 60-Hz, 2.7-amp
power for the pump and 115-volts ac, 60-HZ, 15-amp power for the rest of the system. In
standby (system circuit breaker on), the system heaters and standby lights are on. When
the POWER ON push buttons are depressed, the internal power supplies are energized
except for the £15 volts dc. The £15 volts dc supply is energized after the time delay
relay has timed out, the hydraulic pump is running, and system hydraulic pressure is
normal. Then, the hydraulic pressure switch is actuated.
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2.1.11 Hydraulic Components

The SGSI system uses hydraulic pressure for motive power. A constant-pressure,
variable-delivery hydraulic pump supplies hydraulic pressure. Pressure fluctuations are
dampened by accumulators. The fluid is gaited by servo valves into either side of the
hydraulic cylinders. The fluid pressure then causes the cylinders to move the platform.

The hydraulic system is sensitive to dirt and other contaminants. Therefore, care must be
used when adding fluid or opening any part of the hydraulic system.

Refer to the hydraulic pump assembly shown in figure 2-9 when studying the following
paragraphs.

Hydraulic Accumulator

The hydraulic accumulators used in this system are steel cylinders with internal rubber
bladders. Before putting the accumulators in service, the bladders are pressurized with
dry nitrogen to 700 psig for the high--pressure accumulator and 38 psig for the low-
pressure accumulator.

When hydraulic pressure is applied, the accumulator fills with fluid and the bladder is
compressed until the dry nitrogen charge pressure equals that of the hydraulic system. In
this system, it is 1400 psig. Because of the bladder compression, the accumulator will
absorb pressure fluctuations and prevent hydraulic hammer. If the system momentarily
requires a higher flow than the pump will supply, the accumulator will provide it and be
recharged when the demand has passed.

Hydraulic Cylinder

The hydraulic cylinders used in this system are linear actuators. Hydraulic fluid gated by
the servo valve will push the piston in either direction. The hydraulic pressure exerted by
the piston is 1400 psig in extension and 700 psig in compression. Extreme care must be
exercised when working on the system due to the amount of force available.

The cylinder is an inherently reliable device requiring little maintenance in normal use.
However, the only required maintenance is cleaning dirt and grit off the actuator rod and
tightening the packing gland nut if a leak develops. Do not over tighten the gland nut or
the packing will bind on the rod, causing the cylinder to chatter in operation. If cylinder
replacement becomes necessary, the defective cylinder must be returned through supply
charnels for overhaul.

System low-amplitude vibration, or chatter in some cases, may be traceable to cylinder
internal binding; in which case the cylinder should be replaced.
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Servo Valve
Servo valves are commonly used in closed-loop servo systems. They control the flow of
fluid to or from the load actuator in proportion to the impact current signal to the valves’
torque motor.

Hydraulic Pump

The hydraulic pump used in this system is a constant-pressure, variable-delivery pump. It
is similar to a constant voltage source in which current will vary upon demand. Referring
to figure 2-9, hydraulic fluid is gravity fed from the reservoir to the pump unit through
the pump case fill piping to ensure that the pump case is full at all times, thus keeping air
out of the line. The motor-driven pump draws fluid through a suction strainer, located in
the reservoir, into the pump where it is pressurized to 1400 psi and applied to the
hydraulic pressure line. A fluid flow filter removes solid impurities greater than 3
microns in size. In the event the filter becomes clogged, it is bypassed. The filter output
then flows past the pressure gauge, the pressure switch, and the bypass valve. The
pressure gauge should indicate 1400 psi in normal operation, and the pressure switch
should be closed for pressures above 1200 psi. The bypass valve is normally closed and
will open only if the pressure exceeds 1800 psi.

If the pump is operating normally, the bypass valve will be closed and the fluid will flow
through the check valve and out the gate valve to the system. The check valve is a one-
way valve. The fluid returning from the system flows through the return gate valve and
check valve into the reservoir. The return check valve only allows fluid to flow in one
direction and requires 75 psi of pressure before it will open. This maintains the return line
pressure at 75 psi.

For the pump, heater, and overtemperature switch to operate properly, the fluid reservoir
must be properly filled. Too little fluid may actually cause the pump to overheat.

Pump Motor Contactor

The motor controller usually has 440 volts ac applied to it. The pump is actuated by
applying 115 volts ac to the motor controller relay. The pump motor is protected by
thermal overloads, located in the motor controller. A thermal overload is a relay that is
actuated by heat. Motor current flows through a low-value resistor, generating a small
amount of heat. If the current increases beyond a specified value (3.7 amps), the heat
generated will melt a solder bond on a ratchet wheel, which holds back a spring-loaded
relay. This will cut the pump power by opening the circuit to the motor control relay. The
thermal relay should then be allowed to cool before pushing the reset button on the pump
controller.
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The pump motor is factory wired for 440-volts ac operation and should not be changed as
the motor controller current limits are set for 440-volts ac operation.

Hydraulic Fluid Heater

The fluid heater is a 175-watt immersion-type heater. The fluid must be kept at
approximately 70°F or greater to prevent it from becoming too viscous and causing servo
errors. The heater is a Calrod type with a built-in thermostat. The thermostat is normally
factory set but may be adjusted if necessary. To adjust the heater, unscrew the cover plate
by turning counterclockwise and use the internal screwdriver adjustment to set the
temperature. It will take about a half hour for the temperature to stabilize.

Overtemperature Switch

The overtemperature switch is a mechanically adjustable immersion-type thermoswitch.
It is used to indicate overheating of the pump oil. It does not indicate a direct failure. In a
warm environment of approximately 85°F the oil temperature will be about 120°F. An
increase in oil temperature will most likely be due to increased fluid viscosity or a
clogged pump filter. If this is the case, the pump should be drained and flushed with
warm water, and the fluid and filter replaced.

Hydraulic Pressure Switch

The hydraulic pressure switch is a single-pole, double- throw, pressure-actuated switch. It
IS used to turn on the system electronics when there is enough pressure to stabilize the
system. It is normally set to actuate at 1200 psi.

The pressure switch is adjusted by turning the label until the inner body is exposed. It can
be turned with a screwdriver or other instrument inserted in the inner body holes. The
pressure switch setting is decreased by turning the inner body counterclockwise as
viewed from the connector end.

The hydraulic pressure switch is a non-repairable item that must be replaced if it is not
operating properly.

2.2.0 HORIZON REFERENCE SET (HRYS)

The Horizon Reference Set (HRS) is normally maintained by the Ship’s Electrician
Mates. This brief discussion is provided due to the HRS’s interface with various IC
systems.

2-45
UNCLASSIFIED



Interior Communications Electrician, Volume 2

NAVEDTRA 14121A
UNCLASSIFIED

2.2.1 Helicopter/Ship Interface
Air capable ships usually include a flight deck and hangar enclosure at the aft end. The
flight deck accommaodates helicopters but with minimum all-round clearance.

When the helicopter is hovering above the flight deck prior to landing, the helicopter
pilot might experience considerable judgment difficulties. These are due to the rolling
and pitching motions of the ship. Therefore, these flight deck facilities are frequently
expanded to include a Horizon Reference Set (HRS) and a Recovery Assist, Secure and
Traverse (RAST) System.

The HRS is incorporated in the hangar and flight deck locations of air-capable ships. The
HRS consists of three separate units, shown in Figure 2-37. They function together to
provide a stable, external, visual, horizon reference as a pilot aid during helicopter deck
landings. The reference is in the form of a horizontal bar assembly fitted with
electroluminescent panels along its full length. The HRS is of significant importance to
level flight: especially during inclement weather; at night when the true horizon is
obscured; and whenever the flight deck is rolling.

The other component associated with flight deck landings is the RAST system. The
RAST system is incorporated in the flight deck of helicopter-equipped ships. The
recovery assist portion of the system enables the ship's helicopter to land safely on the
flight deck particularly during adverse weather conditions. It also secures the helicopter
after landing. This prevents equipment damage during extreme movements of the ship.

Shipboard helicopters are modified to utilize the shipboard RAST system. Helicopter
modifications include a main probe and messenger winch, a retractable tail probe, and
associated pilot controls.

When the helicopter lands, it is imperative that the recovery takes place at the same
location every time. During the ship's forward motion and particularly during adverse
weather conditions, when the ship is subjected to violent rolling and pitching motions, the
RAST system assists in aligning the helicopter during descent.

During the final approach to landing and when the helicopter is tethered to the ship while
hovering, level flight must be maintained. The horizon reference is located on the hangar
structure. There it can be observed during the pilot's visual structure clearance scan.

The HRS requires two sources of ship's power to energize it. These supplies are
connected to the Electronic Components Assembly (ECA).
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The roll angle of the lamp panel and bar assembly (LPBA) is derived from a synchro
signal. This signal is obtained from the ship's vertical gyro reference system. The input
signal is connected to the ECA.

Contol-Indicator (CI), Unit 1

Electronioc Components Assembly (ECA), Unit 2
Indicator, Stabilization Data (ISD), Unat 3

Lamp Panel and Bar Assembly (LPBA)

Warning Lamp

(W SO R O I

Figure 2-37.-Horizon Reference Set.
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2.2.2 Safety Features
The HRS is equipped with an automatic fault detection .system which:

a. lights a red warning lamp if the horizon reference is faulty;
b. moves the LPBA to the 00 roll position, if possible, if a fault occurs;
c. shuts down the system.

The HRS shuts down in anyone of three modes. These modes depend upon either the type
of fault condition or if the shut-down is initiated by the operator. The specific shut-down
modes are:

Soft. This mode results in the LPBA returning to the 00 roll position, if possible, before
being locked by the brake. The electroluminescent lamps on the LPBA are turned off
immediately. The warning lamp is lit immediately. This mode occurs if there is > 20
difference between the true horizon and the LPBA reference. The> 20 difference must
have been sustained for 2 seconds and within the normal operating roll angle limits of the
LPBA.

Hard. This mode results in the LPBA being locked by the brake in its present position.
The electroluminescent lamps are turned off immediately. This mode occurs if there is a
partial or complete failure of the external 400 Hz power, internal DC power supplies or
input gyro reference signal. For these failures, the warning lamp lights immediately. A
hard shut-down can also be initiated by the operator. This is accomplished by pressing
the RESET push-button on the active control station. In this case, the warning lamp does
not light.

Normal. This mode results in the LPBA returning to the 00 roll position before being
locked by the brake. The electroluminescent lamps are turned off immediately. The
warning lamp does not light. This mode is initiated by the operator when the STOP
pushbutton is pressed on the active control station.

2.2.3 Equipment Description
The HRS comprises three separate units interconnected electrically:

a. Indicator, Stabilization Data (1SO).
b. Control-Indicator (CI).

c. Electronic Components Assembly (ECA).
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2.2.4 Indicator, Stabilization Data (I1SD)
The 1SO comprises three sub-units: the housing, the LPBA and the warning lamp. They
are located centrally on top of the hangar structure at its aft end.

Housing. This unit contains the electromechanical drive. The drive positions the LPBA
so that it remains parallel to the natural horizon. The electrical control system rotates the
LPBA in the direction which counteracts the roll of the ship to provide the true horizon
reference. The unit includes monitoring sensors which measure the LPBA roll angle
relative to the housing.

The unit also includes electrical limit switches. These switches drive the LPBA back into
its roll operating range if the electronic limits fail. Mechanical stops in the unit prevent
the LPBA from hitting the ship's superstructure if the electrical limit switches fail. The
unit also supports the warning lamp which indicates system failure. The housing is
mounted on a pedestal. This allows clearance for the LPBA to travel through its complete
operating arc (approximately + 40° from the horizontal) without hitting the
superstructure.

Lamp Panel and Bar Assembly (LPBA). The gyro-stabilized LPBA which is 10ft long
provides a visual horizon reference for the helicopter pilot. The bar provides a stable
external horizon reference continuously to the pilot of the helicopter which is
approaching and landing on the flight deck. This is desirable, particularly at night. The
bar is illuminated throughout its length by green, electroluminescent panels. The
illuminated bar is visible in the same plane of vision as seen by the helicopter pilot when
conducting the normal obstruction clearance scan. Bar rotation is defined as cw or ccw
when facing the electroluminescent panels.

When the bar is parallel to the ship's deck, it is referred to as being in the 0° roll position.
It should be noted that the horizon reference applies only to the lateral roll axis of the
ship. The horizon bar provides a reference of the true horizon which is independent of the
ship’s rolling motion. The bar does not provide a reference for judgment of the ship's
pitching motion or pitching of the helicopter. Furthermore, although the true horizon
reference is provided continuously, the bar and housing are secured to the ship's structure.

Therefore, they are not restrained from movement (i.e. displacement) in the ship's rolling
plane. The pitching and displacement motion of the ship occurs at a much slower
frequency than the roll. Therefore, these motions do not impact helicopter operation
significantly.
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Warning Lamp. The warning lamp is attached to the top of the housing. It consists of six
incandescent lamps covered by a red lens. The warning lamp lights to warn the pilot of an
approaching helicopter if there is a fault in the HRS.

2.2.5 Control-Indicator (CI)

The CI contains HRS power and operating controls, and also status indicators. These
controls and indicators are duplicated in the ECA however the CI has primary control
with override capability. The Cl is located in the vicinity of the helicopter control station.

2.2.6 Electronic Components Assembly (ECA)

The ECA contains all the electronic servo control circuitry, primary power, signal and
operating controls and adjustments. Its principal function is to provide electrical signals
to drive the bar assembly to the correct roll position. The ECA is located typically in the
flight control area.

2.3.0 WAVE-OFF LIGHT SYSTEM FOR AIR CAPABLE AND AMPHIBIOUS
AVIATION SHIPS

This section contains information describing each assembly of the Mk 1 Mod 0 Wave-off
Light System (Figure 2-38). Information is also provided which will enable operating
personnel to prepare and operate the Wave-off Light System. The information provided
in this section is presented under the following topics:

1. Purpose of Wave-off Light System.

2. Physical description.

3. Operating instructions.
2.3.1 Purpose of Wave-Off Light System
The Wave-off Light System is an electronic system designed for use on aviation facilities
ships. Two wave-off lights are installed one on each side of the stabilized platform. These

wave-off lights provide a visual indication, which when flashing, informs the helicopter
pilot that he is to abort the landing attempt and initiate a new landing approach.

2-50
UNCLASSIFIED



Interior Communications Electrician, Volume 2
NAVEDTRA 14121A
UNCLASSIFIED

ITEM UNIT

NO. NOMENCLATURE DESIGNATION
1 MASTER CONTROL PANEL ASSEMBLY G100
2 REMOTE PANEL ASSEMBLY (2) G200-G200A
3 JUNCTION BOX ASSEMBLY G400
4 WAVE-OFF LIGHT ASSEMBLY (2) G500-G500A

Figure 2-38.-Wave-Off Light System.
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2.3.2 Physical Description
The assemblies that comprise the Wave-off Light System together with their unit
numbers are as follows:

1. Master control panel assembly (G100)

2. Remote panel assembly (G200, G200A)

3. Junction box assembly (G400)

4. Wave-off light assembly (G500, G500A)

2.3.3 Technical Characteristics
The technical characteristics of the Wave-off Light System are listed in Table 2-1.

MODE CHARACTERISTIC

Light Intensity Adjustable from a variable minimum brightness to
100%.

Flash Rate Variable rate at 50% duty cycle. Preset at 90
flashes/min.

Wave-Off Initiation Activated with flash indication from the master
control panel and remote panels.

Wave-Off Monitor A “positive” indicator, sensing voltage to the lamps,
flashes when the wave-off lights are operable.

Table 2-1.-Technical Characteristics.

2.3.4 Input Power Requirements

The power required to operate the Wave-off Light System is supplied from the ship's
emergency power supply. The amplitude and frequency of the 115-volt, 60Hz, 7.5ampere
source (ungrounded) must be regulated to within 10 percent.

2.3.5 Master Control Panel (G100)

The master control panel (Figure 2-39) is signal processing, distribution, and control
center for the Wave-off Light System. The panel has a removable cover which protects
the panel controls from moisture and dirt.

Lowering the panel face plate provides access to the card cage assembly, which holds the
monitor, flasher/driver and extender cards, the step-down transformer (115/55 vac), and
the terminal boards used for system interconnecting wire terminations.
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Figure 2-39.-Master Control Panel Assembly (G100).
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2.3.6 Remote Panel Assembly (G200, G200A)

There are two remote panels (see Fig. 2-38) used in the wave-off system. The panels are
identical except the lone located at the Helo Control Station (G200A) has a moisture and
dust-proof removable cover. Figure 2-40 describes the function of the remote panel
controls and indicators.

Removal of the panel face plate provides access to the dimmer board assembly and the
terminal board used for system interconnecting wire connections.

] | INTENSITY ! I

| o WAVE-OFF SYSTEM I
| REMOTE MaMEL l!!lﬂll.i |

ITEM NOMENCLATURE/
NO. TYPE COMPONENT FUNCTION
1 SYSTEM ON/WAVE-OFF/SWITCH Switch is illuminated green when main power is applied
Indicator Assembly at master control panel. WAVE-OFF red lights are
illuminated when any switch is depressed and wave-off
is detected by the monitor circuit.
2 INTENSITY/Potentiometer Adjusts intensity of SYSTEM ON/WAVE-OFF indicator
assembly.
3 F1-1/2 AfFuse Protects 28 vde inpul circuit agzinst overloads.

Figure 2-40.- Remote Panel (G200 and G200A) - Controls and Indicators.
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2.3.7 Junction Box Assembly (G400)

The junction box assembly (see Fig. 2-38) is a moisture and dust-proof unit which
provides a means to connect the cable from the master control panel with the wave-off
light cables. It is located with the wave-off light assemblies.

2.3.8 Wave-Off Light Assembly (G500, G500A)

The wave-off light assemblies (see Fig. 2-38) are identical units, which are installed one
on each side of the stabilized platform. System interconnecting cabling connects to each
light by way of a connector located at the rear of each lamp housing. This connector has a
cover, attached with a retaining chain, which is used to prevent moisture and dirt from
entering the connector when the interconnecting cable is not attached.

2.3.9 Operating Instructions
Information is provided for operating the Wave-off Light System in normal and remote
operational mode. This information is presented under the following topics:

1. System controls, indicators, and fuses.

2. Safety precautions.

3. System initial control settings.

4. System turn-on procedure.

5. System normal and remote operation modes.

6. System turnoff procedure.
2.3.10 System Controls, Indicators and Fuses
The information necessary to familiarize personnel with the operating controls,
indicators, and fuses is presented in Figures 2-41 and 2-40. The information provided in

these figures and tables will enable personnel to locate, identify, and understand the
function of each component listed.
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Figure 2-41.- Master Control Panel (G100) - Controls and Indicators (Sheet 1 of 2).
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Incandescent lamp assembly
F/O Wave-oft Command
ocation)

ITEM
NO. NOMENCLATURE FUNCTION
1 Incandescent Lamp Provides panel illumination
2 REMOTE OVERRIDE SWITCH, Disables all remote assemblies from initiating a wave-oft.
SPST toggle switch
3 SYSTEM ON/Incandescent lamp Lights when main power is turned on at system circuit
assembly (4 lamps) breaker
4 SYSTEM CIRCUIT BREAKER/ Applies 115 vac, 60 Hz 1o ship's emergency power to
DPST circuit breaker the wave-off system,
& FLIGHT CONTROL-DECK/ Flight control section lights when a wave-off i$ initiated
Incandescent lam assemblﬁn at the flight control station. Deck section lights when
(P/O Wave-off Command Locarion) a wave-off is initiated from the portable switch.
NOTE
Portable switch not available after
incorporation of SGS! and WOLS
S5/C 32, Rev A
6 WAVE-OFF SWITCH/ Initiates a wave-off command when depressed and
Switch indicator assembly internal red lamps light to indicate a wave-off. Swilch
is normally illuminated green.
7 PANEL ILLUMINATION/ Adjusts intensity of panel illumination.
Potentiometer
8 F4 2 AMP/Fuse Protects 28 vdc power supply against overloads in panel
illumination circuits.
9 F3, 1/2 AMP/Fuse Protects 28 vde power supply against overloads in re mofe
wiave-off control circuits.
10 F2, 1 AMP/Fuse Protects 28 vde power supply against overloads in remote
panel illumination circuits
11 F1, 1 AMP/Fuse Protects 28 wdc power supply against overloads in
maonitor circuits.
12 WAVE-OFF INTENSITY/ Adjusts intensity of wave-off lights.
Potentiometer
13 MASTER PANEL/BRIDGE/ Master panel section lights when a wave-off is initiated

at the master control panel. Bridge section lights when
a wave-oft s initiated at bridge remote panel.

NOTE

Wave-off initiated from bridge remote
Panel is not available after incorporation
of SGSI and WOLS 5/C 32, Rev A.

Figure 2-41.- Master Control Panel (G100) - Controls and Indicators (Sheet 2 of 2).
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2.3.11 Safety Precautions
The safety precautions given in the following warning are to he strictly adhered to by all
personnel coming in contact with the wave-off system.

WARNING
Voltages which are dangerous to life are used in the Wave-off Light System. Before
applying power to the Wave-off Light System, all covers and panels must he secured.

2.3.12 System Initial Control Settings
Information concerning the proper initial control settings and the preferred order in which
to make these settings is provided in Table 2-2.

ASSEMBLY CONTROL POSITION
Master Control SYSTEM CIRCUIT BREAKER | OFF
Panel (G 100) REMOTE OVERRIDE SWITCH | Normal
WAVE-OFF INTENSITY Set at 50%

PANEL ILLUMINATION

Full CW (maximum intensity)

Remote Panel INTENSITY

(G200 and G200A)

Full CW (maximum intensity)

Table 2-2.- System Initial Control Settings.

2.3.13 System Turn-On Procedure
The system turn-on procedure, which is performed after the controls are initially set, is
accomplished by following the steps as outlined in Table 2-3.

2.3.14 System Normal and Remote Operation Modes

At the completion of the turn-on procedure, as described in Table 2-3, the Wave-off Light
System is in the normal mode of operation. In the normal mode of operation, wave-off
may be initiated from | anyone of three locations. They are: master control panel and
remote panels (G200 and G200A).
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STEP

ASSEMBLY

CONTROL SETTINGS
AND INSTRUCTION

NORMAL INDICATION

Master Control Panel
(G100).

Place SYSTEM CIRCUIT
BREAKER in ON position.

SYSTEM ON indicator lights.
Panel illumination lamps light.
At Remote Panel G200 and
G200A:

SYSTEM ON indicator lights.

Press WAVE-OFF SWITCH.
NOTE

Prior to incorporation of SOSI and

WOLS SIC 32, Rev A, wave-off

may he initiated from either of the

remote panels, not available after

this SIC is incorporated.

Master panel WAVE-OFF
indicator flashes.
NOTE

When wave-off is initiated from
either the remote panels or the
portable switch, the respective
location indicator on the master
control panel will illuminate.
At Wave-off Light:

Wave-off lights flash.
At Remote Panel:

WAVE-OFF indicator light
flashes.

3 Adjust WAVE-OFF INTENSITY | At Wave-off Lights:
control Wave-off lights vary intensity
4 Press wave-off switch Wave-off lights will extinguish.

Table 2-3.- System Turn-On Procedure.

The remote override mode of operation is used when wave-off initiation from a remote
location is to be prevented or overridden. To place the system in the override mode of
operation, raise the switch guard on the REMOTE OVERRIDE SWITCH (2, Figure 2-
41) and place switch SW2 in the "UP" (override) position.

The remote panel wave-off switches are now out of | the circuit; however, wave-off may
still be initiated from the master control panel.

To remove the system from the remote override mode, press switch SW 2 "DOWN™" and
lower the switch guard.
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2.3.15 System Turnoff Procedure
When helicopter operations are complete, refer to the following for proper Wave-off
Light System turnoff procedures.

1. Remove wave-off system from the flash mode by pressing the wave-off switch
that originally initiated the wave-off.

NOTE
The switch which initiated the wave-off will be indicated by its respective
indicator on the master panel.

2. Place the SYSTEM CIRCUIT BREAKER on the master control panel in the
"OFF" position.

2.4.0 WAVE-OFF LIGHT SYSTEM MK 1 MOD 0 FOR LAMPS MK 111
EQUIPPED SHIPS

The wave-off system for LAMPS MK 111 equipped ships functions fundamentally the
same as the Mk 1 Mod 0 described in the previous section. However, there are subtle
differences which are described in this section. The primary difference is the interface
with other shipboard systems. (For an overall system illustration, see figure 2-42.)

2.4.1 Interface with other Systems

The Wave-off Light System MK 1 MOD 0 is interfaced with the Flight Deck Status and
Signaling System (FDSSS) and Recovery Assist, Secure, and Traverse (RAST) Systems.
The Deck Status Lights are also tied in with the overall operation. See block diagram
figure 2-43. The Wave-off Light System Master Control Panel is interconnected to the
FDSSS Interface Control Unit.

The Wave-off Light System and the FDSSS System are installed aboard air capable ships
equipped for LAMPS Mark 111 operations. The FDSSS System enables the Helicopter
Control Officer (HCO), at the Helicopter Control Station (HCS), to request and receive
launch and recovery authorization from the Bridge and/or CIC. The FDSSS also
incorporates control of the deck status lights at the (HCS) and provides status indications
at the Bridge and CIC. Capability 10 control the wave-off lights via the Wave-off Lights
System is incorporated in all units, except from the bridge and/or CIC units.
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ITEM UNIT

NO. NOMENCLATURE DESIGNATION
1 MASTER CONTROL PANEL ASSEMBLY G100A
2 JUNCTION BOX ASSEMBLY G400
3 WAVE-OFF LIGHT ASSEMBLY (2) G500-GE00A

Figure 2-42.- Wave-off Light System MK 1 MOD 0 for Lamps MK 111 Equipped Ships.
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Figure 2-43.- Wave-off Light System and interface - Block Diagram.

The FDSSS consists of an Operations Request Panel located at the Helicopter Control
Station (HCS); two (2) Response Panels, one each located at the Bridge and CIC and an
Interface Control Unit. Location of the Interface Control unit is at an accessible
convenient location, central to Response Panels, Operations Request Panel, and Wave-off
Light System Master Control Panel. Selection and request of an operating function may
also be originated by the Landing Signal Officer (LSO) at the RAST Control Station. The
FDSSS, RAST, and Deck Status Light are not considered to be components of the Wave-
off Light System described in this section and are assumed to be installed aboard all
LAMPS MK 111 equipped ships.
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2.4.2 Principal of Operation

The Wave-off Light System indicates when a dangerous or potentially dangerous
situation exists and the helicopter should abort its approach. The wave-off lights are
installed on either side of the stabilized glide slope indicator and located parallel to the
approach line on single-approach ships. The wave-off lights flash at 90 flashes per minute
and are variable in intensity. In addition to providing the lamp flasher, a monitor circuit is
incorporated into the system. It senses wave-off lamp voltage and wave-off command
locations. This information is then displayed on the master control panel. Additionally,
the wave-off indications are transmitted to the FDSSS and RAST Control Panel.

The monitor card receives all the wave-off commands from the FDSSS and RAST
Control Panel and drives Master Control Panel lamps to indicate which switch was
pushed. It also drives the panel dimmer, provides a wave-off output to the flasher/driver
card, senses voltage across the wave-off lamps, and provides a positive indication of a
wave-off at all panels.

Because of the interrelationship of the Wave-off Light System with the FDSSS, RAST,
and Deck Status Light, pertinent interface data is included.

2.4.3 Wave-Off Light System Controls, Indicators and Fuses

Controls, indicators, and fuses located on the Master Control Panel (G100A) are shown
and listed in figure 2-44. This information will enable maintenance personnel to locate,
identify, and understand the function of the Wave-off Light System.
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Figure 2-44.- Master Control Panel (G100A) - Controls and Indicators (Sheet 1 of 2).
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ITEM
NO.

Lh

10

11

12

13

NOMENCLATURE
Incandescent Lamps (DS-1 to DS-4).

REMOTE OVERRIDE SWITCH, SPST toggle
switch (SW-2)

SYSTEM ON/Incandescent lamp assembly (4
lamps) (DS-53).

SYSTEM CIRCUIT BREAKER/DSPT circuit
breaker (CB-1).

HELO CONTROL - RAST STA/DECK
Incandescent lamp assembly (DS-7) (P/O
Wave-off Command Location)

WAVE-OFF SWITCH/Switch indicator
assembly (SW-1/DS-8).

PANEL ILLUMINATION, Potentiometer
(R-2).

F4. 2 AMP/Fuse

F3. 1/2 AMP/Fuse

F2, 1 AMP/Fuse

F1.1 AMP/Fuse

WAVE-OFF INTENSITY. Potentiometer

(R-1)

CIC/BRIDGE/Incandescent lamp assembly
(DS-6) (P/O Wave-off Command Location)

FUNCTION
Provides panel illumination.

Disables all remote assemblies from initiating a
wave-off.

Lights when main power 1s turned on at System
Circuit Breaker.

Applies 115 vac, 60 Hz, single-phase, ship’s
emergency power to the Wave-off System.

Flight Control section lights when a wave-off
15 mitiated at the flight control station. Deck
section lights when a wave-off 1s 1nitiated from
the Portable Switch.

Initiates a wave-off command when depressed;
internal red lamps light to indicate a wave-off.
The switch 1s normally illuminated green.

Adjusts intensity of panel illumination.

Protects 28 vde power supply against overloads
in panel 1llumination circuits.

Protects 28 vde power supply against overloads
in remote wave-off control circuits.

Protects 28 vdc power supply against overloads
1n remote panel illumination circuits.

Protects 28 vdc power supply against overloads
11 MONItor CIrcults.

Adjusts intensity of wave-off lights.

Master Panel section lights when a wave-off 15
initiated at the Master Control Panel. Bridge
section lights when a wave-off is initiated at
the Bridge Remote Panel.

Figure 2-44.- Master Control Panel (G100A) - Controls and Indicators (Sheet 2 of 2).
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2.4.4 Safety Precautions
The safety precautions given in the following warning are to be strictly adhered to by all
personnel coming in contact with the wave-off system.

WARNING
Voltages which are dangerous to life are used in the Wave-off Light System. Before
applying power to the Wave-off Light System, all covers and panels must be secured.

2.4.5 Wave-Off Light System Operation
INITIAL CONTROL SETTINGS Information concerning the Wave-off Light System

initial control settings and the preferred order in which to make these settings is provided
in table 2-4.

STEP CONTROL POSITION

MASTER CONTROL PANEL (G100A)

1 SYSTEM CIRCUIT BREAKER (CB-1) | OFF

2 REMOTE OVERRIDE SWITCH (SW-2) | Normal

3 WAVE-OFF INTENSITY (R-1) Set at 5 (Midpoint)

4 PANEL ILLUMINATION (R-2) Set at 10 (Full clockwise, for max.
intensity)

Table 2-4.- Wave-off Light System -Initial Control Settings.
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TURNON PROCEDURE The Wave-off Light System turn-on procedures, performed
after the controls are initially set, is accomplished by following the steps outlined in table

2-5. The system is then ready for operation.

STEP | CONTROL SETTINGS AND NORMAL INDICATION
INSTRUCTIONS
Master Control Panel (G100A)
1 Place SYSTEM CIRCUIT SYSTEM ON indicator lights
BREAKER in ON position.
Panel illumination lamps light
2 Press WAVE-OFF SWITCH Master Control Panel WAVE-OFF
indicator flashes
NOTE NOTE
Wave-off may also be initiated from When wave-off is initiated from a
FDSSS and RAST systems. point other than the Master Control
Panel, the respective location indicator
on the Master Control Panel will
illuminate.
Wave-off Lights (G500 and
G500A) flash
3 Adjust WAVE-OFF INTENSITY Wave-off Lights (G500 and G500A)
control. vary intensity.
4 Press WAVE-OFF SWITCH Wave-off Lights extinguish.

Table 2-5.- Wave-off Light System -Initial Control Settings.

2.4.6 Normal and Remote Operation Modes

Normal Operation Mode At the completion of the turn-on procedure, the Wave-off

Light System is in the normal mode of operation. When in the normal mode of operation,

wave-off may be initiated from any one of following locations:

a. Master Control Panel (G100A) at the HCS.

b. FDSSS Operations Request Panel at the HCS.

c. RAST Control Console at the LSO Station.
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Remote Override Mode When the remote override mode of operation is used, wave-off
initiation from a remote location is prevented or overridden. To initiate the override
mode, lift the switch guard on the REMOTE OVERRIDE SWITCH (2, figure 2-44) and
place switch in the "UP" (override) position. The remote switches are disabled (out of the
circuit); however, wave-off can be initiated at the HCS by depressing the WAVEOFF
SWITCH (6, figure 2-44) located on the Master Control Panel (G100A).

To return the system to the normal mode, raise the switch guard on the REMOTE
OVERRIDE SWITCH and set switch to "DOWN".

2.4.7 FDSSS and RAST Systems Controls and Indicators

Interfacing systems must be turned on and operational in order to initiate a remote wave-
off. The Wave-off Light System is in the normal mode. Controls and indicators for the
FDSSS and RAST systems, along with listings of their function are provided in figures 2-
45 through 2-47. An understanding of their normal function and operation is essential to
personnel engaged in operation and maintenance of the Wave-off Light System.

7/
.
LAUNCH
1—4 =555 ENGAGE
——

DISENGAGE
(©)rspreanrroLo

@— TRAVERSE

YES

0
CONTROL
RAST STA.
CONTROL

m1' EM
POWER
ON

Figure 2-45.- FDSSS Operations Request Panel - Controls and Indicators (Sheet 1of 3).
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ITEM CONTROL/INDICATOR
NO.

1 Switch, Pushbutton -
WAVE-OFF

2 Light, Indicator -
YESNO

3 Light, Indicator -
QOPERATIONS REQUEST

4 Switch, Rotary -
OPERATIONS REQUEST

5 Switch, Pushbutton -
SEND

6 Light-Panel Illumination

7 Switch, Pushbutton -
Control Transfer
LOCAL CONTROL or RAST
STA. CONTROL

8 Switch, Pushbutton -
SYSTEM POWER ON

] Polentiometer -
PANEL ILLUM.

10 Fuse

11 Fuse

i2 Fuse

i3 Transformer, Variable -
DK STATUS
INTENSITY

FUNCTION

Tluminates blue when system power is turned ON.
Actuates wave-off lights when depressed, at which
time switch indicates a flashing red display. Push
again to de-energize wave-off lights, Swich
illemination returns to blue.

YES/NO indicating lights are illuminated by the
Bridge or CIC Response Panel, Color of display
is green for YES and red for NO.

The appropriate light illuminates for the operation
request selected by rotary switch (Item 4). Color
of display is yellow.

Selects the operation request to be transmitted to
the Bridge and CIC Response Panel.

Depressing SEND pushbutton transmits the
operation request selected by rotary switch (Item 4).
Color of display is red.

Illuminates Operations Request Panel.
Color of panel illumination is red.

Normal position enables Operations Request Panel
10 control operations functions. Depressing switch
transfers deck status and operations request

control to the LSO RAST Station. RAST STA
CONTROL indicator lights. When switch is
depressed a second time, control is returned to

the Operations Request Panel. Color display is
green.

Depressing switch supplics power to the system.
Switch illuminates when power is ON. System

is retumed to OFF when switch is depressed a
second lime. Color of display is green.

Polentiometer controls intensity of panel
illumination light (Item 6).

F3, 1 amp.
Fl1, 5 amp, Slo-Blo.
F2, 5 amp, Slo-Blo.

Variable transformer controls intensity of deck
status lights.

Figure 2-45.- FDSSS Operations Request Panel - Controls and Indicators (Sheet 2 of 3).
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Figure 2-45.- FDSSS Operations Request Panel -

ITEM CONTROL/INDICATOR
NO.

14 Switch, Pushbutton -
GREEN DK STATUS

15 Switch, Pushbutton -
AMBER DK STATUS

16 Switch, Pushbutton -
RED DK STATUS

17 Switch, Pushbutton -
DECK STATUS ON or
DECK STATUS OFF

FUNCTION

Nluminates blue when system power is umed ON.
Depressing switch Lights green deck status light and
resets RED or AMBER DK (deck) STATUS switch.
Switch illuminates green. When de-energized by
other deck status light switches (amber or red),the
green light is extinguished and switch illuminates
blue. The green deck status light extinguishes.

l]JumiJ:mes blue when system power is turned ON.
switch lights amber deck status light
and resets RED or GREEN DK STATUS smtch
Switch illuminates amber, When
by other deck status light switches (green or red),
the amber light is extinguished and switch
illuminates blue. The amber deck status light
extinguishes.

Tuminates bloe when system power is turned ON,
(Iluminates red and red deck status light illuminates
when DK STATUS ON switch is depressed.)
Depressing switch lights red deck status light and
resets GREEN or AMBER DK STATUS switch.
Switch illuminates red. When de-energized by
other deck status light switches (green or amber),
the red light is extingnished and switch illuminates
blue. The red deck status light extinguishes.

Lower portion of switch (DK STATUS OFF)
illuminates red when system power is tumed ON.
Depressing switch energizes deck status light system.
Upper portion of switch illuminates green and the lower
portion (red) (DK STATUS OFF) extinguishes. The
RED DK STATUS switch (initially blue) illominates
red and red deck status light turns on. When switch is
depressed a second time, the red deck status light
extinguishes and the RED DK STATUS switch
illuminates blue. The deck status light system is
de-energized and the lower portion of switch (DK
STATUS OFF) illuminates red and the upper

portion (green) extinguishes.

Controls and Indicators (Sheet 3 of 3).
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Figure 2-46.- FDSSS Bridge/CIC Response Panel - Controls and Indicators (Sheet 1).

ITEM NOMENCLATURE FUNCTION
NO.
1 Indicator - LAUNCH or RECOVER. | LAUNCH or RECOVER light is illuminated

and flashes red by a signal from Operational
Request Panel or Rat Control Console.

Lights glow steady extinguished when the
OPERATIONS REQUEST selector (figure 2-45) is

turned.
2 Indicator- ENGAGE/DISENGAGE or | ENGAGE/DISENGAGE or SPREAD/FOLD
SPREAD/FOLD is illuminated and flashes red by signal from

Operations Request Panel or Rast Control
Console. Lights glow steady red when YES
or NO pushbutton is depressed. It is
extinguished when the OPERATIONS
REQUEST selector (figure 2-45) is turned.

Figure 2-46.- FDSSS Bridge/CIC Response Panel - Controls and Indicators (Sheet 2).
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ITEM
NO.

NOMENCLATURE

FUNCTION

Switch, Pushbutton: YES

Switch transmits a YES response to Operations
Request Panel or Rast Control Console.

Switch is illuminated blue when system is
energized and illuminated green when
depressed. When OPERATIONS REQUEST
selector (figure 2-45) is turned.

Indicator- BIFR or VERTREP

HIFR or VERTREP is illuminated and flashes
red by a signal from Operations Request Panel
or Rast Control Console. Lights glow steady
red when YES or NO pushbutton is depressed.
It is extinguished when the OPERATIONS
REQUEST selector (figure 2-45) is turned.

Indicator- TRAVERSE

TRAVERSE is illuminated and flashes red by a
signal from Operations Request Panel or Rast
Control Console. Lights glow steady red when
YES or NO pushbutton is depressed. It is
extinguished when the OPERATIONS
REQUEST selector (figure 2-45) is turned.

Switch, Pushbutton- NO

Switch transmit a NO response to Operations
Request Panel or Rast Control Console.
Switch is illuminated blue when system is
energized and illuminated red when
depressed. When OPERATIONS REQUEST
selector (figure 2-45) is turned, the red light is
extinguished and the switch illuminates blue.

Buzzer

Sounds when a signal is received from
Operations Request Panel or Rast Control
Console.

Switch, Pushbutton - BUZZER ON or
BUZZER OFF

Buzzer is placed in BUZZER ON (ready)
condition by depressing switch. Switch
illuminates amber when set in BUZZER ON or
OFF position. Buzzer is de-energized by
depressing the YES or NO pushbutton (Items 3
or 6).

Indicator - RED DK STATUS

Energized by RED OK STATUS switch on
Operations Request Panel or Rast Control
Console. Illuminates red when energized. It
is extinguished when de-energized.

Figure 2-46.- FDSSS Bridge/CIC Response Panel - Controls and Indicators (Sheet 2).
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ITEM NOMENCLATURE FUNCTION
NO.

10 Indicator - AMBER DK STATUS | Energized by AMBER OK STATUS switch on
Operations Request Panel or Rast Control
Console. Illuminates amber when energized.

It is extinguished when de-energized.

11 Indicator - GREEN DK STATUS Energized by GREEN DK STATUS switch on
Operations Request Panel or Rast Control
Console. llluminates green when energized.

It is extinguished when de-energized.

12 Potentiometer - Switch Illumination | Controls intensity of switch/indicator lights.

13 Fuse Fl, 1 amp.

14 Indicator WAVE-OFF Iluminated blue when system power is ON.
When Wave-off is initiated, indicator indicates
a flashing red display. Switch illumination
returns to blue, when wave-off is de-energized.

Figure 2-46.- FDSSS Bridge/CIC Response Panel - Controls and Indicators (Sheet 3).
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Figure 2-47.- RAST Station Control Console - Control Indicators (Sheet 1 of 2).
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ITEM CONTROL/INDICATOR FUNCTION
NO.
1 PANEL [LLUMINATION Controls brightness of panel illumination lights.
Transformer Control
2 ‘WAVE-OFF Pushbutton With DECK STATUS Seclector (Item 3) set on RED
and WAVE-OFF Pushbutton (llem 2) depressed, red (R)
DECK STATUS light (Ttem 4) flashes. Deck wave-off
lights and red deck status light flashes.
3 DECK STATUS Selector Selects deck status light (red, yellow, or green)
Switch (RED, YELLOW, GRN)
4 Red (R) DECK STATUS Flashes red when DECK STATUS selector switch (Item
Light 3) is set on RED and WAVE-OFF pushbutton (Ttem 2)
is depressed. Deck wave-off lights and corresponding
deck status light will flash.
5 Yellow (Y)Y DECK STATUS Flashes yellow (amber) when DECK STATUS
Light selector (Tiem 3) is set on YELLOW and WAVE-OFF
pushbutton (Item 2) is depressed. Corresponding deck
status light will flash
6 Green (G) DECK STATUS Flashes green when DECK STATUS selector (liem 3)
Light is set on GRN and WA VE-OFF pushbutton (ltem 2) is
depressed. Corresponding deck status light will flash,
7 INDICATOR LIGHTS Control brightness of indicator lights,
Control Transformer

Figure 2-47.- RAST Station Control Console - Control Indicators (Sheet 2 of 2).

2.4.8 FDSSS and RAST System Operation

The procedures required to bring the FDSSS from OFF to STANDBY and then to full
operational condition are defined in the following paragraphs. The RAST System

procedures are also included.

WARNING

Voltages which are dangerous to life are present in the FDSSS and RAST Systems. Prior
to energizing the systems, ensure all covers and panels are securely in place.

INITIAL CONTROL SETTINGS Prior to energizing the FDSSS and RAST Systems,
ensure controls are positioned in accordance with table 2-6.

NOTE

Ship's emergency power supply must be energized and input voltage (115 vac) available
at the FDSSS operations request panel and at the RAST control console.
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ASSEMBLY CONTROL FIGURE | ITEM POSITION
NO. NO.
FDSSS Operations OPERATIONS REQUEST 3 4 OFF
Request Panel function selector (rotary)
switch
PANEL ILLUM. 3 9 Full clockwise
potentiometer (maximum intensity)
DK STATUS INTENSITY 3 13 50 percent intensity
position
FDSSS Bridge/CIC Switch/indicator 4 12 Full clockwise
Response Panel illumination potentiometer (maximum intensity)
RAST Machinery RAST Power ON/OFF "OFF" position
Space switch
Test Control Panel local Set to remote position
remote switch
RAST Station Control | Panel illumination 5 2 50 percent intensity
Console potentiometer position

Table 2-6.- FDSSS and RAST Systems -Initial Control Settings.

2.4.9 Turn-on Procedures
To energize the FDSSS and RAST Systems, proceed according to the procedure provided
in table 2-7. At completion the systems are in standby and ready for operation.

2.4.10 System Turn-off
When helicopter operations are complete, turnoff the Wave-off Light FDSSS and RAST
Systems as follows:

a. Remove Wave-off Light System from the flash mode by pressing the wave-off
switch at the location of wave-off initiation.

NOTE
The switch which initiated wave-off will be indicated by the respective indicator on the
Master Control Panel.

b. Set SYSTEM CIRCUIT BREAKER (CB- 1) on Master Control Panel
(GIOOA) to OFF.

c. De-energize FDSSS Operations Request Panel by depressing SYSTEM
POWER ON switch; panel lights will extinguish.

d. Set local/remote switch located in the RAST machinery space on the winch
hydraulic unit to remote.
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e. Set RAST Power ON/OFF switch to OFF. (Switch located in RAST machinery

space.)
CONTROL SETTING
ASSEMBLY STEP AND INSTRUCTIONS NORMAL INDICATION

FDSSS Operations 1 Press SYSTEM POWER ON SYSTEM POWER ON swilch illuminates

Request Panel pushbutton green.
WAVE-OFF and RED, AMBER, and GREEN
DECK STATUS switches illuminate blue
at Operations Request Panel.
LOCAL switch illuminates green at Operations
Request Panel.
DECK STATUS OFF switch illuminates red at
at Operations Request Panel.
WAVE-OFF, YES, and NO switches illuminate
blue at Bridge and CIC Response Panels.
BUZZER OFF switch illuminates amber at
Bridge and CIC Response Panels.

2 Press DECK STATUS DECK STATUS ON switch ilfuminates green
ON pushbution. on Operations Request Panel.

RED DECK STATUS switch is ON and
illuminates red at Operations Request Panel.
RED DECK STATUS indicator illuminates
red at Bridge and CIC Response Panels,
Red Deck Siatus lamp flashes.

3 Adjust PANEL ILLUM Panel light and switch and indicator lights
potentiometer. intensity changes at Operations Request Panel,

4 Adjust DECK STATUS Deck status light intensity changes.
INTENSITY variable
transformer.

FDSSS Bridge 1 Press BUZZER ON BUZZER ON switch illuminates amber at
and CIC Response pushbutton (at each Bridge and CIC Response Panels.
Panels panel).
2 Adjust Pan¢l ILLUM Intensity of switch and indicator Lights
potentiometer (at cach changes at Bridge and CIC Response Panels.
panel).
RAST Machinery 1 Set RAST Power ON/OFF Panel illumination lights illuminate.
Space switch (located in RAST

machinery space) to ON and

local/remote switch on

winch hydraulic unit to

remole
RAST Station 2 Adjust PANEL Panel lights intensity changes at RAST
Control Console ILLUM potentiometer. Siation Control Console.
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2.5.0 WAVE-OFF/CUT SYSTEM

This section contains information describing each assembly of the Mk 2 Mod 1 Wave-
off/Cut System (Figure 2-48). Information is also provided which will enable operating
personnel to prepare and operate the Wave-off/Cut System. The information provided in
this section is presented under the following topics:

1. Purpose of Wave-off/Cut System.
2. Physical description.
3. Operating instructions.

4 (2 REQ'D)

NOTE:
PORTABLE SWITCH NOT REQUIRED ON LPD
CLASS SHIPS AFTER INCORFPORATION OF
ACS SGS| AND WOLS S/C 33, REV A, UNLESS
USED WITH MASTER CONTROL PANEL.

ITEM UNIT

NO. NOMENCLATURE DESIGNATION
1 MASTER CONTROL PANEL ASSEMBLY L100
2 REMOTE PANEL ASSEMBLY (2) L200-L200A
3 JUNCTION BOX ASSEMBLY L400
4 WAVE-OFFICUT LIGHT ASSEMBLY (2) L500-L500A
5 PORTABLE SWITCH (SEE NOTE) L600

Figure 2-48.- Wave-off/Cut System.
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2.5.1 Purpose of Wave-Off/Cut System

The Wave-off/Cut System is an electronic system designed for use on LPH-2, LPH-4,
LHA-1, LHD-1, LPD-1 and LPD-4 class ships in conjunction with an optical landing aid
providing glide path information. When the wave-off lights are flashing, it is an
indication to the pilot that he is to abort the landing and initiate a new landing approach.
The cut lights are used as signal lights to communicate specific messages to the pilot in
the event of radio communication loss. A wave-off/cut light assembly is mounted on each
side of the appropriate optical landing aid providing glide path information. The light
assemblies are located in accordance with the ships installation guidance drawing.

2.5.2 Physical Description
A detailed description of the Wave-off/Cut System is provided. The assemblies that
comprise the system together with their unit numbers are as follows:
1. Master control panel assembly (L100)
2. Remote panel assembly (L200, L200A)
3. Junction box assembly (L400)
4. Wave-off/cut light assembly (L500, L500A)
5. Portable switch assembly (L600)
NOTE

L600 not required for LPD class after incorporation of ACS SGSI and WOLS S/C 33,
Rev A, unless used with master control panel.

2.5.3 Technical Characteristics
The technical characteristics of the Wave-off/Cut System are listed in Table 2-8.
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MODE CHARACTERISTICS
Light Intensity Adjustable from a variable minimum brightness to 100%.

Flash Rate - Wave-off | Variable rate at 50% duty cycle. Preset at 90 flashes/min.

Wave-off/Cut Initiation | Activated from any one of four positions with command location
indication on the master control panel.

Wave-off/Cut Monitor | A "positive" indicator, sensing voltage to the lamps; flashes when
the wave-off lights are operating. Indicates when cut lights operate.

Table 2-8.- Technical Characteristics.

INPUT POWER REQUIREMENTS The power required to operate the Wave-off/Cut
System is supplied from the ship’s emergency power supply. The voltage and frequency
of the 115-volt, 60Hz, 15 ampere source (ungrounded) must be regulated to within 10
percent.

MASTER CONTROL PANEL (1.100) The master control panel (Figure 2-49) is signal
processing, distribution and control center for the Wave-off/Cut System. Sheet 2 of
Figure 2-49 describes the function of the controls and indicators on the master control
panel.

Removal of the panel face plate provides access to the card cage assembly, which holds
the monitor, flasher/driver and extender cards, the step-down transformer and the
terminal boards used for system interconnection wire terminations.
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Figure 2-49.- Master Control Panel (L100) - Controls and Indicators (Sheet 1 of 2).
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ITEM NOMENCLATURE FUNCTION

1 Incandescent Lamp (6) Provides panel illumination.

2 REMOTE OVERRIDE SWITCH, Disables all remote assemblies for initiating a wave-off or cut signal.
SPST woggle switch

3 SYSTEM ON, incandescant lamp assembly | Lights when main power is turned on at system circuit breaker.

{4 lamps)

4 SYSTEM CIRCUIT BREAKER, DPST | Applies 115 vac, 60 Hz, single phase ship’s emergency power to the
circuit breaker ave-off/Cut System.

5 WAVE-OFF COMMAND LOCATION | FLIGHT CONTROL section lights when a wave-off is initiated at a
Indicator, FLIGHT CONTROL/DECK | pri-fly remote panel. DECK section lights when a wave-off is initiated
Incandescent lamp assembly by the portable switch.

6 WAVE-OFF COMMAND LOCATION | MASTER PANEL section lights when a wave-off is initiated at the
Indicator, MASTER PANEL/BRIDGE, | master control panel. BRIDGE section lights when a wave-off is initiated
Incandescent lamp assembly at the bridge remote panel.

7 WAVE-OFF INTENSITY, Potentiometer | Adjusts intensity of wave-off lights.

R1

8 WAVE-OFF SWITCH, Switch indicator Initiates and maintains a wave-off command when depressed. Red lamps
assembly (double-acting switch) light to indicate a wave-off. Switch is normally illuminated green. Wave-

off command is terminated when switch is depressed a second time.

0 F7 3 AMP, Fuse Protects 28 vdc power supply against overloads in master panel illumina-

1ion circuits.

10 F6 3/4 AMP, Fuse Protects 28 vdc power supply against overloads in illumination circuits

of both remote panels.

11 F5 1/2 AMP, Fuse Protects 28 vdc power supply against overloads in remote cut illumina-

tion circuits.

12 PORTABLE SWITCH CONNECTOR | Receptacle for plugging in portable switch.

13 F4 1/2 AMP, Fuse Protects 28 vdc power supply against overloads in remote cut indicator

circuits.

14 F3 1/2 AMP, Fuse Protects 28 vdc power supply against overloads in remote wave-off

illumination circuits.

15 F2 1/2 AMP, Fuse Protects 28 vdc power supply against overloads in remote wave-off

indicator circuits,

16 F1 1/4 AMP, Fuse Protects 28 vdc power supply against overloads in remote switch control

circuit.

17 CUT SWITCH, Switch indicator assembly | Initiates a cut signal when depressed. Yellow lamp lights to indicate cut
(Momentary switch) command. Switch is normally illuminated green.

18 PANEL ILLUMINATION, Potentiometer | Adjusts intensity of panel illumination.

19 CUT INTENSITY, Potentiometer R2 Adjusts intensity of cut lights.

20 CUT COMMAND LOCATION Indicaror, | FLIGHT CONTROL section lights when cut signal is initiated at the
FLIGHT CONTROL/DECK Incandescent | pri-fly remote panel, DECK section lights when cut signal is initiated by
lamp assembly the portable switch.

21 CUT COMMAND LOCATION Indicator, | MASTER PANEL section lights when cut signal is initiated at the

MASTER PANEL/BRIDGE, Incandescent
Iamp a.ssembiy

master control panel. BRIDGE section lights when cut signal is initiated
at the bridge remote panel.

Figure 2-49.- Master Control Panel (L100) - Controls and Indicators (Sheet 2 of 2).
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REMOTE PANEL ASSEMBLY (L.200, L200A) There are two remote panels (Figure
2-48 item 2) used in the Wave-off/Cut System. The panels are identical. Figure 2-51
describes the function of the remote panel controls and indicators.

Removal of the panel face plate provides access to the dimmer board assemblies and the
terminal board used for system interconnection.

—
\“‘ cuT WAVEOFFH |
SWITCH SWITCH

3]

Fi-1/24 o 10
@ o INTENSITY @
]
-é')— REMOTE PANEL ASSY -®-

1 WAVE-OFF/CUT 5YS [

REF: NAEC DWG 517482

':f)“ NOMENCLATURE FUNCTION
1 WAVE-OFF SWITCH, Switch indica- Initiates and maintains a wave-off command
tor assembly when depressed. Red lamp lights to indicate
a wave-off. Switch is normally illuminated
green. Wave-off command is terminated
when switch is depressed a second time.
2 INTENSITY, Potentiometer Adjusts intensity of indicator lights in wave-
off and cut switches.
3 F1-1/2A, Fuse Protects 28 vdc input circuits against over-
loads.
4 CUT SWITCH, Switch indicator Initiates a cut signal when depressed. Yellow
assembly lamp lights to indicate cut command. Switch
is normally illuminated green.

Figure 2-50.- Remote Panel (L200 and L200A) - Controls and Indicators.
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JUNCTION BOX ASSEMBLY (L400) Junction box assembly L-400 (Figure 2-48) is a
moisture and dust proof unit which provides the means for connecting the cable from the
master control panel to the wave-off/cut light cables. It is located within ten feet of the
wave-off/ cut light assemblies.

WAVE-OFF/CUT LIGHT ASSEMBLY (L500, L500A) The wave-off/cut light
assemblies (Figure 2-48) are identical units, which are installed one on each side of the
stabilized platform. System interconnecting cabling connects by way of a connector
located at the rear of each lamp housing. This connector has a cover, attached, with a
retaining chain, which is used to prevent moisture and dirt from entering the connector
when the interconnecting cable is not attached.

NOTE
Portable switch is not required for LPD class after incorporation of ACS SGSI and
WOLS S/C 33, Rev A, unless used with master control panel.

PORTABLE SWITCH ASSEMBLY (L600) The portable switch (Figure 2-51) is a
hand-held unit which can be connected directly to the master control panel (L100). Figure
2-51 describes the function of the switches on the portable switch assembly.

2.5.4 Operating Instructions
Information is provided for operating the Wave-off/Cut System in normal and remote
operational mode. This information is presented under the following topics:

1. System controls, indicators, and fuses

2. Safety precautions

3. System initial control settings

4. System turn-on procedure

5. System normal and remote operation modes
6. System turnoff procedure

SYSTEM CONTROLS AND INDICATORS The information necessary to familiarize
personnel with the operating controls, indicators, and fuses is presented in Figures 2-49,
2-50, and 2-51. The information provided in these figures will enable personnel to locate,
identify, and understand the function of each component listed.
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NOTE
NOT REQUIRED FOR LPD CLASS
AFTER INCORPORATION OF ACS
SGS| AND WOLS SIC 33, REV A,
UNLESS USED WITH MASTER =g
CONTROL PANEL.

REF: NAEC DWG 617450

ITEM NOMENCLATURE/
NO. Type Component =il
1 Wave-off Switch., Maintained Imitiates and maintains a wave-off
Contact, Double-Acting command at flight deck. when

depressed. Terminates command
when depressed second time.

b2

Cut Switch, Momentary Initiates cut signal at flight deck when
depressed.

Figure 2-51.- Portable Switch (L600) - Controls.
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2.5.5 Safety Precautions
The safety precautions given in the following warning are to be strictly adhered to by all
personnel coming in contact with the Wave-off/Cut System.

WARNING
Voltages which are dangerous to life are used in the Wave-off/Cut System. Before
applying power to the Wave-off/Cut System, all covers and panels must be secured.

2.5.6 System Initial Control Settings
Information concerning the proper initial control settings and the preferred order in which
to make these settings is provided in Table 2-9.

ASSEMBLY CONTROL POSITION

Master Control SYSTEM CIRCUIT BREAKER | OFF

Panel (L100) REMOTE OVERRIDE SWITCH | Normal, Toggle down
CUT INTENSITY Set at 50%
PANEL ILLUMINATION Full CW (max intensity)
WAVE-OFF INTENSITY Set at 50%

Remote Panel INTENSITY Full CW (max intensity)

(L200 and L200A)

Table 2-9.- System Initial Controls Settings.

2.5.7 System Turn-on Procedure
The system turn-on procedure, which is performed after the controls are initially set, is
accomplished by following the steps as outlined in Table 2-10.

2.5.8 System Normal and Remote Operating Modes

At the completion of the turn-on procedure, as described in Table 2-10, the Wave-off/
Cut System is in the normal mode of operation. In the normal mode of operation, wave-
off or cut signals may be initiated from any one of four locations. They are: master
control panel, remote panels (L200 and L200A) and portable switch.

The remote override mode of operation is used when wave-off initiation from a remote
location is to be prevented or overridden. To place the system in the remote (override)
mode of operation, raise the switch guard on the REMOTE OVERRIDE SWITCH (2,
Figure 2-49) and place switch in the "UP" (override) position.

The remote panel wave-off and cut switches and the portable switch are now out of the
circuit; however, wave-off or cut signals may still be initiated from the master control
panel.
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To remove the system from the remote override mode and enable remote operation, press
REMOTE OVERRIDE SWITCH down and lower the switch guard.

CONTROL SETTINGS AND
STEP INSTRUCTIONS NORMAL INDICATION
— MASTER CONTROL PANEL
1 Place SYSTEM CIRCUIT SYSTEM ON indicator lights
BREAKER in ON position.
Panel illumination lamps light
Wave-off and Cut switch green indicator lights illumi-
nate on master panel and on both remote panels.
2 Press WAVE-OFF SWITCH. WAVE-OFF SWITCH indicator light changes from
green to red and flashes.
NOTE
MASTER PANEL indicator on WAVE-OFF COM-
Wave-off may also be initiated MAND LOCATION indicator is illuminated.
from either of the remote panels
or the portable switch. NOTE
When wave-off is initiated from either the remote
panels or the portable switch, the respective location
indicator on the master control panel will illuminate.
3 Adjust WAVE-OFF INTENSITY Wave-off lights vary in intensity
control.
4 Press WAVE-OFF SWITCH Wave-off lights will extinguish
5 Press CUT SWITCH (Hold) CUT SWITCH indicator light changes from green to
amber
NOTE
MASTER PANEL indicator on CUT COMMAND
Cur signal may also be initiated LOCATION indicators is illuminated.
from either of the remote panels or
the portable switch. NOTE
When cut command is initiated from either of the
remote panels or the portable switch, the respective
location indicator on the master control panel will
illuminate.
6 Adjust CUT INTENSITY Cut lights will vary in intensity
control.
7 Release CUT SWITCH Cut lights will extinguish

Table 2-10.- System Turn-on Procedure.
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2.5.9 System Turnoff Procedure
When helicopter operations are complete, refer to the following for proper Wave-off/Cut
System turnoff procedures.

1. Remove wave-off system from the flash mode by pressing the wave-off switch
that originally initiated the wave-off.

NOTE
The switch which initiated the wave-off will be indicated by its respective indicator on
the master panel.

2. Place the SYSTEM CIRCUIT BREAKER on the master control panel in the
"OFF" position.

2.5.10 Theory of Operation
This section discusses the theory of operation of the Wave-off/Cut System. It includes
diagrams of the various components to aid in the understanding of the text.

WAVE-OFF/CUT CIRCUITS

A block diagram of the Wave-off/Cut System is shown in Figure 2-52. The master
control panel (L100) is located in the pri-fly flight control station along with the pri-fly
remote panel (L200A). Wave-off and cut lamps (L500 and L500A) are located on either
side of the stabilized glide slope indicator (SGSI). Platform junction box (L400) is
located within 10 feet of the wave-off/cut lights. The bridge remote panel (L200) is
located on the bridge nearest the most used approach side of the ship. The deck station
portable switch junction box (L300) is located at the lighting control station near the
flight deck access hatch.

All of the system circuits except for the remote panel dimmers are located in the master
control panel. In order to understand system operation, the functioning of the master
control panel must be thoroughly understood. In the Master Control Panel there are two
circuit cards common to the wave-off and cut systems; the monitor card and the
flasher/driver card. The names of these cards are descriptive of their functions.

When the system circuit breaker, which doubles as an on-off switch, is turned on, power
is supplied to the system. 115-vac power is supplied to transformer T1 and to the wave-
off lamps through the Silicon Controlled Rectifiers (SCR). The SCRs are not gated on
unless a wave-off or cut command is given.

2-87
UNCLASSIFIED



Interior Communications Electrician, Volume 2

NAVEDTRA 14121A
UNCLASSIFIED

wis

w171

DS
GREEN
1
| £
z
Ds2 _
RED
P~
I :
=
I
DSs3
RED
WAVE-OFF/CUT
LIGHT ASSEMBLY
LS00 -
5158211 :
E
BRIDGE
REMOTE
L200
51748241
<

Y

WAVYE-OFF/CUT
LIGHT ASSEMBLY

Ds1
GREEN

Ds3
RED

L500A

5159211

JUNCTION
BOX
L400
193471
-
=
z
W POWER FROM SHIP'S
MASTER EMERGENCY SUPPLY
CONTROL PANEL (115 VAC, 60 Hz, 1§, 15A)
L100
S19041-25
WiT2 PRI-FLY
REMOTE
L200A
5174821
w175 PORTABLE
SWITCH
LE0O
NOTE:

Portable switch is not required on LPD class
after incorporation of ACS SGSI and WOLS
SIC 33, REV A, unless used with master
control panel.

G17450-1

Figure 2-52.- Wave-Off/Cut System Block Diagram.
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The output of transformer T1 goes to the monitor and flasher driver circuit cards and to
the system lamps and switches. Diodes CR1 and CR2 make up a full wave rectifier
circuit and supply DC power to everything but the circuit cards.

The wave-off flasher/driver card receives its input command from the wave-off monitor
card and provides variable intensity, a first full brightness flash, continuous flashing, and
drive signals for the two SCR’s. The SCR’s continue to be gated and wave-off lights
flash as long as the wave-off switch remains in the actuated condition. (Refer to Figure 2-
49, Item 8.)

The wave-off monitor card receives all the wave-off commands from the various wave-
off switches and drives lamps to indicate which switch was pushed. It also drives the
panel dimmer, provides a wave-off output to the flasher/driver card, senses voltage across
the wave-off lamps, and provides a positive indication of a wave-off at each panel.

The cut flasher/driver card receives its input command from the cut monitor card and
provides a continuous drive signal for the two SCR’s as long as the cut switch is actuated.
Variable intensity is for the cut lamps.

The cut monitor card receives all cut commands from the several cut switches and drives
lamps to indicate which switch was pushed. It also drives the panel dimmer, provides a
cut output to the flasher/driver card, senses voltage across the cut lamps and provides a
positive indication of a cut command at each panel.

SILICON-CONTROLLED RECTIFIERS (SCR'S)

A silicon-controlled rectifier (SCR) is a special diode (see Figure 2-53). Normally it will
not pass current in either direction; however, if a positive voltage is applied between its
gate and cathode it will turn on and pass current in one direction. Once turned on, an SCR
will remain on until the anode-cathode voltage drops to zero or reverses.

In the wave-off system the SCR's are connected in inverse parallel configuration. This
means they are connected cathode-to-anode. In this way, each diode will pass one half
cycle of the sixty-cycle line.

An SCR can be checked out of circuit by using a multimeter. This is done by setting the
multimeter on its high-ohms scale and measuring the resistance between anode and
cathode in both directions. The meter should indicate open. To check the gate circuit,
connect the positive meter lead to the anode and the negative to the cathode with the
meter set at its X10 scale. The meter should indicate an open. With the leads still
attached, connect the gate to the anode. The meter should indicate some value of
resistance. These are crude tests and mayor may not work on all units. An in-circuit test is
the best test.
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Figure 2-53.- Silicon-Controlled Rectifier (SCR).

2.6.0 VERTICAL/SHORT TAKE-OFF AND LANDING OPTICAL LANDING AID
SYSTEM HOVER POSITION INDICATOR (HPI)

This section provides a brief description and principles of operations for the Hover
Position Indicator (HPI).

The HPI with the wave-off/cut system make up the Vertical/Short Takeoff and Landing
Optical Landing Aid System (VSTOL OLA). VSTOL OLA was designed in support of
vertical/short takeoff aircraft, such as the AV8. By use of the Vertical/Short Takeoff and
Landing Optical Landing System (VSTOL OLS), an AV8 pilot can visually establish and
maintain the proper glide slope for a safe approach to the ship. Then, prior to crossing the
ramp, the HPI is utilized for the final phase of the approach.

2.6.1 Principles of Operation

HP1 SYSTEM The HPI system is mounted on the aft end of the island. The HPI System
(figure 2-54) consists of a vertical group of five lights and a horizontal group of three
lights with a single red light mounted nine feet in front of the display. The unit is
designed to place the pilot’s eye 49 feet above the deck when the red light is placed at the
intersection of the vertical and horizontal groups of lights.
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ITEM COMMON UNIT
NG, NOMENCLATURE DESIGNATION
1 CONTROL PANEL ASSEMBLY M100
2 JUNCTION BOX ASSEMBLY M200
3 HPI LIGHT ASSEMBLY M300

Figure 2-54.- HPI System.
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PILOT USE OF VSTOL OLA The VSTOL OLS provides the approaching AV8 pilot
with glide path information from approximately one (1) nautical mile to the hover
transition point. The pilot transitions to hover approximately one mile from the ship and
continues to fly the VSTOL OLS up to 50 ft from the ship, where the pilot will refer to
visual cues on the ship and the HPI. The pilot lines up on the ship’s lighted centerline and
flies forward until the HPI red indicator light is centered in the display as shown in figure
2-55. When this occurs, the pilot is over the touchdown zone with his eyes approximately
49 feet over the deck. As the pilot vertically descends to a touchdown, the HPI gives him
a relative idea of his rate of closure with the deck as the red light orientation changes in
its apparent alignment with the vertical amber HPI lights. If during any part of the
recovery evolution an unsafe landing condition develops, a red flashing wave-off will be
given utilizing the Wave-Off/Cut System. The green cut lights flash to the pilot if he is
too low in approach. An alternate wave-off and cut light actuation is a signal to the pilot
to “bingo” or to go to an alternate landing site.

® ® ®
@ @ RED LIGHT ON TOP
©000 °ooo TREF
® ®
® ®
HOWER POSITION TOD FAR HOVER FOSITION CORRECT

AFT APPROXIMATELY CVER RAMP

®/ TOUCHDOWN SPOT ON 7 1/2 RED LIGHT
MOVES === AFT AS PILOT MOVES
FORVVARD OF T 112

®@
@
©@EO®
®
®

DESCENT TO TOUCHDCWWM
15 COMPLETE

KEY

WHITE

GREEN
AMBER
RED

ar0s

Figure 2-55.- HPI Display Indicator Interpretation
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2.6.2 HPI System Description
The HPI, see figure 2-56 for block diagram, consists of 3 major assemblies and is
mounted on the aft end of the ship’s island near the wave-off/cut lights.

a. Control Panel Assembly (M100).

b. Junction Box Assembly (M200).

c. HPI Light Assembly (M300).

BLOCK DiAGRAM

SYSTEM
REFERENCE
DESIGNATION

b

HF1
SYSTEM
(HPIH)

CONTROL PANEL JUNCTION BOX HPI LIGHT
ASSEMBLY ABSEMBLY ASEEMBLY
(HPE-M 100) (HPI-M200) (HPI-M300)

Figure 2-56.- HPI System Block Diagram.

CONTROL PANEL ASSEMBLY (M100) The control panel assembly (figure 2-57) is
mounted in the Primary Flight (Pri-Fly) control. The assembly is used to control the on-
off operation of the HPI system and contains 4 variacs, which are used to adjust the
intensity of the lamps that are mounted on the HPI light assembly. The front panel of the
assembly contains an indicator and all of the controls, which are used to operate the HPI
system. The indicator is Night Vision Device (NVD) compatible. The front panel is
hinged and, when open, permits access to all interior components for maintenance. Figure
2-58 illustrates the front panel controls and indicators. Their functions are described in
table 2-11. Two stuffing tubes are provided in the bottom of the assembly for cable
entrance.
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Figure 2-57.- Control Panel Assembly (M100).
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ITEM | NOMENCLATURE/DEVICE FUNCTION
NO.

1 WHITE LIGHT INTENSITY Control | Adjust intensity of white lights on
HPI light assembly.

2 GREEN LIGHT INTENSITY Control | Adjust intensity of green lights on
HPI light assembly.

3 AMBER LIGHT INTENSITY Control | Adjust intensity of amber lights on
HPI light assembly.

4 RED LIGHT INTENSITY Control Adjust intensity of red lights on
HPI light assembly.

5 System ON-OFF Toggle Switch Applies 115 VAC, 60 Hz power to
HPI system.

6 System ON Indicator Indicates that power has been applied

To HPI system.

Table 2-11.- Control Panel Assembly Controls and Indicators.

JUNCTION BOX ASSEMBLY (M200) The Junction Box Assembly (figure 2-59) is
mounted just below the HPI light assembly. The assembly is used to interconnect the
control panel assembly and the HPI light assembly.

Cables enter the assembly by means of 10 stuffing tubes, which are installed in the sides
of the box. Access to the interior terminal board is gained by loosing the 10 captive
screws, which secure the top of the box assembly.

HPI LIGHT ASSEMBLY (M300) The HPI Light Assembly (figure 2-60) consist of a
vertical group of 5 light fixture assemblies and a horizontal group of four (4) light fixture
assemblies with a single red lamp mounted 9 feet in front of the display. In the vertical
group, the two top light fixtures have clear globes and the two lower light fixtures have
amber globes. The center light fixture is part of the horizontal group.

The horizontal group fixtures have green globes. Lamp is a 115 VAC, 50-watt rough
service lamp whose brightness is remotely adjustable from 0-100 percent. The fixtures
are supported by a tubular structure and are stiffened by support struts.
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1. COVER

2. TERMINAL BOARD

3. STUFFING TUBE (TYPICALLY, 10 PLACES)
4. CASE ASSEMBLY

Figure 2-59.- Junction Box Assembly (M200).
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1. LIGHT FIXTURE ASSEMBLY (TYPICALLY 2 5. VERTICAL LAMP SUPPORT
PLACES - VARICUS COLORS)
6. GREEN DATUM LIGHT (4)
2. SUPPORT STRUT
7. CLEAR LIGHT {2}
2. LOWER SUPPORT STRUT
& AMBER LIGHT (2)
4, UPPER SUPPORT STRUT
9. RED LIGHT (1)

Figure 2-60.- HPI Light Assembly (M300).
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2.7.0 VERTICAL AND SHORT TAKE-OFF AND LANDING OPTICAL
LANDING SYSTEM (VSTOL OLYS)

This section provides organizational level operation and maintenance information for
VSTOL OLS. The information includes equipment description and principles of
operation.

2.7.1 Equipment Description

The VSTOL OLS is a visual landing aid that displays a glideslope path for aircraft
approaching a flight deck. The VSTOL OLS guides the aircraft during the landing
approach to a position 50 feet above the flight deck for transition to the hover position
indicator (HPI). Electronic circuitry compensates for the ship’s yaw and pitch to ensure
correct glideslope path. Operational controls are located on the remote control assembly
located in the primary flight control station (Pri-Fly). The VSTOL OLS consists of 14
units and accommodates both LHA and LHD ships.

2.7.2 Purpose

The VSTOL OLS is a visual landing aid that displays glidepath and trend information to
a VSTOL pilot approaching the flight deck. The system presents a display that is visible
at a range of 0.8 nm and at a ceiling of 200 feet. The VSTOL OLS guides the aircraft
during landing approach to a position 50 feet above the flight deck, where the pilot
transitions to the hover position indicator (HPI) system, for hover stop and vertical
descent information during the final phase of approach.

2.7.3 System Description

The VSTOL OLS display (figures 2-61 and 2-62) consists of lower and upper indicator
box assemblies units 11 and 12 mounted vertically between horizontal port side
(LHA)/port side (LHD) and starboard side datum arm assemblies units 13 and 14. The
system displays an optimal glidepath to the pilot that is compensated for ship's pitch and
roll by internal electromechanically stabilized optics. The glidepath basic angle is
adjustable from 2.00 to 4.00° in 0.25° increments. With a basic angle of 3° selected, the
system can compensate for a maximum roll of +14° or a maximum pitch of +3°. At basic
angles other than 3°, the system can compensate for a maximum roll of £12° or a
maximum pitch of +2.25°. The system displays a virtual image (ball) that is dynamically
stabilized to compensate for ship's pitch and roll motion. The ball appears aligned
between two horizontal datum arm assemblies (figure 2-63) when the pilot is approaching
on the optimum glidepath. As the aircraft transitions about the optimum glidepath, the
ball will appear to be above or below the datum arm lights if the pilot is approaching high
or low relative to the optimum glidepath.
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Figure 2-61.- Elevation View of VSTOL OLS.
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Figure 2-63.- VSTOL OLS Optical Presentation.
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If the pilot's approach is above the optimum glidepath by greater than 10, the display
presents a flashing amber ball. If the approach is below the optimum glidepath by greater
than 0.8°, the display presents a constant red ball. If the approach is greater than 1° below
the optimum glidepath, the display presents a flashing red ball. Refer to figures 2-64 and
2-65 for system operational characteristics.

CELL 10 (UNIT 12) .2 DEG FLASHING AMBER (EXTENDED)

CELL 9 (UmMIT 12) .2 DEG AMBER (EXTENDED)
CELLS 1—8 {UNIT 12) .B DEG AMBER
500 + (.1 DEG) 6 WiN/CELL
CELLS 3—10 (UNIT 11) .B DEG AMBER
X 400 (.1 DEG} & MIN/CELL
E
o CELL 2 (UNIT 11) .2 DEG RED {EXTENDED)
=
3 00T CELL 1 (UMIT 11) .2 DEG FLASHING RED
= {EXTENDED)
—
L
&l /
w 200 —
1001 \
|
35 4 1' EYE TO DECK —I—:_E DEGREE BASIC ANGLE SETTING
7000 2000 3000 4000 5000 6000 7000 800D
| WATER 65’

Figure 2-64.- VSTOL OLS Vertical Coverage.

Figure 2-65.- VSTOL OLS Azimuthal Coverage.
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2.7.4 Major Components Description and Principles of Operation

The VSTOL OLS consists of 14 major components (units). The following paragraphs
provide descriptions, typical physical locations (figure 2-66), and principles of operation
for each unit.

Figure 2-66.- VSTOL OLS Block Diagram Example.

POWER CONTROL ENCLOSURE ASSEMBLY Unit 1 controls system power
distribution and is typically located adjacent to primary flight control station (Pri-Fly). It
contains EMI filtering, 28 VVdc system power supplies, system power control relays, a
transient suppression circuit, and circuit-breaker protection for system components and
subassemblies.

ELECTRONICS ENCLOSURE ASSEMBLY Unit 2 is located adjacent to Pri-Fly and is
the signal processing, distribution, and control center for the VSTOL OLS. It consists of
a BITE panel assembly for system testing and troubleshooting, circuit breaker panel
assembly, 400 Hz inverter for units 11 and 12 synchros, EMI filter, and card cage
assembly containing PWAs for the CPU and CPU supporting circuits, variac interface,
stabilized optics table (SOT) status interface, synchro-to-digital (S/D) converters, and
stepper motor driver circuitry.
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VARIAC ASSEMBLY Unit 3 is typically located adjacent to Pri-Fly and contains the
transformer that controls the brightness of source lights in units 11 and 12 through a
computer controlled relay in unit 1.

VARIAC ASSEMBLY Unit 4 is typically located adjacent to Pri-Fly and contains the
motor driven transformer that controls the brightness of the unit 13 datum lights through
a computer-controlled relay in unit 1.

VARIAC ASSEMBLY UNIT 5 is typically located adjacent to Pri-Fly and contains the
motor driven transformer that controls the brightness of the unit 14 datum lights through
a computer-controlled relay in unit 1.

REMOTE CONTROL ASSEMBLY Unit 6 contains controls for power on/off and
source/datum light intensity. It houses various indicators including system performance
lights, lamp out/cell out indicators, stabilization status lights, and troubleshooting status
lights. A dimmer controls the intensity of the panel illumination lights.

LIGHTING JUNCTION BOX ASSEMBLY Unit 7 is typically located on the aft portion
of the island superstructure and is the wiring interface between system display lighting
components in units 1, 9, 10, 11, 12, 13, and 14.

STABILIZATION JUNCTION BOX ASSEMBLY Unit 8 is typically located on the aft
portion of the island superstructure and is the wiring interface between the system
stabilization circuit components in units 2, 11, and 12.

LOWER SOURCE LIGHT TRANSFORMER ASSEMBLY Unit 9 is typically located
on the aft portion of the island superstructure and contains two step-down transformers
that convert motor-driven transformer voltages to lamp drive voltages to power the lamps
in unit 11.

UPPER SOURCE LIGHT TRANSFORMER ASSEMBLY Unit 10 is typically located
on the aft portion of the island superstructure and contains two step-down transformers
that convert motor-driven transformer voltages to lamp drive voltages to power the lamps
in unit 12.

LOWER INDICATOR BOX ASSEMBLY Unit 11 is a sealed metal structure attached to
a mounting tower located aft of the island superstructure. It contains 10 SOTs, 10 lenses,
2 motor drive assemblies, source light failure interface circuitry, and supporting

hardware. Eight light cells have amber lens filters and two light cells have red lens filters.
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UPPER INDICATOR BOX ASSEMBLY Unit 12 is a sealed metal structure attached to a
mounting tower located aft of the island superstructure. It is essentially identical to unit
11, except that the SOT assembly with the flashing solenoid is located in position 10 and
all 10 light cells have amber lens filters.

PORT SIDE (LHA)/PORT SIDE (LHD) DATUM ARM ASSEMBLY Unit 13 is located
on the aft portion of the island superstructure and in combination with unit 14 provides a
horizontal reference to units 11 and 12. Unit 13 consists of four equally spaced lamp
fixtures fitted with 120 Vac, 300 W medium floodlights.

STARBOARD SIDE DATUM ARM ASSEMBLY Unit 14 is located on the aft portion
of the island superstructure. It is mounted on the opposite side of units 11 and 12 from
unit 13. The operation of unit 14 is identical to that of unit 13.

2.7.5 System Functional Signal Flow
The following paragraphs describe the major VSTOL OLS signals shown on figure 2-67.
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Figure 2-67.- VSTOL OLS System Functional Block Diagram Example.
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Wiper Vac Wiper voltages from units 3, 4, and 5 are routed via units 1 and 7 to units 9,
10, 13, and 14 to set intensity of lower source lights, upper source lights, inboard datum
lights, and outboard datum lights, respectively. Wiper Vac voltages range from 0 to 115
Vac signals that determine intensity of datum and source lights. The transformer wiper
voltages are also supplied via unit 1 to unit 2, where they are converted to dc signals that
are monitored by CPU PWA A1Ab5.

12/24 VVac AC voltages output from units 9 and 10 transformers that determine intensity
of units 11 and 12 source lights. Zero to 12 Vac (from transformer center taps) is supplied
for normal coverage cells, and 0 to 24 Vac is supplied for extended coverage cells. Levels
of these voltages are dependent on unit 3 wiper 0-115 Vac input to units 9 and 10.

115 Vac/28 VVdc These voltages are supplied from unit 1 through unit 7 to units 11 and
12. The 115 Vac is used for heater gaskets and fans. The 28 Vdc is used by 15 Vdc
regulator assembly 11/12A12A2 and parallel-to-serial converter PWA 11/12A12A1
inhibit circuit. The voltages are also supplied to unit 2 for use by various PWAs, 5 Vdc
power supply PS1 (115 Vac), and 400 Hz inverter PS2 (28 Vdc).

5 Vdc BIT Signals transmitted from unit 6, via unit 1, to unit 2 CPU PWA A1Ab5, so that
CPU PWA A1A5 can monitor output of unit 6 DC/DC converter PS1 and voltage
regulator ALA1U1L.

28 Vdc Voltage supplied to unit 6 from unit 1 for use by standby indicator light on
system control module assembly A4, and DC/DC converter PS1 for generation of unit 6
logic voltage.

Power Relay Control Signal applies ground to coil of unit 1 main power control relay
K1 when System Power switch in unit 6 is pressed, or when System Power switch in unit
2 is set to ON.

15 Vdc BIT BIT signal transmitted from units 11 and 12 to unit 2 via unit 8. Provides 15
Vdc (logic voltage) regulator status to unit 2 CPU PWA A1Ab5.

Motor F/B 400 Hz ac voltages from drive assembly synchros located in units 11 and 12.
Signals provided via unit 8 to unit 2 CPU PWA A1Ab5 and stepper motor feedback S/D
converter A1A2.
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115 Vac (Phase A, B, C) Three phase, 60 Hz, MIL-STD-1399 compatible ship's power,
provided to unit 1 terminal board TB1 for distribution and voltage reduction.

Relay Control Signals from unit 2 CPU PWA A1Ab5 that apply and remove grounds (via
unit 2 variac interface PWA A1Al) at low side of unit 1 relay K2, (inboard datum lights)
relay K3, and (outboard datum lights) relay K4 coils. Application of ground to low side
of relay coil causes related lamps to illuminate.

28 Vdc - Motors DC voltages supplied from unit 1 silicon rectifiers CR1 thru CR4 to
activate unit 2 driver PWAs A1A13 thru A1A16 (lower) and A1A18 thru A1A21 (upper).

115 Vac Variac Power Two phases of 115 Vac from unit 1 that are supplied to units 3,
4, and 5 when related unit 1 relay K2, K3, and K4 are energized.

Stepper Mtr Inputs Signals generated by unit 2 driver PWAs A1A13 thru A1A16
(lower), and A1A18 thru A1A21 (upper) that determine the step indexing/position of
each stepper motor. Each stepper motor has four connections which can energize either
one or two phases of each motor.

Ref, 2X Roll, 36X Roll, 36X Pitch 400 Hz signals via unit 2 ship gyro S/D converter
A1A3, to unit 2 CPU PWA A1AG5 that are used to determine correct position for each of
the drive shafts located in units 11 and 12.

Otbd/Inbd Datum Intensity Control Signals from unit 2 CPU PWA A1AS5 to units 4
and 5 control sections. Allows unit 2 CPU PWA A1Ab5 to increase or decrease variac
intensity via variac interface PWA Al1AL.

Source Intensity Control Signal from unit 2 CPU PWA A1AS5 to unit 3 control section.
Allows unit 2 CPU PWA A1AG5 to increase or decrease variac intensity via variac
interface PWA A1Al.

Failure Ind BIT status information for various system components. Information is
transferred between units 2 and 6 (e.g., switch parity information from unit 6 to unit 2,
and lamp out/cell out information from unit 2 to unit 6).

Switch Settings Signals provide unit 6 Basic Angle switch, Source Intensity switch, and
Datum Intensity switch setting information to unit 2. Basic angle settings range from 2.00
to 4.00° in 0.25°increments. Source and datum intensities range from 0 to 10 in
increments of 1.
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2.7.6 Light Intensity Control
Source light and datum light intensities are set at unit 6 then processed by unit 2 CPU
PWA A1A15.

Source light intensity information (figure 2-68) from unit 6 is routed through unit 2 to
unit 3 where the correct voltage is generated and routed through unit 1 to unit 7 and then
to units 9 and 10. Units 9 and 10 convert the motor-driven transformer voltages to lamp
drive voltages that are routed to the lamps in units 11 and 12.

REMCTE ELECTRONICS VARMG PWR CONTROL
CONTROL ENCLOSURE ASSY ENCLOSURE
ASSY ™ ASSY ™ - ASSY —
UNIT 6 UNTT 2 L UNIT 1
UPPER UPPER
INDICATOR SOURCE LIGHT
BOX ASSY [ XFMR ASSY
UNIT 12 UNIT 10
LIGHTING
JUNCTION
BOX ASSY -—
UNIT 7
LOWER LOWER
INDICATOR SOURCE LIGHT | |
BOX ASSY 1  XFMR ASSY
UNIT 11 L

Figure 2-68.- Source Light Intensity Control Block Diagram.
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Datum intensity information (figure 2-69) from unit 6 is routed through unit 2 to units 4
and 5 where the voltage for the corresponding brightness is generated and routed through
units 1 and 7 to lamps in units 13 and 14.

REMOTE ELECTRONICS POWER
COMTROL ENCLOSURE = Vﬁgf CONTRO
ASSY - ASSY UNIT 4 ENCLOSURE
UNT & UNIT 2 ASSY UNIT 1 ——
VARIAC
ASSY
UNIT 5

PORT SIDE/ [

PORT SIDE [HD LGHTING (et
DATUM JUNCTION
ARM_ASSY BOX ASSY |
UNIT 13 UNT 7

STARBOARD SIDE
DATUM
ARM ASSY
UNIT 14

Figure 2-69.- Datum Light Intensity Control Block Diagram.
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2.7.7 Display Stabilization

The optimal glidepath angle (2 to 4°) is set at unit 6. Unit 2 receives gyro pitch and roll
information (figure 2-70), and SOT assembly 11/12A1 thru 11/12A10 status information
from units 11 and 12 synchros. Unit 2 CPU PWA A1A5 then compares the gyro
information to the current position of the SOT assemblies 11/12A1 thru 11/12A10 and
outputs the appropriate signals to units 11 and 12 stepper motors to move the SOT
assemblies 11/12A1 thru 11/12A10 to present the display selected at unit 6.

REMOTE
CONTROL
ASSY
UNIT &
UPFER
(NDICATOR
BOX ASSY
I UNIT 12
ELECTRONICS
SHIP'S ENCLOSURE
GYRO ASSY
UNIT 2
LOWER
INDICATOR
BOX ASSY
UNIT 11

POWER CONTROL
ENCLOSURE
ASSY
UNIT 1

Figure 2-70.- VSTOL OLS Simplified Stabilization Block Diagram.
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The display is stabilized by moving the internal optical elements in units 11 and 12. Each
SOT assembly 11/12A1 thru 11/12A10 is connected to port and starboard vertical shafts.
Pitch and roll stabilization is maintained by moving the vertical shafts.

Pitch stabilization is attained by moving the port and starboard shafts up or down in
unison. Since all SOT assemblies 11/12A1 thru 11/12A10 are rigidly coupled to the
shafts, they all move simultaneously. The amount of shaft travel required to stabilize the
display is determined by the gyro pitch input to the system.

Roll stabilization is performed in the same manner as pitch stabilization, except that the
vertical shafts are moved differentially. Therefore, the system can be roll stabilized when
there is no pitch motion.

2.8.0 IMPROVED FRESNEL LENS OPTICAL LANDING SYSTEM (IFLOLS)
The Improved Fresnel Lens Optical Landing System (IFLOLS) Shipboard MK13 MOD 0
is a visual landing aid system that displays glide path and trend information to a fixed
wing pilot approaching the flight deck. The system presents a display that is visible at a
range of 1.0 nautical mile.

2.8.1 System Description

The Shipboard MK13 IFLOLS deck edge display (figure 2-71) consists of an indicator
display assembly (Unit 1) mounted vertically between two vertically oriented wave-
off/cut displays (Units 11 and 12), which are flanked by two horizontally mounted datum
arms (Units 8 and 9). The system displays an optimal glide path to the pilot that is
compensated for ship's pitch, roll and heave by internal electro-mechanically Stabilized
Optics Tables (SOTSs).

The glide path basic angle is adjustable from 3.0° to 4.5° in 0.25° increments. The hook
path command is adjustable between 50 feet and 350 feet in 5-foot increments and the
aircraft select hook-to-eye setting is adjustable between 12 feet and 22 feet in 0.25-foot
increments. Stabilization mode is selectable between line and inertial modes.
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UNIT 1

UNIT 11

UNIT12
UNIT 18

UNIT 16
UNIT 15
UNIT 9

URIT 1 - INDICATOR CISPLAY ASSY

UMIT & - PORT DATUM ARM ASSY

UMIT 9 - STAREOARD DATLUM ARM ASSY

URIT 11 - PORT (-0 CUT) LAMP ARKM ASSY

UMIT 12 - STARBOARD (W-0 JTUT) LAMPE AR M ASEY
URIT 15 - LIGHTING JUNCTION BOX ASSY

LUMIT 16 - TRANSFORMER ENCLOSURE ASSY

URIT 18 - MONITOR WD [NDICATOR

Figure 2-71.- IFLOLS MK13 Mod 0 Deck Edge Equipment.

The system displays a virtual image (ball) that is dynamically stabilized to compensate
for ship's pitch, roll and heave motion. The ball appears aligned between two horizontal
datum arms (figure 2-72) when the pilot is approaching on the optimum glide path. As
the aircraft transitions about the optimum glide path, the ball will appear to be above or
below the datum arm lights if the pilot is approaching high or low relative to the optimum
glide path.

If the pilot's approach is below the glide path by greater than 0.45°, the display presents a
flashing red ball (figure 2-72). For all other flight profiles, the system presents a yellow
ball. Refer to figure 2-73, figure 2-74 and table 2-12 for system operational
characteristics.
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Figure 2-72.- IFLOLS MK13 and MK14 Optical Presentation.
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Figure 2-73.- IFLOLS MK13 Vertical Coverage.
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I AZIMUTH RANGE |

Figure 2-74.- IFLOLS MK13 Azimuth Coverage.

OPTICAL
Indicator Display
Azimuthal Beam Coverage +20°
Vertical Beam Coverage
Standard Cells (1-10) Yellow | 0.13° 7.8 arc min/cell
Total Standard Cells 1.3° o 22 500 candelas
Extended Red Cell (11) 0.183° | 11.0 arc min
Extended Red Cell {12) 0.216" | 13.0 arc min
Total Extended Red Cells 04 | ... 5,500 candelas
Total Vertical Coverage 1.7°
Wave -Off
Azimuthal Coverage (per lamp)  50°
Vertical Coverage 24

Maximum Beam Intensity
Cut
Azimuthal Coverage (per lamp)
Vertical Coverage
Maximum Beam Intensity
Datum Arm
Azimuthal Coverage (per lamp)
Vertical Coverage
Maximum Beam Intensity

6,000 candelas

20°
15°
20,000 candelas

40°
10°
6,000 candelas

DYNAMIC SYSTEM LIMITS

Operating Mode

Maximum Pitch

Maximum Roll

Maximum Heave

Maximum Lens Beam Roll Angle
Maximum Shaft Rate

Maximum Stabilization Rate

Active Mode MOVLAS Mode

©1.62° v2.50°

i8.50° “10.00°

15.0 Feet

-20.5°

3.76 Inch/Second

490.3 Feet/Minute

Table 2-12.- IFLOLS MK13 Operational Characteristics.
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2.8.2 System Equipment Groups
The system equipment groups (figure 2-75) consist of the deck edge equipment group,
the control room equipment group, the Pri-Fly equipment group and the LSO equipment

group.

Figure 2-75.- IFLOLS System Equipment Block Diagram Example.

DECK EDGE EQUIPMENT GROUP. The deck edge group consists of the indicator
assembly (Unit 1), twelve SOTs (Unit 6) housed in Unit 1, the mounting structure (Unit
7), the datum arm assemblies (Units 8 and 9), the wave-off/cut lamp arm assemblies
(Units 11 and 12), the lighting junction box (Unit 15), the transformer enclosure
assembly (Unit 16) and the wave-off monitor (Unit 18).

LENS ROOM EQUIPMENT GROUP. This group consists of the lens room control
panel assembly (Unit 2), the heave sensor assembly (Unit 5) and the emergency wave-off
control panel (Unit 13).
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PRI-FLY EQUIPMENT GROUP. This group consists of the Pri-Fly control panel
assembly (Unit 3) for IFLOLS configurations 3429AS0100-1 and -2 or Pri-Fly/cross
check control panel assembly (Unit 3) for IFLOLS configuration 3429AS0100-3.

LSO EQUIPMENT GROUP. This group consists of the LSO control panel assembly
(Unit 4), the distribution junction box (Unit 10) and the portable switch assembly.

2.8.3 Major Components Shipboard MK 13 Description and Principles of Operation
The IFLOLS MK13 MOD 0 consists of 16 separate major components. These
components include Units 1 through 18. Units 6 and 14 have been incorporated into Units
1 and 10 respectively. The following paragraphs provide descriptions, typical physical
locations and principles of operation for each unit. Refer to figures 2-76 and 2-77 for
IFLOLS system electrical interconnect and table 2-13 for physical characteristics of units.
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Figure 2-76.- IFLOLS MK13 System Interconnect Block Diagram Example.
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DIMENSIONS (INCHES) WEIGHT
UNIT DESCRIPTION HEIGHT | WIDTH | DEPTH (LBS)
1 Indicator Display Assembly (With / Without Unit & 73 17 42 1700 / 1800
Light Tables Installed)
2 Lens Room Electronics Enclosure 53 30 58 950
3 Pri-Fly Control Panel Assembly 219 247 13.9 120
3A Pri-Fly Cross Check Control Panel Assembly 23.1 46.0 15.0 150
4 LSO Control Panel Assembly 18.5 13 245 70
5 Heave Sensor Assembly 12 5.6 12.7 20
6 Stabilized Optics Table (SOT) 2.7 10 16.3 8
7 Mounting Structure Assembly 65 51 51.8 1060
8 Port Datum Arm Assembly 50 27 70 165
9 Starboard Datum Arm Assembly 50 27 70 1565
10 Distribution Junction Box Assembly 175 6.2 15 20
11 Port Wave -Off/Cut Lamp Arm Assembly 57 33 40 205
12 Starboard Wave -Off/Cut Lamp Arm Assembly 57 33 40 205
13 Emergency Wave -Off Control Panel Assembly 17 16 6.25 60
15 Lighting Junction Box Assembly 7.6 11.4 13.4 16.9
16 Transformer Enclosure Assembly 24 8 24 175
17 Portable Switch and Cable Assembly NA NA NA MNA
18 Wave -Off Indicator Manitor 8 5.25 DIA. NA 3

Table 2-13.- Shipboard IFLOLS (MK13 MOD 0) Major Components Physical Characteristics.

The indicator display assembly mounting frame (unit 7) has only preventive maintenance
impact at the organizational maintenance level; therefore, unit 7 is identified for
completeness only.

INDICATOR DISPLAY ASSEMBLY, UNIT 1. The indicator display assembly is a
sealed metal structure attached to a mounting frame on the deck edge platform. It has port
and starboard drive systems, twelve SOTSs, front and rear window assemblies, twelve
lenses, a heat pump and associated thermo switches, a rear electronics channel with
required circuitry and two midsection access doors, one port and one starboard.
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Stabilized Optics Table (SOT) (1Al thru 1A12). Although an integral part of the
indicator assembly, the SOT is a complex and compact repairable assembly in itself. It
carries primary and backup source lamps, a lamp change mechanism, a glass masked
fiber optic block, a lamp changer/driver PWA and a dichroic filter. The two bottom most
SOTs, 1A11 and 1A12, are called extended cells and are focused to provide a greater
coverage than the standard cells (LAl thru 1A10). SOTs 1Al thru 1A10 use yellow
dichroic filters, while SOTs 1A11 and 1A12 utilize red dichroic filters. Maintenance is
limited to removing and replacing several discrete items since the SOT is a precision
aligned unit.

Each SOT assembly is attached to port and starboard drive assemblies in a manner that
allows SOT assembly movement to compensate for ships’ pitch, roll and heave.

LENS ROOM ELECTRONICS ENCLOSURE ASSEMBLY, UNIT 2. The lens room
electronics enclosure assembly (figure 2-78) is the electrical and electronic control center
of the IFLOLS system (figure 2-76). It is comprised of eight subassemblies: a left
interconnect junction box, a left slope control panel, a component shelf, a lighting control
drawer, right slope control panel, a power supply drawer, a card cage drawer and a right
interconnect junction box subassembly. There are two sets of filtered cooling fans. One
set is located under the lighting control drawer and the other below the power supply
drawer.

FLAT PANEL DISPLAY
(2A1) (2A2) 2AZA1A1
-J— RIGHT SLCFE
LEFT SLOPE 8 | CONTROL PANEL
CONTROL PANEL "?" 2A2M1
281A2
-
O K
COMPONENT a
SHELF o RIGHT
2A1A3 d INTERCONNECT
A1) JUNCTION BOX
= 20284
INTERCONNECT
JUNCTIONBOX (A3) C—1 /
2A1A1 A [T T T =
w0 : — 0
I CARD CAGE
DRAWER
b (A2) 28242
CONTROL N 8 SUPPLY
DERWER . a 0 . A4, P (A3) 9 DRAWER
Ak 24243

Figure 2-78.- Lens Room Electronics Enclosure Assembly.
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Left Interconnect Junction Box Subassembly (2A1A1). The junction box (figure 2-78)
contains four terminal boards that provide interconnection points for all system power
and lighting functions.

Left Slope Control Panel Subassembly (2A1A2). The left slope control panel (figures
2-78 and 2-79) contains five subassemblies: three are power indicators and circuit
breakers for the system/subsystems, one provides fuse protection for the transient
suppression network and the fifth component is the BITE panel with LED readout and
lamp indicators.
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Figure 2-79.- Left Slope Control Panel Subassembly.
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Emergency Wave-Off Power Circuit Breakers and Power Indicators (2A1A2A1).
The IFLOLS system utilizes power from the ship’s emergency wave-off system. This
external power ensures the wave-off location data will be sent to all the external interface
systems when the IFLOLS system is “OFF”. As a result, this circuit breaker should only
be turned “OFF” during maintenance actions when the IFLOLS and emergency wave-off
systems are not needed for flight-ops. The power indicator is lit when the breaker is
activated and power is present.

Component Shelf Subassembly (2A1A3). The entire area behind the left slope control
panel subassembly (figure 2-78 and 2-80) is considered part of this subassembly;
however, not all components are mounted on the shelf itself. The subassembly is made up
of; two variacs, a fiber optic Ethernet hub, an EMI filter two relays and six terminal
boards.

Figure 2-80.- Component Shelf Assembly.

Lighting Control Drawer Subassembly (2A1A4). The lighting control drawer (figures
2-78 and 2-81) consists of two power supplies, three variacs, twelve terminal boards and
four PWAs. The primary purposes of the lighting control drawer are to provide power
and intensity control for the lighting for all five deck edge display units, provide
communication with the system main CPU and to process and display deck edge lighting
display faults.

The exterior face of the lighting control drawer provides additional system status
information through the use of indicator lamps, circuit breakers and fuses.
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Figure 2-81.- Lighting Control Drawer Front Panel.

Right Slope Control Panel Subassembly (2A2A1). The right slope control panel
(figures 2-78 and 2-82) consists of a control panel on which are mounted three
subassemblies: a flat panel display, a display control module and an intensity control
module. The shroud base subassembly, which forms the base of this subassembly,
provides a place on which to mount two power supplies, a fiber optic transceiver, a relay
and its socket, a diode, a resistor and four terminal boards.
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Figure 2-82.- Lens Room Right Slope Subassembly.

Flat Panel Display Assembly (2A2A1A1). This assembly (figure 2-82) provides the lens
room operator with seven (7) visual display/touch screens: the system MAIN screen,
LIGHTING screen, STABILIZATION screen, NON-STD (standard) screen,
MODE/STATUS screen, CALIBRATION screen and POLE CHECK screen. The flat
panel will display all BITE error conditions in the status bar area of all screens with the
exception of the calibration screen. Refer to WP 008 00, table 1 for a complete listing of
BITE panel error messages.

Lens Room Main Screen Display. This screen (figure 2-83) has five major elements.
The status bar, which is common to all lens room screens with the exception of the
CALIBRATION and POLE CHECK screens, provides fourteen discrete data elements:
Aircraft (A/C) type, Hook-to-Eye (H/E) distance, Basic Angle (BA) setting, which wire
is optimal and its distance from the round down, system stabilization mode, system
status, failure mode, where certain system failures will be indicated, Air Officer (A/O)
interlock status, whether a Hook-to-Ramp (H/R) warning has been issued, status and
frequency of the system low cell flash capability, whether wave-off has been initiated,
whether cut has been initiated and whether the barricade is raised.
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The main screen also provides four graphical representations: hook to ramp distance,
Hook Touch Down (HTD) point, which are both static and dynamic, a barricade up or
down position indication, and ship pitch (trim) and roll (list) gauges (analog and digital)
in degrees. On the right side of the screen are touch screen indications of which other
screen can be reached from the current screen, a brightness reset touch screen indication,
a touch screen indicator/switch showing whether Pri-Fly or the lens room has system
control, and the ability to take control of the system at lens room.
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Figure 2-83.- Lens Room MAIN Screen Display.

Lens Room Lighting Screen Display. In addition to the information provided on the
status bar, which is the same as on the MAIN screen, the LIGHTING screen (figure 2-84)
allows the lens room operator to observe and control source light, low cell, datum, wave
off and cut lighting intensity settings. The operator/maintainer can initiate or detect low
cell flash on or off, and can initiate or detect the cut light function. On the right side of
the screen are touch screen indications of which other screen can be reached from the
current screen, a brightness reset touch screen indication, and a touch screen
indicator/switch showing whether Pri-Fly or the lens room has system control, and the
ability to take control of the system at lens room.
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Figure 2-85.- Lens Room LIGHTING Screen Display.

Lens Room Stabilization Screen Display. The lens room STABILIZATION screen
(figure 2-85) display shows the status bar, which is the same as on the MAIN screen. This
screen permits the operator and or maintainer to switch between line and inertial
stabilization modes, select between 3.50°, 3.75°, and 4.00° basic angle, change the hook
path command to the 1, 2, 3, or 4 arresting wire (4th wire not applicable for CVN-76),
select the type of standard aircraft on approach from a menu, enable or disable the
barricade is rigged/not rigged indication and a separate touch screen area to enable
changes. On the right side of the screen are indications of which other screens can be
reached from the current screen, a brightness reset touch screen indication and a touch
screen indicator/switch showing whether Pri-Fly or the lens room has system control and
the ability to take control of the system at lens room. To make a selection on this screen,
select the ENABLE button (the text will change to Enter and the button will be
highlighted) then touch the desired buttons to active (the button will highlight to indicate
a successful selection) and then select the ENTER button. The changes will not be
activated until the ENTER button is selected. To activate a BARRICADE button, select
ENABLE, BARRICADE, A/C TYPE-H/E and then ENTER.
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Lens Room Nonstandard Screen Display. The lens room NONSTANDARD screen
(figure 2-86) display shows the status bar, which is the same as on the MAIN screen. This
screen permits the operator/maintainer to manually change the Hook Path, the Basic
Angle and the Hook-to-Eye distance, to select from two sets of nonstandard aircraft
types, enable or disable the barricade is rigged/not rigged indication and a separate touch
screen area to ENABLE changes. On the right side of the screen are touch screen
indications of which other screens can be reached from the current screen, a bite button
which allows toggling of the bite panel LED, a BRT RESET (brightness) reset touch
screen indication and a touch screen indicator/switch showing whether Pri-Fly or the lens
room has system control and the ability to take control of the system at the lens room. To
make a selection on this screen for the NONSTANDARD AIRCRAFT TYPE block,
select the ENABLE button (the text will change to ENTER and the button will be
highlighted), then touch the desired button to activate (the button will highlight to
indicate a successful selection) and the ENTER button. To manually enter a HTD, B/A or
a H/E: select ENABLE, one of the three buttons (HTD, B/A or H/E) then use the up and
down arrows to select the correct value and then hit ENTER. The changes will not be
activated until the enter button is selected. To activate a BARRICADE button, select
ENABLE, BARRICADE, A/C TYPE-H/E and ENTER. To save a H/E setting, select the
H/E manually chose either save SET1 or save SET2 only; save the H/E setting not HTD
and BA.
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Figure 2-86.- Lens Room NONSTANDARD Screen Display.
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Lens Room Mode/Status Screen Display. The MODE/STATUS screen display (figure
2-87) is available only at the lens room station. This is the only screen, which the
operator/maintainer can use to access the system CALIBRATION and POLE CHECK
screens. The MODE/STATUS screen display shows the status bar, which is the same as
on the MAIN screen, pitch and roll information, and the ability to select mode (ACTIVE,
MOVLAS, OR CALIB), heave source (used when system set to inertial mode) and gyro
source. This screen provides graphical representations of lens pitch and roll with an
accompanying digital read out and a lighting status display, which graphically identifies
the failure of any lamps in the deck edge display. It contains a separate touch screen area
to ENABLE changes. On the right side of the screen are touch screen indications of
which other screens can be reached from the current screen (this is the only screen which
allows access to the CALIBRATION screen), a brightness reset touch screen indication
and a touch screen indicator/switch showing whether Pri-Fly or the lens room has system
control and the ability to take control of the system at the lens room.
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Figure 2-87.- Lens Room MODE/STATUS Screen Display.
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Lens Room Calibration Screen Display. The CALIB RATION screen (figure 2-88) has
an area, which permits the operator/maintainer to perform system static (with the drive
system off) or dynamic (with the drive system on) stabilization tests by manually setting
pitch, roll and heave. There is a window which shows the software program input
variables, which are loaded prior to system installation and are specific for ship type and
are therefore not accessible to the operator or maintainer. There is a separate touch screen
area to ENABLE changes and tests and on the right side of the screen is a single touch
screen indication, which permits returning to the MODE/STATUS screen (when system
is in CALIBRATION mode, a POLE CHECK screen select button will also appear).
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Figure 2-88.- Lens Room CALIBRATION Screen Display.
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The LIGHTING PWR area provides capabilities for turning source lights or datum lights
on during any condition where a critical failure automatically turns the lights off. The
source lights can be turned on by selecting ENABLE, Source ON/OFF, ENTER. The
Source OFF button will change to Source ON. The datum lights can be turned on by
selecting ENABLE, Datum ON/OFF and Enter. The Datum OFF button will change to
Datum ON.

The BITE DISPLAY area provides capabilities for displaying various information on the
BITE panel. The DISPLY FdBack Button is the default setting (i.e., feedback information
will be displayed on BITE panel unless changed). To change setting, select ENABLE,
DISPLY FdBack, ENTER. The next setting will be displayed (it is possible to toggle
through all display settings), toggle to the desired setting and select ENTER. Refer to
table 2-14 for DISPLY button description, purpose and displayed information.

DISPLY BUTTON | PURPOSE INFORMATION DISPLAYED ON BITE PANEL

DISPLY FdBack Displays feedback information | Port drive commanded position, Port drive feedback
position, Stbd drive commanded position, Stbd drive
feedback position

DISPLY Stab Displays Stabilization settings | Basic Angle, Hook Path, Hook to Eye, Ship pitch,
Ship Roll, Ship Heave, Port drive position, Stbd
drive position

DISPLY Heave Displays Heave information Vertical acceleration, heave without ship motion
detector, heave with ship motion detectar, raw
acceleration

DISPLY TrmlLst Displays ship’s Trim and List Trim=XXXX, List=XXXX

DISPLY PwrSup | Cycles through QTY=10 power | Channel #, voltage
supply voltages

DISPLY Spn46 Verify receipt of Spn46 data Data received from Spn46: Status, pitch, roll, heave,
IFLOLS heave, accelerometer

DISPLAY Err Msg | Displays highest priority error | Error information phrase

DISPLAY A5 time | NAWC Engineering use only PWA A5 card performance

Table 2-14.- BITE Display Button Feedback Functions.

The STABILIZATION TEST area provides capabilities for slewing the drive system
either statically or dynamically. Select ENABLE, then select the desired tests and
ENTER.
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Lens Room Pole Check Screen Display. The POLE CHECK display screen (figure 2-
89) is accessible from the CALIBRATION screen only. It provides the capability to
arrow up or down to various configurations (see IFLOLS Maintenance Requirement
Cards (MRCs) in order to check the system using preset parameters.

POLE CHECK

CONFIG #1 0.00 degree 0.00 dege%|

ROLL RESPONSE OUTPUT CHECK

PITCH RESPONSE ROLL RESPCONSE

RASIC ANGLE 3 50
HTD 0-ROLL-SET
HIE 0-ROLL-SET
ROLL 0.00 DEGREES SN MODE
PITCH 0.00 DEGREES STAT
HEAVE 0.00 FT —
POSITIVE PITCH  BOW DOWN
POSITIVEROLL  STEBDUP CALIB
POSITIVE HEAVE  SHIP DOWN N

CONFIGURATION
ENABLE SELECT

Figure 2-89.- Lens Room POLE CHECK Screen Display.

Card Cage Drawer Subassembly (2A2A2). The card cage drawer (figures 2-78 and 2-
90 consists of a card cage assembly with twenty PWA card slots, containing a total of
eleven PWAs and a step mount assembly with twenty-four terminal boards.
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Figure 2-90.- Card Cage Drawer Assembly.

Power Supply Drawer Subassembly (2A2A3). The power supply drawer (figures 2-78
and 2-91) consists of five power supplies, two motor drivers, eight terminal boards and
associated hardware. The primary purpose of the power supply drawer is to provide
power to the card cage, motors and emergency wave-off circuits.

Figure 2-91.- Power Supply Drawer Assembly.
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Right Interconnect Junction Box (2A2A4). The right interconnect junction box (figure
2-78) contains twenty-four terminal boards which provide power and signal
interconnection points for all system functions other than lighting and system power,
which are handled by the left interconnect junction box. The assemblies primary purpose
is to provide a junction point for IFLOLS system stabilization and communication
signals, but it also provides wave-off and cut signals to the Integrated Launch and
Recovery Television Surveillance (ILARTS) system and pitch, roll and Basic Angle (BA)
data to the Electronic Cross Hair Stabilization System (ECSS).

PRI-FLY CONTROL PANEL ASSEMBLY, UNIT 3. The Pri-Fly control panel
assembly (figure 2-92) provides specific system information and the ability to make
changes in various system settings as described below. The unit is bulkhead mounted and
consists of a flat panel display module, a display control module, an intensity control
module and a shroud base subassembly. Unit 3 control panel also acts as a connection
point for the air officer’s “WAVE-OFF” switch and “LIGHTING INTERLOCK?” switch
(also known as the “LENS OFF/LENS ON* switch) located in the air officer’s center
control console. IFLOLS senses closure of both switches and provides illumination
power for these switches.

Flat Panel Display Assembly (3A1A1). The Flat Panel Display assembly (figure 2-92)
provides specific system information with four visual display/touch screens: the MAIN
screen display, the LIGHTING screens display, the STABILIZATION screen display and
the NON-STD (standard) screen display. The flat panel will display all BITE error
conditions in the status bar area of all screens.

NOTE

All screen displays for the Pri-Fly control panel are comparable to those previously
described in the sections for the Lens Room screen displays. There are subtle differences,
such as the NONSTANDARD screen display (Figure 2-93) in Pri-Fly includes a
MOVLAS function that is not included in the Lens Room.

The Pri-Fly control panel does not include screen displays for the MODE/STATUS,
CALIBRATION and POLE CHECK screen displays.
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Figure 2-92.- Pri-Fly Control Panel Assembly.
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Figure 2-93.- Pri-Fly NONSTANDARD Screen Display.
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Pri-Fly Nonstandard Screen Display. The Pri-Fly NONSTANDARD screen display
(figure 2-93) shows the status bar, which is the same as on the MAIN screen. This screen
permits the air boss to manually change the hook path, the basic angle and the hook to
eye distance, to select nonstandard aircraft types, to save and set two nonstandard
configurations and to enable or disable the barricade. Additionally, a separate touch
screen area to ENABLE changes. On the right side of the screen are touch screen
indications of which other screens can be reached from the current screen, a color scheme
button for setting the display to white or red graphics, a BRT RESET (brightness) reset
touch screen indication, and a touch screen indicator/switch showing whether Pri-Fly or
the lens room has system control, and the ability to take control of the system at Pri-Fly.
To make a selection on this screen for the NONSTANDARD AIRCRAFT TYPE, select
ENABLE button (the text will change to ENTER and the button will be highlighted),
then touch the desired button to activate (the button will highlight to indicate a successful
selection) and then select ENTER button. To manually enter a HTD, B/A or a H/E, select
ENABLE, one of the three buttons (HTD, B/A, or H/E), use the up and down arrows to
select the correct value then hit ENTER. The changes will not be activated until the
ENTER button is selected. To activate a BARRICADE button select ENABLE,
BARRICADE, A/C TYPE-H/E and then ENTER. To save a H/E setting, select the H/E
manually, choose either save SET1 or save SET2 then select ENTER. The saved setting
can now be accessed using the button that it was saved under.

LSO CONTROL PANEL ASSEMBLY, UNIT 4. The LSO control panel assembly
(figure 2-94) located at the LSO workstation provides the LSO with specific information
concerning system and system interface status. The LSO does not have touch screen
capability at the control panel since the flat panel has a fixed "weather cover" mounted
over it. This cover extends to cover the intensity controls but is hinged and latched for
easy access to those controls. The LSO has the ability to change the intensity settings for
the system deck edge display on the lighting screen display by switches located on the
display control module. In an emergency situation, the LSO can initiate wave-off or cut
from this unit. The assembly consists of a flat panel display, display control module,
intensity control module and a shroud base subassembly. (If Service change 7 - Landing
Signaling Officer Display (LSOD) is incorporated, omit LSO control Panel Assembly
part number 3429AS0400- 2)

Flat Panel Display Assembly (4A1A1). This assembly (figure 2-94) provides the LSO
with two unique visual display screens: a main screen and a lighting screen. The two
screens are modified versions of the system MAIN screen and system LIGHTING screen
as found at the lens room and Pri-Fly control panels.
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Figure 2-94.- LSO Control Panel.

LSO Main Screen Display. The LSO main screen display (figure 2-95) graphically
represents a hook-to-ramp meter and a Hook Touch Down (HTD) meter. Both meters
display dynamic and static information. Additionally, a barricade indicator and targeted
wire information are displayed. Across the screen in larger letters is displayed the A/C
type, H/E, BA, "FAILURE" message and wave-off indication. This screen also provides
two lines of text, which are only displayed under certain conditions; line four will
indicate a major system FAILURE and the fifth line will indicate that WAVE-OFF has
been initiated.
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Figure 2-95.- LSO MAIN Screen Display.

LSO Lighting Screen Display. The LSO lighting screen display (figure 2-96) has three
areas providing information: the status bar, which has thirteen discrete data elements:
aircraft (A/C) type, Hook-to-Eye (H/E) distance, Basic Angle (BA) setting, which wire is
optimal and its distance from the round down, system stabilization mode, system status,
FAILURE MODE, where system failures will be indicated, Air Officer (A/O) interlock
status, whether a Hook-to-Ramp (H/R) warning has been issued, status and frequency of
the system low cell flash capability, whether wave-off has been initiated, whether CUT
has been initiated and whether the barricade is raised. The screen has graphical
representation of intensity for: source light (ten top most cells), low cells (bottom most
two cells) and datum/cut wave-off. This screen can be accessed only when the LSO
selects one of these three intensity settings to view or change. The screen also provides a
graphical representation of ship pitch (trim) and roll (list) gauges (analog and digital) in
degrees. To change the intensity for the low cell or source lights, select the appropriate
button from the intensity control select block (the button should flash). Press the up and
down arrows and the intensity setting should move one level each time the up or down
arrows are press.
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The datum, cut and wave-off button works by toggling through the three lighting
intensities it controls and highlighting the one that is active at the top of the screen. To
select the datum, cut or wave-off lights press the datum, cut and wave-off button until the
lights are highlighted at the top of the screen and then select the up and down arrows to
change the intensity. When the desired intensities are set, the screen will timeout and
return to the main screen.

LIGHTING
SOURCH LOW DATUM WAVE cuTt
FiA- 18E/FF SHORMNET LIGHTS CELL LIGHTS OFF LIGHTS
HIE=17.15ft
BA=38deg 15 15 5 15 15
Wire 3, HTD =230 # 14 14 14 14 14
Stab mode: Inertial 13 13 13 13 13
System Mode 12 12 12 12 12
Failure Mode 1 1 11 11 1
Ao Intrick: Lens On 10 10 10 10 10
H/R Waming a 9 o 9 9
Low Cell Flash 45 E E . E .
Wawve OF (LSO L ! . z !
o a:e [ B B 5 B B
L 5 5 3 5 5
Barricade 4 & F 4 4
3 3 3 3 3
2 2 2 2 2
1 i | i i
0 0 0 0 0
TRIM ({DEG) LIST

Figure 2-96.- LSO LIGHTING Screen Display.

HEAVE SENSOR ASSEMBLY, UNIT 5. The heave sensor assembly (figure 2-75 and
2-97) is mounted to the deck in the lens room. The assembly consists of an
accelerometer, a power supply and a terminal board. It provides analog heave
measurement signals for the IFLOLS system.
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Figure 2-97.- Heave Sensor Assembly.

Accelerometer (5A1). The accelerometer mounted orthogonal to the heave assembly
base plate and measures acceleration along the "Z" axis (vertical) (Refer to figure 2-98.)

SIGN CONVENTION:

C) PORT SIDE DOWN = + ROLL (+X)
BOW DOVWN = * BITCH [+Y)
BOW TO STBD = + YAW (+Z)

Figure 2-98.- Ship’s Motion, Pitch, Roll and Heave Axis.
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The main IFLOLS CPU (2A2A2A5) has the ability to differentiate pure ship heave out of
the information acquired from the accelerometer and ship’s roll input.

Power Supply (5PS1). The power supply provides £15 VDC power to the accelerometer.
PORT AND STARBOARD DATUM ARM ASSEMBLIES, UNITS 8 AND 9. The

port and starboard datum arm assemblies (figure 2-75 and 2-99), mounted on the deck
edge, provide a lighted horizontal datum reference line.

DATUM ARM ASSY. (FORT) DATUM ARM ASSY. (STBD)

Figure 2-99.- Port and Starboard Datum Assemblies.

The datum arm assemblies consist of a rectangular metal tube containing two terminal
boards and ten lamps. The lamps are held in place by lamp retainer and filter assemblies.
The filters used for both units are all aviation green.

With respect to the indicator display assembly, the five most outboard lamps in each
assembly are fixed datum lights, while the five most inboard lamps in each assembly are
called conditional datum lights. When wave-off is initiated, the conditional datum lights
are extinguished.

DISTRIBUTION JUNCTION BOX ASSEMBLY, UNIT 10. The distribution junction
box assembly (figure 2-75 and 2-100) consists of three electro-mechanical relays, three
relay sockets and six terminal boards. Located in the LSO equipment room, near the LSO
station, the junction box provides signal and power distribution to the LSO control panel
and acts as a tie point for the wave-off indicator monitor.
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Figure 2-100.- Distribution Junction Box Assembly.

The junction box assembly also distributes signals to other systems external to IFLOLS.
It provides a distribution point for ship trim, ramp motion and wave-off to the LSO HUD.
It also sends a wave-off signal to the AN/SPN-46 radar. The LSO wave-off panel switch
and portable switch assemblies are also connected to IFLOLS via Unit 10.

PORT AND STARBOARD WAVE-OFF/CUT LAMP ARM ASSEMBLIES, UNITS
11 AND 12. The port and starboard wave-off/cut lamp arm assemblies (figure 2-101)
consist of eight lamp-housing assemblies each.

Cut Lights. In both units the two top most lamps, side by side, utilize aviation green
filters and are CUT lights.

Wave-Off Lights. The three lamp housings, utilizing red filters and mounted vertically
on the outboard side of both units, with respect to the indicator display assembly,
constitute the wave-off lights.

Emergency Wave-Off Lights. The three lamp housings, utilizing red filters and
mounted vertically on the inboard side of both assemblies with respect to the indicator
display assembly, constitute the emergency wave-off lights.
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Figure 2-101.- Port and Starboard Wave-Off/Cut Lamp Arm Assemblies.

EMERGENCY WAVE-OFF CONTROL PANEL ASSEMBLY, UNIT 13. This
assembly (figures 2-75 and 2-102) is also known as the master wave off control panel
assembly and is the signal processing, distribution and control center for the wave-off
light system. It works integrally with the IFLOLS system and is located in the lens room.
The front panel assembly consists of indicators, switches and circuit breakers. Opening
the hinged front panel assembly accesses the card cage assembly, a step-down
transformer and terminal boards.

The emergency wave-off control panel (figure 2-102) also provides 115 VAC emergency
wave-off power to the IFLOLS system at the lighting junction box assembly (Unit 15).
The junction box assembly in turn provides emergency wave-off power to port and
starboard wave-off/cut lamp arm assemblies (Units 11 and 12 respectively) and the wave-
off monitor (Unit 18) as soon as Unit 13 is energized. The emergency wave-off control
panel also provides a signal to the lens room control panel (Unit 2) and then to the
distribution junction box assembly (Unit 10), from which systems that interface with
IFLOLS can determine where wave-off was initiated.
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Figure 2-102.- Emergency Wave-Off Control Panel.
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LIGHTING JUNCTION BOX ASSEMBLY, UNIT 15. The lighting junction box
assembly (figure 2-75 and 2-103), located on the deck edge, provides electrical
connection points for IFLOLS wave-off, emergency wave-off and cut lighting
components. The assembly consists of an enclosure and two terminal boards.

SEIEEEEEEEE

olefelooelololofe

Figure 2-103.- Lighting Junction Box Assembly.

TRANSFORMER ENCLOSURE ASSEMBLY, UNIT 16. The transformer enclosure
assembly (figure 2-75 and 2-104), located on the deck edge, consists of four transformers
and three terminal boards. The assembly provides 20 VAC to the indicator display
assembly lamps and 28 VAC to the port and starboard datum arm lamps.

[=]
L 1®[ [T]
Figure 2-104.- Transformer Enclosure Assembly.
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— g oL [®] ]
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WAVE-OFF INDICATOR MONITOR ASSEMBLY, UNIT 18. The wave-off
monitor (figure 2-105) consists of a red domed aircraft warning light and is of the
approximate dimensions given in table 2-13. There are two wave-off monitor assemblies,
one located on forward side of Unit 12 and the other located aft of the LSO workstation.
They flash at the same rate as the wave-off lights and provide an indication, which can be
seen in the LSO workstation, Pri-Fly and bridge areas that a wave-off has been initiated.

Figure 2-105- Wave-Off Indicator Monitor Assembly.

LSO PORTABLE SWITCH ASSEMBLY, UNIT 17. The portable "PICKLE" switch
assembly (figure 2-106) consists of a pistol-grip type handle, a gray push-button switch
(cut light switch) and a red push-button switch (WAVE-OFF light switch). The portable
switch assembly permits the LSO to control the operation of cut lights, wave-off lights
and emergency wave-off lights from points other than the LSO panel. There are three
LSO portable switch assemblies available at any time for use in initiating cut lights,
wave-off lights or emergency wave-off lights.
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Figure 2-106- LSO Portable Switch Assembly.

PRI-FLY IFLOLS/CROSS CHECK ENCLOSURE ASSEMBLY.

Pri-Fly Workstation. The Pri-Fly cross check workstation (figure 2-107) uses identical
components for the IFLOLS touch screen display and the arresting gear operator’s touch
screen display. This cross check design will allow the IFLOLS and A/G screens to be
displayed on either side of the integrated workstation. The size and layout of this
workstation was designed such that one operator can easily operate both IFLOLS and
AJG cross check. The layout will also allow separate operators to operate IFLOLS and
AJG cross check.

———
° > o a3 o
=] [« ! a3 o
I
A IFLOLS b Cross d
oP o L n Check 3
5] o ] o
(=) (] o i = []
(a]
® o s e
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[] []
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Figure 2-107- Pri-Fly Cross Check Workstation.
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Cross Check Dimmer Panel Assembly. The dimmer panel assembly provides system
on/off and intensity control for the cross check flat panel display, the display control
module and the EL backlighting panel of the intensity control module. The module
consists of a voltage regulator assembly power switch and two potentiometers.

3.5 Inch Floppy Drive Assembly. The 3.5-inch floppy drive assembly allows recovery
log data to be downloaded to a 3.5-inch floppy disc that can be uploaded to the ASRL
program.

Card Cage Assembly. The card cage assembly contains four circuit cards necessary for
system operation.

a. 16 Channel Digital Output Card.

b. Synchro to Digital Converter Card.
c. CPU Circuit Card.

d. Serial Communication Circuit Card.

Cross Check Flat Panel Assembly (A5). The Pri-Fly A/G cross check flat panel
assembly allows the entering of data to initialize the system to enter sunrise and sunset
times, to pre-enter a list of aircraft side numbers and miscellaneous data as appropriate.
This data will typically be entered when the system is initially powered up and then
updated at least once each operational day during the pre-ops of the system. During
recovery operations, the flat panel assembly allows the A/G engine weight settings to be
automatically set and then verifies that all engines are properly set, sub-systems are in
"Battery" and performs the cross check function of verifying that the arresting gear and
Improved Fresnel Lens Optical Landing System (IFLOLS) are both set for the same
aircraft type.

MOVLAS Operations Entry Screen. If MOVLAS is being used, the A/G Pri-Fly
operator must enter this into the cross check system so that the system does not try to get
a cross check verification with IFLOLS.

NOTE
Paragraphs 156/157 are applicable to installations with IFLOLS S/C 4 and A/G S/C 440
installed.
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(A/G) Pri-Fly Operations Panel. The installation of a dual opto-isolated RS-485
communication card allows transmission of IFLOLS hook-to-eye and basic angle
information to A/G cross check. If the IFLOLS settings match the required settings for
the aircraft type selected on the A/G panel, the LENS symbology on the air officer's
panel displays in green.

2.9.0 MANUALLY OPERATED VISUAL LANDING AID SYSTEM (MOVLAS)
The MOVLAS is a backup visual landing aid system used when the primary optical
system (IFLOLS) is inoperable, when stabilization limits are exceeded or unreliable
(primarily due to extreme sea states causing a pitching deck), and for pilot/LSO training.
The system is designed to present glide slope information in the same visual form
presented by the IFLOLS.

There are three installation modes aboard ship: STATION 1 is immediately in front of the
IFLOLS and utilizes the IFLOLS wave-off, datum, and cut light displays. STATION 2
and 3 are independent of the IFLOLS and are located on the flight deck port and
starboard side respectively.

2.9.1 MOVLAS Components

Lightbox
MOVLAS is a vertical series of orange lamps manually controlled by the LSO with a
hand controller to simulate the ball.

Hand Controller

The hand controller is located at the LSO workstation. A handle is provided so the LSO
may select the position of the meatball. The pickle switch is attached to the end of the
controller handle. As the handle on the LSO controller is moved up or down it lights
three or four consecutive lamps in the light box thus providing a meatball.

Repeaters

MOVLAS repeaters show where the LSO is displaying the meatball to the pilot. One
repeater is displayed on the Integrated Launch And Recovery Television Surveillance
System (ILARTYS).
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2.9.2 IFLOLS MOVLAS Mode

MOVLAS mode is chosen when the IFLOLS cannot utilize active mode while air
operations are being performed. This mode needs to be chosen, it is not an automatic
mode selected by the IFLOLS.

a. Utilize MOVLAS mode: during periods of rough seas when the IFLOLS can no
longer stabilize (pitch angle greater than +/- 1.62 degrees or roll +/- 8.19 degrees) and the
system exits the active mode and enters the calibration mode.

b. When MOVLAS mode is chosen, the source and low cell lights will be turned
off and the datum lights will turn on and return to their original intensity setting.

c. The port and starboard DC motors (in Unit 1) are disabled in the MOVLAS
mode.

d. While in the MOVLAS mode, the dynamic hook-to-ramp and hook touchdown
meters will operate up to the graphical limits on the main screen display at all stations. If
these limits are exceeded, the display will stop at the extreme and resume when the
reading(s) fall back within the graphical range.

e. MOVLAS mode allows for +/- 2.5 degrees of ship’s pitch and +/- 10 degrees of
ship’s roll without giving an alarm.

f. The System status area on the flat panel screen will display “MOVLAS” on the
first line (A/C hook to eye) and the system mode line.

g. Basic angle and hook touchdown values can still be entered.

h. When the MOVLAS button is selected the button grid for hook to eye values
will be disabled.

i. Commanded position will be sent back from the stabilization computer instead
of the feedback position.

j. The HUD display and the ILARTS interface are active in MOVLAS mode.

k. To exit the MOVLAS mode, select ACTIVE or CALIB from the
MODE/STATUS screen in the lens room.
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2.10.0 INTEGRATED LAUNCH AND RECOVERY TELEVISION
SURVEILLANCE SYSTEM (ILARTS)

2.10.1 Overview

The Integrated Launch and Recovery Television Surveillance (ILARTS) System
monitors/records day and night flight ops via LLL (Low Light Level) Cameras located at
key locations on the carrier. Each of the LLL cameras operates from full daylight
(100,000 lux) to night (.001 lux). The primary requirements for ILARTS are:

a. Provide video to assist in incident analysis.

b.  Allow the Landing Signal Officer (LSO) to detect flight path deviations and
coordinate pilot/aircraft approach maneuvers.

c. Directly assist the LSO during recoveries, by providing real-time glide-slope /
alignment information.

d. Enhance the abilities / capabilities of key activities onboard the ship by
providing live video during flight ops. (CIC/AIR OPS, CIC/CACC, PILOT HOUSE,
THE FLAG BRIDGE, PRIMARY FLIGHT CONTROL, FLIGHT DECK AMCC, and
the LSO PLATFORM)

2.10.2 Island Camera Installation

The Island Camera is located 40 feet above the flight deck on the island structure. The
operator positions the LLL camera on the aircraft and manipulates the zoom from 4 to 40
degrees to maintain proper framing of the aircraft. The Island Camera is used to identify
the aircraft and the arresting wire engaged during recoveries. The Island Camera also
covers launches and other key flight deck activity. The island camera unit is mounted on
a pedestal equipped with a manually operated pan and tilt head; this, of course, requires
that an operator be present in the island camera booth. The island camera station is
protected by an enclosure. The enclosure is equipped with red and white lighting, and a
jackbox for connection of a sound-powered telephone headset to provide audio
communication with the ILARTS control room.
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CENTERLINE INSTALLATION

Two LLL Cameras identified as “Aft” and “Forward” are located at selected positions
along the angled deck centerline to provide glide-slope and line-up data during aircraft
approach. Both cameras provide 14 degrees 35-minutes horizontal and 10 degrees 58-
minutes vertical field of view. Each of the centerline camera installations is enclosed in a
compartment approximately 6-feet by 6-feet; the compartment is equipped with a locking
access door, 120Vac utility outlets for operation of test equipment and portable power
tools for maintenance purposes, a 125-psi air supply line with shut-off valves for clearing
lens obstructions, piping connections to ship's drain, and a jackbox for connection of
sound-powered telephone headset for audio communication to the ILARTS control room.

DECK-EDGE CAMERA INSTALLATION

Three LLL Cameras aided by infrared illuminators for night operations are employed for
catapult surveillance. Each camera is used to view catapult launch operations, and
specifically to record aircraft tow bar engagement into the catapult shuttle spreader. The
cameras zoom lens, infrared illuminators, and pan / tilt unit allows the operator to
maintain proper coverage of the aircraft.

2.10.3 Control Room

All ILARTS cameras are operated from the control room, which contains equipment
required for processing, control, and synchronization of the video information. The
control room also contains equipment for switching, recording, and distribution of the
video signals, as well as the audio signal obtained from the LSO radio to the appropriate
activities onboard the ship. The room must be air-conditioned, as the heat dissipation of
the ILARTS equipment is about 10 kW. A sound-powered telephone circuit from the
control room to the island camera station and each of the centerline camera compartments
is required to provide audio communication during operation and maintenance of the
system. It is also used for shipboard intermediate level maintenance of the ILARTS
equipment. A workbench, cabinets, and stowage space is required for intermediate level
maintenance tools and test equipment.
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The ILARTS system is a replacement for the Mk 1 Mod 4 landing signal officer (LSO)
pilot landing aid television (PLAT) system (fig. 2-109) currently in use aboard U.S. Navy
aircraft earners. The PLAT system is becoming logistically unsupportable. The primary
purpose of the ILARTS system, as with the PLAT system, remains the simultaneous
monitoring and recording of aircraft recovery operations, both day and night, as a
debriefing medium for pilots and for detailed accident analysis. In addition, programmed
servo control equipment and additional camera control equipment required for a catapult
launch surveillance system being developed can be accommodated within the equipment
racks and control console and fully integrated into the video switching, recording,
distribution, and display equipment provided.

VIEWING
FAPEATURE

ASSEMBLY

DECK EDGE
CAMERA

CENTERLINE

Figure 2-109- ILARTS installation location.
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2.10.4 System Description

The ILARTS system is a closed television circuit to monitor aircraft landings aboard U.S.
Navy aircraft carriers during both day and night operations, and is planned for expansion
to include surveillance of launch operations. Three low-light level television (LLLTV)
camera chains, each of which is comprised of a camera head unit (CHU), a camera
control unit (CCU), and a remote control panel (RCP), are used in the present system.
Two of the CHUs are located at selected positions along the angled deck centerline to
provide glide slope and line-up data during the approach. Each of the two centerline
CHUs is equipped with a 120mm fixed focal length lens, which provides approximately a
14-degree (horizontal) by 10-degree (vertical) field of view.

The centerline CHUs are mounted vertically (below and perpendicular to the flight deck)
and view the flight deck through the deck fixture. The deck fixture contains the viewing
aperture (window) and a mirror assembly, which provides a means of setting the optical
axis (of the 120mm lens/CHU assembly) parallel to the optical glide slope of the
incoming aircraft (fig. 2-109).

The remaining CHU is located above the flight deck level on the island structure, which
provides an unobstructed view of the flight deck. This CHU is used to identify the aircraft
and the arresting wire engaged. It is also used to monitor launch operations, accidents,
and other flight deck activity. The island camera CHU is equipped with a motor-operated
10:1 zoom lens. The camera housing contains the operator’s viewfinder (monitor) and
zoom control. The island camera unit (CHU, zoom lens, and housing) is mounted on a
pedestal equipped with a manually operated pan and tilt head (fig. 2-109). This, of
course, requires that an operator be present in the island camera booth. The control of the
CHU itself is accomplished in the same manner as the centerline CHUs. The CHUs are
controlled from a centralized control room that contains equipment required for
processing, control, and synchronization. The control room also contains equipment for
switching, recording, and distribution of the video signals, as well as audio signals
obtained from the LSO radio. Monitoring equipment consisting of a 9-inch or 17-inch
monitor and 1-watt loudspeaker are located in each of the selected spaces throughout the
ship.

2.10.5 System Installation

The shipboard installation of the ILARTS system consists of two centerline camera
installations; an island camera station; a centralized control room; and a remotely located
monitor installed in the pilot house, each of the squadron ready rooms, and other
designated spaces. The general arrangement of the system is shown in figure 2-109.
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Centerline Camera Installation

Two centerline camera installations, identified as Aft and Forward are required to
accommaodate the range of hook-to-eye values of the various aircraft, and the resultant
vertical displacement of the optical glide path. Each of the centerline camera installations
is enclosed in a compartment approximately 6-feet by 6-feet, The compartment is
equipped with a locking access door; utility outlets at 115 volts, 60 Hz, single phase for
operation of test equipment and portable power tools for maintenance purposes; a 125-psi
air supply line with shut-off valves; piping connections to ship’s drain; and a jackbox for
connection of sound-powered telephone headset for audio communication to the ILARTS
control room.

Island Camera Station

The island camera station is located on the ship’s island structure approximately 40 feet
above the flight deck. The island camera station is protected by an enclosure. The
enclosure is equipped with 115-volt ac utility outlets for maintenance purposes; red and
white lighting; space heaters or forced hot air to keep the enclosure dry when not in
operation; drainage facilities for removal of water that may accumulate during operation;
and a jackbox for connection of a sound-powered telephone headset to provide audio
communication with the ILARTS control room. In addition, electrical power at 115 volts,
60 Hz, single phase, 10 amperes is required for operation of the viewfinder monitor and
zoom lens control of the island camera housing.

Control Room

The ILARTS control room contains all equipment required for operation, control,
switching, and distribution of video and audio signals. It is also used for shipboard
intermediate level maintenance of the ILARTS equipment. The room should be air-
conditioned. The heat dissipation of the ILARTS equipment is 10 kW. A sound-powered
telephone circuit from the control room to the island camera station and each of the
centerline camera compartments is required to provide audio communication during
operation and maintenance of the system. A workbench, cabinets, and stowage space is
required for intermediate level maintenance tools and test equipment.

Remote Monitors
Television monitors and loudspeakers are installed at various designated spaces.
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2.10.6 System Interface Requirements
The ILARTS system interfaces with other shipboard equipment according to the
following:

SHIPBOARD REFERENCE
EQUIPMENT-SYSTEM DESIGNATION

1. LSO Heads-Up Display (HUD)

a. LSO Audio Cable W47
b. ILARTS Video to LSO Cable W51
HUD Console

¢. Manually Operated Visual |Cable W55
Landing Aid System

2. Ships HD-HE Equipment, Cable W19
Synchro Signal for Wind
Speed

3. AN/SPN-44 Radar, DC Cable W11
Analog Voltage for Aircraft
Speed, Range, and Sink Rate

4. Fresnel Lens Optical Landing |Cable W8
System Mk 5 Mod 2 for
Wave-Off/Cut Signals

5. Ship’s Gyro, Two-Speed Cable W4
Synchros for Pitch and Roll
Stabilization Signals

6. Landing Area Signal System |Cable W13
for Clear Deck-Foul Deck
Signals

. Sound-Powered Telephone Cable W48
Circuit

=]

Table 2-15- ILARTS Interface Requirements.
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2.11.0 SUMMARY

In this chapter, we have described the purpose and operation of the ship’s Aviation
Equipment Systems. We have identified and discussed the function of the Stabilized
Glide Slope Indicator (SGSI) System, various Wave-Off Light Systems, Vertical and
Short Take-Off and Landing Optical Landing Systems (VSTOL OLS), Improved Fresnel
Lens Optical Landing System (IFLOLS), Manually Operated Visual Landing Aid System
(MOVLAS), and the Integrated Launch and Recovery Television Surveillance System
(ILARTS). We have briefly discussed some of the preventive and corrective maintenance
measures associated with the ship’s Aviation Equipment systems.
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3 SHIP’S TELEVISION SYSTEMS

Upon completion of this chapter, you should be able to do the following:

Describe the purpose of the various ship's television systems installed on Navy
ships.

Describe basic television system theory.

Describe the Integrated Launch and Recovery Television Surveillance (ILARTYS)
System

Describe the Shipboard Information, Training and Entertainment (SITE)
Television System

Describe the Circuit 27 RF Distribution System

Describe the television surveillance systems.
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3.0.0 INTRODUCTION

The television systems used aboard Navy ships provide a wide variety of services to the
crew. The television systems can be broken down into two main functions, entertainment
and surveillance. The entertainment system is used for dissemination of information,
training and entertainment. The ship's entertainment system also provides a medium
whereby the commanding officer or commanding officer's representative can address the
crew in an informal manner. The surveillance systems provide a means to monitor and
record shipboard activities.

3.1.0 BASIC TELEVISION SYSTEM THEORY

Television is a rapidly advancing area where IC Electricians are used. Closed-circuit
television (CCTV) is receiving wide use throughout the Navy. So broad are the
applications of television that special enlisted codes are assigned to the IC Electricians
who maintain these systems.

In comparing CCTV with commercial television, you will notice how nearly alike they
are in operation. The major difference is the methods of transmitting the picture and
sound. In CCTV, several methods of transmission are used to bring the signals from the
camera to the receiver/monitor. These units are typically connected using coaxial cables
for short distances. For greater distances, or when numerous receivers/monitors are
involved, transmission is normally accomplished through broadcasting the same media as
commercial transmission. This may be accomplished by using a standard transmitter on
specially assigned frequencies. When a receiver is used, the receiver is generally a
standard television receiver. The monitor is basically the same as the television receiver
except that the set does not use a tuner or associated circuits. Most Closed Circuit
Television Systems still use the analog video and transmission method.

3.1.1 Televised Information

To understand how an analog TV system works, you must know what information is
passed from the camera to the receiver. There are four basic kinds of information
required:

e Video signal-This signal is the actual moment-to-moment information that tells
the receiving set how light or dark each little spot in the picture should be. Unlike
movies, in which an entire picture is flashed upon the screen every 1/24th of a
second, TV pictures are built up, line by line (525 horizontal lines per picture) and
spot by spot within each line. In TV, 30 complete pictures are produced every
second.
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e Blanking signals-These signals tell the camera and the receiving set when no
video signal should be present (such as between the end of one line and the
beginning of the next).

e Sync signals-Sync (synchronizing) signals are required to tell the receiving set
exactly when to begin each picture (vertical sync) and when to begin each line
within that picture (horizontal sync).

e Audio signals-The audio is the sound, or audible, portion of the total TV
presentation.

A block diagram of a standard television system is shown in figure 3-1. There are three
main divisions in the diagram. The top division represents the video or picture section of
the transmitter. The central division represents the audio or sound section of the
transmitter. The lower division represents the television receiver.
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Figure 3-1.- Simplified block diagram of a commercial television.
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3.1.2 System Components

A CCTV system consists of three basic units. These basic units are the sources (cameras,
VCR’s or other sources), the control unit (Switcher), and the monitor(s) (fig. 3-2).

A source such as the camera (or VCR), starts the sequence of events that occurs in the
CCTV system. A lens in the camera focuses an image on a chip assembly typically
known as a Charged Couple Device (CCD). The type of lens is determined by the size of
the scene to be televised. It maybe a normal, wide-angle, or telephoto lens. The size of
the camera unit varies from small palm size mobile units to large units mounted on
special platforms. One or more cameras may be connected into the system to receive the
desired picture (video) and route it as an electronic signal to a control unit (fig. 3-2).

CAMERA |
#1

— MOMITORS

RECEIVER
CAMERA | CONTROL MONITOR/

#2 > UNIT RECEIVER
|—, veR

Figure 3-2.- CCTV simplified block diagram.

The camera pick-up provides a means of converting light, from an object on which the
camera is focused, into electrical impulses. Light from the object is focused on the light-
sensitive surface (Photodiodes on a CCD) in the camera by the lens system. The CCD
uses horizontal and vertical rows of photodiodes to convert light energy into electrical
energy. The charges are stored and then clocked out of the device. The output signal is a
video signal. The electrical impulses generated in this manner are sent to the video
amplifier (fig. 3-1).
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Control Unit

The control unit, as the name implies, is the heart of the system. This unit connects all the
other units of the system together. Drive pulses are generated, and they develop the
signals required by the camera. Synchronizing and blanking pulses are supplied by the
control unit to the receiver/monitor.

Video signals from the camera are amplified and distributed to the receiver/monitor. The
output signals from the control unit contain vertical and horizontal blanking, sync, and
video signals. The control unit consists of the following sections, shown in figure 3-1:
video amplifier, control amplifier, carrier, amplitude modulator, radio-frequency (RF)
amplifier, sync generator, and the audio controls.

Video amplifiers are designed to amplify a wide range of frequencies. The weak
electrical impulses from the camera tube are built up by the video amplifier and fed to a
control amplifier. The control amplifier combines the video, sync, and blanking signals,
all in proper sequence, into a single continuous output to the amplitude modulator.

Circuits in the sync generator produce synchronizing (sync) and blanking pulses. These
pulses are applied to the control amplifier and become a part of the transmitted signal.
Horizontal synchronization makes the horizontal scanning at the receiver occur at the
same time as the horizontal scanning at the camera. Vertical synchronization makes the
vertical scanning at the receiver keep in step with the vertical scanning at the camera.

Sync and blanking signals are also fed to the camera circuits, which develop the
necessary control and reference signals.

In the carrier, the principal circuit is an oscillator designed to produce a steady,
continuous RF signal. Its frequency is fixed and designated by the FCC for the TV station
in which it is used.

In the amplitude modulator, the carrier signal is modulated by the video, sync, and
blanking pulses. The composite (total) signal is then amplified by the RF amplifier and
fed to the antenna for radiation into space.

The sound portion of the television signal is transmitted by a frequency modulated RF
carrier. The sounds are picked up by a microphone, amplified by the audio amplifier, and
fed to the frequency modulator section. The sound earner frequency is varied according
to the frequency of the audio signal being picked up by the microphone. The frequency
modulated signal is then amplified by an R power amplifier. Then it is fed to the antenna
for radiation into space, or into a cable system installed throughout the ship.
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Receiver/Monitor

The picture-producing unit is commonly referred to as the receiver/monitor unit. The
receiver and the monitor (fig. 3-2) differ basically only in the circuits contained in each
unit. The media of transmission between the receiver and monitor units are different. This
difference requires the receiver to employ additional circuits. (The media employed for
the receiver is radio waves, while the media for the monitor is normally cables.) The
standard TV receiver contains the same circuits as the monitor, and, in addition, contains
the antenna system, tuner, RF amplifiers, and intermediate frequency (IF) amplifiers to
receive the transmitted signals.

After the IF stage of amplification, the receiver and monitor units are basically the same.
Power supplies provide the various voltages needed for the circuits. Audio amplification
is basically the same as that used in standard radio receivers. Synchronization is
accomplished through the use of a sync circuit with horizontal and vertical sync signals
used to control the horizontal and vertical sweep circuits. Video amplification is
accomplished through the various video circuits.

3.1.3 Scanning

It is easily seen that a picture printed from a photo engraving is made up of a large
number of dots. A good example of this is a halftone picture in a newspaper. The
lightness or darkness of the picture is determined by the amount of separation between
the individual dots. The dots are the elements that make up the picture.

A television picture is formed in a similar way. However, there is one very important
difference. In the picture made from the photoengraving, all parts of the picture are seen
at the same time. In a television picture, the elements are presented individually, one after
the other. They are seen in such quick succession that the viewer sees the picture as a
whole. To transmit images in this way, it is necessary to use a system of scanning. The
image is swept by an electron beam in a systematic manner. During a set period of time
all parts of the image are swept by the electron beam. Likewise, in the receiver, where the
image is reconstructed, a similar system of scanning is used. CCD Cameras and LCD
Monitors clock signals in and out of a device rather than scanning with an electron beam.

The principle of scanning can be illustrated by the following example. Assume that you
have a flashlight that can produce a very narrow beam of light and that you wish to view
a picture on the wall of a dark room. Obviously, because of the narrow beam, you must
view a portion of the picture at a time. If you can manipulate the light very fast, you can
view the picture in the same manner as the picture would be produced in television. To
do this, you would start at the upper left-hand comer of the picture and move the beam
rapidly to the right along the top of the picture. When the right-hand edge of the picture is
reached, turn off comer of the picture, you have completed a frame.
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Turn the light off and move it to the upper left-hand corner of the picture to start the
scanning process over again. The illuminated area scanned by the electron beam is called
the RASTER. On the receiving TV tube, it is the area that becomes bright when the
brilliance control is turned up with no signal.

In older camera tubes and TV picture tubes, an electron beam of small diameter is formed
and given the desired velocity by the electron gun, which is located in the neck of the
tube. The electron gun in a picture tube or camera tube are the same and correspond to
the movement of the flashlight. Deflection (sweeping) of the electron beam across the
mosaic/photoconductive material is accomplished by the deflection coils. These are
positioned around the neck of the tube.

A simplified illustration of scanning is shown in figure 3-3. The beam begins its scan at
the upper left-hand comer and moves horizontally along line 1 toward the right. The
globules shown are exaggerated in size to simplify the illustration. All of the globules in
line 1 are in the bright part. Therefore, they have lost the same number of electrons and
accumulated uniform positive charges. The charges are neutralized as the beam sweeps
across the globules. As this occurs, a relatively steady current flows from the metal
coating of the plate down through a load resistor, which will be discussed later in this
chapter. The same situation exists while line 2 is being scanned.
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Figure 3-3.- Simplified illustration of beam scanning.
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A part of the image is located in line 3, and there is not a steady flow of current through
the load resistor as the beam traverses this line. The current flow is steady until the fourth
globule is reached. From 4 through 13 the globules have been charged slightly. The
discharge current through the load resistor is less when the beam sweeps across the black
globules.

Beginning with globule 14, the output current increases again. In line 4, the current
through the load resistor is steady until the beam reaches globule 4. It then decreases until
the beam reaches globule 5. The current through the load resistor then increases and
remains steady until the beam reaches globule 13. The current then decreases while the
beam is on globule 13 and increases when the beam strikes globule 14. The current
through the load resistor then remains steady through the rest of line 4.

When the electron beam scans line 5, the current through the load resistor is steady while
the beam scans globules 1, 2, and 3. It decreases for globule 4. It comes back to the
steady value for globule 5, It decreases again for globules 6 through 11. Then it goes to a
steady value for globule 12. It decreases again for globule 13, and then it returns to the
steady value for the rest of line 5. The relative strengths of the signal currents are shown
at the bottom of fig. 3-3.

In a practical camera tube, the globules are extremely small and close together, so the
picture will have great detail. Therefore, there must be many changes in current during
the course of a single scan. The flow of the tiny pulses of current through a resistor
develops signal voltages at the input of the video amplifier. For all of these signal
voltages to be passed through the amplifier, the amplifier must be capable of passing a
wide band of frequencies.

Most modern cameras do not have a tube but a CCD (Charge Couple Device). The CCD
contains a grid of millions of tiny devices called photodiodes. When an image is focused
on the CCD the light causes the photodiodes to become charged, converting the light into
electrons. This is called the photoelectric effect. The more intense the light is at each
pixel in the grid, the more charge will be held in that photodiode. The next step is to read
the charge of each cell in the image. In a CCD device, the charge is actually transported
across the chip and read at one corner of the array. An analog-to-digital converter turns
each pixel's value into a digital value.

LCD panels are fairly simple to understand. The signal comes in and, as with a CRT; the
signal from the video controller is decoded and understood by a display controller on the
monitor itself. The controller has two things to control - the electrics of the pixels and the
light source.
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The actual image on a panel is made up of a matrix of pixels. Each pixel is made up of
three sub-pixels, which have red, green and blue filters in front of them, just as each pixel
on a CRT has RGB phosphors. The sub-pixels are made up of a group of liquid crystal
molecules. These molecules are suspended between transparent electrodes and are
mashed between two polarizing filters.

The two filters are exact opposites of each other. As the light from the light source behind
the first filter comes in, the filter effectively whites it out - which means that if it was to
pass through the liquid crystals with no interaction, the filter on the other side would
polarize it back to black, leaving no color being emitted. In fact, alternate current -
leaving the crystals 'dark’ - is how black is created on a panel. The backlight itself is a
cold cathode.

These cathodes are diffused through a layer of plastic and then through multiple layers of
diffusing material of the kind you might find on a flashgun diffuser for photography.

3.1.4 Flicker

The eye retains an image for a fraction of a second (about 1/15 second) after the image is
formed on the retina. This characteristic of the eye is used in motion pictures and
television. Actually, it is because of this characteristic that it is possible to have motion
pictures or television.

Motion-picture films are made up of a series of individual pictures (frames) that are
shown on the screen in quick succession. The illusion of motion comes because the
figures are displaced slightly in succeeding frames. If enough frames are shown per
second, the figures appear to move because of the rapid sequence of the frames. At
approximately 15 frames per second the motion appears continuous, but there is a
pronounced flicker. At 24 frames per second, some flicker is present, but it is much less
objectionable than at 15 frames per second.

To further reduce the flicker, a special shutter arrangement is used. The shutter cuts off
the light from the screen while a new frame is moved into position, it also cuts off the
light from the screen once more while the picture frame is stationary. Thus, the shutter
divides the presentation of every frame into two equal time intervals. This has essentially
the same effect as increasing the frame frequency to 48 frames per second.
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In television, similar problems are encountered. To keep flicker from becoming
objectionable, 30 complete frames per second are shown. Flicker is further reduced by
interlaced scanning. This has essentially the same effect as increasing the frame
frequency to 60 frames per second. The horizontal scanning speed and bandpass
requirements of the composite TV signal remain the same. Interlaced scanning is
illustrated in figure 4-4.

Bandpass considerations, the problems of synchronization, and the necessity for detail
lead to the choice of 525 horizontal scanning lines per frame. To reduce flicker by
interlaced scanning, the electron beam scans the odd-numbered lines first and then the
even numbered lines. Thus, two scans (fields) are necessary to complete one frame. For
example, as shown in figure 3-4, the sweep for the first field begins on the left side of line
1. The beam moves across the image plate at a slight downward angle (pulled downward
by the vertical deflection coils).

At the end of the line, the electron beam is blanked out during the retrace to the left side
of line 3. This process is continued until the middle of line 525 is reached. Therefore,
262.5 lines are scanned in the first field. When the beam reaches the middle of the last
line, it is blanked out and returned to the middle of line 2 where the trace for the second
field starts.

The even-numbered lines are scanned in sequence until the end of line 524 is reached. At
that instant the beam is blanked out and returned to the beginning of line 1, and the whole
process is repeated.
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Figure 3-4.- Interlaced Scanning.
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Synchronizing and blanking signals are transmitted by the transmitter to keep the
movement of the electron beams in the camera and picture tube in step. These signals
also blank out the signals from the picture tube during the horizontal and vertical retrace
periods.

Sequential scanning differs from interlace scanning in the method of moving the electron
beam down the screen. The sequential system can be compared to reading a page of print.
Each line is read in turn instead of every other line as in interlace scanning.

If 60 complete frames are scanned per second, flicker does not exist. However, unless the
system has a very broad bandpass, resolution would decrease due to the high video
frequencies (extremely fast changing current levels through the load resistor) being
produced. The horizontal scanning speed would have to be doubled and would introduce
other problems with extremely high frequencies.

3.1.5 Composite Signal

Blanking signals are used in both the camera tube and the picture tube control circuits.
These signals cut off the electron beam at the end of a horizontal scan line so that the
return trace does not produce picture signals at the transmitter or receiver picture tube.
Blanking signals are also used to cut off the vertical return trace following the scan of
each field.

Superimposed on the blanking signals are the synchronizing signals. These signals trigger
the vertical sweep circuits and synchronize the horizontal sweep circuits of the
receiver/monitor. The horizontal sync signals trigger the horizontal sweep at the correct
instant 15,750 times per second (the horizontal sweep frequency). The vertical sync
signals trigger the vertical sweep at the correct instant 60 times a second. Figure 3-5
shows the composite signal that produces the scanning illustrated in figure 3-4.

The vertical sync pulses have a special serrated form (see fig. 3-6) preceded and followed
by equalizing pulses to produce interlaced scanning. This also keeps the horizontal sweep
locked in step during the vertical retrace period.

All television receivers must perform basically the same functions. They must select the
desired carrier frequency. They must amplify the required band of frequencies and
separate and demodulate the video and audio frequencies. They must be separated to use
the sync pulses to reproduce the picture on the screen and sound at the speaker. How well
each job is done depends largely on the design and quality of the TV receiver.
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When the signal in CCTV is sent from the camera to the viewing unit by cables, there are
no antenna problems. However, where the control unit contains a small oscillator, which
furnishes an amplitude modulated video signal, the viewing unit must have a tunable
receiver.
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Figure 3-5.- Simplified synchronizing signal.
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Figure 3-6.- Low pass filter for vertical sync pulses.
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3.1.6 Types of Lenses

The desired type of image or the size of camera coverage requires different types of
lenses. The size of the lens varies from small and short to large and long. The purpose of
the various lenses varies from the wide-angle lens for large area to the telephoto lens for
narrow coverage at long distances. A special lens called the zoom lens is used for special
effects. This lens can be varied from the normal visual coverage to distant close-ups. In
some installations the lens is manually adjusted, while in other TV cameras it is motor
driven. The lens may be adjusted either manually or by an automatic motor-driven
device.

3.1.7 Color TV

It is known that normal vision is in color. The human eye, in association with the brain,
picks up the reflected light and imagines the scene in color. When you view a colored
painting, the object appears as a solid section of color. But, upon close inspection, it is
seen that what appeared as solid color is really individual brush lines. The same method
is used in television to make color appear solid on the face of a picture tube. Small spots
of color instead of brush lines make up each solid color.

3.1.8 Principles of Color
The principles of color presented in the following paragraphs apply specifically to the
development of color television pictures.

The three primary colors (fig. 3-7) used in television are red, green, and blue. When two
primary colors are combined, they produce another color.

Figure 3-7 shows three large circles that represent the three additive primary colors. In
the center, where all three overlap, the color white is formed.

In sections where two primary colors overlap, another color is produced. Green and blue
produce cyan (greenish blue). Blue and red produce magenta (bluish red). Red and green
produce yellow.
The combining of two primary colors, in proportional amounts, produces the new color.
However, when all three colors are combined as units and in percentage of color, the
result is white. Note the following combination:

e One red unit represents 30 percent red

e One green unit represents 59 percent green

e One blue unit represents 11 percent blue
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RED

Figure 3-7.- The additive primaries.

When one unit of green is combined with three units of red, the result is orange. By
changing the proportions of red and green, a variety of colors between red and green can
be produced. As the proportion of the primary color mixture changes, the resultant color
also changes.

The color by itself is called the hue. Green leaves have a green hue. A red apple has a red
hue. Different hues result from different wavelengths of light. Red has the longest
wavelength; violet has the shortest.

The term saturation indicates how little a color is diluted by white light. The more a color
differs from white, the greater its saturation. A weak blue color has little saturation, while
vivid blue is highly saturated. Saturation is interchangeable with the terms purity and
chroma.

The brightness of a color as perceived by the human eye is called luminance. The human
eye sees brightness increase from blue to a peak at green and then decrease again to red.
This apparent response curve is the standard CIE (International Commission of
IHlumination) luminosity (brightness) curve.
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Color resolution is the full three-color reproduction of the red, green, and blue primaries.
Monochrome (black-and-white) reproduction is used for the smallest details. For
example, in the televised picture of an automobile, the entire body of the car would be in
full color. Narrow vertical strips on the frame might be reproduced in two colors, while
the outline of the car where it joins the background would be in black and white.

3.1.9 Transmission

The camera unit used for color pickup is similar to the black and white camera. However,
the color camera unit has three pickup tubes (one for each of the primary colors). Filters
and mirrors are used to direct the right color of light to its respective pickup tube. The
output of the camera unit provides a red, green, and blue video signal to the matrix
system (a circuit that proportions the primary signals to produce the correct brightness
and chrominance colors). The three primary colors are identified as R for red, G for
green, and B for blue.

The matrix section is essentially a resistive voltage divider circuit that proportions the
primary color signals to produce the brightness and chrominance signals. With the red,
green, and blue color video voltages as inputs, the three video signal output combinations
formed are the following:

e Luminance signal designated the Y signal, which contains the brightness
variations of the picture information.

e A color video signal designated the Q signal, which corresponds to either green or
purple picture information.

e A color video signal, designated the I signal, which corresponds to either orange
or cyan picture information.

The I and Q signals together contain the color information for the chrominance (hue and
saturation) signal.

The I and Q signals are transmitted to the receiver as the sidebands of a 3.58-MHz
subcarrier wave (fig. 3-8). A subcarrier wave is a relatively low-frequency carrier wave
that modulates the main carrier wave. The subcarrier frequency remains the same
regardless of the channel frequency. Modulating the subcarrier makes it possible to
broadcast the color information of the I and Q signals simultaneously without loss of
identity. Each can be recovered as a separate signal with the proper timing of the
transmitter and the receiver.

The combined outputs are designated as the chrominance C signal and are routed to the
adder (fig, 3-9).
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Figure 3-9.- Color Television Receiver , Block Diagram.
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The chrominance C signal (the color information) and the Y signal (the luminance
information) are both coupled to the adder section, or colorplexer. The colorplexer
combines the Y and C signals, forming the total video S signal which is sent to the
transmitter.

CCD Cameras are available in either one or three CCD’s configurations and use a filter to
separate the colors. The CCD has a different color located above each photodiode in the
sensor. The cyan filter passes blue and green (B+G) and filters out red. The yellow filter
passes red and green (R+G) and filters out blue. The magenta filter passes red and blue
(R+B) and filters out green. The green filter passes green and filters out red and blue. The
four different color filters form a mosaic covering the entire surface of the CCD and each
of its photodiodes. The output results in two separate signals; the luminance signal ()
and the chrominance signal (C) see Figures 3-10 and 3-11.
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Figure 3-10.- Color filters over each photodiode of a single CCD Sensor.
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Figure 3-11.- CCD Color Camera RECEPTION.
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The received signals of video and sound enter the receiver/monitor just as they do in
black-and-white reception. The same tuner and IF amplifiers are used (fig. 3-12). In the
video amplifier the signals separate.
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Figure 3-12.- The effect of pincushion distortion on a cross-hatch pattern.

The Y signal goes to the matrix and the C signal goes ¢ to the Q and | demodulator. The
3.58-MHz oscillator is synchronized by the color sync burst from the transmitte