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We at WESMAR wish to thank you for choosing our product. For eleven years
WESMAR has been successfully designing and manufacturing marine electronic
equipment for commercial fishing vessels, salvage boats, deep sea submersibles,
research ships, and search and rescue vessels. All of this experience has

gone into the development of your AP900 Autopilot. We believe that you have
purchased the most advanced autopilot on the market today.

You should read this manual COMPLETELY before attempting to install or
operate your WESMAR Autopilot.

NOTE: Never leave the helm unattended. WESMAR's AP900 does many things
for you and your boat, but protecting your vessel from dangerous situations
is not one of them. No amount of electronic equipment will ever replace
the most important source of safety, you the pilot.

Always steer your vessel manually (Autopilot in STD-BY) when moving in
the vicinity of other vessels, near land masses, or under steel bridges.



PROPRIETARY NOTICE

This document contains proprietary information of WESMAR, Western Marine
Electronics, Seattle, Washington, U.S.A. Any misuse, reproduction or
publication of this manual or any portions thereof for purposes other than
operation and maintenance of the AP900 Autopilot by the recipient is ex-

pressly prohibited without the prior written consent of WESMAR,

A11 information contained herein is subject to change as a result of im-

proved design and manufacturing techniques.
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1.0 GENERAL DESCRIPTION

This manual contains detailed information concerning the AP900 Autopilot de-
signed and manufactured by WESMAR. The first section, Description, provides
an overview of the system, its uses and function. Each module is pictured and
briefly discussed. The following three sections contain complete Installation,
Calibration and Operation instructions. Also contained in the manual are
Dockside Checkout and Sea Trial sections. The Service Instructions section
includes information on maintenance, spare parts, replacement procedure, and a
troubleshooting guide. System specifications and schematics can be found in

the final section.

This is indeed an all-purpose manual! Keep it close at hand, and refer to it
often.




1.1 SYSTEM MODULES

The AP900 Autopilot system is comprised of 6 distinct modules (pieces) of
equipment and Interconnecting Cables:

Control Console - Contains most of the system's electronics on
three removable printed circuit boards. A1l the controls to ef-
fectively operate the Autopilot appear on the Console. A dust
cover, trunnion bracket, and trunnion knobs are also included.

Saturable Core Sensor (Compass) - Consists of an electronic compass
and mounting bracket. The Sensor senses the magnetic heading of

the vessel.

Rudder Position Transducer - Consists of a feedback transducer as-
sembly, feedback arm, and connecting rod with swivels. The Trans-
ducer senses rudder angle and transmits this information to the
Control Console.

Interconnecting Matrix - Serves as a junction center for all modules
of the AP900 Autopilot. The basic modules are attached to the
Matrix by means of cables.

Servo Driver - Takes the small electronic signal from the Control
Console and amplifies it to sufficient power to drive the Servo
Motor clockwise or counterclockwise. (Several different models
are available so that the Autopilot can be adapted to various
steering systems.)

Servo Motor - Converts the amplified electrical information into
mechanical motion of the rudder.

Interconnecting Cables - Used to connect each of the Autopilot
modules to the Matrix.

1.2 APPLICATION

The AP900 Autopilot is a cost- and space-saving Autopilot system, designed
primarily for vessels in the 28 to 60 foot (8 to 18 m.) range, although it can
be modified to steer smaller or even much larger vessels. The AP900 is used
on pleasure craft as well as fishing vessels throughout the world. A tested
system, the AP900 incorporates thé latest design techniques and electronic
CMOS components. The AP900 has been kept as compact as possible; it is easily
operated and easily maintained. Thus, the AP900 saves space as well as re-
duces installation and maintenance costs. Optional equipment is available to
tailor the Autopilot to each operator and vessel. The Autopilot can be ad-
justed to most makes of steering systems -- cable, rod, electric, hydraulic,
or any combination of these systems. The operator can choose manual or auto-
matic steering, using the function control selector on the console panel. In
the remote mode, the entire system can be operated by the Remote Hand Control.




U3 SYSTEM FUNCTION

At the AP900 Control Console the operator "dials in" a desired course head-
ing and switches the FUNCTION switch to PILOT. The APS00 Saturable Core
Sensor senses the heading of the vessel and compares this heading signal

to the dialed in course signal. Should the heading of the vessel be different
from the dialed in course, a "course error" signal will be generated in the
sense amplifier board (AP900-4016) within the Control Console.

With the rudder at amidships, the "course error" signal generated in the sense
amplifier is compared to the "rudder position" signal sent from the Rudder
Position Transducer (RPT). This comparison takes place in the control am-
plifier board (AP900-4017). The "course error" signal causes an imbalance

in the control summing circuits, generating proportional and trigger signals.
The proportional and trigger signals are sent to the Servo Driver where

they are amplified. This signal is then sent to the Servo Motor. The

Servo Motor moves the rudder in the direction to bring the vessel onto course.
The amount of rudder applied is controlled by the Rudder Position Transducer.
As the Servo Motor moves the rudder, the RPT produces a DC signal to balance
the "course error" signal, thus stopping rudder movement.

As the vessel responds to the applied rudder it starts to come onto the desired
course. As the vessel turns, the "course error" signal starts to diminish.
This decrease in "course error" produces a reverse imbalance in the control
amplifier board, causing the same chain of events to re-occur, except that the
rudder is removed instead of applied. The Servo Motor will always move the
rudder the correct amount so as to produce a balance between "course error"

and "rudder position" signals.

With the vessel on the "dialed in" heading, the "course error" will be Zero.
With no "course error," the Servo Motor will have returned the rudder to amid-
ships, and a balanced condition will exist at the summing junction on the con-
trol amplifier board. Should either signal change due to course change or
rudder movement, the imbalance will cause the same chain of events to reoccur.

By adjusting the WEATHER and RUDDER controls on the AP900 Console front panel,
the operator can choose the amount of rudder applied and width of course
error allowed. In this way, the Autopilot can be "tuned" to the steering
characteristics of the vessel, as well as prevailing weather conditions.

1.4 DESCRIPTION OF MODULES

The basic AP900 Autopilot system contains six distinct modules. The function
of]each of these modules, and of the accessories available, is described
below.
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1.4.1

FIGURE 2. CONTROL CONSOLE, FRONT PANEL

Control Console

The Control Console contains 90% of the system's electronics. All
controls necessary to operate the Autopilot are on the backlighted
Console panel. The function of the six controls is explained below:

|

FUNCTION switch - Allows the operator to select from 6 modes of

operation:

a.

b.

OFF: Power is off. Autopilot is non-functional.

STD-BY: Autopilot automatically turns COURSE SET DIAL to
heading being manually steered. The COURSE SET DIAL also
acts as a compass repeater.

WHEEL: DC power is on; the course sensing circuits are the
only active circuits. The operator can use this mode to
"steer by lights." Dial in a course and set the WEATHER con-
trol (explained below). Manually steer the vessel so that
the yellow 1ight remains 1it, indicating that the vessel is
on course. Should the red Tight come on, apply port rudder
until the yellow 1ight is again 1it. Should the green Tight
be Tit, apply starboard rudder.

PILOT: Autopilot is automatically steering the vessel on
the preset course.

PWR.STR. (Power Steer): In this mode, the Autopilot will
hold the rudder at any position desired. The vessel can thus
be steered electronically by pressing the DODGE switch either
port or starboard.

REMOTE: In this mode all control is transferred from the
Control Console to the Remote Hand Control.



2 WEATHER - Controls the Autopilot response sensitivity. The
WEATHER control allows the operator to adjust the width of course
error allowed. With WEATHER set at minimum, the Autopilot corrects
course error of + 1 1/2 degrees. However, on a rolling or rough
sea this degree of accuracy is impractical, causing too many course
adjustments and unnecessary strain on your vessel and the Autopilot.
In this situation, turn the WEATHER toward maximum, clockwise. At
this setting, the Autopilot will correct course error up to + 10
degrees and the course "made good" will be an average of the vessel's
movements. In general, the WEATHER should be set so that the yel-
low function Tight will be 1it 50 - 60% of the time. In other
words, the red and green function lights will blink occasionally.

3. RUDDER - Controls the amount of applied rudder. This is an im-
portant control function which keeps the vessel from yawing.
Should the vessel's rudder be small and non-responsive, should the
vessel have dead rudder, be in a following sea, or just moving
slowly, RUDDER can be increased clockwise toward maximum, allow-
ing more rudder to be applied for a fixed off-course deviation.
Always turn the RUDDER control towards maximum, clockwise, until
the vessel yaws, then rotate counterclockwise a small amount un-
til the yawing ceases.

4. DODGE - Can be used to dodge objects or for electronic steering.
The DODGE switch is activated when the FUNCTION switch is set on
PILOT or PWR.STR. 1In the PILOT mode, press the DODGE" switch
either starboard or port, and the rudder will be applied until
you release the switch, or until a 1imit switch is activated.
Once the switch is released, the vessel will return to the origi-
nal preset course. In the PWR.STR. mode, rudder is applied in
the direction the DODGE switch is pressed. When the switch is
released, however, the vessel will not return to the original
course. In this manner, you can electronically steer your vessel
for docking, circling a school of fish, or picking up crab pots.

5. COURSE SET DIAL - Sets the desired course. In the STD-BY mode,
the COURSE SET DIAL will automatically turn to the course heading
being steered manually, thereby setting the course for the Auto-
pilot. In other modes, the operator must dial in the desired
course.

6. DIM - Varies the intensity of function Tights and backlighting.

This feature allows easy use of the Autopilot at night.

1.4.2 Saturable Core Sensor (Compass)

The "saturable core" magnetic compass senses the earth's magnetic field elec-
tromagnetically. Since the compass uses no floating discs or moving parts,

it can respond instantly to changes in direction. The Sensor is permanently
housed in a waterproof sealed enclosure. The sensing element is internally
mounted on a four-way gimbal to compensate for a full 70 degrees pitch and roll.
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FIGURE 3. SATURABLE CORE SENSOR (COMPASS) FIGURE 4., SERVO DRIVER
1.4.3 Servo Driver

Al autopilot systems require a Servo Driver and Servo Motor to convert the
electronic Togic information to mechanical action. The Servo Driver takes
the small electronic signal from the Control Console and amplifies it to suf-
ficient power to drive the Servo Motor clockwise or counterclockwise. WESMAR
Servo Drivers can be connected to existing competitive Servo Motors.

FIGURE 5. SERVO MOTOR, HYDRAULIC (-07)

=

1.4.4 Servo Motor FIGURE 6. SERVO MOTOR, MECHANICAL (-06)
The Servo Motor receives, via an interconnecting cable, the electronic

signal from the Servo Driver and converts it to mechanical or hydraulic

torque to move the rudder port or starboard. WESMAR Servo Motors can be

used with mechanical, hydraulic, or engine-driven power steering. The -06
mechanical Servo Motor, capable of applying 20 ft. 1bs. of torque at 22

RPM, is small in size and can be mounted in any plane. WESMAR's -07 hydraulic
Servo Motor system can be teed into the existing hydraulic lines, and has

a bi-directional gear pump with built-in lock valves, relief valves, and re-
plenishing valves. The hydraulic Servo Motor can be used with balanced or
unbalanced cylinders. Pressure relief valves can be adjusted from 0 up to
3000 PSI. Al1 units are set at the fﬁftory to release at 850 PST.




FIGURE 7. RUDDER POSITION TRANSDUCER

1.4.5 Rudder Position Transducer

The Rudder Position Transducer, installed in the lazarette area near the rudder,
continually transmits a proportional DC signal, indicating the rudder angle

to the Control Console. The Transducer is mechanically connected to the rudder
shaft by means of a feedback arm and rod. Two safety limit switches contained
within the Transducer 1imit the rudder angle during Autopilot operation. 1In
this way, the vessel's steering system is protected from damage.

FIGURE 8. INTERCONNECTING MATRIX

1.4.6  Interconnecting Matrix

The Interconnecting Matrix serves as a junction center for all modules of the
AP900 Autopilot. The basic modules of the Autopilot plug into connectors
provided on the Matrix. Accessories connect into the Matrix via terminal posts.




ACCESSORIES

Yellow Function Light
Rudder Control

Weather Control
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Course Change Switch

Function Switch
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FIGURE 9. REMOTE HAND CONTROL

1.4.7 Remote Hand Control (AP-0125)

The Remote Hand Control (RHC) is a complete remote Autopilot station with
the same controls as the Control Console. This unit consists of the water-
proof hand held control attached to a 25-foot cable, a control hanger, and
a 25-foot bulkhead cable. The bulkhead cable connects a bulkhead connector
to the Interconnecting Matrix. The other cable may be plugged into the
bulkhead connector when remote control is desired.

The same controls are available on the RHC as on the Control Console. A
FUNCTION switch offers the same modes of operation (OFF, STD-BY, WHEEL,
PILOT, PWR.STR.). RUDDER, WEATHER, DODGE and COURSE CHANGE controls are all
provided, and are operated the same way as the controls on the Control Con-
sole, as explained in OPERATION, Section 4.1, page 58.

0ff/0On Dim Control

Green "On" Light

FIGURE 10. RUDDER ANGLE INDICATOR
1.4.8 _ Rudder Angle Indicator (AP-0128)

The Rudder Angle Indicator shows the direction and angle of the rudder on
a meter whenever the Autopilot is on. The console is connected to the
Matrix and backlighted for night operation.

o2




Function Switch

0ff/0n Dim Control

FIGURE 11. DIGITAL COMPASS
1.4.9 Digital Compass (DC700/AP)

The WESMAR DC700/AP Digital Compass was designed as an optional part of the
AP900 Autopilot system. Features of the Digital Compass include digital read-
out of course heading, stop-watch, elapse timer, and a memory device for holding
heading information during temporary maneuvers.

Function Switch

0ff/0On Dim Control

FIGURE 12. REMOTE DIGITAL COMPASS
1.4.10 Remote Digital Compass (DC700/R)

The Remote Digital Compass offers all of the features of the DC700/AP. The
DC700/R is connected to the DC700/AP by cable, and is useful on vessels
with more than one wheel.

1.4.11 Voltage Regulator (AP900-5006)

The basic voltage used in the AP900 Console and accessories is 12VDC. If
the vessel's batteries are 24 or 32VDC, or 110VAC, a Voltage Regulator must
be used to supply 12VDC at 2.5 amp to the system. The Autopilot's Servo
Driver and Servo Motor operate from the vessel's batteries. (The Voltage
Regulator looks exactly 1ike the Servo Driver, only it is much heavier than
the Driver.)

o




Off/On Switch

~ JRudder Position Dial

FIGURE 13. REMOTE PROPORTfONAL CONTROL
1.4.12 Remote Proportional Control (AP-0126)

The hand held Remote Proportional Control (RPC) allows the operator to
electronically position the vessel's rudder while at a remote station. The
degree of rudder movement is directly proportional to the degrees indicated
on the RPC panel.

2.0 INSTALLATION INSTRUCTIONS

Read all sections of this manual before installing any equipment. Instal-
lation of the AP900 Autopilot will be easier once you have become familiar
with the function and location of each module of the system. An overview
of the whole system with suggestions for Tocating each module on a vessel
can be found in Figure 14 on the next page.

Installation of the AP900 Autopilot generally takes 8 to 10 hours. Allow
yourself plenty of time for careful work. Although the AP900 Autopilot can

be installed by one person, you may find it more convenient to have assistance.

FOLLOW ALL INSTALLATION INSTRUCTIONS PRECISELY!

Read all instructions pertinent to each module BEFORE beginning installation
of that module.
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2.1 GENERAL WIRING INSTRUCTIONS

Individual wiring instructions are included in each module's section. How-
éver a general wiring rule should be noted at this point. Because the marine
environment is always harsh on wiring and electrical connections, the fol-
Towing wiring procedure is strongly recommended. Wiring done otherwise will
void warranty.

Do the following for each module wire going into the Matrix:

1. Determine the correct length of wire needed and cut.

2. Strip end of wire 1/4 inch back.

3. Use a spade-type lug, for 18-22 size wire, to fit a 4-6 size stud.
4. Crimp and solder the wire onto the lug.

5. Attach the wire to the Matrix as directed in each module section.

2.2 TOOLS AND PARTS NECESSARY FOR INSTALLATION (NOT PROVIDED WITH AP900)

The following is a general list of tools and hardware that will aid in the
installation of your AP900 Autopilot.

TOOLS

1. Vacuum tube voltmeter - 20 meg ohm input with 0.5VDC scale.

2. Small phillips screwdriver.
3. Medium phillips screwdriver.
4. Small slotted screwdriver.

5. Medium slotted screwdriver.

6. 8-inch crescent wrench.
7. .050 allen wrench.

8. .064 allen wrench.

9. Small hammer.

10. Small set punch.
1. #7/32 drill.
12. 1/4-20 tap.
13. Small side cutters.

14. Crimping tool (VACO #1900) (For installation of AP900 Accessories).
=16




145,
18,
12
18.
18

10.

11.

.
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Solder (Accessories).

Soldering iron (Accessories).

Small round file (Remote Hand Coﬁtro]).

Tube cutter (Reed TC-10) (hydraulic steering systems).

Jumper wire with clip leads.

HARDWARE (NOT PROVIDED WITH AP900 )
Large bolts or lag bolts (1/4-20 x 1 1/2 inch bolts) - 4 ea.
(For mounting Servo Motor).

One length of #41 roller chain (mechanical Servo Motor).

#41 sprocket (mechanical Servo Motor). (For correct size, see
Table 1, page 25.)

#41 connecting link (mechanical Servo Motor) .

"Tees" (hydraulic Servo Motor). (Size determined by size of
lines.) - 3 ea.

One length of pressure hose to connect reservoir to replenishing
port on pump (hydraulic Servo Motor).

Two lengths of pressure hose to connect pump to lines going
to cylinder (hydraulic Servo Motor).

Miscellaneous cable ties - approximately 20 ea.

46 screws or bolts (Remote Hand Control and Remote Proportional
Control) - 4 ea.

#6 screws or bolts (Interconnecting Matrix and Servo Driver)
-8 ea.

#18-20 lugs (installed on wires from accessories to Matrix)
- approximately 15 - 21 ea.

#16 wires (Voltage Regulator) - 3 ea.

One small tube of RTV Silicone Rubber.




2.3 CONTROL CONSOLE INSTALLATION
—tu -

FIGURE 15. CONTROL CONSOLE, INSTALLED IN TRUNNION MOUNT WITH RAI ON TOP

2.3.1 Location

The Control Console should be located in the wheelhouse, near the wheel and
steering compass. Avoid installing the Control Console in areas which are
very damp, or where the temperature is Tlikely to exceed 120 degrees F. (49
degrees C.). The Control Console can be mounted recessed, on a bulkhead,
overhead, or on the main console, as shown in Figures 15, 16, and 17.

A trunnion mount is also provided.

FIGURE 16. CONTROL CONSOLE, OVERHEAD FIGURE 17. CONTROL CONSOLE, RECESSED

2.3.2 Installation Instructions

1. Secure the trunnion mount to the selected location with the pro-
vided screws or stainless steel bolts (not provided). Place the
Consale in the trunnion mount and tighten the trunnion knobs. The
Console or trunnion mount should not be used as a bracket or hand-
hold.

T8




2. Connect the 25-foot connector cable (AP900-4420) to the connector
on the rear.of the Control Console, as shown in Figure 18. Secure
the cable with the 2 screws provided on the cable plug.

Connector Cable Jack

FIGURE 18. BACK OF CONTROL CONSOLE l

3. Route the other end of the control cable to the site where the
Interconnecting Matrix will be, using the shortest and most direct
route. Keep the cable as far as possible from power cables, other '
electronic equipment, unshielded antennas, and high power signal
cables. Route the cable neatly, securing it to existing cables or
to bulkheads with cable ties. 1

2.4 SATURABLE CORE SENSOR (COMPASS) INSTALLATION

2.4.1 Location

FIGURE 19. SATURABLE CORE SENSOR, INSTALLED ON A BULKHEAD

-19- ‘
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Blue

2.4.2

Possible locations for the Saturable Core Sensor include lockers,
cupboards, and bulkheads, as shown in Figure 19. The installation
site must be free from any magnetic interference. Any large DC con-
ductors within 3 feet of the Sensor must be paired (+ and - wires
twisted together). On steel vessels it may be necessary to install
the Sensor on the mast to overcome strong magnetic interference. If
possible, the Sensor should be on the keel Tine and in the center of
vessel movement. The location should be relatively free from vibra-
tion.

Installation Instructions

| {®

Brown

Secure the Sensor mounting bracket with 4 brass (preferably chrome-
plated brass) screws (provided) or bolts.

The mounting bracket does not have to line up with the vessel's
keel Tine, however the ARROW ON THE SENSOR MUST BE ALIGNED WITH
THE KEEL LINE OF THE VESSEL. When you are sure the Sensor's arrow
lines up with the vessel's keel Tine, then secure the Sensor in
its mounting bracket using the 3 brass bolts (provided).

Connect the AP900-4418 Sensor cable into the back of the Control
Console. Route the cable to the Sensor. Keep the cable as far
as possible from power cables, other electronic equipment, un-
shielded antennas, and signal cable.

Remove the top of the Sensor and connect the 6 wires in the cable
to the Sensor as shown in Figure 20. FOLLOW GENERAL WIRING IN-
STRUCTIONS, page 16.

Replace cover,

Red Black

Green White

Ohmmeter Readings

Brn & Red - 18 Ohm
Blu & Grn - 18 Ohm
Blk & Wht - 4.5 Ohm

FIGURE 20. TOP OF SENSOR REMOVED, SHOWING WIRING




2.5 INTERCONNECTING MATRIX INSTALLATION

2.5.1 Location

.:‘=;j

FIGURE 21. INTERCONNECTING MATRIX, INSTALLED ON A BULKHEAD

The Matrix serves as an interconnecting and wiring terminal for the
AP900 Autopilot System. Although normally located in the engine
room, the Matrix can be located anywhere in the vessel. See

Figure 21.

2.5.2 Installation Instructions

1. Attach the Matrix to a bulkhead or firewall using wood screws or
bolts. '

2. Attach the Control Console cable to the Matrix, as illustrated
in Figure 22. Secure in place with small bolts (provided).

Jumper Wire Between
TB3-1 and TB3-2

Servo Driver Cable »Control Console €Cable
Ruddey Position Transducer Cable

FIGURE 22. INTERCONNECTING MATRIX, WIRED




3. If the vessel has a 12VDC battery, remove the cover from the
Matrix and make sure that a jumper wire is between TB3-1 and
TB3-2 (Figure 22, page 21).

4. If the battery is of any other voltage, remove this Jjumper wire

and install a Voltage Regulator (AP900-5006), as described in
Section 2.12, page 35.

2.6 RUDDER POSITION TRANSDUCER (AP900-5003) INSTALLATION

2.6.1 Location

FIGURE 24. DIAGRAM OF RUDDER
POSITION TRANSDUCER,
SHOWING PARALLELOGRAM

LINKAGE
Amiq§hips
K/,Transom
= = . e = = Rudder
Rudder — S7=7- 62>+ Shaft
Position ) ]
Transducer | | ~Ball Joint
j_ ~Rudder Arm
| Feedback Arm f

FIGURE 23. RUDDER POSITION TRANSDUCER, INSTALLED

The Rudder Position Transducer (RPT) is always located in the laza-
rette area of the vessel, near the rudder stock and quadrant. The
RPT 1is mechanically connected to the rudder arm or quadrant by means
of a parallelogram linkage as shown in Figure 24. The shaft of the
RPT should point down and be the same distance out from the transom
| as the rudder shaft. The arm of the RPT should be approximately the
; same height from the hull as is the rudder arm or quadrant. For a

| picture of a typical installation, see Figure 23.
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Installation Instructions

1. Once the RPT has been positioned, secure it with 3 wood screws
or bolts (not provided).

2. Slide the RPT feedback arm over the transducer shaft and tighten
the bolt and nut provided. They need only be finger tight at
this point.

3. Remove from the feedback arm 1 ball joint and prepare to mount it
on the rudder arm or quadrant.

4. Referring to Figure?24 , drill and tap a 1/4 inch 20-thread hole
where the ball joint is to be installed. Install the ball joint.

5. Connect the 1/4 inch rod (provided) between the ball joint on the
quadrant and the ball joint on the RPT rudder arm, making sure
both arms are parallel.

6. Turn the ship's wheel hard-over to hard-over slowly, and monitor
the rudder movement throughout the whole cycle. The RPT arm and
rudder arm shouid remain parallel at all times.

7. Connect Cable AP900-4422, the feedback cable, to the connector on
the RPT, then route the cable to the Interconnecting Matrix. Tie
the cable to existing cables or attach it by means of cable ties.

8. Attach the cable to the Interconnecting Matrix, as illustrated in
Figure 22, page 21. Secure in place with small bolts provided.

SERVO MOTOR - MECHANICAL (AP900-06) INSTALLATION

2

Location

The Servo Motor is provided with a large mounting bracket for mounting
the unit overhead, on the deck, or on any plane. If a bracket or shelf
is used, it should be strong enough to not flex under full load. The
Servo Motor assembly is weather-resistant, not waterproof, so it should
be located where it will not be submerged or continually splashed.

The mechanical Servo Motor should be installed in a location where the
sprocket on the Servo Motor is in Tine with a sprocket (not provided)
on the steering wheel shaft. The complete unit should be accessible
for preventative maintenance. See Figures 25a, 25b and 26.

o




FIGURE 25a. MECHANICAL SERVO MOTOR

INSTALLED ON CUSTOM-MADE
INCLINED MOUNT, TO ALIGN
WITH STEERING SHAFT.

FIGURE 25b. MECHANICAL SERVO MOTOR, INSTALLED

FIGURE 26. MECHANICAL SERVO MOTOR, IN A SAILBOAT
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2 7.2 Installation Instructions - Sprocket on Pilot Wheel Shaft

1. Unless already present, a sprocket must be installed on the pilot
wheel shaft. The following chart is a general guideline for se-
lecting the correct sized sprocket.

TABLE 1.

Steering Wheel Turns
Hard-over to Hard-over| 22 1/2|3]31/2| 4 4 1/2| 5|5 1/2] 6|7

Steering Wheel
Sprocket Size; #41
(Number of Teeth) 35| 32 29| 26 24| 22 [20] 18 |16]5

Speed of rudder movement is determined by the size of the sprocket
at the pilot wheel. For proper Autopilot operation, rudder speed
should be between 8 and 20 seconds hard-over to hard-cver (about
15 seconds is best). For a large hard-to-steer vessel slower rud-
der speeds can be obtained by installing a larger sprocket at the
pilot wheel, thus increasing the delivered torque buf decreasing
pilot performance. E -

2. It is advisable that the required torque be determined. To deter-
mine torque:

a. Tie one end of a cord to a spoke on the pilot wheel, then the
other end to a spring fish scale.

b. Pull the free end of the fish scale at a right angle from the
point of attachment to the wheel. When the wheel just starts
to move, read the load indicated on the fish scale.

c. Repeat this procedure 4 times to determine the average load.

d. Multiply the average load (in pounds) by the distance (in
inches) between the center of the wheel and the point where
the cord is attached.

e. Next multiply the results by 3 to obtain the torque (in inch
pounds) required to steer the vessel under the worst conditions.

If this figure exceeds 200 inch pounds (torque delivered by Servo
Motor), install a larger sprocket which will deliver the required
torque. NOTE: Should your vessel require over 1,000 inch pounds of
torque, you should contact the factory to get a higher torque de-
livering Servo Motor assembly.
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2.7.3 Installation Instructions - Mechanical Servo Motor

FIGURE 27.

Align the Servo Motor sprocket and pilot wheel sprocket and connect
the two sprockets with #41 roller chain (not provided).

.- Secure the Servo Motor with lag bolts or stainless steel bolts (not

provided).

Be sure each sprocket is secured by a setscrew and keyway. Enough
slack should exist in the chain to prevent possible binding, but
excessive slack will decrease Autopilot control and cause defective
steering.

Connect 4 of the 5 wires in the end of cable AP900-4425 to the
Servo Motor as shown in Figure 27. Discard the red wire. (The
other end of the cable will be connected to the Servo Driver after
it s installed.)

WIRING DIAGRAM, MECHANICAL SERVO MOTOR

Motor

o Motor
¢ Ground

Clutch

Servo Driver
Servo Motor

’, [-]
BATTERY

G

2.8 SERVO MOTOR - HYDRAULIC (AP900-07) INSTALLATION

To connect the Hydraulic Servo Motor into your steering system, you must cut
and modify the existing hydraulic lines. When adding "tees" and hoses into
the existing hydraulic system, use ONLY high quality fittings and double wire
braid pressure hose with machine attached fittings. (These are not supplied
as part of the installation because of varied Tine sizes.) Use standard tube
fittings of the flare-type, not compression-type.
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2.8.1

2.8.2

2.8.3

Cutting Instructions

Be sure to cut the lines with a standard wheel-type cutter. DO NOT
USE A HACKSAW. A hacksaw produces small filings and chips which are
impossible to remove from the Tines. These chips or filings will dam-
age the steering system.

Location

The Hydraulic Servo Motor may be located anywhere on the vessel where
it can conveniently connect into the vessel's hydraulic steering lines
parallel with the helm Tines. See Figure 28.

FIGURE 28. HYDRAULIC SERVO MOTOR, INSTALLED
Installation Instructions

1. If the vessel's hydraulic system is the type that will "motor"

when subject to hydraulic pressure, a second lock valve must be
added between the helm(s) and the Servo Motor. Refer to Figure 29
for a typical installation.

Lock Valves

FIGURE 29. HYDRAULIC SYSTEM WITH TWO LOCK VALVES
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L-
Lock Valve

Begin installation of the hydraulic Servo Motor by draining the
steering system sufficiently so that minimum fluid is lost when
the lines are cut.

Cut the Tines on the steering system as shown in Figure 30.
FOLLOW CUTTING INSTRUCTIONS, Section 2.8.1, page 27.

M%in Station Cylinder

Reservoir Line

AL \\ Jﬂ}'m__:ﬁ'\ .

Bottom of Sys£em Reservoir Hydraulic Segvo Motor -07 "Tees"

FIGURE 30. DIAGRAM OF HYDRAULIC SYSTEM WITH CUTS AND "TEES"

Insert "tees" into the 1lines and connect to the output ports
of the Servo Motor. It does not matter which lines connect to
which port, since the motor rotation can be reversed, as dis-
cussed in CALIBRATION, Section 3.3 Step 13, page 48.

Be sure that all pipe thread connections are sealed with a good
sealing compound.

Fill the hydraulic system with the fluid drained in Step 2.

MAKE SURE THE SERVO MOTOR PUMP BLEED LINE IS CONNECTED TO BOTTOM
OF THE SYSTEM RESERVOIR. See Figure 30.




8. IMPORTANT: Once the unit has been installed and fitted, loosen

one of the hose connections at the cylinder and turn the wheel
hard-over until it is difficult to turn, building pressure to
force all air out of the lines. Once air bubbles (which Took
1ike foam) stop flowing, tighten the hose connection. Repeat in
the opposite direction. Continue repeating this process until no
air bubbles escape. Be sure to keep the reservoir full at all

times.

IMPORTANT NOTE: In hydraulic steering systems, all the air must be
bled from the system if the Autopilot is to perform properly. Air
left in the system will cause the rudder to move after the Autopilot
has ceased applying corrective rudder. As the compressed air moves
the rudder, a yawing situation will occur, which cannot be corrected
by adjusting the RUDDER control at the Control Console.

Motor

Motor
[-]
Servo Driver BATTERY

-04A

FIGURE 31. WIRING DIAGRAM, HYDRAULIC SERVO MOTOR

9. Crimp two large lugs onto the blue and yellow wires in the end
of cable AP900-4425. Connect these lugs to the Servo Motor as
shown in Figure 31.

10. Remove the remaining wires in the cable and discard.

In the case of an engine-driven hydraulic steering system, a 4-way
Solenoid is installed "in series" between the hydraulic pump and the

2.9 SOLENOID INSTALLATION
2.9.1 Location

helm steering unit.
2.9.2 Installation Instructions

Some hydraulic 1lines must be cut and "tees" and hoses used to make
the connections. When adding "tees" and hoses into the existing
hydraulic system, use ONLY high quality fittings and double wire
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braid pressure hose with machine attached fittings. (These are
not supplied as part of the installation because of varied line
sizes.) OBSERVE CUTTING INSTRUCTIONS, Section 2.8.1, page 27.

1. Begin installation of the Solenoid by draining the steering
system sufficiently so that minimum fluid is Tost when the Tines

are cut.
Solenoid

P 1

A B P
Pump —— A B T —- Helm

-
il ————-——-L———-—-—-Lock Valve
"Tees" <= —
— Cylinder

FIGURE 32. DIAGRAM OF SOLENOID INSTALLATION

2. Cut the pressure 1ine coming from the pump to the helm and con-
nect the pump side of the Tine into the "P" port of the Sole-
noid valve. See Figure 32.

3. Connect the helm side of the Tine to the "T" port of the Sole-
= noid valve.

4. Cut the two lines going from the steering helm to the rudder.
Insert "tees". Connect the "A" port of the valve to one of
these Tines, and the "B" port of the valve to the other line.

5. Fill the steering system with the fluid drained in Step 1.

Take one wire from port

Port - coil and one wire from
\_starboard coil and twist
Ground o together to form
T Tr—p : ground wire.

&
]
i Solenoid Valve Coils

| Port
FIGURE 33. WIRING DIAGRAM, -08 DRIVER ;L
B

WITH SOLENOID; -05 DRIVER ATTERY Ground
IS WIRED IN THE SAME WAY
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6. BE SURE TO BLEED ALL AIR FROM THE STEERING SYSTEM, AS EXPLAINED
ON PAGE 29, Section 2.8.3, Step 8.

7. Wire the Solenoid to the Servo Driver, as shown in Figure 33, page 30.

2,10 SERVO DRIVER INSTALLATION

The Autopilot system receives its DC power from the Servo Driver, which
must be connected to the vessel's battery source, as shown in Figure 33 on
page 30. Since the Servo Motor draws considerable current under heavy
loads, large power cables must be used to connect the battery to the Driver.
Refer to the table below to determine the size of wire needed.

Table 2.
2Ft | 41t | 67t ] oft|10ft[12ft]14ft][18ft| 20t 22ft|24ft[30ft|40ft|50ft

12v |16 |14 |14 |10 | 10 | 8 8 6 b B 4 4 2 2

oav |16 (14 |14 |12 (12 | 12 {10 |10 |10 8 8 6 6 6

3ov |16 |16 |14 |14 | 14 | 14 {12 [12 |10 |10 |10 8 8 8

2.10.1 Location

The selected Servo Driver should be installed within three feet of
the Servo Motor. The Driver is usually mounted securely to a bulk-
head allowing air convection up and through the fins of the Driver.
Refer to Figure 34.

Air Moving
through Fins

FIGURE 34. VSERVO DRIVER FIGURE 35. SERVO DRIVER
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2.10.2 Installation Instructions

1. Secure the Driver into place with 4 wood screws, metal screws,
or bolts (not provided).

2. Connect the AP900-4425 cable from the Servo Motor to the termi-
nals in the Servo Driver. If a mechanical Servo Motor has been
installed, See Figure 27. If a hydraulic Servo Motor was instal-
led, see Figure 31. For instructions on connecting a WESMAR Ser-
vo Driver to a competitive Servo Motor, see Figure 36. For in-
formation on connecting a WESMAR Servo Driver with a Wagner Power

Pack, see Figure 37.

FIGURE 36.
WIRING OF WESMAR SERVO DRIVER
WITH A COMPETITIVE SERVO MOTOR

Ground
Clutch
Motor
Motor
L Field
Bl
,Ju@ i Ground
ol b4
WESMAR Servo Driver PONER. PACK.
— UJJMMJU
BATTERY A'Hlé‘A 3PL T 0 o
‘ Blue — m&?c?o%ﬁ%a
CO\L OF Q0LENOID
LL Black — COMMON 06 e
White Yellow s L RORT oL oF D)
oot Red LroRE 37. WIRING DIAGRAM, WESMAR
SERVO DRIVER INTERFACED WITH A WAGNER
POWER PACK

3. Connect one end of Cable AP900-4419 to the cable jack on the
Servo Driver, shown in Figure 35, page 31. Secure in place with
the 2 supplied screws.

4. Route the other end of the cable to the Interconnecting Matrix.
Attach the cable to the Matrix, as illustrated in Figure 22, page
21. Secure in place with small bolts provided.
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5. To connect the battery to the Driver, first REMOVE THE FUSES
FROM THE SERVO DRIVER. Then connect the DC power leads to the
Driver. OBSERVE POLARITY.

ACCESSORIES

2.11 REMOTE HAND CONTROL (AP900-0125) INSTALLATION

The Remote Hand Control (RHC) consists of a hand held controller with a 25-
foot cable attached, a control hanger, and a 25-foot bulkhead cable.
2.11.1 Location

The bulkhead cable (AP900-4426) will be mounted first. Select a
Jocation on the flying bridge, aft deck, pilothouse, or bow.

Apply Small
T Amount of RTV
\iﬂBefore Installing

Connector and
Cable.’

FIGURE 39. CONNECTOR
BEING INSTALLED IN BULKHEAD

2.11.2 1Installation Instructions

1. Referring to Figure 39, drill 5 holes in the bulkhead. To aid
in locating the hole pattern, a template is provided above (Figure 38).
Insert the bulkhead cable and the connector through the holes
and secure, using 2 wood screws or bolts (not provided).

2. Neatly route the cable to the Interconnecting Matrix.

3. Cut the cable to the desired length. (Longer lengths can be or-
dered.)

4. Route the cable through one of the grommets on the Matrix. Re-
fer to Figure 40, page 34 for instructions on wiring the RHC into
the Matrix. Follow the General Wiring Instructions on page 16,
Section 2.1.

5. Do not yet plug the RHC into bulkhead connector.
6. Mount the RHC hanger near the bulkhead connector. Secure with

2 wood screws or stainless steel bolts (not provided). See
Figure 41.
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TABLE 3.
TB-1 COLOR

Grn/Blk
White
Black
Red
B1k/Wht
Blue
Blue/B1k
Green
Grn/Wht
Blue/Wht
Orn/B1k
Wht/B1k
Red/Wht
Red/B1k
Orange

—
OWOOONOOI WM~

—
—r

[ i (R |
(S I L W]

: ai
FIGURE 40. WIRING THE RHC INTO THE MATRIX

%Y
k

Hole for Screw

FIGURE 41. CONTROL HANGER MOUNTED ON WALL, WITH RHC

2.11.3 Additional RHC bulkhead connectors may be installed throughout the
vessel (f]ying bridge, stern, bow, pilothouse, allowing the op-
erator to control the vessel from any remote station.

Additional bulkhead cables must be wired into the Matrix in the

same manner as a single cable, described in INSTALLATION, Section 2.11.2,
Step 4, page 33.

NOTE: Only one RHC can be plugged in and operated at any one time.




2«12 VOLTAGE REGULATOR (AP900-5006) INSTALLATION

The WESMAR Voltage Regulator is used when the vessel's battery voltage is
other than 12VDC. The Sensor and Console electronics operate on 12VDC,
while the Servo Driver and Servo Motor operate on the same voltage as the
battery.

2.12.1 Location

Mount the Voltage Regulator near the Interconnecting Matrix.

2.12.2 Installation

1. Secure the Voltage Regulator in place with 4 wood screws or bolts
(not provided).

2. Referring to Figure 22, page 21, remove the jumper wire between
TB3-1 and TB3-2 on the Matrix.

3. Connect 3 wires (not provided) to the Voltage Regulator, as shown
in Figure 42,

4. Route these 3 wires through one of the grommets in the Matrix to
TB3.

5. Again referring to Figure 42, attach one wire to TB3-1, one wire
to TB3-2, and one wire to TB3-3.

2.12.3 Instructions for installing the AP900-5006 Voltage Regulator (115VAC
to 12VDC operation) are on Figure 43, page 36.

TB-1 TB-2 TB-3

\ /
& o | "
VOLTAGE REGULATOR. , ' g% SB ﬁ%
~—RED J
U@UUULJ “UUH@U IBIEBIEE
el 1= ACLESSORY  WIRING
—eRN=] S NORMAL INSTALLATION MO SHOWK TR aAaTy
<l® REQUIRES A MUMPER HERE,
5 IF AN EXTERNIAL ONY/OFF. % g % % ?
@ o8 © SWITCH \‘f.) ESIRED VE v
JUMPER ¢ WIRE 1N A 2 PCS,
SWITCH D THESE TERUINAS
RED INTERCONNECTING
BLK MATRI X
N APSOO-50072

FIGURE 42. WIRING VOLTAGE REGULATOR TO MATRIX
i




2.13 RUDDER ANGLE INDICATOR (AP-0128) INSTALLATION

2.13.1 Location

The Rudder Angle Indicator (RAI) should be located where it can be
viewed from the pilothouse. Avoid areas where the temperature is
Tikely to exceed 120 degrees F. (49 degrees C.). The front panel is
splash-resistant, not waterproof, so locate the RAI where it won't
be exposed to direct moisture such as rain, or sprayed water during
boat washings. The RAI can be mounted on a bulkhead, overhead,
countertop, or wall.

2.13.2 Installation Instructions

1. Secure the trunnion mount to the selected location with the pro-
vided wood screws or stainless steel bolts (not provided).
Place the console in the trunnion mount and tighten the trunnion

knobs. The console or trunnion mount should not be used as a
bracket or handhold.

2. Connect the supplied interconnecting cable (AP900-4428) to the
rear of the RAI console panel by inserting the plug into the TRANS-
DUCER jack, shown in Figure 44. Neatly route the opposite end of
the cable to the Interconnecting Matrix. (NOTE: When using the
RAT with AP900 installation, do not connect a separate 12VDC to
| the jack on the rear of the RAI. The AP900 supplies power through
the TRANSDUCER jack.)

Normal Installation Requires
a Jumper Here. If
an External On/Off

Switch is Desired
Voltage Regulator r
AP900-5006 Remove only the

” Jumper, and Wire in
ﬂﬂﬂﬂL__ﬂﬂﬂJ-/”/a 2-Position Switch
S i

e to These Terminals.

‘ﬁ‘f%%ﬁjimu FIGURE 44. REAR OF RAI
il l
(8] C
Eﬁggggg;zanﬁﬁmﬁ}wawmmu

[ ACrPRT J ok moTOR

= W e
//L__L—_ O WSVAC ROWER GOURLE

FIGURE 43. 115VAC TO 12VDC REGULATOR WIRING DIAGRAM
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Remove the Interconnecting Matrix cover. Place the cable through
one of the grommets on the Matrix.

Referring to Figure 45, wire the cable into the Matrix. Follow
the General Wiring Instructions on page 16, Section 2.1. Replace
Matrix cover.

TABLE 4.
TB-3 COLOR
8 Black
10 Red
11 Green or White

FIGURE 45. WIRING THE RAI INTO THE MATRIX

2.13.3 A second, third, or more RAI's may be installed as desired. Installa-
tion and calibration of additional RAI's are the same as discussed in
INSTALLATION, 2.13, page 36, and CALIBRATION, 3.5, page 54.

It is also possible to connect an RAI into the rear of a previously
installed RAI instead of into the Matrix. To do this:

1.

Modify cable AP900-4423 (provided with the RAI) as shown in the
schematic drawing AP900-4429, Section 8.0 TECHNICAL APPENDIX/SCHEMATICS.

Plug one end of the cable into the REMOTE jack on the back of the
previously installed RAI. Plug the other end of the cable into
the TRANSDUCER jack on the back of the second RAI (Figure 44, page 36).

Any number of RAI's can be added in this manner.
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2.14 DIGITAL COMPASS (DC700/AP) INSTALLATION

2.14.1 Location

The display console should be located within easy view of the wheel
and APS00 Console. Avoid areas where the temperature is likely to
exceed 120 degrees F. (49 degrees C.). The front panel of the Digital
Compass is splash-resistant, not waterproof, so place the console
where it won't receive direct moisture. The Digital Compass can be
mounted on a bulkhead, overhead, dash, or wall.

2.14.2 Installation Instructions

1. Secure the trunnion mount to the selected location with the pro-
vided wood screws or stainless steel bolts (not provided).
Place the console in the trunnion mount and tighten the trunnion
knobs.

2. Referring to Figure 36, plug the interconnecting cable DC700-4405,
into the SENSOR jack at the back of the Digital Compass. Secure
with the 2 supplied bolts.

Sensor Jack

FIGURE 46. BACK OF DIGITAL COMPASS

3. Neatly route the remaining cable to the Interconnecting Matrix.
Keep the cable away from large cable groups, such as power equip-
ment cable, unshielded antennas, or signal cables.

4, Remove the Matrix cover and place the cable through one of the
rubber grommets on the Matrix.




5. Referring to Figure 47, wire the cable into the Matrix. Follow
the General Wiring Instructions on page 16, Section 2.1. Replace
Matrix cover.

TABLE 5.
TB-2 COLOR

White
Brown
Green
Black
Red
Blue

oo wMnn

FIGURE 47. WIRING DIGITAL COMPASS INTO MATRIX

2:15 REMOTE DIGITAL COMPASS (DC700/R) INSTALLATION

The DC700/R consists of a display console, trunnion mount, dust cover, and
interconnecting cable.

2.15.1 Location

Avoid locating the display console in areas where the temperature is
1ikely to exceed 120 degrees F. (49 degrees C.). The front panel of
the Remote Digital Compass is splash-resistant, not waterproof, so
place the console where it won't receive direct moisture. The Remote
Digital Compass can be mounted on a bulkhead, overhead, dash, or wall.

2.15.2 Installation

1. Secure the trunnion mount with wood screws (provided) or stainless
steel bolts (not provided).

2. Connect interconnecting cable DC700-4404 (provided) into the

jack on the back of the DC700/R console (Figure 48, page 40).
Secure with 2 screws provided.
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3. Neatly route the cable to the DC700/AP console. Keep the cable
as far as possible from power cables, other electronic equipment,
unshielded antennas, and signal cables.

4. Plug the end of the DC700-4404 cable into the REMOTE jack on the
rear of DC700/AP (Figure 49.)

FIGURE 48.
BACK OF DC700/R
REMOTE DIGITAL COMPASS

Remote Jack

FIGURE 49. BACK OF DC700/AP DIGITAL COMPASS




2.16 REMOTE PROPORTIONAL CONTROL (AP-0126) INSTALLATION

The Remote Proportional Control (RPC) consists of the hand held controller

with a 25-foot cable attached, control hanger, and a 25-foot bulkhead cable
(AP900-4427).

2.16.1 Location

The bulkhead cable has a bulkhead connector on one end to attach

to a central location, such as a flying bridge, aft of cabin, or on
a bulkhead. (More than 1 bulkhead connector can be installed and
wired into the Matrix. Only one RPC can be plugged in and operated
at any one time.)

2.16.2 Installation Instructions

1. Using the template provided in Figure 51, drill 5 holes. Insert
the cable through the holes and secure the connector (Figure 39, ,
page 33),using wood screws or stainless steel bolts (not provided.)

2. Mount the control hanger near the bulkhead connector, using 2
screws or bolts (not provided). (See Figure 41, page 34 for a
similar installation.) Neatly route the cable to the Matrix.

3. Remove the Matrix cover and insert the cable through one of the
grommets. Referring to Figure 50, wire the cable into the Matrix.
Follow General Wiring Instructions on page 16, Section 2.1.
Replace Matrix cover.

4. Do not yet plug RPC into bulkhead connector.

TABLE 6.
TB-2 COLOR

Green
Black

White

7
8
9 Red
0
1 *Orn/Brn

|
NTO MATRIX

FTGURE 50, WIRING RPC 1
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3.0 CALIBRATION

Once the installation of the AP900 Autopilot and accessories has been com-
pleted, the system must be calibrated.

IN ORDER TO AVOID ANY DAMAGE TO THE AUTOPILOT CAUSED BY MISWIRES, SHORTS,
OR VOLTAGE PROBLEMS, CHECK BATTERY VOLTAGE AND POLARITY BEFORE BEGINNING
CALIBRATION. REFER TO FIGURE 52 for correct polarity. If the battery is
not 12VDC, a Voltage Regulator must be installed as described in Section

2.12, page 35.
DO NOT INSERT FUSES AT THIS POINT.

Any damage, especially damage to electronic modules, resulting from non-
observance of the above instructions, will not be covered under the
warranty.

Follow all calibration instructions PRECISELY.

WESMAR

Negative Positive

FIGURE 52, SERVO DRIVER

:3. 1 RUDDER POSITION TRANSDUCER (RPT) CALIBRATION

1. Determine rudder amidships. Rudder amidships is not necessarily
the position with the rudder parallel with the keel line; it is
the rudder position that steers the vessel on a straight course.
Manually position the rudder to amidships.

P




2.

Limit Cams

3.

Position the feedback arm on the RPT to form a parallelogram to
the vessel's rudder arm as shown in Figure 23, page 22.

Port Limit Cam

FIGURE 53. RPT WITH COVER REMOVED

Remove the interconnecting cable from the RPT. Remove the 4
screws that hold the cover on the RPT. Lift the cover and
place to one side.

Using a .050 allen wrench, loosen both Timit cams shown in Figure 53.

. Connect an ohmmeter across the wiper (center leg of pot) and

one of the outside legs of the pot, shown in Figure 54, page 44.
Loosen the locking nut. Using a slotted screwdriver, rotate
the Transducer shaft until a reading of 500 ohms is achieved.
See Figure 55, page 44.

. Remove the ohmmeter and tighten the Tocking bolt and nut on

the feedback arm. Make sure not to move the Transducer shaft,
since the RPT is now electronically sensing amidships.

. Manually rotate the vessel's wheel hard-over port. Return the

wheel starboard approximately 10 degrees rudder toward amid-
ships.

Using the .050 allen wrench, rotate the Tower cam until the
large portion of the cam just engages the Timit switch to
produce a "click". Rotate the cam back and forth to a point
where the cam just engages the plunger on the limit switch to
“open" the switch. Tighten the cam in this position. See
Figure 53.
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FIGURE 56, RPT WITH COVER REMOVED

Manually rotate the vessel's wheel hard-over starboard. Return
the wheel port approximately 10 degrees toward amidships.

Using the .050 allen wrench, rotate the upper cam until the
large portion of the cam just engages the 1imit switch to
produce a "click". Rotate cam back and forth to a point where
the cam just engages the limit plunger to "open" the switch.
Tighten cam in this position,

Rotate the wheel of the vessel toward amidships, then gradually
turn the wheel toward port. Monitor the movement of the Timit
cam, making sure that it is turning in the correct direction.
Rotate the wheel as far as possible to ensure that the cam will
make contact with the limit switch approximatley 10 degrees
before port hard-over.

Check starboard limit cam and switch in the same manner.
Replace RPT cover, but do not attach screws.
Reconnect disconnected rudder cable to RPT cover plug.

Check movement of the vessel's rudder and the RPT feedback arm
to assure that the RPT cable doesn't catch on any moving parts.

ORIENTATION OF SATURABLE CORE_SENSOR (COMPASS)

1.

Review installation of the Saturable Core Sensor assuring that
the arrow on the Sensor is aligned with the keel Tine of the
vessel.

-45-
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3.3 CONTROL CONSOLE CALIBRATION

1. Turn the FUNCTION switch on the Control Console to OFF position.

2. Replace both fuses that were removed from the Servo Driver,
INSTALLATION, Section 2.10.2, Step 5, page 33.

3. Remove Control Console from case, exposing the 3 printed
circuit boards and calibration points.

4, Position the wheel so the rudder is amidships. Rotate the
COURSE SET DIAL to approximate heading of steering compass.
Turn WEATHER and RUDDER controls fully counterclockwise.

5. Connect a voltmeter, black or ground lead to TP8 (GND).
Attach the red lead (positive lead) to TP7 (+4.0VDC) on mother
board. Refer to Figure 57 for test point locations.

Reference Regulator Mc7808CP
Sensor Interconnect Cable \ Console Interconnect Cable

HER _|AP900-4017
TP7
L AP900-4016
P8 (Gnd)"
' AP900-4018
MJE-SOOLC Resolver

FIGURE 57. CONTROL CONSOLE MOTHER BOARD




6. While observing the voltmeter, turn the FUNCTION switch to the
STD-BY mode. The voltmeter should read approximately 4.0 VDC.
If you read something greater or much less, turn Autopilot OFF
and refer to TROUBLESHOOTING, Number 32.

7. If voltage is correct, check TP6 for approximately 8.0 VDC.
If both TP7 and TP6 show the correct voltage, proceed.

8. While in the STD-BY mode of operation, rotate the COURSE SET
DIAL clockwise. As soon as you stop turning the dial, release
it, and the Autopilot should return the dial back to the
original heading. At this point, the yellow light should come
on. Should the COURSE SET DIAL "hunt" back and forth about

X the yellow Tight, adjust R227 on APS00.4018 (Figure 58)

T to stop "hunt." If the COURSE SET DIAL does not turn to a
position at which the yellow 1light comes on, increase gain pot
R227 (AP900-4018) (Figure 58) until the dial rotates
to a yellow light. If this function does not operate correctly,
refer to TROUBLESHOOTING, Numbers 30 and 31.

9. Rotate the COURSE SET DIAL counterclockwise, and repeat the
calibration described in Step 8 above.

R227

IFirst Board Back
from Console Front

FIGURE 58. AP900-4018 REFERENCE REGULATOR/RESOLVER DRIVER BOARD
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FIGURE 59. AP900-4017 CONTROL AMPLIFIER BOARD

Rotate the FUNCTION switch to the WHEEL mode. Place a jumper
wire between A and B on the Control amplifier circuit board
AP900-4017, as shown in Figure 59. Make sure the rudder is AMIDSHIPS.

Connect the voltmeter ground lead to TP7 (4.0 VDC), positive lead
to the resistor junction R313 as shown in Figure 59.

Observing the voltmeter, adjust R302 for a null or zero volts on
the 1 volt scale of meter,

Rotate the wheel so the rudder moves 5 degrees to port or star-
board. Monitor the voltmeter -- it should read between 500mv
and 575mv change. If the meter reads differently, adjust R305
(Figure 59) on the AP900-4017 circuit board until the correct
reading is obtained.

With rudder amidships, rotate FUNCTION switch to PWR.STR. mode.

In this position the Servo Driver and Servo Motor are programmed
to hold the rudder at a fixed angle. Press the DODGE switch
toward starboard. DO NOT ALLOW THE RUDDER TO GO HARD-OVER. If
the rudder goes port, reverse the motor wires on the Servo Driver.
Refer to Figure 60, page 49. Should a problem develop, refer to
TROUBLESHOOTING, Numbers 10, 11, 12, 13, 14, or 34.
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Motor Wire Motor Wire Interchange These 2 Wires

FIGURE 60. SERVO DRIVER FIGURE 61. RPT, COVER REMOVED

14, Press the DODGE switch toward port and the Servo Motor should give
port rudder, DO NOT ALLOW THE RUDDER TO GO HARD-QVER. If the
rudder does not move, refer to TROUBLESHOOTING, Number 34.

15. When you are sure that the rudder moves in the correct direction
when the appropriate DODGE is given, return the rudder to amid-
ships. Press the DODGE switch to starboard, and CAREFULLY note
if the T1imit switch in the RPT "stops" the Servo Motor before
hard-over rudder is reached. DO NOT ALLOW THE SERVO MOTOR TO
GIVE HARD-OVER RUDDER AS IT MAY DAMAGE THE STEERING SYSTEM.

If the Timit switch doesn't stop rudder travel approximately

10 degrees short of hard-over, re-adjust the cams as directed on
page 45, Step 10. It may be necessary to use the other cam to
stop rudder travel,

16. Check the port Timit switch in the same manner.

17. Set WEATHER and RUDDER controls on the Console to 8 o'clock and
return rudder to amidships. Turn the FUNCTION switch to PILOT.
If the rudder attempts to go hard-over in either direction, TURN
PILOT OFF. Then:

A. Check calibration of 3.3 Step 12, page 48.

B. Interchange the wires on RPT sensor, Figure 61.

18. With rudder at amidships, again turn FUNCTION switch to PILOT.
The Autopilot should now attempt a null condition. The yellow
function Tight should remain on and the rudder should be amidships.

19. While in PILOT mode, remove the jumper wire (installed in 3.3 Step 10,
page 48) between points A and B on the AP900-4017 amplifier circuit
board, Figure 59, page 48. Note that when the jumper wire is
removed, the Autopilot will slowly give rudder, to port or star-
board. This is a normal function when at dockside. The automatic
synchronizer is trying to null out any error signals. This auto-
matic feature becomes operational when an unequal rudder thrust
or drag is present, or when there is wind on the bow. Should
the vessel yaw while underway, either re-install the jumper wire
or remove resistor R310, Figure 59, page 48.
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With FUNCTION switch in PILOT, and WEATHER and RUDDER controls set
fully counterclockwise, check to see if the red and green function
lights flash back and forth., If they do, there is a "hunt" con-
dition which is caused by air in the hydraulic lines, or play in
the mechanical steering system. Check both possibilities and
eliminate the causes. If you are unable to eliminate the "servo
loop slop in this manner, reduce the loop gain by re-adjusting
R305 on the AP900-4017 circuit board. (Figure 59, page 48.)

Check Autopilot operation by pressing the DODGE switch to the
starboard for a few seconds and then releasing; the rudder should
return to amidships. Likewise, press the DODGE switch port and
release. The rudder should return to amidships.

Turn the FUNCTION switch to PWR.STR. Press DODGE switch to
port and note the direction of travel. If correct, switch to
PILOT. Rudder should return to amidships.

The AP900 Autopilot has a 1 1/2 degree course sense angle. To
check the course sense angle, start with the FUNCTION switch in
WHEEL position. Rotate the WEATHER control fully counterclock-
wise. Turn the COURSE SET DIAL until the yellow light is on.
Then turn the COURSE SET DIAL clockwise, noting the heading
indicated on the dial when the yellow 1light is on. Turn the
dial until a red function 1ight comes on. Note the heading,

and rotate the dial counterclockwise. The red 1ight should go
out, the yellow light flash on, then the green 1ight should
illuminate. Note this heading also. The COURSE SET DIAL should
move approximately 3 degrees maximum between the flashing of the
red and green lights. If the COURSE SET DIAL moves more than

1 1/2 degrees in either direction before the yellow function
light extinguishes, then the course sense angle is incorrect

and calibration is necessary, as described in Step 24 immediately
following,

To calibrate the Course Error Signal, connect a voltmeter, positive
lead to J2-F on the AP900-4016 amplifier board, Figure 62, page
51. Connect the negative lead (black) to TP7 (4.0 VDC) on the
mother board. Set voltmeter to 1 volt range. Turn the FUNCTION
switch to WHEEL mode. Rotate COURSE SET DIAL until a zero (0 VDC)
reading is on the meter. At this point the yellow function light
should be 1it. Note the exact course on the dial, and then

rotate COURSE SET DIAL exactly 10 degrees. The meter reading
should change approximately 500mv, or 50mv per degree of course
error. If the voltage is not between 500mv and 575mv, adjust
R131, Figure 62, page 51, until the correct voltage is read.
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FIGURE 62. AP900-4016 SENSE AMPLIFIER BOARD

Check calibration of COURSE SET DIAL while at dockside. Set
FUNCTION switch to WHEEL mode, WEATHER control fully counter-
clockwise. Rotate the COURSE SET DIAL so yellow function light
is 1it. Using a standard mechanical compass, determine the
exact direction in which the keel line points. If the compass
reading agrees with the COURSE SET DIAL heading, then go to
Step 27.

To calibrate COURSE SET DIAL, remove the course set knob using

a 1/16 inch allen wrench., While in the WHEEL mode, WEATHER
control turned fully counterclockwise, and yellow Tight 1it,
hold the dial and Toosen the locking nut. Then hold the bushing
and rotate the COURSE SET DIAL until it reads the same heading
as the magnetic compass. Holding the bushing and the dial,
tighten the locking nut and replace the knob. Re-check to see
that the COURSE SET DIAL agrees with the mechanical compass
reading.

This completes the calibration of the Autopilot Control Console.
Replace the console in its enclosure.

Make sure the Rudder Position Transducer cover is on and tighten
SCrews.
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3.4 SATURABLE CORE SENSOR (COMPASS) CALIBRATION

The AP900-5003 Saturable Core Sensor has been calibrated to a known standard
at the factory. This enables the Sensor to indicate precise headings when
not disturbed by any strong magnetic fields. When properly installed on
wood, fiberglass, or aluminum boats, the SENSOR WILL GENERALLY REQUIRE NO
RECALIBRATION, On steel or ferro-cement boats, the Sensor may have to be
calibrated.

1. To calibrate the Sensor, secure the vessel to the dock. Using a
separate magnetic compass, mark on the Sensor mounting bracket
0 degrees (magnetic north), 45 degrees, 90 degrees, and 135
degrees. Loosen the Sensor in its mounting bracket, so that the
Sensor can be rotated in its bracket during calibration.

2. Remove the AP900 Control Console from its enclosure, leaving
both the Sensor cable and Matrix cable connected. Slide the
panel forward to expose the AP900-4016 circuit board. Refer to
Figure 62, page 51.

3. Rotate the Sensor in its mount until the arrow on the Sensor
cover is aligned with the mark indicated 0 degrees (magnetic
north).

4, Attach the ground lead of a voltmeter to TP7 (Figure 57, page46).
Attach the positive lead tu resistor junction R122 (Figure 62,
page 51). Set the meter to .5 VDC range.

5. Turn the Console FUNCTION switch to WHEEL mode. Adjust R115

(Figure 62, page 51) on the AP900-4016 circuit board for a null
or zero volts.

6. Manua}]y rotate the Sensor in the mounting bracket to 90 degrees
(east).

7. Connect the positive lead of the voltmeter to resistor junction
R121 (shown in Figure 62, page 51).

8. With the FUNCTION switch in WHEEL mode, adjust R110 for a null
or zero volts.

9. Repeat steps 3 and 5.
10. Repeat steps 6 and 8.
11. Rotate the Sensor to 0 degrees (magnetic north).

12. Calibrate the COURSE SET DIAL, as shown on page 51, Steps 25
and 26, until the dial reads 0.

13. Turn the FUNCTION switch to WHEEL mode and rotate the COURSE
SET DIAL to zero degrees. WEATHER control must be fully counter-
clockwise to Calm. Yellow light must be Tit.

14. Rotate the Sensor to 45 degrees.
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Turn the FUNCTION switch to STD-BY mode. The COURSE SET DIAL
should move close to a 45 degree reading,

Observing the dial, adjust R119 (Figure 62, page 51) until the
COURSE SET DIAL reads exactly 45 degrees.

Rotate the Sensor manually to 135 degrees.

Adjust R112 until the COURSE SET DIAL reads 135 degrees.
Check the calibration of cardinal points. Minor adjustments
of R115 north and south, R110 east and west may be necessary

to obtain greater accuracy.

Check the calibration of inter-cardinal points. Minor adjust-
ments of R119 and R112 may be necessary to obtain greater accuracy.

Replace the Control Console into its enclosure and secure with
8 screws.

Secure the Sensor in its mounting bracket.

3.8 SENSOR CALIBRATION ON STEEL VESSELS

T

To calibrate the Sensor on a steel vessel, tie a bow 1ine around a
piling so the vessel can swing around it. With the Autopilot in STD-BY,
steer the vessel to each of the headings on the chart below, using a
calibrated mechanical compass or known sightings as the reference.

Note the reading on the COURSE SET DIAL for each heading. Should any
of the readings be off more than 20 degrees, it may be necessary to
install a compensating magnet near the Sensor.

REFERENCE 0 45 90 135 180 225 270 315
READING

SENSOR CALIBRATION CHART

If all readings are greater than the reference, or all readings are

less than the reference, note the heading at which there is the smallest

difference between the reference and the COURSE SET DIAL. Turn the
vessel to this heading, then rotate the Sensor until the COURSE SET
DIAL reads the same as the reference. Proceed with Sensor calibration,
Steps 4 through 11 on page 52.

A sea trial is necessary after Sensor calibration. On most steel
vessels a 1" x 1/4" rod healing magnet housed in a brass tube must
be installed. Position the magnet approximately 5" below the exact
center of the Sensor, red side up. While in PILOT mode, steer a
north course. Should the vessel yaw, bring magnet closer to the bot-
tom of the Sensor. Once yawing stops, secure the magnet. Now steer
an easterly and southern heading. Autopilot should steer normally. If
the vessel yaws on these headings, magnet is too close or too large.
Try a smaller-magnet, reset on a north heading, and repeat sea trial
until yawing stops.
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3.6 RUDDER ANGLE INDICATOR (RAI) CALIBRATION

1. With the RAI console mounted and the interconnecting cable in-

serted into the TRANSDUCER jack on the rear panel, turn the
console on.

2. Turn the FUNCTION switch on the AP900 Control Console to WHEEL.
Rotate the vessel's wheel to exact amidships position.

3. To calibrate the RAI, take the RAI console out of its enclosure
by removing 8 screws. Pull the RAI partially out of the en-
closure, exposing the 2 adjustment pots shown in Figure 63.
Check to make sure the rudder is amidships. Adjust
"zero" pot on RAI circuit board for a 0 meter reading. Turn
the wheel starboard until the rudder is approximately 35 degrees

angle. Adjust GAIN pot on RAI circuit board for a 35 degree
meter reading.

Remote Connector Transducer Connector

Zero

Adjustment
Gain .
Adjustment}
Meter 0ff/0n
Terminalsf™ Dim Switch

FIGURE 63. RUDDER ANGLE INDICATOR CIRCUIT BOARD

4. At this point make sure the meter needle swings in the correct
direction. If the meter reads in the port direction, TURN THE
RAI OFF. Then simply switch the 2 wires coming frem the circuit
board up to the meter terminals. BE SURE RAI IS TURNED OFF when
making this change (Figure 63).

5. This completes the calibration of the RAI, Replace the RAI in
its enclosure.
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3.4 DIGITAL COMPASS CALIBRATION

There are several ways to calibrate the DC700/AP Digital Compass:

A.

The most accurate method is to tie up to a dock which you are sure
runs north/south or east/west. This can be checked by sighting
with an accurate magnetic compass. Secure the vessel to the
north/south dock, pointing north, and proceed with the calibration.

Another method involves securing the vessel to any dock. Using

a magnetic compass and protractor mark 0, 45, 90, and 135 degrees
on the top of the Sensor mounting bracket. Loosen the Sensor in
its mounting bracket. With this method, the Sensor is rotated

in its bracket during calibration.

A third method allows calibration while the vessel is underway.

By referring to charts of local water, the ship's compass, or

known landmarks, you can determine correct directions for referenrce,
Select an area where there is sufficient area to maneuver. Because
of vessel movement, this method is the least accurate.

Regardless of calibration method used, it is critical that when 0 degrees,
45 degrees, 90 degrees, or 135 degrees is being used as a reference, the
arrow on the Sensor cover must be pointing in that direction.

Specific calibration instructions follow:

1s

No adjustments are necessary within the Digital Compass itself.
A11 calibrations are made within the AP900 Control Console.
Remove the Control Console from its enclosure. Leave the cables
attached. Slide the panel forward to expose the AP900-4016
circuit board as shown in Figure 64, page 56.

IMPORTANT. Make sure the arrow on top cover of the Saturable Core
Sensor is in line with the keel Tine.

Align the vessel's keel on a O degree heading. (If using method
B, rotate the Sensor in its bracket.)

Turn AP900 Console FUNCTION switch to WHEEL. At this point, pay
no attention to the function lights or COURSE SET DIAL position.

Turn the DC700/AP FUNCTION switch to HEADING,

Turn the DC700/AP to ON position, increasing DIM control until
the digital display is easily read.

Using a small screwdriver, adjust R115 on AP900-4016 board for
a 0 degree reading on DC700/AP (Figure 64, page 56) .

Untie the vessel and move to the end of the dock. Align the
vessel's keel to an east, 90 degree heading. Secure the vessel.
(If using method B, rotate the Sensor in its bracket.)

Again using a small screwdriver, adjust R110 for 90 degree
reading on DC700/AP digital display (Figure 64, page 56).
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R131 R112 | Rr119 [
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FIGURE 64. AP900-4016 SENSE AMPLIFIER BOARD

Untie the vessel and secure on a 45 degree heading. (If using
method B, rotate the Sensor in its bracket.)

Using a small screwdriver, adjust R119 for 45 degree reading on
DC700/AP digital display.

Untie the vessel and secure on a 135 degree heading. (If using
method B, rotate the Sensor in its bracket.)

Using a small screwdriver, adjust R112 for a 135 degree heading.
Recheck Steps 3 and 7.
Recheck Steps 8 and 9.

This completes the calibration of the DC700/AP. Reinstall AP900
Console in its enclosure.
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3.8

REMOTE PROPORTIONAL CONTROL (RPC) CALIBRATION

s
2.

Install and plug in RPC.

Remove AP900 Control Console from its enclosure, so as to expose
the calibration pot R331 on the AP900-4017 circuit board. See
Figure 59, page 48.

Rotate the FUNCTION switch to PWR. STR. mode. Position the rudder
of the vessel to amidships. Set the RPC dial to zero. Turn the
RPC OFF/ON switch to ON. Should rudder be applied, turn the RPC
dial in the correct direction to bring the rudder back to amidships.
Check the dial reading. If, with the rudder amidships, the RPC

dial is not at zero, loosen the setscrew on the knob, turn the knob
to zero, and tighten.

Observing a Rudder Angle Indicator or rudder arm, position the
rudder at 35 degrees. Adjust the R331 so that the angle of the
rudder and the angle on the RPC dial agree.

This completes the calibration of the RPC. Replace the Control
Console in its enclosure,

.-, .




4.0 OPERATION

The proper operation of the AP900 Autopilot and accessories is discussed
below. Be sure to read this section completely and carefully before attempt-
ing to operate your Autopilot. If after reading this section you still have
some doubts or questions, ask your dealer or call WESMAR for an explanation
BEFORE using the Autopilot.

4.1 CONTROL CONSOLE OPERATION

The Control Conscle contains seven controls. The operation of each control
is described below:

4.1.1 FUNCTION Switch - Used to select the desired operating mode of the
Autopilot and accessories.

OFF: In this mode of operation the Autopilot is non-functional and
DC power to the complete system is off.

STD-BY: When this mode of operation is selected, the AP900 Console
automatically rotates the COURSE SET DIAL to read the course
heading being manually steered. The Autopilot is "standing
by," ready to take over. To operate, set the WEATHER and RUDDER
controls as described below. Then manually steer the vessel
to the desired heading, waiting for the yellow light to come
on. Turn the FUNCTION switch to PILOT. The AP900 will now
automatically steer the vessel on the desired heading.

WHEEL: Steer-by-lights mode. To use this mode, set the COURSE
SET DIAL to the desired course. Adjust WEATHER control, as
explained below. The yellow light will be 1it when the ves-
sel is on course. If the red light becomes 1it, turn the wheel
to port until the yellow light comes back on. Counter with
starboard rudder to maintain a steady yellow light. If the
green light comes on, apply starboard rudder until the yellow
Tight is 1it again.

PILOT: While in the PILOT mode, all sensing and control circuits
are activated, and the Autopilot is steering the vessel on the
course "set in" by the COURSE SET DIAL. In this mode of op-
eration, the operator can change course by dialing in the course
desired. The vessel may also be dodged to the port or star-
board by simply pressing the DODGE switch to port or starboard.
Rudder will be applied as long as the DODGE switch is pressed,
or until a limit switch is activated. When the DODGE switch is
released, the vessel will return to its original course.

PWR.STR. (Power Steer): In this mode of operation the Autopilot will

hold the rudder at any position desired. This is essentially
an electric steering mode. Change course and rudder angle by
pressing the DODGE switch.
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REMOTE: The REMOTE mode transfers Console control to the Remote Hand
Control when it is plugged in.

4.1.2 WEATHER - Used in different sea conditions to set the degree of course
error allowed. When the WEATHER is set to minimum, or counterclock-
wise, the degree of course deviation is narrow, approximately
+ 1 1/2 degrees; with the control set to maximum, the degree of course
error allowed is + 10 degrees. For a calm sea, set the WEATHER to
minimum. For a rolling or rough sea, turn the WEATHER clockwise to
open the course width. In this condition, the course "made good"
will be an average of the vessel's movement. The WEATHER should be
set so that the yellow function light will be 1it through a normal
oscillation of the vessel's bow. In other words, the red and green
function lights will blink occasionally. Set the WEATHER control so
that a yellow light is maintained approximately 50 - 60% of the time.
See Figure 65.

WEATHER .
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4.1

3

RUDDER - Controls the amount of rudder applied for a specific off-

4.1

.4

course deviation. If the vessel is under-steered and yaws off course,
turn the RUDDER control clockwise until the correct amount of rudder
is applied. Should the Autopilot be over-steering the vessel, causing
an uncontrolled yaw, turn the RUDDER control counterclockwise until
the vessel stops yawing.

DODGE - The DODGE switch is activated when the FUNCTION switch is

4.1

=D

set on PILOT or PWR.STR., and can be used to dodge objects or to
electrically steer the vessel. In the PILOT mode, if the DODGE is
pressed either port or starboard, the rudder will be applied until
DODGE is released or a limit switch is activated. Once DODGE has
been released, the vessel will return to the original course. When
the DODGE switch is pressed in the PWR.STR. mode, rudder is again
applied, but when the switch is released the vessel will not be re-
turned to the original course. This is useful because it allows
you to "electronically" steer your vess&l for docking, circling a
school of fish, or picking up crab pots.

COURSE SET DIAL - Used to "set in" the course heading desired. The

course may be "set in" automatically in STD-BY, or dialed in by the
operator in any other mode of operation.

DIM - Varies the intensity of the function lights and back panel

4.1.6

4.1

if

lighting. This allows easy use of the Autopilot at night.

FUNCTION LIGHTS - Show how the Autopilot is functioning and aid in

4.2

setting the WEATHER and RUDDER controls. The lights can also be

used in troubleshooting. In addition, with the Autopilot in WHEEL
mode, the lights will guide the operator to manually steer a straight
course. In this "steer-by-lights" situation, when the yellow light
is 1it the vessel is on course. When the red light flashes on, the
operator should apply port rudder until the yellow light is again
1it. When the green 1ight comes on, apply starboard rudder.

ACCESSORIES

REMOTE HAND CONTROL (RHC) OPERATION

The easily operated RHC is fully activated and usable ONLY when the FUNCTION
switch on the AP900 Control Console is turned to the REMOTE mode. The
function of each control on the RHC is explained below:

4.2.1

FUNCTION switch - Controls the various operating modes of the RHC.

OFF: Power remains on at the AP900 Control Console. The RHC is
non-functional.
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STD-BY: When in this mode of operation, the COURSE SET DIAL on the
AP900 Control Console is rotated to read the course heading
being manually steered. The Autopilot is "standing by," ready
to take over. To operate, set the WEATHER and RUDDER controls
as described below. Then manually steer the vessel to the de-
sired heading, waiting for the yellow light. With the yellow
1ight on, turn FUNCTION switch to PILOT. The AP900 will now
automatically steer the vessel on the desired heading.

WHEEL: Steer-by 1ights mode. Turn FUNCTION switch to STD-BY, then
manually steer to the desired course. Rotate FUNCTION switch
to WHEEL mode. Adjust WEATHER control, as explained below.
The yellow light will be 1it when the vessel 1is on course.
When the yellow 1light goes out, manually steer the vessel back
on course, using a steering compass to find the correct head-
ing. When the vessel is back on course, the yellow light will
flash on again.

PILOT: While in the PILOT mode, all sensing and control circuits
are activated, and the Autopilot is steering the vessel on the
course "set in". In this mode of operation, the operator can
change course by pressing the COURSE change switch. The vessel
may also be dodged to the port or starboard by simply pres-
sing the DODGE switch to port or starboard. Rudder will be
applied as long as the DODGE switch is pressed, or until a
1imit switch is activated. When the DODGE switch is released,
the vessel will return to its original course.

PWR.STR. (Power Steer): In this mode of operation the Autopilot will
hold the rudder at any position desired. This is essentially
an electric steering mode. Change course and rudder angle by
pushing the DODGE switch.

4,2.2 WEATHER - Used in different sea conditions to set the degree of

course error allowed. When the WEATHER is set to minimum, or
counterclockwise, the degree of course deviation is narrow, approx-
imately + 1 1/2 degrees; with the control set to maximum, the width
of course error allowed is + 10 degrees. For a calm sea, set the
WEATHER to minimum (Calm). For a rolling or rough sea, turn the
WEATHER clockwise to open the course width. In this condition, the
course "made good" will be an average of the vessel's movement.

The WEATHER should be set so that the yellow function 1ight is Tit
50 - 60% of the time. See Figure 65, page 59.

4.2.3 RUDDER - Controls the amount of rudder applied for a specific off-
course deviation. If the vessel is under-steered and yaws off
course, turn the RUDDER control clockwise until the correct amount
of rudder is applied. Should the Autopilot be over-steering the ves-
sel, causing an uncontrolled yaw, turn the RUDDER control counter-
clockwise until the vessel stops yawing.

4.2.4 DODGE - The DODGE switch is activated when the FUNCTION switch is
set on PILOT or PWR.STR., and can be used to dodge objects or to
electrically steer the vessel. In the PILOT mode, if the DODGE
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is pressed either port or starboard, the rudder will be applied unii:
DODGE is released or a limit switch is activated. Once DODGE has
been released, the vessel will return to the original course. When
the DODGE switch is pressed in the PWR.STR. mode, rudder is again
applied, but when the switch is released the vessel will not be re-
turned to the original course. This is useful because it allows

you to "electronically" steer your vessel for docking, circling a
school of fish, or picking up crab pots.

4.2.5 COURSE - Operational only when the RHC is in PILOT mode, the COURSE
change switch allows the operator to change the preset course heading
from the remote station. By pressing COURSE switch to port, the
COURSE SET DIAL on the AP900 Control Console will rotate toward
port, and the heading of the vessel will be changed to port. To
change the vessel's heading to starboard, press the COURSE switch to
starboard.

4.2.6  YELLOW FUNCTION LIGHT - This light indicates when the system is nulled,
or, in other words, when the vessel is on course. The yellow light
on the RHC is 1it when the yellow light on the AP900 Control Console
is on.

4.3 RUDDER ANGLE INDICATOR (RAI) OPERATION

The operation of RAI is simple. Turn OFF/ON DIM control to ON and fully
clockwise. The green "on" light should be 1it. The meter on the RAI will
indicate the angle of the rudder. To dim the backlight for night use of the
RAI, rotate the DIM control counterclockwise.

4.4 DIGITAL COMPASS (DC700/AP) OPERATION

Turn the AP900 Control Console FUNCTION switch to any mode but OFF, there-
by applying power to the DC700/AP and the Autopilot. Turn the DC700/AP
FUNCTION switch to HEADING, then turn OFF/ON DIM knob to ON and continue
rotating clockwise to increase the lighting intensity until the digital
display is clearly visible. The digital readout displayed on the panel is
the present course or heading of the vessel. The function of the two con-
trols is explained below:

OFF/ON/DIM - Supplies power to the Digital Compass, when the Autopilot is on.
n the same control is the DIM function, which varies the brightness
of the digital display.

FUNCTION - Controls the many functions of the Digital Compass, as explained
below:

HEADING: In this mode of operation the heading or course of the ves-
sel is digitally displayed in degrees.

HOLD: Holds the last reading displayed on the readout. Can be used
to remember the last heading before temporary or evasive vessel
movements. A secondary function of HOLD is to clear the timer
circuits (STOP, RUN, STORE). Whenever you are using STOP, RUN
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RUN:

STOP:

STORE:

or STORE and you wish to reset to zero and resume counting,
you must first switch to HOLD and then back to RUN.

A timer within the DC700/AP counts in one-second increments

from O to 9 minutes 59 seconds, then resets and starts over.
The elapsed time appears as a digital display of minutes and
seconds.

When the Digital Compass FUNCTION switch is rotated from the
RUN mode to STOP, the displayed time is "held" on the readout,
and the internal counter is stopped. When the FUNCTION is
switched back to RUN, the timer resumes counting from where it
left off.

This mode of operation is used as an elapsed time counter.
When the FUNCTION switch is turned from RUN to STORE, the dis-
played time is "held" on the digital display, but the internal
timer continues counting. When the FUNCTION is switched back
from STORE to RUN, the total elapsed time is then displayed.
Useful for measuring time from point A to B to C, etc.

4.5 REMOTE DIGITAL COMPASS (DC700/R) OPERATION

In order to operate the Remote Digital Compass, first turn the FUNCTION switch
on the AP900 Control Console to any mode except OFF. Then turn the Digital
Compass (DC700/AP) ON. Next turn the Remote Digital Compass FUNCTION switch
to HDG, then rotate the DIM/PWR OFF switch clockwise to increase the lighting

intensity unti

1 the digital display is clearly visible. The digital readout

displayed on the panel is the present course or heading of the vessel. The
function of the two controls is explained below:

DIM/PWR OFF -

Turns the DC700/R on and regulates the brightness of the digital

display.

FUNCTION - Controls the various DC700/R functions, as explained below:

HDG (Heading): The heading of the vessel is displayed in degrees.

HOLD:

RUN:

STOP:

This mode holds the Tast heading displayed on the readout.
Can be used to remember the last heading before temporary or
evasive vessel movements. A secondary function of HOLD is to
clear the timer circuits (STOP, RUN, STORE). Whenever you are
using STOP, RUN or STORE and you wish to reset to zero and re-
sume counting, you must first switch to HOLD and then back to
RUN.

In this mode a timer counts in one-second increments from 0 to
9 minutes, 59 seconds, then resets and starts over. The
elapsed time appears on the digital display. To reset, switch
to HOLD, then back to RUN.

When FUNCTION is rotated to STOP from the RUN mode, the dis-
played time is held on the readout and the timer is stopped.
When switched back to RUN, the timer resumes counting where it
left off.
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STORE: Another timer function. When FUNCTION is turned to STORE

from RUN, the displayed time is held on the readout, but the
timer continues counting. When the FUNCTION is switched back
from STORE to RUN, the total elapsed time is then displayed.
Useful for measuring elapsed time from point A to B to C, etc.

4.6 REMOTE PROPORTIONAL CONTROL (RPC) OPERATION

The RPC allows the operator to electronically position the vessel's rudder
at any desired angle while at a remote station. To operate:

‘ - 1.
1 2.

Turn the FUNCTION switch on the AP900 Control Console to PWR.STR.
Rotate RUDDER POSITION dial on the RPC to O degrees.

Turn OFF/ON switch to ON. The yellow 1ight on the RPC will
light, indicating that the RPC is on and has power.

By rotating the RUDDER POSITION dial on the RPC to 20 degrees

port, the rudder will move 20 degrees, changing the vessel's
heading to port.

Any desired rudder angle can be dialed into the RPC in this man-
ner.

To return control back to the Autopilot, the ON/OFF switch on
the RPC MUST be OFF.

5.0 DOCKSIDE CHECKOUT

Once the Autopilot has been installed and calibrated, the Dockside Checkout
should be performed to ensure proper operation of the Autopilot. These
procedures should also be completed whenever the Autopilot will be used,
before casting off. After the engines have been started, and while they
are warming-up, perform the following:

1
2

Set WEATHER control to 8 o'clock.

Turn the FUNCTION switch to STD-BY mode. The COURSE SET DIAL wil
rotate until the heading of the vessel is programmed into the
Console.

The yellow function Tight will light when the heading is dialed in.
Rotate the FUNCTION switch to the WHEEL mode.

Rotate the COURSE SET DIAL back and forth over the heading and
note that both red and green function lights come on. Turn back
to the original heading and the yellow 1ight.

Turn the FUNCTION switch to PWR.STR. mode, then press the DODGE
switch to port and observe that port rudder is applied. Press
DODGE to starboard and note the rudder movement. Using the DODGE
switch, return the rudder to amidships.
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7. Set the RUDDER control at 9 o'clock.

8. Turn the FUNCTION switch to PILOT mode. The Autopilot may apply
rudder until a null condition is achieved. Press DODGE switch to
port and starboard, noting that the rudder is returned to amidships
when the DODGE switch is released.

9. Rotate the COURSE SET DIAL 5 degrees each side of the heading and
note that the Autopilot is applying rudder.

10. Rotate the FUNCTION switch to STD-BY.

11. This completes the dockside test of the Autopilot.

6.0 SEA TRIAL

Following installation, calibration, and dockside checkout, a sea trial
must be made to make sure that the rudder has been set to amidships and
that the autopilot is performing properly.

1. Set FUNCTION switch on STD-BY, WEATHER at 8 o'clock, RUDDER at
8 o'clock, DIM on fully bright (Daytime).

2. Cast off and steer to a desired heading. Note that the COURSE
SET DIAL is tracking the heading being steered.

3. Steer a straight course.

4, Rotate FUNCTION switch to the PILOT mode of operation. NOTE:
When switching to the PILOT mode, the Autopilot should apply very
little or no rudder. Should the AP900 apply rudder and change
course heading, re-calibrate R305 (AP900-4017 Control Console
circuit board) as described in CALIBRATION, 3.3 Step 12, page 48.
The operator should be able to switch from STD-BY to PILOT with
1ittle or no rudder movement. Underway adjustment of R305 may
allow a more accurate calibration.

5. While in PILOT mode of operation, set WEATHER fully counterclock-
wise (Calm sea) and note control of vessel. The Autopilot should
correct any + 1 1/2 degree of course deviation.

6. Again while in PILOT mode, set RUDDER fully counterclockwise.
Vessel may show some signs of under-steering, depending on the
speed of travel. Rotate RUDDER clockwise until the vessel shows
signs of being over-steered. Adjust RUDDER control for proper
steering and note setting.

7. In PILOT mode of operation, rotate COURSE SET DIAL clockwise 10
degrees and note that the Autopilot changes course 10 degrees to
the port. Check in opposite direction.

8. Press DODGE switch and note that rudder is applied while in PILOT
mode. When DODGE switch is released, the vessel should return to
previous heading.

9. Set FUNCTION switch to PWR. STR. Press DODGE switch to port. The
vessel should return to port. Rudder should be applied until the
DODGE switch is released. Check the DODGE to starboard in the same
manner. -65-




10. Rotate FUNCTION switch to REMOTE mode and check the operation of
the Remote Hand Control as described in OPERATION.

7.0 SERVICE INSTRUCTIONS
7.1 MAINTENANCE OF THE AP900 SYSTEM

Preventative maintenance should be performed every 6 months to ensure that
your AP900 system is in proper operating condition,

Points to check are:

1. Check all plug and jack connections, making sure they are clean
and tight. Spray with WD40 every month.

%2, Check all terminal wiring connections in Interconnecting Matrix
making sure they are secure.

3. On mechanical steering systems check that the drive chain is suf-
ficiently tight and oiled.

4. On hydraulic steering systems make sure all hydraulic connections
are tight and not leaking. Also check fluid Tevel.

5. Check the seals within the Rudder Position Transducer, making sure no
condensation has accumulated inside the Rudder Position Transducer.

6. Check rudder linkage to rudder arm making sure ball joints are
tight and greased.

7. Check Remote Hand Control bulkhead connector making sure no pins
are bent or corroded.

8. Check all remote accessories for secure wiring and proper opera-
tion.

9. Check gold-plated card edges on the plug-in circuit boards inside
the AP900 Contral Console, making sure they are clean and
free from any foreign substances.

10. Check AP900 electronic Sensor, making sure mounting screws are
tight so Sensor cannot vibrate or turn.

11. Remove top cover on Sensor. Check to see that screws are tight
on each lug and that no corrosion is present.

12. Perform dockside checkout as explained on page 64.

If all the above steps are periodically followed, your AP900 should remain
a reliable second hand aboard your vessel.

Remember to use the provided dust covers when your WESMAR equipment is not
in use,
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7.2 _TROUBLESHOOTING INDEX

Course Set Dial will not automatically null to course heading in
STD-BY.

No power. Fuses not blown.

Blown fuse in Servo Driver.

Blown fuse in Master Control Console.

Steady red Tight in Control Console.

Steady green light on Console.
Steady yellow light on Console.
Red and green lights blinking.
Both red and green 1lights on.
Rudder moving in wrong direction.

Rudder going hard-over to port.

Rudder going hard-over to starboard.

Rudder goes port but not starboard.

Rudder goes starboard but not port. 1
Rudder will not return to amidships.

Erratic steering while underway.
Excessive yaw.,

STipping Servo Motor clutch.
Unable to narrow course width.
No Weather adjustment.

No Rudder adjustment.

Rudder response slow or erratic.
No red function light.

No green function 1ight.

No yellow function 1ight.

No back Tights or function Tlights.

In PILOT mode, red, yellow, green lights blinking.
Course Set Dial rotates in PILOT mode.

Unable to zero rudder feedback circuit.

Course Set Dial hunts when in STD-BY.

Course Set Dial will not null yellow light when in STD-BY.

TP7 not reading +4 VDC,

TP6 not reading +8 VDC.

Rudder will not move to port or starboard in either PILOT or PWR.STR.
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SYMPTOM

AREA OF MALFUNCTION

PROBABLE MALFUNCTION

CORRECTIVE ACTION

1. Course Set Dial
will not auto-
matically null
to course
heading in
STD-BY mode.

2. No power.
Fuses not
bTown.

Resolver Drive Motor in Control

Console not turning.

Resolver Drive Motor turning.
Reducer not turning.

Power input Tines.
Vessel's battery.
Circuit breaker.

Servo Driver.

Control Console.

No drive signal to motor. Check
for approximately 6 volts across
motor with red 1ight 1it, STD-BY
mode.

Broken Drive Belt.

Reducer binding on panel.

Dial rubbing on panel.

Course Set knob binding on Dial.

Corroded connection.

Broken power wire.

Boat's battery Tow.

Boat's circuit breaker is off.

Servo Driver cable loose.

Servo Driver cable has open wire.

Console interconnect cable
defective.

Console Function switch defec-
tive.

If voltage is present; de-
fective motor. Replace
Resolver Drive Motor.

If voltage is not present,
replace AP900-4018 board.

Replace Drive Belt with
National #124.

Loosen mounting bracket and
realign.

Loosen Reducer (2 setscrews);
move forward.

Loosen and move forward.

Clean & replace, coat.
Replace with correct size.
Replace or recharge.

Turn on.

Tighten.

Replace cable.

Replace cable.

Repair or replace Console.




SYMPTOM

AREA OF MALFUNCTION

PROBABLE MALFUNCTION

CORRECTIVE ACTION

3. Blown fuse in
Servo Driver.

4. Blown fuse in
Control Console.

5. Steady red
1ight on
Console.

Driver power fuse blown.

Console power fuse blown.

8.0 VDC regulator.

Reference regulator board
AP900-4018.

Control amplifier board AP9NN-4017.

Sense amplifier board AP900-4016.

Short in Driver.
Too heavy torque load.

Short in Servo Motor.

Possible short in Console.

Possible short in accessories.

Defective. Check for 8.0 VDC at

TP-6.

Defective reference regulator or
component. Unplug and check TP-5
voltage for 8.0 VDC.

Defective AR4.

Defective ARG.

Course error signal positive with
reference to TP-7 (4.0 VDC).

Replace Driver.
Change steering ratio.

Check resistance and replace
Servo Motor.

Remove each circuit board, one
at a time, substituting a spare
board until the malfunctioning
board is identified. Replace
board.

Eliminate each accessory one by

one until defective unit is
found. Repair or replace.

Replace Regulator if defective.

Replace 4018 board, or repair
defective component.

Repair AR4 or replace AP200-
4017 board.

Repair ARG or replace AP900-
4017 board.

Repair or replace AP900-4016
hoard.




SYMPTOM

AREA OF MALFUNCTION

PROBABLE MALFUNCTION

CORRECTIVE ACTION

Steady green
light on
Console.

Steady yellow
1ight on
Console.

Red and green
Tights
blinking.

AP900-4017 board.

Sense amplifier board AP900-4016.

Sense amplifier AP900-4016 board.

Control amplifier AP900-4017.

Reference regulator AP900-4018.

Reference requlator board AP900-
4018.

Sensor,

Interconnect cable.

AP900-4017.

Defective AR4.

Defective AR6.

Course error signal negative with
reference to TP-7 (4.0VDC). Turn-
ing Course Set Dial will not af-
fect signal.

Loss of course error signal.

Defective AR6.

Defective Qq, Qq or Uy on 4018
board.

Defective Togic function.
Open primary - S/B 4.5 ohms
resistance.
Open sine winding.
Open cosine winding.
Loose connector.

Broken wire.

Loss of drive signal.

See Figure 20, page 20.

Replace AP900-4017 board.
Replace AP9NN-4017 board.

Repair or replace AP900-4016
board.

Replace AP900-4016 board.
Repair or replace 4017 board.

Repair or replace 4018 board.

Replace AP900-4018 board.

Replace Sensor.

Replace Sensor.

Replace Sensor.

Check and tighten both ends.
Repair or replace cable.

Replace AP900-4017 board.




SYMPTOM

AREA OF MALFUNCTION

ROBABLE MALFUNCTION

CORRECTIVE ACTION

10.

11.

12,

13.

Both red and
green lights
on.

Rudder moving
in wrong
direction.

Rudder going
hard-over to
port.

Rudder going
hard-over to
starboard.

Rudder goes
port but not
starboard.

Control amplifier AP900-4017.

Servo Motor.

Servo Driver.

Control amplifier AP900-4017.

Sense amplifier AP900-4016.

Serva Driver.

Control amplifier APONN-4017.

Sense amplifier AP9NN-ANT5,

Servo Driver.

Rudder Position Transducer.

Defective AR6.

Motor wires reversed.

Defective starboard transistor.
Defective ARG comparitor.

Course error signal positive with
reference to TP-7 (4.0VDC)
causing system to give only port
rudder.

Dafective drive transistor.
Defective ARC comparitor.

Course error signal negative with
reference to TP-7 (4.0VDC) causing
system to qive only starboard
rudder.

Defoctive starboard drive circuit.

Starboard Tirit switch onen;
defective.

Starboard 1imit cam moved to
engage switch.

Replace AP900-4017 board.

Reverse per page 48, Step 13.

Replace Servo Driver.
Replace AP900-4017 board.

Repair or replace AP900-4016.
board.

Renlace Servo Driver.
Renlace AP900-4017 hoard.

Repair or replace APINN-4014
board.

Replace Servo Driver.

Replace 1imit switch.

Recalibrate per page 45,
Step 10.




SYMPTOM

AREA OF MALFUNCTION

PROBABLE MALFUNCTION

CORRECTIVE ACTION

14,

15,

16.

1174

Rudder goes
starboard but
not port.

Rudder will
not return to
amidships.

Erratic steer-
ing while
underway .

Excessive yaw.

Servo Driver.

Rudder Position Transducer.

Control amplifier AP900-4017.

AP900-4018 board.

Battery.

Servo Driver (Proportional).

Rudder Cantrol.

Weather Control.

Rudder of vessel.

Defective port drive circuit.

Port 1imit switch open.
Port 1imit cam moved to engage
switch.

Loss of feedback signal.

Defective rudder synchronizer.
Noise on 4.0 VDC.

Weak battery.

Defective ARj.

Too much rudder being applied

causing an oversteering condition.

Not enough rudder being applied
causing an understeering con-
dition.

Not enough sensitivity; vessel
drifts too far off course.

Dead rudder. No effect when
Autopilot gives rudder. Happens
even during manual steering.

Replace Servo Driver.

Replace Timit switch.
Recalibrate per page 43,
Step 8.

Replace AP900-4017 board.
Replace AP900-4017 board.
Replace 4018 board or
isolate noise problem.
Recharge or replace battery.
Replace AR, or Servo Driver.
Turn Rudder Control CCW
until yaw diminishes.

Turn Rudder Control CW

until yaw diminishes.

Turn Weather Control CCW.

Add shingle to rudder for
more rudder response.




SYMPTOM

18.

19.

20.

21.

STipping
Servo Motor
clutch,

Unable to
Narrow couyrse
width.

No WEATHER
adjustment,

No RUDDER
adjustment.

AREA OF MALFUNCTION

Mechanical Servo Motor.

Control amplifier AP900-4017 hd.

Control Console.

Remote Hand Control

Control amplifier AP900-4017
board.

Control Console.

Remote Hand Control.

Control amplifier AP900-4017
board.

Control Console,

Remote Hand Control.

PROBABLE MALFUNCTION

Excessive 1oad on drive motop
assembly,

0i1 spilled on clutch face.

Binding in steering system.

Defective U].

Defective rudder pot.

Defective cable wiring or
weather pot.

Defective

Defective .

Defective WEATHER Control.

Defective cable or defective
component.

Defective

Defective ”T-

Defective RUDDER Control,

‘Defective cable or defective
component.

CORRECTIVE ACTION

Change gearing.

Replace clutch.

Repair,

Repair or replace AP9QQ-
4017 board.

Replace rudder pot.

Replace Remote Hand Contro1,

Replace AP900-4017 board,
Replace AP900-4017 board.
Replace Console.

Replace Remote Hand Control,

Replace AP900-4017 board.
Replace AP900-4017 board.
Replace Console,

RepTace Remote Hand Control.




—

SYMPTOM

———

AREA OF MALFUNCTION

PROBABLE MALFUNCTION

CORRECTIVE ACTION

22,

el

24,

£5.

26.

Rudder re-
sponse slow
or erratic.

No red func-
tion light.

No green
function
light.

No yellow
function
light.

No back Tights
or function
lights.

Servo Driver.

Control amplifier AP900-4017 bd.

Reference regulator AP900-4018 bd.

Control amplifier AP900-4017 bd.

Control Console.

Reference regulator AP900-4018 bd.

Control amplifier AP900-4017 bd.

Control Console.

Reference regulator AP900-4018 bd.

Remote Hand Control.

Control Console.

Control Consale.

Defective ARj.

Defective ARo.

Defective Drive circuit.

Defective AR4.

Defective Q].

Defective AR6.

Defective bulb.

Defective Q4.

Defective AR6.

Defective bulb.

Defective Qp.
Defective Uy.

Defective Q3.

Defective bulb.

Defective bulb.

No dim voltage.

Qq MJEB0O.

Defective

Replace Driver.
Replace Driver.
Replace Driver.

Replace AP900-4017 board.

Replace AP900-4018 board.
Replace AP900-4017 board.

Replace bulb.

Replace AP900-4018 board.
Replace AP900-4017 board.

Replace bulb.

Replace AP900-4018 board.
Replace AP900-4018 board.
Replace AP900-4018 board.
Replace bulb.

Replace bulb.

Replace drive transistor.



S YMPTOM

27 .

28.

29.

30.

3l

AREA OF MALFUNCTION

PROBABLE MALFUNCTION

CORRECTIVE ACTION

In PILOT mode
red, yellow,
green lights
b1inking.

Course Set
Dial rotates
in PILOT mode.

Unable to zero
rudder feed-
back circuit.

Course Set
Dial hunts
when in STD-
BY.

Course Set
Dial will not
null yellow
1ight when in
STD-BY.

Sensor.

Control Console.

Reference regulator board,
AP900-4018.

Control amplifier board AP90D-
4017.

Reference regulator board,
AP900-4018.

Sense amplifier board, AP90ON-
4016.

Loose wire in compass head.
Broken sense wire.
Broken interconnecting cable.

Loose connector at rear of
Control Console.

Defective AP900-4016 sensor bd.

Logic function defective.

AR1 defective.

Faulty adjustment of R227.

Defective AR4 course error signal.

Tighten.
Replace Sensor.
Repair or replace cable.

Tighten.
Replace AP300-4016.

Replace AP900-4018 board.

Replace AP900-4017 board.

Adjust as per page 47, Step 8.

Replace Sense amplifier board,
AP900- 4016,



SYMPTOM

AREA OF MALFUNCTION

PROBABLE MALFUNCTION

CORRECTIVE ACTION

2 -

33.

34.

TP7 not read-
ing +4.0 VDC.

TP6 not read-
ing +8.0 VDC.

Rudder will
not move to
port or star-
board in
either PILOT
or PWR.STR.

Control Console.

Control Console.

Rudder Position Transducer.

Servo Driver.

Defective 8.0 VDC Regulator.

Short on AP900-4018 board.
Short on AP900-4017 board.
Short on AP900-4016 board.

Defective 8.0 VDC Regulator.

Blown fuse.

Incorrect battery voltage.

Defective interconnecting cable.

Loose interconnecting cable.
Defective 1imit switch.

Defective power transfer relay.

Replace MC7808 Voltage
Regulator.

Replace AP900-4018 board.
Replace AP900-4017 board.
Replace AP900-4016 board.

Replace MC7808 cp Voltage
Requlator.

Determine cause and replace.
Check battery voltage
against system voltage.
Replace cable.

Tighten.

Replace limit switch.

Repair or replace power
transfer relay.



7.3 SPARE PARTS KIT

The fo]]owing i§ a list of the available spare parts included in the Spare
Parts Kit. It is suggested that individuals planning an extended cruise
procure a Space Parts Kit before embarking. WESMAR Service Dealers should
keep a Spare Parts Kit on hand at all times.
SPARE PARTS KIT

1. AP900-4016 Sense Amplifier Printed Circuit Board (PCB) - 1 ea.

2. AP900-4017 Control Amplifier PCB - 1 ea.

3. AP900-4018 Power Regulator/Resolver PCB - 1 ea.

4. JK 811-120-210-AT Amber light - 1 ea.

5. JK 811-120-210-RT Red light - 1 ea.

6. JK 811-120-210-GT Green light - 1 ea.

7. Fuse 20 Amp - 2 ea,

8. Fuse 15 Amp - 1 ea.

9. Fuse 2 Amp - 2 ea.

10. #7367 Lamp (Backlight) - 2 ea.
11. AP900-4011 Card Extender - 1 ea.

7.4 PROCEDURE FOR RETURNING AP900 FOR REPAIR

For prompt service and quick return of your AP900 equipment, complete the
followina <teps exactly:

T. Always refer to the MODEL, SERIAL NUMBER on rear of consoles (front
panel of hand controls) and your WARRANTY NUMBER in all correspon-
dence and include them in shipping container when returning your
AP900 equipment.

2. Type or print a complete description of malfunction and under what
conditions it occurs. Include this information in shipping container
when returning your AP300 equipment.

3. Enclose a RETURN SHIPPING ADDRESS, typed or very legibly printed.

4, Return your AP900 equipment to WESMAR prepaid. Equipment sent
collect will not be accepted.




8.0 TECHNICAL APPENDIX/SCHEMATICS

Technical Specifications

8.1 AP9OD AULOPTTOL wovvvnvnennierremmminn e 79
8.2 Relay Servo Driver -02 OPLion «ovveenrenererannnns 80
8.3 Proportional Servo Driver -03 Option ........c.en 80
8.4 Solid-State DC Driver -04 Option ..veeeeeiennnnnns 81
8.5 Solid-State AC Driver -05 Option ..uvvervnnnnrnees 81
8.6 Mechanical Servo Motor -06 Option c.cveeeecnnennns 82
8.7 Hydraulic Servo Motor -07 Option ...eveeccnnnnnnns 82
8.8 4-Way Solenoid Valve =10 Option w.ovveveneinnaanens 83
8.9 Remote Hand Control (AP=0125) +iveuvncnnrnnnsnnnes 84
8.10 Remote Proportional Control (AP-0126) +ovvvvvnnnns - 84
8.11 Digital Compass (DCTO0/AP) veeeaenrvannnannns 85
Schematics

AP900-1500 AP900 Block Diagram
AP900-1002 Matrix Wiring Diagram
AP900-1004 AP900 Proportional Drive
AP900-1005 12VDC Driver, -08

AP900-1008 115 VAC Driver

AP900-1009 Cable, Voltage Reg.
AP900-1011 Rudder Position Trans.
AP900-1012 Remote Hand Control
APQ00-1015 Proportional Hand Control
AP900-1021 12/24/32VDC Driver, -04A
DC700/AP-1003 Digital Compass

RI200-1001 Rudder Angle Indicator
AP900-4419 Cable As'mbly Drive Intercon.
AP900-4420 Cable, Console to Matrix
AP900-4421 Cable, Magnetic Compass
AP90D-4422 Cable, Rudder Position Trans..
AP900-4425 Cable, Driver to Motor
AP900-4426 Cable, RHC Bulkhead
AP900-4427 Cable, Remote Prop. Control
AP900-4428 Cable, Rudder Angle Indicator
AP900-4429 Cable, RAI Remote Interconnect
DC700/AP-4405 Cable, Digital Compass
AP900-1001 Console System Schematic
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8.1 AP900 AUTOPILOT

Operating Voltage..........euvuunnn.... 12, 24, 32 VDC, and 110 VAC
Power Source....iiviiiiineennnnnnnn. .. Vessel's source or battery
Power Consumption (no Toad ). ouwnvssmsm s Maximum T.8A (mechanical at 12 VDC)
Power Consumption (loaded).vvuun....... Maximum 18,0A (mechanical at 12 VDC)
Type of Steering...... St e 18805 5 5 08 Bk reve Mechanical, hydraulic
Torque Output (mechanical)eueueun.. ..., 20 ft/1bs.
RPM at full load (mechanical).......... 22 RPM
GPM (gallons per minute)(hydraulic).... .4 GPM
Maximum SENSTETVIEYa 0 v e 50 08 06 60 wr wm v o +1.5 degrees
Minimum Sensitivity...... S TR +10 degrees
Operating Range.........eeeeeuuunnn.. .. U to 50°C,
Sensing System............... S W e . Saturable Core
Environment............... SRR AR Splashproof
Clutch (mechanical only).....o.vvuo.... Electro-magnetic
Controls and Readout.........vvs....... a. Function Switch (Six Positions)
1. OFF
2. STD-BY
3. WHEEL
4. PILOT
5. PWR,STR.
6. REMOTE
b. Weather
Cc. Rudder
d, Dim
e. Dodge
f. Course Set
AECESSOPTES 10 v ww i it s won 30 g i s 5 S i a. Digital Compass
b. Remote Hand Contro]
C. Remote Proportional Control
d. Rudder Angle Indicator
e. Voltage Regulator
f. Remote Digital Compass
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8.2 RELAY SERVO DRIVER -02 OPTION

Operating Voltage: s« .o s ox va me v wa s 12, 24, 32 VDC
POWEY SOUTEE: & e s v wis 5% 540 518 568 55 w6 52 Vessel's source or battery
Tooe of SWITCh. .« e o e v o v o wews Double pole, double throw, ARC sup-
pressed relays
Maximum Current Draw...........c..... 20 Amps
Operating Temperature............... 00 C. to +70° C.
Storage Temperature..........coeevens -550 C. to + 959 C.
Environmental: -
14051 PR Mil-E-T1 method 1041
Vibration...... Mil-E-I method 1041
Moisture....... 85% humidity @ 40° C.
DIMENS IO . 5o 5 s s s s s on ma %8 58 G4 9" wide x 11" high x 5" deep
REVGITSY s o s s e aiecks G5 Bs otk s § 7 1bs

843 PROPORTIONAL_SERVO DRIVER -03 OPTION apN 206(

Operating Voltage....... e e e e e v 12, 24, 32 VDC
POWER SOUPCB. a5 s ws swan s & A . Vessel's source or battery
Type oFf 5wl Echs ws s a6 v ww 50 e s o v % . P.W.M, solid-state proportional
drive. Variable speed full time
drive.
Maximum Current Drawsc.sessssvivnevass 20 amps
Operating Temperature..scececscecasas 0% Lot #7107 L
Storage Temperature....... I =552 L5 ¥0 +95° L.
Environmental:
S K o0 075 00w Mil-E-I method 1041
Vibration...... Mi1-E-I method 1041
Moisture..c..... 95% humidity @ 40° C.
DIMensIONS: ¢« veus v e e sin 5 N e e 5" wide x 4" high x 6.5" deep
We1ghts «s e viw ovme wos v ws e s S s ST e 6 1bs
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8.4 SOLID STATE DC DRIVER -04 OPTION

Dperating Voltage: .:ssssnsnassmsnina 125 244 32 YOG
Power SOUYCE.:s:sssivivsnssswawsmsns Vessel's source or battery
Tyve of Switcheisssinininsnumamswsms Solid-state transistorized
Maximum Current Draw.........covev.n. 20 Amps
Operating Temperature............... 00 C. to +70° C.
Storage Temperature......eeeeeeeen.. -559 C. to +95° C.
Environmental:
ShOCK. sv swsvsns Mi1-E-I method 1041
VIBPaE10M. n oo Mil-E-1 method 1041
Moisture....... 85% humidity @ 40° C.
D BT TONIS ot v 60k i 50 % i it 56 00 900 R i B 9.5" wide x 4" high x 6.5" deep
B TUITEL eigrm o scom e s Gt s i 5 6 € 0 W 7 1bs

g.5b SOLID-STATE AC DRIVER -05 OPTION

Operating Voltage..sisssensnsvensnrs 110 VAC
POWEY SOUYCE: 5 v wiswswsmsnssonssssowop Vessel's power system
Type of Switchicisiaininivsssas S Solid-state TRIAC
Maximum Current Draw.....cveveueenss 20 amps
Operating Temperature............... 09 Cc. to +70° C.
Storage Temperature.......ooevseoees -550 C. to +95° C.
Environmental:
SHocks ¢ » s & 5 s ws Mi1-E-I method 1041
Nibrat1ofe. s o4 Mil-E-T1 method 1041
Moisture....... 95% humidity @ 400 C.
D ANTOIS T OIS et s i o) s o G 5 5 w0 5" wide x 4" high x 6.5" deep
WETANE . ¢ se me vk on s s 3% e et A L0 A 5 1bs

AT



8.6  MECHANICAL SERVO MOTOR -06 OPTION —

Operating Vol a8, . evssavminsnsmsn 12, 24, 32 VDC
FOWET SOUPCE 5« 0 5 55 958 600 4.6 w0 s b Vessel's battery
Current Full Loadsicisesenswsnpnssss 12 VDC, 18 + 3.0 amps
24 VDC, 11 + 2.0 amps
32 VDC, 8 + 1.5 amps
Current No Load........covviennnnnn. 1.8 amps (clutch energized)
Rated Qutput Torque.......ccvvuvvnn.. 240 inch pounds
REM PUlT Load.. cusiwusmsgwnmnmemsmas 22 RPM
Dimensions. ....voviiiiiiiiiinneiennn. 4.5" wide x 10.5" high x 8.0" deep
Approximate Vessel Size............. 28 to 60 feet
Weight. ...t it eennns 38.0 1bs.
Mounting.....ccoviiiiiiinnennrnnonnss Any plane
8.7 HYDRAULIC SERVO MOTOR -07 OPTION
Operating Voltage.......vvvevvvnnnn. 12, 24, 32 VDC and 110 VAC
Power Source........eievviveenennnnn. Vessel's power source
Current Full Load.........oovnun.... 12 VDC, 18 + 3.0 amps
24 VDC, 11 + 2.0 amps
32 VDC, 8 + 1.5 amps
Current No Load......cccvvvvneennn... 1.0 amp
GPM (gallons per minute)............ .4 GPM
Full Load......ovviiniiiiiiiann.. 1000 PSI with Pressure Relief Valve
Dimensions..cveee i iiii i, 5.0" wide x 5.5" high x 12.0" deep
Approximate Size of Vessel.......... 30 to 65 feet
BETONE, 5 vk 08 06 wom w5 i gision mow 0m) pllin 36.0 1b8.
MOLINEING 2 505 005 56 o m v st 5100 3 0w o e Any plane
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8.8 4-WAY SOLENOID VALVE -10 OPTION

Rated Flow Capacity..:ciucosvonnvons
Maximum Operating Pressure..........
Maximum Tank Line Back Pressure.....
FlaTR LOEEL w5 i s 5p g e wics s mek ok 5 8
Recommended Fluid.....ovovnvnenn.nns
Aniline Pointecscsesssonenvcansninas
Maximum Operating Temperature.......
MOUNEING o o v s s sms v s v o wxwenns & sw e

RESPONSE. o v v v v vreroensnssosasnssnans

Operating Voltage...........oovvvnen

Power Consumption.......ceeeeeecnens

12-1 7 GPM @ 3000 psi

3000 psi

1000 psi

3 cu. in./min. per port @ 3000 psi
SAE No. 10 Hydraulic 0il

104° C. + 2° C.

B0° L. (oil)
Unrestricted

Less than .025 sec. from center to
one side

80 cyc./min.
3 1bs.
12, 24, 32 VDC, 110 VAC

DC coils: 12 watts
voltage
AC coils: (110 VAC 60 hz.)
inrush 1.22 amps

hold .26 amps
wattage 7.00 amps

S




8.9 REMOTE HAND CONTROL (AP-0125)

CONEROTS s oo v e o i wims wies ss wier w1 5187 a6 Weather

Dodge

Course Change

Pilot Function Selector (5 positions)
1. OFF
2. STD-BY
3. WHEEL
4. PILOT
5. PWR.STR,

Environment.......c.ciiiiiiiinin... Waterproof

CAD B, inivininsniminsninsnasiniaeis 25-foot cable - with bulkhead connector
for quick change to auxiliary remote 1lo-
cations. (Note: Should you wish to op-
erate your Autopilot from another location,
just unplug hand control; AP900 will auto-
matically switch into PWR.STR. mode; move
to your new location, reconnect, and you
have total control at your fingertips.)

DimMeNSTONS . st e ittt e et et neneeans 3.5" x 2.5" x 3.5" with handle

8.10 REMOTE PROPORTIONAL CONTROL (AP-0126)

CONtrolS. ittt it it i e a) Off/0n
b) Rudder Positioner

Atdle DEVIAETON, ox wx wu e s ns wm s 016 500 0 + 40 degrees rudder

ERVIPOIMENT: 5 05 s 5o 56 w550 o 5l i b e Waterproof

CAB 8 e v 5.5 wim i i 5585 im0 906 508 306 0 508 5 6 25-foot cable, fitted with quick release
connector

DAMCIETOME 50 5.0 6 6 500 5 o 500 o o e 3.5" x 2.5" x 3.5" with handle

(S5 10] 11 o P DR 2.0 Tbs
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3.11 _ DIGITAL COMPASS (DC700/AP)

DPErating Vol tage. s swsms wrssmumsmnns 12 VDC
PP ST, s s a s s m sm s Ham b myssws AP900 Autopilot
Power Consumption........c..cevvuvnns 500 ma.
ACCUTACY w055 515 570 85 5% 538 8 55 3 3 918 859 5 5 458 § + 1 degree
Operating Temperature............... 0° C. to +70° C.
Storage Temperature.......eeeeeven.. -550 ¢, to +95° C.
CompensatioNe.sicvaoiarmsnonims e ns Internal electronic compensation
DTSHLAY ¢ 55 5 55 6 9 6 % 6 8 00 200 000 5 50 3 50 W 5.0 5 3-segment digital display
CBNEPIN B 5 silec vy 4 & s i b s, S i i a. DIM OFF/ON
b. Function:

HEADING

HOLD

RUN

STOP

STORE
Rear ConnectionS.....ceevvvnreccenns a. Input -- Signal from Interconnecting

Matrix
b. Output -- Signal to repeater station

Accessories/Options.....ccovvviennns. Auxiliary repeater stations

-85-




PROPRIETARY

IRFORIATION HEREIN IS THE PROPERTY
INE ELECTRONICS AND IS NOT TO
REPRODUGED DR DISTRIBUTED
S PERMISSION OE WESTERN

r—

SINE / COURSE
COSINE SET
AMPLIFIER | RESOLVER

[
MOTOR
SATURABLE
CORE
SENSOR |- —

COURSE
SET

[
[
I
I

STANDBY
AMPLIFIER

<

_|__port
DADEE — = ‘”
] STB'D
Loy
Py
- —COURSE ERROR P ANALOG PROPORTIONAL | -04 HYD
ERROR STGNAL - D.C. SWITcHl
Sl N DRIVER
r 7 opTION |
N
WEATHER — — | -03mech. | L__— )
| | PROP DRIVER iFs 8
| OPTION ' —_—— — ——
I I S ine el
e > oo Lr—
AMPLIFIER | I
L RUDDER ERROR (I . I SRS P R
RUDDER
L AMPLIFIER
< J o RUDDER
I ANGLE
! <:] RUDDER GAIN/ |TRANSDUCER
RUDDER — 7FRO
SYNCHRONIZER ~ AMPLIFIER
AMPLIFIER -
-—————— — — — —
|
| "N'IES;,V‘JE\I! NAVIGATIONAL
| SYSTEM DIVISION
__" SCALE: NONE APPROVED BY: DRAWN BY PET

SHIP

DATE: 6/15/76

REVISED

AP900 BLOCK DIAGRAM

DRAWING NUMBER

AP900-1500




SR

GND

Iz _ o~
= B w : W‘O
......... RiEd ¥ Ol (X HS)
— EUH ISR e
, * sorHe 'y
LT =
e | - a & w
, (] (P Zo—
A — 7 10 3N =W =
# AT AoAn 2 N = U
0. ‘ - .‘éluz,ﬁ B Pt )
I Sl 7 AN P s ,vm Mm
o agl o _ ‘VII Iﬁfﬂm\.| ane LR Z Q g M
A\ — 4]
m @ m_m {0} 1204 E A H WL._
m T: @f‘_:iy:ﬁz, % AV ﬁm
= 4 o & e F9000 W i 9 =78
d y 3 S = SOONG+ $717=
o ‘ SL10N 2 - #
o QO = mly 6 e e
. o - _ — (& —mp 3 | T W HE
m 4 um \“ o ) || \\fﬂe\JI — N s a0y g bl i
& ® - = @ll (S0 = o snonr |
9 —~) = ElNen )
m w of » - L—_ — ) MG GO 7
2 @ 2 g Q\V ————— ——{( ————%f3am ArEn
o7
l.m wv ) SERRE —(—90 =W AR | M -
. ~ g ~ all & (o)— LHST 20N 50
B S m_w = = = ﬁ e L T L ) w%
2 _ _ §¢n +—©@—— ano aly °58
i | ) A =
g i (& JA LW " W
M o g @ w_ O _ .LI@EII AN AAANA =l
S £ \ b (< M
2 @ T.F@ X, A0WTA
: 1 o .
1 = O 2A3AANA
R n v S )
o 14 | o
20 1a s\l e \

n
il
=

wmOe
SONAL
ZE).
LIGH

-

\

W

W\

HZVOLTS

T

ND

£
o

=
GND
=

>

AT

CND  EMERG

D=1l
= »_r. i | M \@/ )
3 N ® 2l { |
N 1 =L - 2N .
| ) O ans biA
_ N 4 2 -
2 e (—— | zae
F. i @ 7 tan G Wmm
| _ © e mﬂwC_
w n “ mux_ LY ||!]!I®| ziwin g Wmmw
% @‘J.l o 11Y @ - no
3 23 |.O SIOAR 26 WWM
o AWM g A w
U, ) 5 m E; LAWID ff )
T 10
)
o
4 _ " , .mu_zom—uud NV

JHLIM

a3 3
| W 30 NOIssIwuId 8338X
| Hwﬁsﬁ w0 039000¥43Y 038

”

A2ZNVOLTS
UNSWITCHED

+\2VOUTD

BATTERN 1N

LLE]
v SOINONINIE IHEYW
m»uwwuaw_ mn"—_._— §1 Ni3usH NOILYWHCaNI OWY ¥ive

T v L3dOYd

3

/2

[ERVG:

P9 6. .
|

—— W
ﬁ/fu\ o=, LIS
p 1) \ \
1 \.‘JP\ 1w
1108

LTS (DN
J/f |
O

COANGE
T
f
4

: T .

: . o Cy—— 4 LN ~
F o * .\|.||C\ 5
) HOLODL A, g
— —=F— <uwn X
= PEEAE] Q
.I|.|,/4\ oY - AND ﬁ.?\ kv W
= —(F)—a 2
g () ——— ane v 5
- NS AR T

- Rt E R

d04aa

- ——— CLIUAY

[d FERT

-  Ldw




ot

[ Fi
|
112V £l
TC COMS0LE AAMP
P
T2 Fo y n
. [ ; A .
4+ EATER Y—O—0 (¢ B, =1} <
N | 720 AMP l
| 7 q: =A==
| T 355 o
-BNTEHNY— SOE 875
LS . == i
A . == \ba
TAF RE&EWCY >—OE= ER " 7
= ] 1 [
1AV > rL"r
FEON COIENE Simar 98/ &
V>
™»I = S AT 1404
LTS [%;’Zg
CAAT T (FEW
?
—C5
£
- %GMD #1100 [y
| D
Vv | TAR?
5% e
<
QS j—
S.E 879 SR
48-/?—_1”9 Rza AR
ol —me r“’)f
=W |1
&
fuc
== ~Re o= I
== \ = - DS E ZnDAaG =
S—.
—A = - ?\ e ST 1404 —ria
= O Y 3"»& A SSAA
R, A = we .
VYP LvAsE 78
L L 3%0
- AN AN
R P-\V
i == - s
LANA A AAA
4 AT\WVA 0
— 0 ™ 2
oA A Ul e !
L2 ul
ATMNA A
=)
A4
LiNAE )J B emem Ran INAL ces
P I enlde “mES=s @R C [BEV ¥SISTER (ALLOUT TEGLIB u';_‘u;qw:ﬂ[é"”’#[‘
“)‘_l ey |ome | == ! 0 o RDD_C9, My BECTMES £ NODLE INGORP, P £ [ [ -
eRo= ) e siA U [ [ QRCUIT REVISED AEACT,
MDDS(EFLV)| AW 1z 14c0?2 WV DESCRIPION OF  CHANGE [PeTE[ 7.7 (¥
>Z 6
e Y AN AT IO W AL
. =n ol WESWAATR ;\(VE"T (SR O
am f
* A )7—~ AV > w PROPRI ETARY oL APPROVED BY, DRAWN BY = 0 T
DATA AND INFORMATION WEREIN IS THE PROPERTY _;W{ meviess O
L OF WESTERN MARINE ELECTRONICS AND IS HOT Y0 U =
FPORT )&_ AV BE DISCLOSED, REPROOUCED OR DISTRIBUTED AT O =W O T
MO T UsSED WITHOUT THE EXPRESS PERMISSION QF WESTERN FROFET\OW AN DRIWE
etTeo e MARINE ELECTRONICS. ———en
SHERAAT I Eresmea,
L s T PN

FRINTED O NO. 1000% CLEARFRINT



- AT
= AN
[
mE A~
P
) T2 - = EJP‘\
AL A -\ 1
i (x 2N OO zZoAs S/
TRZ ==

-

FREMOTE (V) 2=

= )
N

AN N

>
t
£

o

S

Tel —=

S, *.)
QLUTZH

(=== S P

WA =2

A
AT

Bl-|

wWoT

ot S
RANSSA

WO ==

PROPRIETARY

DATA AND INFORMATION HEREIN IS THE PROPLRTY

OF WESTLRN WMARINE ELECTRONICS AND 15 KOT ™0
BE DISCLOSED. REPRODUCED DR DISTRIBUTED
WITHOUT The EXPRESS PERMISSION OF WESTERN
WMEAINE ELECTRONICS,

—) =D

6] REV TITE ¢ NSTER CLUOUT TRQ 7856,314.0%5 1 PT | %]
—

A FDDED RV | [PAR

Y DESCRIPTIONI OF CobNGE | 2 o)

WE SRAATR. PUANAVGERAAT O AN

ST E A TN

scaLE:

oarE:\ | ~ 4 Sy reviseo 2

APPROVED BY orawN BY =T

F AN DC =S0D STAN S
S0LENOID  DRIVER

OO ETAAT T HI'S%%IIO_
-0% OPTION [ R

s, 100 CLEARPRINT




[

NI

MNITED [
+2V DC —1%

FEWOTE ' —

W

LMIT 1T —9
NEG(-12V) — 5
e 11y) — ¢
ar 2z —ie

VET —] ¢

LITAIT 4 |

LM 2

ST —“5

LT

BLK —& o
prooA

Bl ——&

VOL TERD

v

1SVAC SERVO TRIVER I
APS00- 40038 I

DETECTION ‘ - \
CiT WI:JDEF 8 ,3
N AND H TR 7%
PHCTO - é =
| K 7
SEM ST | eropiges
\OL {ERD ¥ 7
CE?L\J 55 || g
e | F 3
WOID 2
SEM QKT P 5j
ECC-DIZCS e

=2

PROPRIETARY, ~

DATA AND INFORMATION HEREIN 1S THE PROPERTY
OF WESTERN MARINE ELECTRONICS AND IS NOT TO
BE CISCLOSED. REPRODUCED OR DISTRIBUTED
WITHOUT THE EXPRESS PERMISSION OF WESTERN
MARINE ELECTRONICS.

L
oLV | DECAPICN OF CRANGE ]L’»)Tfﬁ
W E /\/\L\‘\Q NAVAGATIONAL
HAT=MS DIVISION
e T E’N e
oATE T, |-y mevisen

HOVAC SERVO DRIWER

DRAWING NUMBER

SCHEMATIC | 20301002

18X3s  PRINTED ON WO,

1600M CLEARPRINT




—
o
ro

-v-B|
s g2
FV N el es

)\1_‘/ S5A

r@f\p

]

We VAC
(AN l

A
N o

Ll

~

1t
B0
3o

<
G
<

|
E&'——i@»{-\/ oUT
T
|
|
{
|
|
|
)
{
|
|

W

-V H\J[éﬂI

1;_7‘5__@.]_ v OuT
| L

21
CONTROL

=k

m

NAVIGANC WAL

wie LAY MOTEMS DIVISON
PROPRIETARY

SCALE: \DAS DWVN WO,
= e ‘
DATA AND INFORMATION HEREIN 1S THE PROPERTY DATE B-Z2D76 ’ | e
OF WESIERN MARINE ELECTRONICS AND IS NOT TO "

BE DISCLOSED. REPRODUCED OR OISTRIBUTED VO TAGE BPEC A
WITHOUT THE EXPRESS PERMISSION OF WESTERN JOLTAGE Kbl LAl
MARINE ELECTRONICS.




PROPRIETARY

DATA AND INFORMATICN HEREIN IS THE PROPERTY
OF WESTLEN MARINE ELECTRONICS AND IS NOT TO
PE DISCLOSED. REPRODUCED OR DISTRIBUTED
WITHOUT THE EXPRESS PERMISSION OE WESTERN
MAKINE ELECTRONICS.

Y|
)
5
T | BRN
2
|
e
6
4
e

WHT

BLU
GRN

DESCRIPTION OF  CHANGE

\/\/ES/\/\AQ

NAVIGATIONAL
SYSTEM DIVIOION]

scace: )| L

oare: 1-14-16

APPROVED BY:

DRAWN BY TE 7.

REVISED

RUDDER. POSITION) XDUCER. SCH

DRAWING NUMBER

APSOO-101

alaXi1 PRINTED ON NO. 1000M CLEARPRINT

—




S|

l*
O—e+—¢—¢
o—fe—1
. .

WEAICI;\RE&\ZN‘&JI

PROPRIETARY

DA f\ N\D II‘ FﬂR'l 10N H[F! IN 1S THE PROPERTY
OF £ ELECTRONICS AND (S NOT TO
[ L) L bL LPRGOJF[D OR DISTRIBUTED

L EXF E5S PERMISSION OF WESTERN
W.EFII‘IE EL E”RONIL&.

e 1Y
CA

cs +
\OnF 0l
BN

COUR&EE

QOURSE, CNG
& 2"0_% (G&Ag)
+BV

(EHDIM

WESMAR

NAVIGATIONAL
SYSTEMS DIVISION

scaLe: NJONE

oate: SEPT |0 ‘16

APPROVED BY:

DRAWN BY P.E.—ﬂ

REVISED

HAM% ﬁ%MTR%LLEIZ s

DRAWING NUMBER

AP900-10\Z




PROPOR O o
GiRN |
Sl | Q7
1
+\2VOG @p 3
PRN 0
+RVDC,
RED
AR - < Rl
Pl 1K
R
APS0O -POOD

PROPRIETARY S VA B e T

DATA AND INFORMATION HEREIN 1S THE PROPER" seace: \ONIE ARG ORiwn &y PET.
OF WESTERN MARINE ELECTRONICS AND I3 NOT - TS =

BE DISCLOSED. REPRODUCED OR DISTRIGUT: ..

WITHOUT THE EXPRESS PERMISSION OF WESTCL - PROPOPTON AL STEERING

MARINE ELECTRONICS.

HAND CONTROLLER. — SCHEMATIC

DRAWING NUMZER

il ATYCA/AANM\ \\




UNAT 2—] .
SNITCHED —{1 | 5 |—— : N
TC We - e T
IV RO MECT 2 2Rl L K| Zhs
N TRV, j pars — [ 1= P 2 : ] Q.L/ g _
K900 5002 et (ool | 27 - £ (O — ST
. B @ 1955 0k MOE BIS H
LT L — 1|0 ! D g 2 WOTC R
SVEL 1
vort —hs|sl— 4 L .
v
ﬁ uuTeH — 3| » —t 4 _
—L/ﬁ._/ﬂ 39K
i
| i |
12,24, %2VDC nuﬂum<o DRIVER .
| "Ap900- 10721 ks ; gl Len
NOTES:

| AN VES FTORS PRE VW B0 UNLEDS OTHERWISE WOTED.

TEV | DESURIVIOM OF CHAMGE

;\mwgpm UAVICATION AL

|y D

SYSTENS DIVIDION

scALE: APPROVED BY:

oRAWN BY DE T

oare. B-70-1G pe—
s 17,24,72VDC_DERVD DRWER
_ SCMEMATIC
MARINE ELECTRONICS. Iogogo 2 P ﬂO.N—




10 REMOTE
TCI0R

<

uee v
LT SCLISIR

5|

FVIF|

v id
18V

LT

NOTES:

LALL RESISTORS PRE V2W 5%0
UNLESS OIHERWISE NOTED.
0N A 1Cs UBTHRU USE UB

THRU U0 15 CONNECTED D48V,
2 PINTOF 105 UBTHRU US & US
THEAU U205 (OMNIEC TED THEAD.|
4.1CouIDkY 15 A T74C02.
S.1Ce UL U2 04 UI%,UI ARE
14000,

e 1Cy UT UIB UG ARE CAAOIG.

Icw I
$4T-£ R
e3v L2V

!______‘__J

SYQTEMS DIVISION

}ﬁ/ES MAE _ NAVIGATIONAL

sem AL 1B Te

DIGITAL COMTASS SCHEMATIC
AUTO MILOT MOD

| DC700/APT155%




Lof’,l/g =
| Ko VIO \‘j

M1
T Ell RED +
D RWDER || R
' EEE
_Egzj |
S
SCRIDNON OF CHAJGE BV |UNE
CONSOLE. |4 | =
T NAVIG ATIONAL
| \NFS[\/\AD SYSTEMS DIVISIOM
T — scace: \NONE APFROVED BY: orawn BY RL T,
PI'\(Ji i\ii !f\:{l oare: 99016 REVISED

Sy R D I UODER AGLE. INDICATOR. —5CH

BE DISCLOSED. REPRODUCED OR DNSTRIOUT
DRAWING NUMBER

::’:Il;\g 5125153{':]2;‘55 PERMISSION OF wcSiL: . QA-[ zoo_\m‘

11X17  PRINTED ON NO. 1000H CLEARPRINT




6\VV-O06dV

R mjd INTHYIN

HIEWNN DNIMVEG ﬁ_f: w40 z:_, i TR LRI
™NOLDANNO) AN A 3ARA o ; i g
A TAWASSY 3140 Medous GEGING Gy vive
9 4), 9 e E,EE%E v
=g sae s L et 147 \=20290%  1-08e50l AN
PIGISIAIL SR SHG N_,Q/\/\ﬂ - >> AQLTANND N RSN - 90699\ AN
1 VHOUVINNAYN > 0% SIA MO AWRD B4 QL STAIN A3
v ) a 9NV 40 NOUARDSH N aZAL A0VE V) Alals
pe7] 1d NMYAATA_ | - Mﬁ@mm} %ﬁn« .
AQDAND G\ \
|
SE ) o ® [H
Ade 1-06L<Ql AWN
TIRHS AV
"NIZ =
_ll .IPIH— ﬁI\_‘N\
p L
® Q
Waz \@
1A :
o ML -0
T = TR/ N0 P
a-2 A /D D ¢
& © oS A2/ LHM ) ®
0-2 T 2a/am O g
) C a3 1THM/ 0 ol @
Z THM /NS :
@[@ A -®
O
O T —




e

/|

e

PO ®

PP OO S @S 3 e R®

RED|PLE[WIT

Slleifclicllisiocel ol c]E)

(SECRCRCNORCRONCRGRCNC)

L{\%

\lm.ocnm:mrr
Woh18-2 4

gy |

A

o &

RETAINER
AMP 205980-1
APL

STRIP CABLE BACK 24 THEP

25 CONDUCTOR

WIRES TO '8” CRIMP OM PINS SOPL
1-6LPOG-2 INSERT IN COMNKECTORE W.ﬂo_umwm._->m<

2062001

Z21°L

DATA AND INFORMATION HEREIN IS THE PROPERTY
CF WESTERN MARINE ELECTRONICS AND IS NOT TO
BE DISCLUSED, REPRODUCED YR DISTRIBUTED
WITHOUT THE EXPRLSS PERMISSION OF WESTERN
MARINE ELECTRONICS.

A | PEV (DLOR_OF PIN 15 FROM B JWHT PET[936
- REDRAWN
VEV DESCRIPTION OF CHANGE P4 | DATE
/>\mm\/>>m NAVIGATIONAL
SYSTEMS DIVISION
SCALE: zgm APPROVED BY: DRAWN BY 1-l—i-
oate: JNE 74 " REVISED >

CABLE ASSEMBLY
CONSOLE. T MATRIY INTERCONNECT

DRAWING NUMBER

APSOO-4470

X17  PRINTED ON NO. 1000H CLEARPRINT




KETAINE.
. .WNoww o0l __gaccenieLt
AN 205779 -

N —SHELD

i ®

205204 -1
[T>PINS 4¢5 ARE SOLDERED T0 (ABLE

S50 FT. -
ot |
4
/EnGot YRI5057
CABLE CONDUCTOR
ﬂm:u CABLE PACK | V2" PREP et
WIKES TO /8", CRIMP ON PIND oL
-6e506-% INSERT IN CONNECTR,
. b, PEDKAWN WITH CLIANGE P
DESCRIPTION OF  CHANGE 4 B [
NAVIGATIONAL

SHIELD ) WIRE COLOR. LSED S OPTIONAL.

FROPRIETARY

"oTACAND INFORMATION HEREIN 1S THE PROPERTY
o0 WESTURN MARINE ELECTRONICS AND IS NOT TO
b DISCLOSED. REPRODUCLD OR DISTRIBUTED
MTHOU (0t EXPRESS PERMISSION OF WESTERN
VIARINE ELECTRUNICS

<<m,>u>>>m 5

YSTEMS DIVISION

SCALE: CCﬁm

APPROVED BY:

oare: JONE 1 b

DRAWN BY —vml._u.

revisen A\

CABLL

POSEMBLY

MAGNETIC SENSOR

DRAWING NUMEER

AP900-447 |




GRN
ORN

CEV A

PEN

@
WHT / ® @ VIEW
BLU

LK A\

RETAINER. 7 WM.
AW 2059%0- |

BACKSHELL
E¥L % 0571279-)

% () -

LAMP COMN:
720435 -|
PIS: -5 04-%

BELDON 9450 0"
~UNBLE. 7 CONDUCTOR RING TOIZ
wﬁ% CABLE BACK V2" PREP AWP 06067-1
WIRES T0 M/8", CRIMP ON PINS TPL STRAIN RELIEF
|-6eB0 -2 INSERT N CONNECTDE.,
205704 -1 >

VEDKAWN WITH CUANGE |
DESCRIDTION OF  CHAMGE B [IE

[ POT WITH RTV SILI CONE RUBRER <<Ww>>\r/m @Z><5.Pjoz>r

YSTEMS DIVISION

PROPRIETARY e B0 ] e i
oate: JONE 1D Tb reviseo A

DATA AND INFORMATION HEREIN IS THE PROPERTY

OF WESTCKN MARINE ELECTRONICS AND IS NOT TO ) CABLE  ADSEMBLY

BE DISCLOSED. REPRODUCED OR DISTRIBUTED RUDDER POAITION TRAMSTDUCE TR

WITHOU! THE EXPRESS PERMISSION OF WESTERN DRAWING NUMBER

MARINE ELECTRONICS

AP00-A477




CABLE TES
4 PL
RIMP %PADEDL%%C.) (BLY)
ON EACH EM
*1b AWG WIRE
WIKES 10PL
BLK
BLyU
YEL
WHT
L— | REDPAWN 27
DESCRIPTION OF CHANIGE BV [DAE
NAVI GATIONAL
\/\/ E % /\/\AQ SYSTEMS DIVISION
scace: NONE APPROVED BY: orawN BY DL,
PROPRIETARY oate: \ONE. 2] '1T6 REVISED —
DATA ASND INFORMATION HEREIN IS THE PROPERTY CABLE ASSEMBLY »
OF WESTERN MARINE ELECTR ' i
BE DISCLOSED. REPRODU%IEISSO??NDDI.SSTR‘:ngJTIg SERVO DRIWVER. 1D MOTOE —
WITHOUT TH -
WARINE ELECTRONIGS, | OF WESTERN APS00 -4425




VED/WHT

=1

PROPRIETARY

‘0" RING

/'ij%g,f.m EACK 17 PEEP

WHT
BLC/WRT B e
RED BE LISLLUSEW REC. USED OR DILTw3UTED
Wv_lc “rﬂmm_mﬂ.ﬂm%fﬂ_i ~4miodlON OF WLSTERN
BLK
GRN
ORNL
WHT / BLK
GRN/WHT
BLU/WHT
PLU/BLK -
PED/BLK
GRN/PLK
ORN/BLK
P75 FT.
+ 7§,
AP STRAIN REUEF VP 15008 APROX
SRDIa J/BELDON] CARLE 4
2¢ ==
A PEDRAWN WITH CHAN GE PT. otk
EY VESCRIPTION OF CRANGE PB4 | DATE
WIRES T0 ¥8" CRIMP ON PINS: <<_M.w >> Dm NAVIGATIONAL
NBERT IN

|-006506-%.
AMP (oMM 205840-%

™= poT Wi BTV

SILICOME

RUBRBER.

SYSTEMS DIVISION

SCALE:

APPROVED BY:

NOWE

DRAWN BY ﬂ \,.
\ )

oate: AUNE 2576

REVISED

CABLE AODSDEMBLY

HAND COMTROL. BPULKHEAD

DRAWING NUMBER

APODO-A4'26




RED

= GRN

N[> STRAN PELEF
060 - |

PROPRIETARY

DATA AND INFORMATION HEREIN IS THE PROP
ERTY
OF WESTERN MARINE ELECTRONICS AND IS NOT TO

BE DISCLOSED., REPRODU

CED OR DISTRIBUTED

WITHOUT THE EXPRESS PERMISSION |
MARINE ELECTRONICS. Y WESTERY

22 FT

T 72 IN

\ - 47

— STRIP CARLE BACK | IN.
PREV WIRES TD V8"
CONN: AMP 20042061

PINS: AMP 1-66H06-%

L
—'O’ RING
T0\2

[T=>POT WITH RTV SILCONE RUBRER

/’E@OC

1 CONDUCTOR.
NRS007
> REDEAWN  WITH CHANGE PT_|ea
DESCRIPTION OF CHANGE P3¢ [ONE

WESMAR oS

SCALE: ézm APPROVED BY: DRAWN BY ._U‘m..n‘l.

pate: \UNE _mufrmu e REVISED P
CAPLE ALY

KEMOTE PROP STEERING HANTD CONTEOL

DRAWING NUMBER

AP900-4477




GRNS PROPRIETARY

RED DATA AND INFORMATION HEREIN 1S THE PROPERTY
OF WESTERN MARINE ELECTRONICS AND IS NOT TO
BE DISCLOSED, REPRODUCED OR DISTRIBUTED
WITHOUT THE EXPRESS PERMISSION OF WESTERN
® © LK MARINE ELECTRONICS.

®» @

® O

REAR NIEW
il 20 FT. -

¥ 2IN.
o |0
QRIP
== - K 2"

e I B .
— %ﬁ: % l—'";!"“ 0 —

R \—PJELEOM PQEPX

B44% O V4"
B | REV-GRN WAS WHT -CHG CoN # RT. B30
SAK CONN A REDRAWN _WITH CHANGE P, Je2
Gy \aw&OI DESCRIPTION  OF CHANGE BR |ONE
STRIP CABLE. BACK NAVIGATIONAL
B SRS = \/\/ES MAKR =Sateins pvsion
scace:  NJONE APPROVED BY: DRAWN BY [0 E.T.
pate: NORE 1216 REVISED B |

CARLE ASSEMBLY
R.A.T. ACCESS0RNY — AP-0I75

DRAWING NUMBER

APSOO-4478




RED

tolle) PLK
oQe | &R %\OE’
q O| 3 O O
REAR VIEW REAR. VIEW
— 75 FT. -
T Z IN.
——, .20
2PL s
- :
p— h EL:EE‘ o 4 :
== +—— \ \ .._J
BELDON)
*RA4%
SMK CONNI
S -13608-01 2PL A —_ o
BACK :
%‘%‘3 %pg)\ligp WIRES DESCRIPTION OF CHANGE By |DAE
10 V8~ TOR NAVIGATIONAL
POTH CONNECTORS WES/V\A SYSTEM DIWVISION
3= scaLE: (DM APPROVED BY: orawn By P.C.T.
PROPRIETARY —T

DATA AND INFORMATION HEREIN IS THE PROPER fid
OF WESTERN MARINE ELECTRONICS AND IS KOT
BE DISCLOSED. REPRODUCED OR DISTRI BUI
WITHOUT THE EXPRESS PERMISSION OF WEST..
MARINE ELECTRONICS.

BLE  ASSEMBLY
AT RECf\J\OTE INTERCONNIECTING CABLE

DRAWING NUMBER

APOO-4479

Bl/X11 PRINTED ON NO. 1000H CLEARPRINT



WIRE (OLOR \2ED 'S OPTION AL .

PROPRIETARY

DATA AND INFORMATION HEREIN IS THE PROPERTY
OF WESTERN MARINE ELECT<UNICS AND IS NOT TO
BE DISCLOSED. REPRODUCED OR DISTRIBUTED
WITHOU | THE EXPRESS PERMISSION OF WESTERK
MARINE ELECTRONICS.

{‘ —

[[=PIN 3 15 SOLDERED TO CABLE. SHIED,

W w el
N L e
o) | BLIC
® BN
: _ GRKMN
_ | RED
0 e T AN 3
N oMIELD
- 25FT.
mm.@_ﬁwp_ X
AWV 200980 - -
, BACKSHMELL
\\ mor;b@o@i@\_ \I_.wdw.%.@nnll
®
(&) 3 ¢ %‘f
\ /?6% 9420 PREP 10
TABLE 9 ONDUCTOK
STRIP CABLE BACK V7
CRIMP ON PSS TPL No-
—66506- INSERT IN CONNECTOR, No.
205204 -1 P REDRPAWN WITH CLIANGE
DESCRIDTON OF CHANGE B foE

NAVIGATIONA L
<<mw>\(m/m O{wﬂm@,w VIVISION

SCALK

COK@I APPROVED BY: DRAWN BY ﬂu\g.

DATE:

uczm Nl reviseo A\

CABLE  ASSEMBLY

CONSOLE. TD MATRIX AUTO ALOT MOD.

DRAWING NUMBER

DCTIOgAP -4405




——

.)2
»
J2 12V /!
s 15 ] R o
- w5e - 4
a1 )al CAL YRz ESy,
_ B | oo 100
J¢ 1 % )Ag,ﬁsv %&;L
\ +T CI
U )
5 A" )
EAPE i 3 4
2 Falfot + 4
X g "o ‘»M"F% l7 -
PH ) OV
X510 K0 | 10) ?%K
91515 | 15 |%e ;
1D . RIOb +4V
£ 2
2 Mo -
i i dgﬁj 45° CAL 100K
C02
T v i '%?Btmq e
APS00 - 4016
SENSE AMPUFIER | 4
© 1] T S SR
J ‘
( —
ok AT cunae s J
1 jl?mzz?%yaz o
¢ 2 =y T
. ¢ J W A 3 1B SR N — 1313 —
' ' éaé‘&'g 19-% boRT %
[ S,%9§F | w29mD7Z
"T85 8 01 4942, + IV IN—{19
53 2% 2@y
T BRN 7 &8y Mo 2
9% ¢ ﬁ;ﬁ
‘——*i—*’ vy
AT 1% VAT IV
NAI00 07 - Ol « ca
HIVEW 11T
™ MK =
NG }\FJ;}; &urﬁhﬁw
-V r—faf v
FLEX CIRCUIT 1 % p ) C) Orved
AP0O- 4007 o) 03T 5] vsy] ey
S WEATHER u\I ; -
;—g vaol § 1
») [ ! t B -
gl
L 5 5 3 rav
APSO0 -DOI DM T I p %)
vac V2 T ]
I = ﬁ al
AP900- 200% | \h /M 800
SATURABLE CORE MAGNETIC SONAH = ,Tg ®
N +H2v |
401(50) e -
wiigrs |
‘,_iLL 8
05404 |
D 3
| e
dA
TMAIRA— 9 | 9
39-9
KEMOTE Lk NN




K722
{00 &

+8V

AP9OO- 4017
RESOLVER / DRWER.




'"\-a L\c"fl’ o
M. .

\ Rpc¥aR —1a D a4 )

= g e kot

BINE iGE

— —Jou|et 190

B e » s
Ade (AN 141 STEERASG

— +av i
L4

O |

=} [ L

B I O SG oUT

AN 2k TV ) o622 5
J .l B* ) OT JMATRIX
) ‘3 !)(D
7 : UB0 10K, L]
Q2757 ! Lgl © %% e 2 RUV%%R 1?{\/ e
oK e g‘”’ oA UODGE
=] VOr | \E "OZ‘W— GNITCH
5 el 2nL i
(273
GAN .

P\ W =09-3
1 PUDDEDR

INEHICN
WOUCER |

10K

CONTROL AMPLIFIER
AWOOO -4017

MOTOR Fav
99-725
KEMOTE HANID LULCER
OMTROL  KLLDER Hi
WIFER !
10 MATRIY.
BP0 -HO07
PROPRIETARY
ANT INFORMATION HERFIN |S THE PROPERTY
TLSN MARINE ELECTRONICS AND IS NOT TO
l OSED. REPROUUCED OR DISTRIBUTED
HE [XFRESS PERMISSIUN Of WESTERN
Ja4 WARINE ELECTRUNICS,
Blel—o-%
EEMOTE WEATHER WIFE REVISED AN RS
182 =13 TO MATRY. BEV \VALLE OF TOY FROM 77¢
oL EoRre D . LEV. VALUE OF ¥%0% TROM 4104 2% [EOM 4T¢
BV alzl- » E API00-5002 ‘\ 2307 TROM 100K K509 TKIM (00K, C2F5 1 KO 1 | BT e84
A &NOFE COURSE CHANGE TECRIDNON OF (IANGE By |DATE
\MESMAQ NAVIGATOMAL
SYSTEMS DIVISION
wcaie WML ArenoveD oY o DL T
oare WY 171G — R
ALF00 CONSOLE
SYSTEM SCHEMATIC
ORAWING MUMBER
APSOO-100)




LIMITED WARRANTY AND DISCLAIMER

Seller warrants title, materials, and workmanship on equipment, except
components manufactured by others for which Seller assigns, as permitted,
the original manufacturer's warranty. SELLER'S WARRANTY PERIOD SHALL BE
SIX (6) MONTHS AFTER DATE OF SHIPMENT TO THE ORIGINAL PURCHASER, during
which time nonconforming equipment returned to Seller at Buyer's expense
and risk shall be repaired or replaced at Seller's option. THE DURATION
OF ALL IMPLIED WARRANTIES SHALL BE SIX (6) MONTHS AFTER SHIPMENT TO ORIG-
INAL PURCHASER,

THIS LIMITED WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR
IMPLIED, INCLUDING DESIGN, COURSE OF DEALING, MERCHANTABILITY, AND FITNESS
FOR A PARTICULAR PURPOSE AND SELLER SHALL NOT BE LIABLE FOR LOSS OF USE,
REVENUE, OR FOR INJURY, OR FOR ANY OTHER CONSEQUENTIAL OR INCIDENTAL
DAMAGES .



