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SECTION 1 CONDENSED OPERATING INSTRUCTIONS

Main Switch Functions:

FOLLOW-UP Full follow-up controller activated
RUDDER INDICATOR Rudder indicators only activated

(also N.F.U. controls if fitted)
OFF Only N.F.U. controls activated
COMPASS REPEATER Course dial follows ship's heading
AUTO PILOT Autopilot is operating and Course dial

indicates course set

Controls

YAW (sensitivity of Autopilot)
Decrease YAW in calm seas for maximum course holding.
Increase YAW in rough seas to prevent unnecessary
rudder corrections (minus is least YAW, plus is
greatest YAW).

RUDDER (Ratio) amount of rudder applied
Decrease at high speeds to prevent oversteering.
Increase at Tow speeds (or with following seas, heavy
vessel loading, etc.) to give enough rudder for good
course holiding,

COUNTER RUDDER {(checking rudder)
Additional temporary rudder to reduce swing of vessel.
Decrease at high speeds to prevent oversteering, and
excessive rudder movements.
Increase at low speeds, following seas, etc, to help
reduce the swing of the vessel.

TRIM (Automatic Trim Control Switch)

OFF - no trim is applied (resets any previous trim).

ON - trim is computed and slowly applied as
necessary. :

SET - trim is computed and applied immediately while

set position is held.

NOTE: For course changes in excess of 30 degrees
the trim must first be switched "0FF". When
the new course is reached, return trim to
"ON" position.

Controls illumination of dial, and indicator
Tamps.

DIMMER



GENERAL DESCRIPTION

The Wagner Autopilot type MK 4 is a compliete steering
control system., It incorporates the Tatest solid-state
components and uses modular design to facilitate servic-
ing. The control unit incorporates waterproof design, and
wide range controls with manual or semi-automatic course
setting. It uses proportional, integral and differential
gontro] to give accurate course holding under all con-
itions.

The basic system consists of a control unit, with built
in course repeater - course setting dial, a rudder follow
up unit and a course detector unit with magnetic compass
suitable for wheelhouse or remote mounting.

Options include rudder angle indicators, full function
remote controls, non follow-up and full follow-up
steering controilers of several types, and provision for
gyro-compass control. As the bujlt-in DC power supply
has wide range operation, the standard unit will operate
from 12, 24 or 32 volt systems. Optional power supplies
are available for all standard voltages (AC or DC).

QPERATIONAL CONTROLS

The main switch incorporates the following control
functions: ;

1} FOLLOW-UP: this function enables proportional
controliers of the lever, wheel, or knob type to
control the steering gear through the autopilot.

2) RUDDER INDICATOR: <this function allows oniy the
rudder indicators and non follow-up controllers
to operate.

NOTE: the rudder indicators also work on all
positions except "OFF", Non follow-up
controls {JOG switches) will operate at
any time unless switched off separately.




O0FF: all autopilot functions are discounted or

—

disabled (except NFU, see above).

COMPASS REPEATER: this function causes the course
dial to continually indicate the ship's heading.

AUTO PILOT: this function enables the autopilot
to steer the course indicated by the course dial.
This position is used when operating the autopilot
from the full function remote controls. The
course steered may be manually adjusted by the
course dial knob.

The front panel has controls for the following functions:

6)

7)

YAW control (weather control): +this is used to
adjust the sensitivity of the autopiliot. The YAW is
set at minimum (counter-clockwise or -) for good sea
conditions and maximum course holding. The YAW is
increased (clockwise) to avoid unnecessary steering
corrections due to the natural yawing characteristic
of the vessel in heavy seas. The YAW sensitivity
varies from approximately + 1/2 degrees at minimum
to approximately % 12 degrees at maximum.

RUDDER. CONTROL (rudder ratio)}: this is used to vary
the amount of rudder applied for a given course error.
This is adjustable to avoid over or under steering

at varying vessel speeds, loading, or sea conditions.
When the rudder is set to minimum (counter-clockwise
or -) approximately one half degree of rudder is
applied for every degree of course error. When the
rudder is set to maximum (clockwise or +) approxi-
mately three degrees of rudder are applied for every
degree of course error.

As a vessel's rudder is less effective at siow speeds,
following sea conditions or in loaded conditions, the
rudder (ratio) must be increased (towards+) to obtain
proper steering response. In conditions of light
loading or high speeds the rudder (ratio) must be
reduced (towards -) to avoid over-steering. The
correct adjustment may be obtained by advancing the
rudder control unti] the vessel just starts to over-
steer and then slightly reducing the amount apptied.




8)

10}

11)

COUNTER RUDDER (Checking Rudder): this also affects
the amount of rudder applied and is dependent on the
rate of change of course error. If the vessel falls
off course quickly, a greater amount of rudder is
applied than if the vessel falis of slowly. This
counter rudder is applied in addition to the normal
amount set by the rudder ratio control. This compen-
sates for the momentum of the vessel and stabilizes
the course steered.

When this control is in the counter-clockwise position
(-), no counter rudder is applied. 1In the clockwise
position (+) the maximum amount is applied. To set
this control correctly, increase the amount applied
until the vessel oversteers, or excess rudder
corrections occur. Then reduce the amount slightly.

DIMMER Control: this varies the illumination of the
dial and the brightness of the steering indicator
lamps. Counter-clockwise (~) is minimum and clock-
wise (+) is maximum brightness.

TRIM (switch): this activates the automatic trim
circuits (automatic permanent helm). In the OFF
position no trim is applied. In the ON position any
persistant course error will cause rudder to be
applied to minimize the error.

In the SET position the course error that is present
while the switch is held to SET will cause corrective
rudder to be applied immediately. The SET position
allows errors due to sudden changes in tide, wind or
loading to be cancelled immediately.

REMOTE CONTROL FUNCTIONS (RC-4, etc): For these
controls to operate, the Control unit must first be in
the autopilot position.

(a) ORIENT: this allows the course dial to continu-
ally follow the ship's heading. The toggle
switch may be used to steer the vessel (NON-
FOLLOW-UP steering function).

(b) COURSE CHANGE (cC): this allows the toggle switch
to change the course on the course dial in small
increments to "fine tune" the course while the
autopilot is steering.




(¢} PILOT: this allows normal operation of ?he
autopilot with the toggle switch overriding
for emergency steering (DODGING}.

(d) E.S. (Electric Steering): this places the
autopilot in a standby mode. The toggle switch
can then be used to steer the vessel {NON
FOLLOW-UP Steering).

INTERNAL (PRESET) CONTROLS

These controls are adjusted for the vessel's characterist-
ics and no further adjustment is required in normal
operation. See Drawing A-2-241 for control locations. See
dockside test section for control adjustment procedures.

1)

2)“

3)

4)

5)

6)

RT1 - Compass Sensitivity - used to adjust fTor vary-
ing types of compasses. 0O is low-sensitivity; 10 is
high sensitivity.

RT2 - Counter Rudder Time Constant (CRTC) - used to
adjust the time that counter rudder is applied.
Larger and heavier vessels require an increased time
(approximately 2 seconds to 2 minutes).

RT3 - Automatic Trim Time Constant (ATTC) - used to
adjust the time over which the trim is applied.
Larger and heavier vessels require an increased time.
0 is minimum; 10 is maximum time (approximately

1 minute to 8 minutes).

RT4 - Rudder Angle Indicator Meter Deflection - used
to adjust the meter deflection to correspond with
rudder hard over position. 0 is minimum; 10 is
maximum.

RT5 - Full Follow-up Function @ain - used to adjust
the sensitivity of the full follow-up amplifier so
that the steering gear does not hunt. 0 is minimum
gains 10 is maximum. If the steering gear is fast,
less gain is needed.

RT6 - Rudder Angle Limiting Adjustment - used to
adjust the maximum rudder that may be applied while
in the autopilot function - 0 is minimum angle and
10 is maximum angle (approximately 69 at minimum
and in excess of 450 (NO LIMITING) at maximum.)
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GENERAL RULES FOR OPTIMIZING FROMT PANEL CONTROLS

Optimization of the settings for different weather and
vessel conditions requires practice. Here are a few basic
ruies to folliow:

During calm seas lower settings (-) of the yaw control are
recommended. During rough seas the yaw control must be
increased {+). If the ship is oscillating too much about
the course and is not yawing due to extreme sea conditions,
the counter rudder setting should be increased. If the
steering then responds too frequently, the yaw setting
should be increased. Basically, it is necessary to test
for settings which minimize rudder movement and yet, at the
same time, maintain course within the desired 1imits of
accuracy.

Under no condition should the periodic yaw movements of
the ship due to swells be corrected.

Experience has shown that during harbour navigation the
‘rudder setting should be increased to the next higher
setting. In case of rough following seas, rudder response
might also be necessary. Cruising at half or low speed
also requires an increase of the rudder response setting.

IT the ship shows a tendency to overshoot during course
changes, the counter rudder is set too Tow (-), and

if course changes are executed too slowly, then counter rudder
is set too high (+). It might possibly then be necessary

to increase rudder response. A loaded vessel requires

more counter rudder than an unlcaded vessel.

NOTE: Oscillations may occur when rudder response and
yaw are set at minimum {-); especially when the
rudder speed is fast. The oscillations can be
caneclled out by increasing the yaw control setting.
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SECTION I1I INSTALLATION PROCEDURE

A MOUNTING BASIC_ COMPONENTS

1) Control Unit (supplied with mounting bracket).
This unit should be mounted in the wheelhouse in
a location which allows easy access for operation,
wiring and servicing. Although the unit is designed
to be waterproof, choose a location free from spray.
Safe distance from compass is three feet.

2) Follow-up Unit (supplied with connecting linkage}.
This unit mounts on or near the steering gear and
is mechanically connected so that the follow-up
shaft is driven through the same angle as the steer-
ing gear. See drawing A-2-235-1.
Note - on telemotor equipped steering gears the
follow-up must be driven from the telemotor cylinder,
See drawing A-184 for detaijls.

3} Compass (with course detector attached).
If used as a steering compass, this unit is mounted
at the helm station., If used only as an autopilot
compass it should be mounted in a location free from
magnetic interference, i.e. 6 to 8 feet minimum
from winches, engines, large radars, fuel tanks, etc.
5 - 6 feet minimum from steering compasses, depth
sounders, radio telephones, loudspeakers, etc., and
3 feet from any steel structure.

After installation, the compass should be checked for
accuracy and if necessary corrected by a qualified
compass adjuster.

4) Gyro Adapter Unit.
Used in conjunction with gyro compass, instead of
magnetic compass. Mount near gyro or gyro distribution
panel.

5) Steering Actuator (Pump Set).
Mount where convenient for connection to steering lines.
Several types of pump sets are available, but in most
cases these are mounted in the engine room or steering
compartment,
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MOUNTING INSTRUCTIONS FOR WAGNER AUTOPILOT SENSOR
ON VARIOUS MAKES OF COMPASS USING THE MK IV AUTOPILOT

The compass must be of the externally gimbalied type.

In most cases the sensor is mounted on the bottom of the compass.
In the event that it is mounted on the top of a compass the blue
and red wires to the sensor at the Autopilot main terminals must
be reversed. (Terms 1 & 2)

The sensor is mounted to the compass via the adapter plate

supplied. This plate may be machined to fit or glued to the
compass with a silicon sealant. This adapter must be placed
exactly on the pivot center iine of the compass (vertically}.

After the adapter is fixed to the compass the sensor is instalied
with a screw and cushioning gasket. It will be noted that the
sensor has a line scribed on the bottom with the letters F & A.
This Tine should be in line with the lubber Tine on the compass
with the F foreward. '

The Autopilot is operated in the compass repeater mode and the
sensor position is rotated so that the course dial agrees with
the compass heading.

The Autopilot is then switched to AUTOPILOT and a 10 degree

course error dialed into the piiot. Using a good guality Volt
Ohmeter adjust RT1 until a reading of ¥ 0.7 Volts is obtained reading
from main Term 5 (gnd) to Term 6. It should also be noted that

if the sensor is mounted too close to the card spurious nulls

will result.

If adjusting RT1 cannot achieve a reading of Y 0.7 volts, then

the sensor is too far from the compass card or the compass magnets
are too weak. If RT1 seems to be very iensitive and a setting

of less than 3 results in a reading of = 0.7 Volts the sensor is
too close to the card and a spacer should be used between the
sensor and the compass.

The compass should also be checked at this time for dragging
or sticky pivots.
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These are mounted where required - compass safe

This unit is suppiied with a fifty-foot cable which

Mounted at steering positions as required. If more than
one are installed or a remote control and full follow-up
control are used, a controller selector switch will be
required., This would normally be mounted in the

These are required where 12, 24 or 32 VYDC is not
available., The power supply if required shoulid be mounted

Non Follow-up Controllers (JOG switches).

B MOUNTING OPTIONAL COMPONENTS
1) Rudder Indicator Meters.
distance, 3 feet.
2} Remote Control RC-4.
connects to the conirol unit.
3) Full follow-up controllers.
wheelhouse.
4) Power Supplies.
in a dry, well ventilated Tocation.
5)
Mount as required.
C INTERCONNECTING CABLES

See Tist of cables. These cables should be free of splices and
secured so that wear, chafing or water damage cannot result.
Do not use jndividual wires unless enclosed in conduit.

1)

2)

Compass Cable

A standard length of 10 feet is suppiied (complete with
connector for compass sensor). Longer lengths (for
remote compass mounting) may be ordered. Since this
cable is a special type, no substitutions or splices are
recommended.

Follow-up Cable .

This cable requires special attention during installation
to prevent future damage from wear, chafing, cuts or
water damage. In all cases where this cable passes
through cargo or fish holds, it must be protected by
conduit or hose. This cable connects with the control
unit terminals 15, 16, 17,



4)

Solenoijd Cable

Runs fTrom the pumpset to the control unit terminals
18,19,20 (22 also if non follow-up controllers are
used.

Power Cable

This cable runs from the control unit (terminals
21 and 22) to the switch board or power supply.

Refer to 1ist of cables for further information.




D CABLE SPECIFICATIONS

CABLE FROM CONTROL UNIT TO-

STD  Compass or gyroadapter unit

OPT  Remote controi RC-4

OPT TS-2 FFU lever controller
OPT TX-1 FFU wheel controller
OPT  FFU station selector

OPT  Rudder Angle meter type 150
OPT  Rudder Angle meter type 201

STD  Rudder foilow up unit
STD  Steering Actuator unit (pumpset)] Term strip or equiv.
OPT NFU (JOG) controilers

STD  PWR source

OPT  Power supply to source

CABLE PART |
NUMBER
10ft normally supplied 750-124
50ft normally supplied 750-105
5ft normally supplied 750-102
5' Cable & Connector " 750-102
Rear terminal strip 750-102
30ft normally suppltied 750-101
10ft normally supplied 750-105
5ft normally supplied 750-102
750-103
5ft normally supplied 750-102
Terminal strip 750-102
Terminal strip 750-102

RECOMMENDED CABLE TYPE

Part Belden No. of
No. Type Conductors AWG
750-102 8453 3 18 (stranded) Neoprene Jacket
750-103 8454 4 18 (stranded) Neoprene Jacket
750-124 8405 5 20 {stranded) Shielded Cable
750-101 8443 3 (2 used) | 22 (stranded) Vinyl Jacket
750-105 8449 9 (7 used) | 22 (stranded) Vinyl Jacket
PUMP SET RECOMMENDED CABLES
Type 1A 12V up to 10 ft. AWG 12
over 10 ft. AWG 10  'use for 20-30 AMPS
24, 32V up to 10 ft. AWG 14
over 10 ft. AWg 12  'use for 15-20 AMPS
Type 2A 12, 24, 32V up to 10 ft. AWG 10 Internd1ly Fused
over 10 ft. AWG 8 4048 12, 24Y 30A 32V
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Rudder Indicator Tests.

(a) Switch to RUDDER INDICATOR position.

(b) Move rudder manually to PORT. A1l rudder
indicators should indicate PORT.

{c) If one or more meters are reversed, reverse
the leads at each meter to correct.

(d) Move rudder manually to hard over PORT.

(e) Adjust RT4 {on printed cct board) for the

°  same indjcation as the hard over angle of
the steering gear, e.g. 359, or 450 etc,.

(f) Check starboard side by moving rudder manually
to STARBOARD.

(g) If the angles PORT and STARBOARD are not equal,
adjust rudder follow-up Tinkage so that equal
angles are obtained.

(h) Reset RT4 for correct hard over indication.

(i) Move steering gear slowly from hard over to

hard over, Rudder indicators should move
smoothly with no hesitation when steering is
moved. They should reach hard over as the
steering gear reaches its mechanical stops.
If the meters stop before the steering gear
does, then the rudder follow-up unit is being
driven through too large an angle; . {maximum
+ 450), If so, reduce angle and repeat steps
(d) to (i).

Solenoid Reversal test.

{a) Energize the pumpset.

(b) Set the hard over to hard over time of the
steering gear under power to between 14 and
28 seconds,

{c) Set control unit to COMPASS REPEATER position;
when dial stops, set control unit to AUTOPILOT
position.

(d) The rudder should center,-

{(e) 1If the rudder goes hard over, reverse the solenoid
wires to terminals 18 and 20 of the control unit.

(f) Repeat steps (a) to (e).
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8)
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s

follow-up controiler adjustment

(a)
(b)

(c)

(d)
(e)
(f)

(g)

(h)
(1)

Set RT6 (internal control) to 10.

Center (midships) the full follow-up
controiler,

Switch to FOLLOW-UP on the control unit (if
more than one controller js fitted, switch
the controlier selector to the first controller).

Rudder should center and hunt back and forth.
Reduce the setting of RT5 until hunting stops.

Move controller hard over. Rudder should move
to about 2 degrees from hard over; 1if not,
adjust internal control in controller.
(Controller output and adjustment - see diagram
A-2-208).

If controller is moved to PORT and rudder moves
to STARBOARD, or vice versa, reverse wires 1 and
3 in the controller.

If more than one controlier (FFU) is fitted,
repeat for each controiler.

Check for hunting of rudder at hard over PORT
and STARBOARD. 1If necessary, reduce RTS5.

Remote control RC4 tests.

(a)
(b)

(c)

(d)

Set control unit main switch to AUTOPILOT.

With the RC4 switch in AUTOPILOT position, move
toggle switch to PORT. Rudder should move to
PORT. Repeat to STARBOARD. When toggle switch
is released the autopilot should return rudder
to center or if there is a course error, to the
rudder position corresponding.

With the RC4 switch in ES position (electric
steering) the toggle switch moves the rudder to
PORT or STARBOARD, but the autopilot should not
return the rudder.

With the RC4 switch in CC (course change)
positjon, the toggle switch will move the course
heading dial a maximum of 10 degrees. If the
toggle switch is only operated momentarily.,
lesser changes are achieved. When the toggle

switch is released, the course error will cause the -

rudder to move the vessel in the corresponding
direction.



9)

10)

(e)

(f)
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With the RC4 switch in the ORIENT position
the course dial should continually indicate
the ship's heading and the togglie switch may
be used to steer the vessel.

Turn RT6 internal control to 10.

Compass system tests.

(a)

(b)

(c)

(e)

When the control unit main swiitch is set to’
COMPASS REPEATER, the course dial should
continuously indicate the ship's heading. If
there is a constant error, then the clamps
holding synchro SY-1 (mounted inside the control
unit on the dial drive assembly) should be
loosened and the synchro rotated until the
correct heading is obtained. A varying course
error of up to %2 degrees is normal.

NOTE: On steel vesseils or on vessels with the
Autopilot compass near magnetic objects, a
qualified compass adjuster should adjust the
compass for minimum errors.

Switch the control unit to AUTOPILOT position,
Set YAW to MINUS (or MINIMUM), RUDDER to PLUS
(or MAXIMUM), COUNTER RUDDER to MINUS (or
MINIMUM) and TRIM to. OFF.

Manually set a course error of 10 degrees off
the compass heading.

Adjust RT1 (internal control) so that the rudder
moves to 30 degrees. (This sets the compass
sensitivity).

IT a gyro compass adapter unit is fitted, the
gyro must be on and aligned for this test.

NOGTE: 1In some cases the connections from the
gyro adapter unit to the gyro distribution panel
may have to be reversed (normally only 2 wires
reversed) to allow course dial to follow in the
correct direction. See gyro manual under "remote
repeater reversals®.

Rudder Timiting adjustment.

(a)

(b)
(c)

NOTE: Rudder Timiting only occurs in the
AUTOPILOT mode with very Targe course errors
and Targe amounts of rudder.

To set the desired limiting angle, reduce RT6
(internal control) to zero.

Set control unit to AUTOPILOT.

Use course dial to give a 90 degree course
error.
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12)

(d)

(e)

el

Slowly increase RT6 until desired Timiting
angle is reached (10 is maximum rudder angle
or no rudder 1imiting).

Check rudder 1imiting is approximately equal
by using the course dial to give large errors
PORT and STARBOARD.

Automatic trim time constant adjustment.

(a)

RT3 (ATTC) internal control sets the time over
which the automatic trim is calculated and
applied.

The SET position eliminates this time delay and
immediately applies all trim necessary.

RT3 should be set according to the table below.

VESSEL LENGTH SETTING APPROX TIME
Under 15 meters 0 1 min.
15 to 30 meters . 3 1-1/2 mins.
30 to 60 meters 5 2-1/2 mins.
50 to 120 meters 7 3-1/2 mins.
Over 120 meters 10 4 mins.

To check trim time constant, use the RUDDER
control and course dial to give a 10 degree
rudder position. Switch TRIM ON; time until

20 degrees of rudder js applied is the trim time
constant. '

Counter rudder time constant adjustment.

This

counter rudder is applied for.

control R12 (internal) sets the time that the
The front panel

control adjusts the amount that is applied.

The counter rudder time constant (RT2) should be set
initially as per the following table:

| VESSEL LENGTH SETTING
Under L5 meters U - 1
15 to 30 meters i -2
30 to 60 metiers 2 - 4
60 to 120 meters 4 - b
Above 120 meters 6 +




-15-

SEA _TESTS

These tests should be performéd under fairly good sea
conditions with minimal wind or tide., If wind or tide
conditions are unavoidable, set a course for minimum
effects from these causes.

1)

2)

3)

4)

Steer the vessel by hand on a fixed heading. Turn
main switch to RUDDER INDICATOR.

If the vessel requires over approximately 3 of
permanent rudder or trim rudder angle to maintain

a straight course, then the RUDDER FOLLOW-UP center
(and indication on rudder indicator) may have to be
changed so as to center the rudder indicator. This
is necessary so that re~setting automatic trim at
every course change is not required. If the error
is less than 3 degrees, then this may be omijtted.

Switch to AUTOPILOT

Use the course dial to set courses at 000, 030, 060,
etc. A chart is included inside the control unit to
record the actual course steered on each of these
headings as a navigational aid and performance check.
Note: Course repeater errors of 2 degrees from set

course are-normal. Also provided on the
internal chart are tables for recording the internal
control settings for future reference.

Switch TRIM to "ON", observe the course holding of
the vessel for a few minutes, then switch the TRIM
OFF. If the course holding improves with the trim
off, then the automatic trim time constant (RT3) fis
set too low. Increase it.

Counter rudder settings,

As the settings of these controls depend upon the vessel
speed, hull shape, rudder shape, loading and weather, the
exact settings vary from those given in the table
(INITIAL TEST and SET UP SECTION). Use this table for
initial setting.

With the autopilot steering a course at normal cruising
speed, increase the COUNTER RUDDER controi. If it can

be set at maximum before unnecessary steering corrections
and oversteering result, then RT2 is set too low. If the
COUNTER RUDDER control can only be advanced slightly
before unnecessary corrections and oversteering occurs,
then reduce RT2. The proper setting for the front panel
COUNTER RUDDER control is just less (towards minus) than
the point where the vessel oversteers or unnecessary
corrections are given.
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Check autopilot operation at high and low vessel
speeds on various courses to check all internal
settings for correct adjustments.

Note: as the speeds, courses and weather con-
ditions change, adjustments to YAW, RUDDER,
COUNTER RUDDER and TRIM will be necessary to
optimize course holding.

Record all internal control settings on control
unit internal chart for future reference.

Do final check on all remote controls, etc. for
correct operation.
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As the autopilot is of all-solid state construction,
very little electrical maintenance is required, other
than periodic performance checks. The mechanical
components of the system, such as rudder follow-up
linkage, should be checked periodically for wear or
slack. A heavy-duty marine grease should be applied
to prevent corrosion or wear. The hydraulic system
should be checked monthly for T1luid level. The
hydraulic fluid filter should be cleaned occasionaily.

As this unit is extremely sophisticated, the trouble-
shooting section is confined to external checks. If

all external operations and voltages appear normal,

yet operation is not correct, then a replacement printed
circuit board should be installed, or factory service
representative consulted. Field Service of the printed
circuit board is not recommended. Exchange parts are
available from the factory or service representative.

D SERVICING
E REPAIR
FFAULT FINDING

The following procedure will help to locate any faults
in the autopilot. If a fault is corrected, all checks
preceding that section should be repeated.

NOTE: a good quality voltmeter may be necessary for
some checks.

See technical section for circuit description.

(a) Power Supply Checks.
Set main switch to RUDDER INDICATOR.
Set BIMMER to +
Dial illumination should be visible. If not,
check for the following:

no power to control unit
voltage less than 10 voits
wrong polarity voltdge
fuse blown



(b)

-24-

Tamp burned out (LI)

broken or loose harness wire

defective DIMMER control

loose printed circuit connector

fault on printed circuit board (refer to
technical description and drawings A-2-224 and
A-2-225. Drawing A-2-241 shows component
Tocations).

DIMMER Control Checks.

(c)

Vary DIMMER Control from + to -.
Lamp brightness should decrease from bright to dim
- if not, check for the following:

burned out Tlamp

defective DIMMER control

broken or loose wire in harness

fault on printed circuit board (refer to
drawing A-2-225)

RUDDER INDICATOR faults.

Center the rudder - the Indicator(s) should be
centered -~ if not, check for the following:

correct connection of indicator wires
correct connection of rudder follow-up wires
rudder follow-up linkage adjustment

fault on printed circuit board (refer to
drawing A-2-232).

Move the rudder to hard over PORT. The indicator
should read the PORT maximum rudder angle, if
indicator reads STARBOARD, reverse wires to terminals
13 and 14, or at individual indicator to indicate
PORT. If indication is not PORT maximum rudder angle,
check the following:

broken wire to rudder indicator
indicators (if more than one) are connected
in series

- incorrect adjustment of RT4

- faulty rudder follow-up linkage

- fault on printed circuit board (refer to
drawing A-2-232).

Move the rudder to hard over STARBOARD. The
indicators should read the same angle as hard over
PORT, if not, check the following:

incorrect rudder follow-up l1inkage
fault on printed circuit board (refer draqug
A-2-232).

L1 1 ¢t

a.r".-
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Full Follow-up Amplifier Checks.

(e)

Switch off autopilot. Remove wire to terminal 11
of printed circuit board. Start pumpset. Switch
to FOLLOW-UP. Rudder should center. If not, check
for the following:

pumpset flow shut off
- broken wires to solenoids

If the rudder goes hard over to PORT with the
STARBOARD lamp on, or hard over to STARBOARD with
the PORT lamp on, the solenoids are reversed.
Reverse wires to terminals 18 and 20 of printed
circuit board.

If the rudder goes hard over to PORT with the PORT
Tamp on, or hard over to STARBOARD with the
STARBOARD Tamp on, the rudder follow-up wires are
reversed. Reverse wires to terminals 15 and 17 of
printed circuit board. This will cause a rudder
indicator reversal so reverse wires to terminals
13 and 14,

If the rudder centers but hunts back and forth,
check for the following:

- rudder speed is too fast. Set pumpset (if
- adjustable) to approximately 14 seconds or

slower, hard over to hard over.

- air in hydraulic lines

- slack in mechanical steering linkage (if
mechanical steering)
loose rudder follow-up linkage
adjustment of RT5 to high.

Full Follow-up Controller Checks.

Re-connect wire to terminalll (if full follow-up
controliers or remote controls are fitted).
Center controller - rudder should be centered -
if not, check for the following:

- correct controller wiring {see drawing for
appropriate controiler)
controller potentiometer not centered
controiler potentiometer noisy or defective.
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Full Follow-up Controller Range Adjustiment.

(h)

Move controller hard over and adjust controlier
internal rheostat for a rudder angle of approximately
2 degrees less than hard over. Check both sides

and, if necessary, readjust controller center and
output.

Compass Repeater Function Checks.

Select COMPASS REPEATER function - course dial should
move to course shown by autopilot compass. Use a
small magnet or swing the vessel to check other
headings. If the course dial follows within approxi-
mately + 2 degrees, then all is correct,

IT the indicated course is in error by an equal
amount on all courses, check the following:

- compass sensor is aligned to compass bowl. For
small adjustments, the synchro (SY1) may be
adjusted.

If the indicated course is correct on some headings
but has a large error on others, check the following:

- broken or loose wire, or connector to compass
sensor
broken wire in harness
defective synchro (SY1)
defective course detector or Gyro unit synchro

If the course dial hunts at correct course, check the
following:

- compass sensitivity (RTl) set too high - see
adjustments procedure

- defective synchro {SY1)

- # fault on printed circuit board.

If the course dial has reversed rotation or a 120
degree or 240 degree error, the wires to terminals
1, 2 and 3 should be checked for correct connection.

Auto Pilot Function Checks.

NOTE: Due to the complex circuitry involved in these
tests, any faults on the printed circuit board should
be serviced by a competent electronics technician, or
by replacing the circuit board.
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The following tests are a guide to determining
the correct operation of the automatic steering
circuits.

Switch to COMPASS REPEATER position. Allow course
dial to settle, then switch to AUTOPILOT. Set

YAW, RUDDER and COUNTER RUDDER to -, TRIM TO OFF,
DIMMER to +. Turn on pumpset. Rudder should center
and stop. If it hunts back and forth the Rudder
speed is too ghigh. On fixed speed steering gears
it may be necessary to increase the YAW setting to
stop hunting. Use course dial to make small

(5 degrees) course changes to PORT and STARBOARD.
Rudder should make movements of 1 to 2 degrees
correspondingly. If the rudder moves hard over,
check for the following:

- defective rudder control potentiometer
- broken wire in harness
- solenoid or follow up wiring reversed

If the rudder does not move until 10 degree course
changes are made, check the following:

- defective YAW control potentiometer
broken wire in harness

- fault on printed circuit board (see drawing
A-2-231).

Set RUDDER control to +. Set course dial for a

10 degree course change. Set RT6 (rudder limiting
to 0. - no rudder limiting). Rudder should move

to 30 degrees. If under 30 degrees, increase RT1,
if over, decrease RT1.

Auto Trim Checks {see also operating instructions).

Decrease RUDDER control to ~. Rudder angle should
be approximately 5 degrees., Switch TRIM switch to
SET and release to ON position - rudder angle
should increase to 15 degrees. Switch TRIM QFF,
then ON again. Rudder angle should be 5 degrees
{(automatic trim time constant). The time for trim
to be added may be adjusted by RT3 (ATTC).
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Counter Rudder Checks (see also operating

(k)

instructions

Set all controls to -, except COUNTER RUDDER, which
is set to + (TRIM to OFF, main switch to AUTOPILOT).
Change course from actual heading by 1C degrees -
rudder should move hard over and then decrease to

5 degrees. The time for this operation will vary
with the COUNTER RUDDER time (RT2) constant. If
the time constant is very short (RT2 at or near 0),
the rudder may not reach the hard over position
before returning to 5 degrees,

Rudder Limiting Checks.

(1)

The rudder limiting circuit may be checked by
setting the RUDDER CONTROL at + and using the course
dial to control rudder position. With rudder limit-
ing (RT6) at zero no limiting should occur. With
rudder 1imit (RT6) at 10, rudder movements should be
limited to 5 degrees approximately. Varying the
control setting will give varying amounts of rudder
limiting.

(see initial test section)

Internal Switching Circuits.

{electronic switching)

These may be checked by testing that all functions
of the autopilot perform normally - if one or two of
the functions fail to operate, see dia. A-2-237 and
technical description.
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SECTION V PARTS LISTS

NOTE: When ordering parts, the autopilot model number,
serial number and part number, and description
are necessary,

SYMBOL DESCRIPTION PART NUMBER
Control unit 510-070
201R Follow-up unit 510-065
P130 5" compass unit (sensor included) 510-102
P180 7" compass unit (sensor included) 510-103
- Compass sensor, assembly only 510-093
TS-2 Lever type FFU controller 510-048
RC-4 Remote control 510-104
JOG Non follow-up controller 510-031
TX-1 Wheel type FFU controller 510-081
RC-5 Knob type FFU controlier 510-092
-——— Manual - 790-007
REPLACEMENT PARTS (SEE DIAG. C-2-202)
-—- Printed circuit board complete 510-070C
-—- Dial drive compiete assembly 510-105R
-—— Wiring harness less controls 780-008
RV1 to 4 Main control potentiometers 125-001
SH-1 Main switch 200-013
SW-2 Trim switch 210-011
LI ITtumination lamp 410-001
L2, L3 Port and Starboard l1amps 410-015
SY-1 Synchro 470-016
Ml Motor 470-020
OTHER SPARES
201R Follow-up potentiometer c¢/w gear 126-001
TS5-2 Potentiometer c/w gear 126-001
TS=-2 Qutput rehostat 130-012
TX-1 Potentiometer 126-001
JOG Switch micro switch (2 required) 212-001
RC4 Selector switch 200-004
RC4 Toggle switch 210-001
RCE Toggle switch 210-006
RC5 Potentiometer 125-008

/’



—

-30~

PRINTED CIRCUIT PARTS (510-070B)
(see drawing C-2-202)

SYMBOL DESCRIPTION

-—- Terminal strip piece (22 reg'd)
——— Fuse clip {4 required)

F1 FUSE 5AMP

Fe FUSE 1AMP

Tdsds21 NPN PWR Transistor 12 watt
T2.,4 PNP PWR Transistor 12 watt
T8, 6 NPN PWR Transistor 70 watt
77, 8 NPN PWR Transistor 90 watt
19,11,14 PNP Si Transistor 35 Hatt
& T15 g. .
Ta0.12:13 wpN sig. Transistor .35 watt
T18 Field effect transistor .35 watt
T19,20,22 PNP Sig. Transistor .35 watt
01,2,3,4 1 amp diode 600 v
D5, 6 Reference diode 1.8 v
p7-D17 1 amp diode 600 v -
ZD1 7.5 v. 5% zener .5 watt
ZD2 7.5v, zZener .5 watt
ZD3-6 4,7 v, zener A4 watt
ZD7.,8 51 v. zener 1 watt
iC1-7 Dual operational amplifier

IC8, 9 Juad electronic switch

€Ci1,4,5,6 .047 uf capacitor 250 v.
€2 5 470 uf capacitor 6 v.
€7 1 uf capacitor 100 v.
c8 10 uf capacitor A
C9, 10 22 uf capacitor 15 v,
C11.12, g5 uf capaci 0

c13 pacitor 10 v.
Cl4 .1 uf capacitor 100 v.
Cls .047 uf capacitor 250 v,
€18 .005 uf capacitor 100 v.
L4 Lamp 28 v. 40 MA

RT1 100 K Min. Potentiometer .5 watt
RT2,3 1M Min. Potentiometer .5 watt
RT4,5,6 10K Min Potentiometer .5 watt
R1 Resistor 1K2 2.5 watt
R2 Resistor 33 .25 watt
R3 I 47 3.5 watt
R4 * 91 .25 watt
R5 " 130 .28 watt
€15,19 10 uf capacitor 10 v.
C20 ... _ .01 uf capacitor _100 v.
D9 T 51 v.zener YT - "5 watt
Ci7 .001 UF capacitor 50 voit

PART NUMBER

430-001
421-005
420-050
420-010
312-003
313-002
312-002
312-001

311-003

310-002

316=-001
311-003
300-003
300-008
300-003
302-009
302-009

- 302-002

“302-010
350-001
360-001
400-001
401-012
400-004
401-016
401-013

401-011

400-002
400-001
400-014
410-012
130-023
130-022
130-021
104-012
100-015
105-008
100-071

.100-027

401-016
400-015
302-022
400-019
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SYMBOL DESCRIPTION PART NUMBER
R6 Resistor 2K2 .25 watt 100-028
R7 " 270 i 100-020
R8,9 ! 8K2 " 100-035
R10 it 1K " 100-005
R11,12 . 2K2 " 100-~028
R13,14 - 1K i 100-005
R15 v 470K " 100-006
R16 " 1K & 100-005
R17,18 " 2K2 ' " 100-028
R19,20 " 1K " 100-005
R21 " aK7 " 100-062
R22 " 10K " 100-003
R23,24 u 47K " 100-060
R25,26 . iM i 100-044
R27,28 i 1K . 100-005
R2% ° 10K ' " 100-003
R30 " 1M i 100-044
R31,32 " 5EM6 i 100-042
R33,35 un 2K2 " 100-028
R34.36 . _ 1K " 100-005
R37 U 470K " 100-006
R38 “ 10K " : 100-003
R39 i 47K W 100-060
R40 i 1K8 " 100-010
R41 " 68K " 100-021
R42 " 10K I 100-003
R43 u 180 " 100-022
R44 i 10K " 100-003
R45 ’ 47K - " 100-062
R46,47,48 i 10K W 100~-003
R49 “ 4K7 ! 100~-062
R50 " 27K - » 100-013
R51 u 47K z 100-060
R52,53 " 22K 0 100-008
R54 " 470K . 100-006
R55,56 n 1K " 100-005

R57,59 " 220 " 100-017



SYMBOL

DESCRIPTION

R58,60
R61,62,
63,64
R&5

R66

Resistor

237

.25 watt

3.5 watt
.25 watt

PART_NUMBER

100-017
100-004

100-007
100-059
100-005
100-028
100-005
100-003
100-034
100-017
100-02¢9

100-003

100-~066
100-062
105-003
100-005
100-005
100-003
100-005
100-068
100-003
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INON FOLLOW-UP STEERING|

Non follow-up steering is also called "time dependent steering”.
The Tonger a hydraulic valve admits oil to the steeriﬁg cylinder the
further over the rudder moves. The rudder angle is solely dependent
on the length of time that the valve is energized. The system is in
essence a helm pump which turns to the left or right on command from
an electrical signal. This system is the electrical-hydraulic
interface for jog and/or automatic pilots.

The basic system consists of a filter, a pump (engine driven or
electric motor driven), a flow control valve {to regulate the hard
over time of the steering gear), a solenoid operated 4-way valve (to
direct 011 into either the port or the starboard side of the steering
cylinder) and a lockvalve (which isolates the non follow-up system
from the main steering system). Shut off valves are plumbed directly
into the lockvalve ports for use if the lockvalve should bypass oil.
A1l of these components are mounted together on a manifold block.

Two different models of manifold are used. These are "MOD" and
"DG4S4". See Dwg. No. D-3080 for manifold assemblies and component
parts lists.

IPIPING THE SYSTEM
It is important to prevent entry of'any type of contaminant into
the piping. The most common contaminants are: Teflon tape, pipe fit-
ting compound, metal filings and chips, sawdust, welding splatter and
parts of cleaning rags. It is of course essential that the interior
of all piping is clean before beginning the instaliation. Copper
tubing and pipe, seamless steel tubing and galvanized pipe should be

blown out with air or flushed out with diesel oil, kerosene, varsol

or any other solvent compatible with mineral o0il. The best procedure
is to flush and then blow out the piping. Black iron pipe as del-
ivered should never be used. It is barely acceptable after pickling
followed by neutralizing (pacifying). Internal sandblasting followed
by flushing and blowing if properly done is better than pickling. If
any welding or brazing is done after cleaning, the resulting oxidation
scale must be removed by scraping and blowing out. For this reason
welding should only be done at the end of pipes where an easy visual



inspection can be made. Where exposed to salt water spray such as on
decks of boats or through fish holds, stainless steel tubing or
galvanized pipe should be used. Galvanized standard pipe with extra
heavy fittings is quite acceptable.

To avoid contamination with pipe fitting compound such as Teflon
tape or Permatex it is essential that they are applied to the male
threads only. Leave the first two threads free of compound. Quite
often a fitting must be removed to reposition it or to install a new
one. It is imortant to free the female thread of all remaining
compound. This is particularly important with Teflon tape as it
usually shreds into small bits.  If Teflon tape is used only 1/2
the tightening effort normally applied with pipe dope should be used,
otherwise the female connection is 1ikely to distort or even crack.
A1l open piping should be well protected during instailation to
prevent the entry of contamination. When piping is complets, if
possible, the entire system should be flushed and blown out again.

To do this, a connection preferably at a high point in the system
should be broken and either a wing or power pump connected to the
line. This pump should be large enough to provide a fast flow of
solyent throught thé piping to ensure a thorough cleaning. It is
desirable to blow out the system after draining the solvent but a
small amount of solvent remaining is harmiess providing that it is =

0il compatible.

The size of the piping should not be smaller than recommended
on the piping diagram. Hydraulic hose should only be used in short
lengths at the pump or cylinder ports to facilitate movement or
vibration. Long lengths are very detrimental to performance causing
stiff steering, sponginess and overeating in power systems. If
pipes are small and short in a power system, overheating may result.
The minimum length of return line to the power pump is 15 feet.

For minor heating problems it is usually sufficient to use a longer
Targe diameter return line (coiled if space is 1imited). More
severe problems require the use of a heat exchanger. A good 0il to
air exchanger is finned tubing such as used in hot water base board
heaters. The system is too hot if a hand cannot be held comfortably
on any line for 1/2 a minute (about 160°F - 71°C) maximum.



A11 piping should be done with a minimum of sharp bends and
fittings. A1l pipes should be clamped so that vibration or pressure
surges will not cause wear or noise. Clamping is essential at any
pipe end which connects to a hose. "Goosenecks" in piping should be
avoided. If this is not possible, provision for venting at the high
points should be made. This venting provision is not important with
power systems where the 0i1 flows in one direction only at a relatively
high velocity and carries trapped air along. It is important in hand
hydraulic systems having a closed circuit where oil flows at Tow
speed in both directiagns keeping the same 0il and air flowing back
and forth over a short distance. This keeps air trapped at the high
points. It is also extremely important that all fittings are air
tight. If any connections show a trace of leaking oil, air is sure
to enter the system at this point. Vent or fi1l1ing lines to a header
tank should be installed with a steady rise to ensure that the system
will be self venting because air may occasionally enter through shaft
and piston rod seals. It is extemely important to remember that
trapped air can only be removed from lines where the 0il velocity is
Tow, through self venting, by installing the piping with a steady rise.

[FILLING THE SYSTEM|
The main steeing lines from the helm pump(s) to the steering
cylinder must be Tilled first. The header tank should be vented to

atmosphere and always be kept full to avoid sucking air and forcing it
into the system. If more than one helm pump is in the system, start

with the highest and work progressively down toward the lowest. Begin

by turning the highest wheel continually in one direction only until

the system starts to become relatively solid. The helm pump should

now be turned steadily in the opposite direction until it is also solid.
Continue this same sequence with esach successively lower helm pump.

The lines from the helm pump(s) should be sufficiently full at this point
to continue filling the rest of the system.

The power pump should never be run until the system is filled with
0il. Crack the fitting at the pump suction to ensure ample oil has
flowed from the header tank. Mote that the suction port is larger in
diameter than the pressure port. When o0il has reached the suction port




it is permissible to start the pump. "Pulse" start the pump for ten
seconds at a time if possible to allow oil to fiow from the header
tank to the pump suction to avoid "starving" and damag?ng the pump.
The pump could be extremely noisy at this stage because of the oil
and air mixture. .

When the power pump becomes quieter this indicates that a steady
flow of o0il is now being circulated. The 4-way solenoid valve may be
manually or electrically operated to both port and starboard to fill
the non.follow-up system. It will take time for all of the air to be
expelled from the system. Working the system and then allowing it to
rast for a few hours is the fastest method of removing the air. The
steering gear will not be smoothly responsive until most of the &ir,
is removed,

[RECOMMENDED 0ILS|

Gulf Harmony AW 43

Gulf HVY 47

: NOTE: 1In cold climates use:
Imperial Esso Nuto H 38 Imperial Univis N 42
Imperial Esso Univis N 42 Imperial Univis Arctic

Shell Tellus 25
Shell Tellus T 27

Chevron OC Turbine 0il1 No. 11

If none of these recommended o0ils or their equivalents are available,
use any oil suitable for hydraulic winch drives or an SAE 10 non-
detergent oil, or automatic transmission fluid type "A".

[MAINTENANCE PROCEDURE |

The pressure line filter should be cleaned after the first hour
of operation. Thereafter, occasional inspection should be considered
routine. .

The pressure compensated flow control valve has a built-in relief
valve which Timits the non follow-up system pressure. This valve is



factory pre-set. If this relief valve is removed from the main valve
body, care should be taken in replacing it in order to achieve the
same setting. If oil is not flowing through this valve, either the
pis;on (424-0004) or the relief ball (21-300004) is held open by
contamination. The valve must then be cleaned (the piston must slide
freely in its bore). The flow adjusting knob is stamped with

numbers 0-5. Setting number O will stop the oil flow. Setting
number 5 will allow maximum delivery (fastest rudder speed).

The Tockvalve should be inspected and cleaned if the steering
cylinder does not respond when the helm pump is turned. A temporary
solution (and a check) is to close the shut off valves on the
lockvalve ports.

The solenoid operated 4-way valve can be operated manually
by pushing a slender rod into either end of the valve.

TROUBLE SHOOTING THE NON FOLLOW-UP SYSTEM{

The symptoms below are usually caused by failure of the components
on the manifold. See Dwg. No. D-3080.

A. Steering gear goes hard over and cannot be returned to midships.
SOLN: The solenoid 4-way valve may be jammed in an energized
postion. L
B. Jog switches or autopilot do not operate
SOLN:1.The voltage on the 4-way solenoid valve coil may be too
low. Manually operate the valve by pushing a slender rod
in either end of the valve to test.
2.The piston or the relief valve in the fiow control valve
may be jammed with contamination. Clean and return the
pressure adjusting screw to the same position by measuring
its height above the valve body before removing. The
piston should slide freely in its bore. '
3.The flow control knob on the flow control valve could be
set in the off (0) position. Adjust the knob.
4.Check the direction of rotation of the power pump. This
should be clockwise - viewed from the shaft end.



C. Steering gear moves very slowly when jog switch or autopilot

is operated. ) _

SOLN:1.The voltage on the 4-way solenoid valve coil may be too
low. Manually operate the valve by pushing a slender rod
in either end of the valve to test.

2.The piston or the relief valve in the flow control valve
may be jammed with contamination. Clean and reurn the
pressure adjusting screw to the same position by measuring
its height above the valve body before removing. The
piston should slide freely in its bore.
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TERMINAL STRIP7

(D //Q

) 2 woLes Zuord

: [ —
LT - J
23
?"lqg?)@ (af:n |
| V7 S
1 —|f
\—-CABLE CLAMP 73097
17 433
RELAY 8OX

SHUTOFF VALVES — -,

oc. Moron/ MOUNTING amc«sr—j

-—COUPLING
-VOLUME ADJUSTING SCREW
, (&)
8
o
S| | S N
1

MODEL 125 PUMP

e

g NPT HEADER TANK CONNECTION

MANIFOLD VALVE BLOCK
"~ -LNPT STEERING LINE CONNECTION

NOTE:
~EXTRA CLEARANCE WILL BE REQUIRED

INSTALLING OR SERVICING THE
PUMPSETY

—PUMPSET MUST BE MOUNTED HORIZONTALLY

FOR

A

84210

-0
®
O

(@

=i

NOTE: HARD OVER TO HARD OVER SPEED OF
- CYLINDER /RAM SHOULD BE APFROX. I4 TD 18
SECONDS FOR AUTOMATIC PILOT OPERATION.
A, LOSSEN VOLUME ADJUSTING SCREW,
LOCKING NUT.
8 1 TO INCREASE CYLINDER/RAM SPEED, TURN
SCREW COUNTER CLOCKWISE.
2.T0O DECREASE CYLINOER/RAM SFEED, TURN
SCREW CLOCKWISE.
€. HGHTEN LOCKING NUT

D'Iﬂl.i QU-M('I'II'Ti DALSCRIPTION i -I-llllﬂl.

4
‘“EAGNER_ ENGINEERING LTD.
1742 WEBT 2Ind AVEHUE, VALCOUYER, 0.C, CAHADA

of MARINE SILEAIND OFARY pad AUTOMATIC PriDTR

OVERALL DIMLNSIONS FOR

HOTE 3 DRAWING REDUCED TO A SIZE

TYPE 1A PUMPSET

s |Avs ol - — |auote ne

ALVISION HOTEE

O~ NOTE ADDED DRAWIHO.NR]REN.
C-2/64 |0/

(

ﬁ’ r‘lo
—— o crre—




NOTE

*THTTINGS MUST
FAGE UPWARD
33 QN TUBING

3g 0.0, TUBING 1000 PSIZOAGICM
20 Pst (2K6 cM2)

INTERCONNECTING LINE
3B 0.0, TUBING 20PSI (2 KG/CMS)

—_QOTUBNG
1000 PSI(70 KG/CMS)

BYPASS VALVE

HUTOFF WILVES

QU7

LOCKVALVE
GREASE FIT TINGS

X
“SOR

—— PUMPSET MUST BE MOUNTED
HORIZONTALLY AS SHOWN

w— ALL PIPING AND FITTINGS
SUPPLIED 8Y YARD

w— T-MODEL HOUSING MUST BE
COMPLETELY PACKED WITH
GREASE, SEE INSTALLATION
INSTRUCTION FOR DETAILS

| mareming

um[m[ DLSCWITION

[ )
IAGNER ENGINEERING LTD.
1742 WEST 2nd AVENUE, VANCOLVER, B.C, CAMADA
Mosipiivrers of MANNE HYDRANIG STEENND OEANS ond AUTOMATIC PILOTE
"™ MANUAL HYDRAULIC WITH
TYPE 1A PUMPSET

> PUMP _ g
()
% 4] DOUBLE BRAID [ X ‘Il
o)~ FLEX HOSE O] |
. [ ) l ORMH | |DATE  gasal QUOTE K¢

CTRIC MOTO STEERING RAM 2 A e a2 DRAWNG N7 | REV.
ELECTRI R .PORTS MUST FACE . -

' UPWARD B ~/-955




FIELD CONNECTIONS __PUMP MOTOR ARMATURE

T~ ~7 CONNECTIONS
O
~_ Cﬁ
RELAY RELAY ]
|

OPTIONAL.  JOG SV

O

ERAEEN wWiRkE

r"‘% o

Ly . T -
BATTERY =T T _

V"
\_/

CONNECTICN == v
(TUEN OFF + L@ ________
| y—ga% Ng/ﬁg%e/_ﬁgga MK 4 AUTOPILOT CONNECTIONS
!_EATTERY £ “ [IF STEERING MOVES WRONG 1
WAY REVERSE LEADS TO 18 £ 20|

RECOMMENDED WIRE SIZE FOR THE FOLLOWING
! DISTANCES FROM THE BATTERY TO TI & T2

VOLTAGE | FUSE | I0FT ! 10-20 FT|20-40FT | OVER 40 FT

12 VOLT 204 [# 14 # 12 # 10 NOT RECOMMENDEL
24 15 # /6 # 14 (2 NOT RECOMMENDEL
32 15 # 16 # 14 #H 12 {NOT RECOMMENDEL

TYPE IA PUMPSET TO MK 4 AUTOPILOT CONNECTIONS

1742 WEST 2nd AVENUE, VANCOUVER, B.C,, CANADA

DATE E
", ST DWG No. REV(>
AGNEROENGINEERING ILTD, DRAWN
W—— 7 1R-2-265|02

Manutacturers of MARINE HYDRAULIC STEERING GEARS and AUTOMATIC PILOTS

BCIL 5773 A-WE
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~HEADER TANK  MOUNT ABOVE
HIGHEST HELM PUMP

3/8° NPT

3180.D. TUBING
20 PSi(z KG/CM®)

a0°0.D. TUBING
1000 RS.:J’
(Vo xG/cM

FLOW CONTROL

SEE Dw6. NO, 0-3109 FOR
ASSEMBLY AND PARTS DETAILS

INTERCONNECTING LINE
380.0. TUBING 20 PASL(Z KG/CM INSTRUCTION  FOR DETAILS

NOTE

- PUMPSET MUST BE MOUNTED
HORIZONTALLY AS SHOWN

36°0.0. TUBING 20 RS). (2 K6/ €M®)
—ALL PIPING AND- FITTINGS.

SUPPLIED BY YARD

~T-MODEL HOUSING MUST BE
COMPLETELY PACKED WITH
GREASE, SEE INSTALLATION

a0 TUBING
-7 1000 PSI (70K CM)

RELAY JUNCTION 80X
J

—_ QD TUBING |
{70 K604

iIKI"lMM.

. 1000 RS, =
\ BYPASS VALVE mmimumnrvi DIICMPTION

% OUBLE BRAID FLEX ®
OSE SNIAGNTIR ENGINEERING LTD.

1741 WEST nd AVENUE, VANCOUVER, B.C, GANADA
Hamdeahwn of MARRE HYOAAULIO RTEEANO QEAAE wrd AUTOMATK FLOTS

nna

B 954

STEERING RAM MANUAL  HYDRAULIC WITH
PORTS MUST TYPE 2A PUMPSET
SOLENOID VALVE  FACE UPWARD )
v [Theare |2~ lauore ne
VI HOTE DRAWRIG N | REV.
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MOTOR

THERMAL
BREAKER
ON_MOTOR

SOLENQID
VALVE

|

I T d s |
P S s S
9 ° 970 © & 9
Io “'"“‘_' /] .
SATTERY 7\
BATTERY _ PRSI INCINC ) O
SILOT WILL _SWITCH ¢ WMK4d AUTOPILOT
ON PUIAPSET IF /" +VE CONNEZTIONE,
=DM NAL z — e
- ;?—"’ ::‘A\IMS C_?f‘:o : SWITCH FOR F ETEERING MOVE S
A e b C'-__ MANUA L WRONG WAY REVERSE
N FPUMPSE " :

j DCCOMMENDED WIRE SIZE FOR THE FOLLOWING
SISTANCES FROM THE BATTERY TO ;; &£ 72

YOLTAGE | FUSE | 10FT|10-20FT|20-30FT |QVER 30 F 7

2 VOLT |40 A & [0 = = 6 |NOT Efofwu:-,vcw.
24 YOLT |40 A 5 /10 =78 | 6 |NOT RECOMMENDE D
22 VOLT 130 A =212 =0 | =& INOT REGC CMMENMCEL,

TYPE 2A PUMPSET TC MK4 AUTOPILOT CONNECTIONS

" DATE DWG No. |REV.
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)

Wagner Jog Switch

black
green

four-way valve solenocids, reverse A&B
for opposite rudder. -

Additional Stations are Wired
in Parallel.

Joc aswiITcH(NoN FoLLow~-uP) WIRING DIAGRAM

[ e 5iE T DWG No. |REV.:
- -QEEAGNER ENGINEERING LTD e i'
@ : )
1742 WEST 2nd AVENUE, VANCOUVER, B.C., CANADA EDs s é "2_2 36
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1 Snap Ring 6 Ball Seat
2 Ball Cage 1 O Ring
3 Spring 3 Ball

4 Body 9 O Ring

5 Piston

The 3/8" manifold lockvalve is mounted on the bagk of

the Model A-W and Al-~W helm pumps to prevent rudder feedback

to the helm pump and lock the ruddex hydraulically in pos-—
ition as well a3 isolate one helm pump f£rom another in a
multiple station system. It is also used on a manifold Ior
power steering or autopilot drive units to prevent the
rudder from moving at a faster rate than the power pump can
deliver 0il. The threaded ports are connected to the
steering gear. A leaking lockvalve is indicated if the
rudder tends to creep with the forces exerted on it by the
propeller wash or, if one helm pump turns another instead
of the rudder in a multiple station system. In a new in-
stallation., leaking is invariably czused by contamination
of the system oil by pipe £itting compound, scale, chips,
etc. Both ball seats (6) must then be cleaned. The piston
{(5) should a2lso he cleaned so that it slides freely and the
entire system should be flushed, and then filled with new
oil. Eventual wear will also czuss leakage and an exchange
lockvalve should be installed.

3/8 MANIFOLD LOCKVALVE

et

AGNER ENGINEERING LTD. DRAWN

NQV. 25,1373

Manufaclurers cf

1742 WEST 2nd AVENUE, VANCOUVER, B.C., CANADA 8.A.5- ] la 'M032

i DWG No.

REV

o
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tank port -1

—»0ut
/._‘
in - |
'\ \\\~\ .‘\\ \\\
| Spring 5 Adiu K
2 Ggsket g
3 Yalve Body 7 Cover
4 Flow GConiroi : 8 Throttle Valve

THE PURPOSE OF THIS VALVE IS TO AUTOMATICALLY KEEP OIL DELIVERY FROM THE CUTLET
BRACTICALLY COMNSTANT, OESPITE VARYING OIL FLOW INTO THE VALVE. IT CAN ALSO BE
ADJUSTED FOR DIFFERENT AMUUNTS OF OIL FLOW TO THE WORK, WITH CONSTANT OR VARYING
FLOW INTO THE VALVE., THE QIL FLOW TO THE WORK CAN ALSQ BE COMPLETELY SHUT OFF
BY THIS VALVE, BY TURNING THE ADJUSTING XKNOB (S) WITH THE ZERO TOWARD THE DUTLET
FORT. IF THE POWER PUMP IS ENGINE DRIVEN, SET VALVE AS FOLLOWS: FIRST SET THE
ADJUSTING KNOB WITH NO. L TOWARD THE OUTLET, OPERATE THE PQWER STEERING GEA

FRUM HG TO HO AND COUNT THE SECONDS { USE WATCH WITH A SECONO HAND). IF TOO
SLOW, TURN THE ADJUSTING KNOB TO NO. 2 OR FURTHER IF NECESSARY TO OBTAIN THE
SUGGESTED HO TO HQ TIME,

A30UT THE ONLY DIFFICULTY THAT CAN ARISE WITH THIS VALVE IS THAT THE PISTON (4)
IS BEING HELD OPEN BY GRIT ETC., IN WHICH CASE NO OIL WILL 8E DELIVERED FRGH THE
VALVE., TO REMEDY THE TROUBLE, CLEAN PISTON (4) AND MAKE SURE IT SLIDES FREELY
IN ITS BORE. '

FLOW CONTROL VALVE “E"
Seod . DATE DWG No.

Oz &, 12kt

IAGNER ENGINEERING LTD. BRAWN

ow | B-Moo4
1742 WEST 2nd AVENUE, VANCOUVER, B.C., CANADA
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1  Reservoir 4  Piston b
2 Suction Ball 5 Check Ball £ Nz
3 Check Bail ' _ -

When the helm pums is turnad o the lef:, 0il is suckasd from
tha right side of the pump and pumped cut of the laft, If =2
vacuum oecyrs on the suction sids of the pump, ball (2) cpens
admitting oil From the purp reserveir (1) into the systam. The
cil travels down ths left side ig 1ift tall (3) off its seat and
maves the lockvelve pisten (&) to the right, pushing ball (3) aoff
its seat, Return o0il from ths cylinder can now pass by tall (5)
and raturn %o the pump. UYhen the steering uwhsal is siationary,
both chack balls (3) and (5) are clased. Therefors forces from
thae rudder czannaot foed back to the halm pump. If a sscond halm
pump with its lockvalve is added, it is simply tes'd beiwsen tha’
first lockvalve and the c¢ylindar

NOTE: WLagnar helm pumps are axizl piston pumps. A vane pump is
shown to ease illusiratian.,

THE OPERATING PRINCIPLE OF MANUAL HYDRAULIC STEERING
o 5RE T DWG No. |RE

0CT.2,39713
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FFU SIGNAL TO .
QUTPUT STAGES & RubbeR
FoLLow-uP
SIENAL
EFy FUNLTION
SELECT SIGNAL
/2 1IC5  FFU AMPLIFIER
V4 IC9 FFU FUNCTION ELECT. SWITCH
ci DAMPING CAPACITOR
DS,10 PROTECTION DIODES
MK-4 FFU AMPILIFIER SCHEMATIC
’ | DATE DWG No. EV.
D 0 975 No. |R
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Te T8

Popr outPuT

[ |
| ouTPuT

! WEF AMP
T_,:.,._l__’ SELECT
y ; AuTo

2 IC .?; ouTPUT
3 41 FROM FFU
[ °\°,—< AMPLIFIER

To T7 2R7% 1

LI 1P * -Ls_ﬁﬁ,_m

ATBRD. ouThur:

* NoTe + RV =owm
—_ - DFFE

IC 6 HYSTERESIS AMPLIFIER

IC 7 ___ELECTRONIC SWITCH

| ZD56 [ EVEL SHIFT ZENERS

') Ti4,/5 _OUTPUT DRIVER TRANSISTORS

MK4 HYSTERESIS STAGE SCHEMATIC

10 9 75
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S To HYSTERIEIY SIAGES

DIFE. AMP STRG- SIGNAL 7

? i_”‘

¢ FoRT LT 516 (TV7)

EF.W AMP STRG SIGNAL ) = E, » FoRkT OUTPUT STAGE

( < PORY HWYSTERISIS STAGE
stad Lwir sic (T16)> = > STBY auTPuT sTAcE

P‘

< ST8b WYSTERISIS STAGE

DAL MaoToR ClRzJIT
ComPasS ERMR S16.
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Y 1
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O
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%) L
orr =
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R.PT METER
DEFLECTION
AMTUSTMENT

RPT METER(S)

/2 IC5

5 Yo ICE
4
4
R42

» RUBDER Followi-uUuf SIGNAL

To — Rubbel conTRAL
— TiLLeg AMPLIEIER

— RUBAER LT IR T

PRINTES CCT. wWiRiNg

— ct— — —

MAIN TERAMINALS

FoLLrow-uP PoTeENTIAMETER

METER AMPLIFIER

D78

PROTECTION DIODES

5

MK-4 FOLLOW-UP CIRCUIT SCHEMATIC

\ u.
\:s W

<

p o

DATE

10 975
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} C WIRING HAZNESS
|

r,l7 W

. R4a
‘ Rag L,,,

LEFT SIAE TEAMINALS

RuBBER FoLLow UP SIGNAL 14
23 M RUDDER
. CONTROL
WIRING HARNESS - QV4

o QlDK
ot ,,,,4.,.4,‘,.___4: CaMPASS SIGNAL

L R4S 00 ¢ rame sismaL

]bl Rat ol
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Yo 1C 4

—va——— £ counTER RUDBER SieninL \
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- - - - = ==
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C) Cl13 FILTER CAPACITOR
Cl4 DAMPING CAPACITOR

-
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R7 FEFDBACK RESISTOR
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SINEWAVE QUTPUT

MK—4 OSCILLATOR _ CIRCUIT SCHEMATIC
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SECTION III TESTS AND ADJUSTMENTS

A

DOCKSIDE TESTS (If difficulties arise, refer to Service

and Repair Sectijon)
These tests should be completed in the following order:

1} Visually check all wiring and component mounting
very carefully for possible causes of damage from
vibration, chafing, strain, over heating and
short circuits from loose wires.

2) Power Source Checks. :
Use a voltmeter or trace the power leads for correct
polarity and voltage applied to control unit (and
optional power supply, if fitted.)

3) Initial Test-set all controls to MINUS (-) or
minimum position, set TRIM to OFF, set all remote
controls to AUTO position, and all steering controllers
to midships position.
Set control unit main switch to COMPASS REPEATER
position. The course dial should rotate to within
20 (degrees) of the autopilot compass heading
(errors greater than this should be corrected later).
Observe illumination lamp inside housing. At minus (-)
(minimum) it should be glowing dimly and at plus (+)
or maximum it should be bright.

4) Rudder follow-up reversal correction.

(a) Manually set rudder to approximately midships
poesition.

(b) Switch control unit to AUTOPILOT position
(steering pump off at this time).

(c) Move rudder manually to PORT. The STARBOARD
lamp should light.

(d) Move rudder manually to STARBOARD. The PORT
Tamp should light.

(e} If lamps are reversed then reverse the follow-up
wires at terminals 15 and 17 of the control
unit, then repeat steps (a) to (d).
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