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SPECIAL NOTICE

An Autopilot is not intended to take the place of a man, but rather assist him
In steering the vessel.

It is the responsibility of the man (and a requirement by law) to ensure and
maintain safe navigation and control of the vessel at all times in accordance
with the Rules of the Road.

An Autopilot is intended for operation in open waters, clear of all obstructions
and other vessels. The heading of the vessel must be observed constantly.

It may be necessary to regain manual steering control quickly and to deactivate

the Autopilot pumpset if the vessel alters or fails to maintain the set course
or if the set course may jeopardize the vessel.

DEACTIVATING WAGNER HYDRAULIC PUMPSETS

1. WAGNER Type 2A, PV125C-XX-SC, and PVI25R-XX-RC pumpsets can be deactivated
by disconnecting the power going to terminals 1 and 2 in the pumpset
electrical connection boxes. Install a separate switch if necessary.

2. Electrical motor driven pumpsets can be deactivated by disconnecting the
power going to the electric motor. [Install a separate switch or breaker

if necessary.

3. Engine-driven pumpsets with No. 1 and No. 2 Uniblocks can only be deactivated
by turning the Uniblock flow control knob to the "OFF" Position. Read
Section E of the No. 1 and No. 2 Uniblock Manual. (Ref. No. 190-0006)

After turning the Uniblock flow control knob to the "OFF" position, confirm
that the Autopilot will NOT operate the rudder,

Reset the flow rate to produce between 14 and 18 seconds rudder hardover to
hardover. Secure flow control knob locking screw. 00 not secure this screw
too tightly. Be certain that the flow control knob can, with effort, be
turned to the "OFF" position in an emergency.
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GENERAL DESCRIPTION of the WAGNER S.E. AUTOPILOT

The WAGNER S_E. AUTOPILOT is a complete automatic steering control System
incorporating the latest solid state components. The basic system consists
of a control unit and a magnetic compass with a course sensor. The auto-
pilot system operates on any voltage from 10 to 40 VOC without modification.

The control unit has wide range controls and uses proportional, integral
and differential circuits. SEA STATE (damping) control with a maximum
sensitivity of 0.5 degrees optimizes course accuracy in all sea conditions.
RUDDER control alters the amount of rudder applied in response to sea and
speed changes. A counter rudder circuit senses the rate of change of the
course heading and varies the amount of rudder applied accordingly.
Automatic rudder trim counteracts persistent course errors due to side
winds, waves, current or imbalance of the vessel. Port and starboard
indicator lights assist course setting and display steering activity.

The S.E. AUTOPILOT operates with hydraulic and mechanical steering systems
controlled by either relays or solenoids which in turn control the length

of time and in which direction the steering gear will operate. The reldy

or solenoid controlled “drive unit® may be a WAGNER product or be supplied
by the customer after verifying system compatibility.

A hand-held remote course setting station, Model RP-50, which includes. a
"DODGER" switch is optionally available.

The S_E. AUTorPILOT can also be guided by the ultra-precise automated naviga-
tion capabilities of most Loran C receivers and some Satnavs and Decca
receivers through the addition of the Wagner Tracker LT180S.

A Wind Vane control unit, also available as an option, will permit sailboat
ownes to select the wind as a heading reference for their S.E. AUTOPILOT,

SECTION 1: AUTOPILOT CONTROLS

SEA STATE

This control adjusts the response time of the autopilot. Decrease SEA STATE
in calm seas to optimize course accuracy. Increase SEA STATE in rough seas
to prevent unnecessary rudder corrections. This control also features an
"ON/OFF" function in the extreme CCW* position.

RUDDER

This control adjusts the amount of correcting rudder applied. Decrease at
high speeds by turning CCW to prevent oversteering. Increase by turning CW*
at low speeds, or when operating in following seas, on heavy displacement
vessel, etc. This control also features a SET function in the extreme CCW
position -- See following description for COURSE SETTING. After the course
is set. the knob may be moved CW beyond the SET detent in order to activate
the RUDDER.

The RUDDER control knob has a third function, enabling it to activate the
remote control (if installed) by pulling the knob outward -- See following
description for OPERATION of REMOTE COURSE SETTING STATIONS.

COURSE  SETTING

With SEA STATE at “"OFF® (fully CCW), turn RUDDER to "SET" (fully CCW). Then
switch the unit "ON* by turning SEA STATE in a clockwise direction. Steer
the vessel to the desired heading and rotate the course setting dial until
the red and green lights above the dial are both out. (NOTE: Both lights
will go out on the desired heading as well as on a 180 degree opposite course.
Check the magnetic compass card if in doubt.) Activate the pilot by rotating
RUDDER in clockwise direction. Adjust SEA STATE and RUDDER to suit the
vessel and the sea conditions. To change course, simply turn the course dial
to the new heading.

OPERATION of REMOTE COURSE SETTING STATIONS

With the autopilot steering the vessel and SEA STATE and RUDDER in their
adjusted positions, pull the RUDDER control outward. This will disable the
autopilot. Go to the remote station, select the desired heading and switch

to "ON". To change course, simply turn the course dial on the remote station
to the new heaaing. To dodge an object in the water, press and hold the spring-
centered DODGER switch to "PORT" or °STBD" as reauired. The autopilot will
return the vessel to the remote station course dial heading when the switch is
released. The DODGER switch will not function again until the vessel has
returned to the autopilot heading.

To return steering to the control unit, switch the remote station “OFF". Go
to the control unit, select the course heading, push the RUDDER control inward
and autopilot control is returned to the control unit. (The remote Station
must be turned "OFF" when not in use, otherwise it will adversely affect the
operation of the autopilot.)

A remote course setting station may also be used as a non follow-up controller
by turning RUDDER on the control unit to the "SET" oosition and simolv operating
the DODGER switch. (The remote station does not need to be switched "ON“.) The
autopilot will not function and the rudder will remain at its immediate position
when the DODGER switch is released.

* oW -- clockwise
ccw -- counter clockwise
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I1: INSTALLATION PROCEDURE

A. MOUNTING BASIC COMPONENTS

1. WAGNER COMPASS - The autopilot compass may be used as the main steering

compass or it may be remotely located in a position of minimum magnetic
interference for best steering accuracy.

To ensure course setting dial accuracy, the compass lubber line must be
carefully aligned with the fore-aft line of the vessel.

(NOTE: This compass must not be mounted close to any engines, tanks,
motors, speakers, transmitting antennas, etc.)

Minimum safe mounting distances are:

- 2 to 3 meters (6 to 9 ft.) from electric winches, engines, radars,
electric motors, electric meters or large iron masses (particularly
ammeters, their connecting wires and tne steering system drive unit.)

- 1.5 to 2 meters (4 to 6 ft.) from steering compasses, depth sounders,
radiophones, etc.

- 1 meter (3 ft.) from any steel structure, structural support or large
fastener.

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

(Note: If the compass used is NOT a standard 5 inch model supplied by
Wagner, refer to SECTION V, C. for installation and adjustment
instructions.)

2. CONTROL UNIT - This unit should be mounted close to the helm and away

from direct sea spray.

Consideration should be given to the ease of cable installation and
access for future maintenance when [mounting this unit.

Refer to Dwgs. No. A-7-251 and A-8-217 for battery and solenoid or
relay connections. The wires to the control unit from the batteries
and the drive unit solenoids/relays must be #18. Note that the
battery supply to the solenolds/relays MUST be connected through the
control unit snd NOT directly at the pumpset. If an electric motor
driven drive unit is installed, this connection avoids the voltage
variations created when the drive unit motor operates. A separate
power supply cable between the batteries and drive unit motor is
required.



NOTE: The front panel of the control unit must be removed to install
the inter-connecting cables. Remove the cormer screws and pull
straight out. The main circuit board is supported at two points
at the rear of the case and the circuit board must be positioned
correctly when putting it back into the case.

A length of approximately 9 inches of loose wire should be
provided between the watertight gland and the end of each wire
connected to the terminal strip to permit easy connection and
future access to the circuit board without releasing the
watertight gland.

DRIVE UNIT - This unit should be mounted where convenient connections
can be made to the steering lines and where the cable can be run to

the batteries. A warm, dry location such as the engine room is usually
suitable. Also, it should be mounted on a resilient base to isolate
vibration and noise from -the hull of the boat.

The unit should be electrically bonded to the vessel's ground for
R.F. shielding purposes. This must be negative or neutrai ground.

The installation of distribution panel switches and/or breakers is
left to the discretion of the installer/owner. [f a Wagner drive unit
is installed, consult the manual supplied to determine the current

:*?,requirements. The maximum current draw of the control unit is 0.5
amps. The solenoid or relay current draw, when energized, must be
added to determine the total current draw.

[MPORTANT (Refer to Dwg. No, C-7-247)
1. An auxiliary transistor switch, Q7, capable of switching a maximum
“¥70f 3 amps, is prowided in the control unit. This is sufficient to
turn on the electric motor of a Wagner Type 2A (constant running)
pumpset for example, or energize the electric clutch of a mechanical
%%,drive unit. These functions are selectable my a moveable jumper on
the control circuit board.

+ The control unit is supplied with the jumper in position "8" (connecting
battery positive and Terminal 1 on the terminal strip, TB1). This
allows a motor starter relay to be activated when the control unit
is turned 'ON' and also permits "jog steering" with a remote course
setting station when the RUDDER control is in the 'SET' position.

seWhen the S_E. Autopilot is to be used with a mechanical drive unit
with an electric clutch, the jumper must be changed from position "B8”
to position "A" so that the clutch will engage when the RUDDER control
is advanced ctockwise (out of the 'SET' position).

3¢ Jumper position "A" is also used with a Wagner PV125R-xx-RC/ SBP
hydraulic pumpset. This relay controlled pumpset is installed when
a hydraulic cylinder is used to drive the rudder quadrant of a mechanical
steering system. When the autopilot is turned 'OFF' the solenoid

bypass valve on the pumpset centers {

y | {or bypasses) to permit th -
pllot cy]lnqer to be stroked back and forth by tge qugdrant §n§ i:io
interfere with the manual operation of the steering gear. K

wnen using the $.E. Autopilot control unit in it i i
w1th_dr1ve‘units other than Wagner, it must berzg;gf&gt;n:;$;}ﬁ§1ons
consideration for the protection of the drive unit, the steering gear
and in thg case of mechanical steering, the operator's safety Fgatu;es
such as limit switcnhes, relief valves, overload slip clutcnes and
current cut-outs may or may not be incorporated. i e

Provision should be made to utilize existi i i
) nade t existing proteztive devizes and
;gsrsggglprotec:;onfwf it nas not been provided. If in doupt consﬁ?z
er or the facto f i i ’ ifi
your deafer c ry for recommendations concerning any specific

4, EﬁzggEcggATIQNSt-potjonallremote course setting stations are lIncatec
convenient for installation and service, a ted
from direct rain or sea spray. ' and wnere protected

See wiring diagram, Owg. No. A-7-252. Remote stations are su fa
with 15 meters (50 Fegt) of cable., The plug suppiied on th?:pggéig
must be cut off, the individual wires stripped and then connected
through the correct watertight gland to the terminal strip in the
control unit as described in 2. CONTROL UNIT above.

INTERCONNECTING CABLES (Refer to Dwg. No. A-7-251)

3 -

2 Compass cable tted with a plug, is prewired into the control unit
ar ca L

Ayl yther bies required to interconnect a basic System must be supplied

The wires to the control unit from the b i i
r . t atteries and the drive unit
solenoids/relays must be #18. Generally, if the drive unit is driven
by an glectr1c mot?r, ﬁ]O wires are normally recommended from the
?S;tggéeit§0 tge eiectric motor. If the length of these wirves is aver

' » “8 Wire 13 suggested. If a Wagner drive it is i all
follow the specifications listed in tha manual. it i Instalied,

Adagner his a §election of cable available tc complete the installation of
an S.E: Autopilot as a service o their customers ana will orovide a
quotation upon specific request. The customer is requested to determine
his cable length requirements vefore contacting Hagner.' o
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SECTION 111: TESTS and ADJUSTMENTS

DOCKSIDE TESTS (TO BE COMPLETED IN THE ORDER LISTED)
-- I[n case of problems, refer to SECTION V: SERVICE

1.

2.

VISUAL CHECKS - A11 wiring and component mounting must be carefu11y
inspected to avoid possible damage from vibration, chafing, strain,
overheating and short circuits from Toose wires.

POLARITY CHECK - If the autopilot will not turn on and power is
available, the power supply connections may be reversed. RED 1is

_POSITIVE. BLACK is NEGATIVE. If the polarity is reversed, the fuse,

3.

i)

.4

e

located on the rear of the control unit, will blow and must be
replaced before testing can proceed.

RUDDER SPEED - Before any of the following adjustments are made, it
is advisable to continue moving the steering gear from hardover to
hardover until the steering gear responds instantly, (i.e. Most of
the air must be purged from the system.)

Turn the autopilot 'ON' with the SEA STATE control knob. Turn the
RUDDER contral knob to the extreme clockwise position, Examine the
magnetic compass heading and turn the course dial to the same heading
until the "null position” is found. Both port and starboard lights will
be out in the null position. By moving the course knob to approximately
30 degrees either side of this null pesition, the steering gear can be
made to go from hardover to hardover. The rudder speed can be timed
during this hardover to hardover manoeuver,

The steering gear should optimally move from hardover to hardover in

14 seconds. If a WAGNER PVY125R-XX-RC or PV125C-XX-SC hydraulic pumpset
{drive unit} is used on a large steering gear, 14 segconds may not be
obtainable even at the maximum flow setting. Hardover to hardover times
as much as 18 seconds may be acceptable with minimum loss of performance.
A larger drive unit is required if 18 seconds cannot be achieved. To
increase or decrease the flow rates of WAGNER pumpsets, refer to the
manual for the pumpset being used.

Type 2A pumpset: Manual Ref. No. 190-007
PV125R-X%-RC pumpset: Manual Ref, No. 790-026
Engine-driven pump with No. 1 or No. 2 Uniblock: Manual Ref. No. 190-006
MDU20-XX-RC mechanical drive unit: Manual Ref. No. 790-018

When using an electric motor driven pumpset, such as WAGNER Type 2A,
PY125R-XX-RC or PV125C-XX-SC, the maximum pressure must be checked in

the hard-over position to be certain that the motor is not drawing excessive

current, With an ammeter in series with one pumpset power Tlead,

adjust the relief valve pressure s¢ that the current does not exceed the
maximum continuous current rating recommended for the pumpset. WAGNER
PV125 type pumpsets must not exceed 20 amps on a 12 VOC system and 10 amps
on a 24 VDC system. A1l WAGNER Type 24 pumpsets are factory preset to

a pressure setting of 1000 psi. The Type 2A pumpset has its own circuit

-

breaker. BEFORE sea tegting. it would be advisable to run the pumps
with the steering gear in the hard-over position for 3 to 4 minutes

to be certain that the pumpset circuit breaker or vessel fuses do not
open.

4. INITIAL TEST - Centre the rudder using manual steering. Select the
'SET' position on the RUDDER contrgl, Switch the unit 'ON' by turming
SEA STATE in a clockwise direction. Rotate the course setting dial
slowly until both the RED and GREEN lights go out. This will occur
at two places (180 degrees apart). One heading will be within 2 degrees
of the required compass course. This is the correct dial setting.
Note that the dial must be turned clockwise to extinguish the red
light and counter clockwise to extinguish the green.

The'compass Index Mark (lubber line) should be forward, if not, the
indicated course will not be correct.

Rotate the course setting dial for a GREEN (starboard} light (about
30 degrees from the course heading) e.g, -- [f the compass heading is
090, then turn the dial to 120 degrees.

Switch to pilot by turning RUDDER in a clockwise direction. The GREEN
light will go on and the rudder will move approximately 10 degrees to
starboard with RUDDER at minimum; further if RUDDER is increased. The
GREEN light will remain on and the rudder will increase further to
starboard (automatic trim action).

[F THE RUDDER MOVES TO PORT, shut the power off and reverse the pumpset
connections as follows:

WAGNER DOrive Unit Model

Type 2A Reverse connections to terminals 5 and 7

PY125R-XX-RC Reverse connections to terminals 3 and 5

MDU20-XX-RC Reverse connections to terminals 3 and 5

Solenoid Controlled Reverse connectiens to Port and Starboard
(e.g. Uniblock) Solenoids

When the rudder is moving in the correct direction, check that the
rudder will move both ways by setting courses about 30 degrees off the
compass heading to both port and starboard.

SEA TESTS

These tests should be done in an area free of obstacles and where large
course changes and steering corrections may be made. Start with a slow
vessel speed.

1. DRIVE UNIT CURRENT DRAW - Test the steering gear for 3 or 4 minutes in

Ehe hardover position as previously described under TESTS and ADJUSTMENTS
.3

- 13 -



2. COURSE SETTING - Switch the autopilot to 'SET' and adjust the course RY-3 adjusts the rate sensing of the counter rudder circuit. It

setting dial to the heading being hand steered (both-lignts-out is factory preset to the optimum for boats up to approximately

condition). REMEMBER, turn the dial clockwise to extinguish the red i5 metres (50 feet) in length. It should only be adjusted by a

1ight and counter clockwisz to extinguish the green. competant autopilot technician., Ffor larger boats, the setting
should be increased in the clockwise direction for optimum course

h holding with minimum rudder deflections.
3, OPERATIONAL CHECK - Activate the pilot by rotating RUDDER in a clock-

wise direction. The autopilot should try to hold the vessel on course. An alternate method of setting this adjustment is possible by

If the vessel goes hardover, recheck that a 180 degree opposite heading making moderate course changes {20 to 30 degrees) on the course

was not selected. If necessary, repeat the dockside tests. If the " setting dial and adjusting RY-3 for the minimum overshcot coming

course is set correctly and the rudder still goes hardover, repeat onto the new course. (This overshoot should Le observed on the

DOCKSIDE TEST A, 4. autopilot corpass.) Increasing this rate sensing control tco far

) will set up oversteering oscillations.
The autopilot course halding can be improved by adjusting SEA STATE

and RUDDER -- see SECTION I: AUTOPILOT CONTROLS RV-4 is the counter rudder gain control, factory preset for boats
with good directional stability and rudder control. For boats that
The SEA STATE contro! should be adjusted for minimum steering corrections | are directionally unstable and/or have poor rudder effectiveness,
with best course accuracy. This sets the autopilot response time to (especialily at small rudder angles) increasing this 5ain contrai
the sea conditions. In rough weather, SEA STATE is increased so that (clockwise) will increase the amount of rudder applied in response
the autopilot is not constantly working., In calm seas, SEA STATE is to falling off course rapidly. This increased momentary rudder
decreased. : action will hold course deviations to a minimum. Increasing this

gain too far, however, will set up oversteering oscillations.
The RUDDER control adjusts the amount of correcting rudder applied. i
If the vessel is moving slowly or operating in following seas, a large ; Some high cpeed boats may need less gain to reduce oversteering.
rudder movement may be necessary to return to course, therefore, increase i Turn RV-4 counter clockwise.
RUDDER, If the vessel is traveiling at high speed, only a small rudder '
movement 1s required and RUDDER should be decreased. Due to wide range
adaptive circuits in the autopilot, it may not be necessary to adjust
this control for different conditions once an optimum setting has been i
determined.

b

Rudder Limit - Adjustment RV-2 is located at the front and near the
middle of the main circuit board, just behind the front panzl. (Do
not confuse with RY-1, about 2 cm away.) This rudder limit adjust-
ment is preset fully clockwise to Timit the compass signal at + 3 VOO

r T
Try the autopilot at varying vessel speeds and different courses to (from ¥ Ref.). It has a controi range from + 6.5 to + 3 VOC.

L3 1] 5 o
develop a 'feel’ for adjusting the controls. The purpose of this adiustment is to limit the rudder deflection

and therefore rate of turn when a large course change is commanded
from the course dial. [f, after setting RV-3, RV-4 and the SCA
STATE and RULDER controls for normal cruising conditions, the turn
rate when dialing course changes is uncomfortably or dangerously
high, rotate RV-2 counter clockwise until a satisfactory turn rate
is achieved, Note that the rudder limit set this way will vary with
the RUDDER control setting. This means that at low speeds when the
rudder control is increased, the rudder limiting circuit will allow
a higher rudder deflection. This is a desirable feature, especially
for net or trawl fishermen who require larqge rudder deflections tc
maintain course when fishing at low sppeds but need to liwit turn
rate at high speeds.

« If the vessel faollows an 'S’ shaped ccourse in calm seas with both SEA
<X STATE and RUDDER at the minimum settings, the rudder speed should be
decreased (up to approximately 18 seconds). [f a WAGNER pumpset is
used, refer to the appropriate marual as listed under DOCKSIDE TESTS,
3. to adjust the speed.

jkﬂhe pounding motion of a high speed boat in rough water may cause the
gimballed compass to swing viclently or even tumble 360 degrees,
resulting in very erratic autopilot performance. Some form of gimpal
restriction should be considered, such as foam rubber, if this is a
normal operating condition. A non-gimbailed compass could also be
considered, in which case the factory should be consulted. .

s c) Compass Gain - Adjustment RV-1 is factory preset and should only
;3(’ 4, INTERNAL SETTINGS (Refer to Control Circuit Board Component Layout} . be reset by a competant technician using the proner test eguipment.

; , | Normally, adjustment will only be required when the compass is not
a) Counter Rudder - Two counter rudder adjustments, RV-3 and RV-4, are L4 a Wagner S inch compass and after vepair or replacement of circuit

mounted on the main circuit board in the control unit, They are boards
accessible for screw-driver adjustment from the right-hand side

of the panel/circuit board assembly when it is removed from the case.

(The panel/board assembly is held in place by four screws located at

the corners of the front panel.)

- 14 - 15 -



j*iTo reset the compass gain, Ffirst remove any rudder 1

miting by rotating
RV-2 full clockwise, Then measure the compass amplifier output (with
a good quality voltmeter] between U4, pin 8 and +4 V Ref. (on ANP
Terminal TII, on control circuit board). Rotate the course setting
dial until both lights go out and the voltage drops to zero. Note the
dial setting. Rotate the course dial clockwise 20 degrees and adjust
RV-1 to obtain +2 VOC output. Rotate the dial 40 degrees to port and
check that the output is -2 VDC. These settings do not have to be

p ¥ - s
precise. A tolerance of - 10% is permissible.

If the RV-1 setting required to achieve ¥ 2 \OC is clockwise more than

a two o"clock position (when viewed facing the front panel), the compass
magnets are weak or too far from the sensor and course dial accuracy

and stability could be degraded.

PARTS LIST for S.E. AUTOPILOT CONTROL uNIT

PART DESCRIPTION

Main and control circuit board subassembly
Compass cable assembly

Cable gland

Cable gland nut

Course synchro transformer
Course synchro adaptor shaft
Course synchro adaptor shaft seal
Front panel housing

Front panel label

Front panel seal

Front panel sealing screw

Fuse holder

Fuse (5 amp)

Knob - course setting

Knob - SEA STATE/RUDDER control
L.E.D. - red

L.E.D. - green

Mounting bracket

Mounting bracket screw knob

Rear housing

Sealing nut - SEA STATE/RUDDER control
Wire terminals, snap-on

PART NO.

550-028
550-008
610-009
610-010
470-016
650-078
615-029
650-176
660-137
615-018
603-148
421-009
420-004
620-023
620-024
303-013
303-014
650-177
620-025
655-116
211-001
431-072
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COMPONENTS LIST for S.E. AUTOPILOT CONTROL UNIT

COMPONENT

Cl-12,14-16, 19, 20, 22, 24, 25, 28,
30, 32, 35, 36, 42, 43, 45

€13, 19, 34
Ci8, 41, 47
C17

€21, 39, 44
€23

€26, 27

C31

€33

€37, 40

C46

D1

b2

D3-6

D7

Ji-12

Multi-wire strip

Ql, 3, 5, 10, 12, 13, 15, 17
Qz, 4, 11, 14, 16, 18

Q6
Q7, 8, 9
Rl
R2

VALUE

.1 mfd

.01 mfd

1 mfd

100 mfd/63V
4.7 mfd/50V
470 pfd

22 mfd/ 16V
.047 mfd
1000 mfd/25v
1 nfd

3.3 mfd/s0v
IN2936
IN40Q5
IN5402
IN5369

0 ohm jumper
20 wire, 2 inch
2N401

2N4403
MJEL5029

TIP 141¢ -

15K /%
0.27/1

R3, 4, 7, 12, 14, 18, 20, 21, 22, 27, 42,
45, 46, 53, 59, 61, 62, 68, 70, 76 10K/LW

R5, 63

Ré, 10, 31, 33, 38, 47, 67

R8, 65, 6F
R9, 11
R13, 37
R16

R17

R18

4.7/\0
100K/ LM
51/%NK
1K/%W (1%)
2. 2K/ %W
33K/ LMW
12K/°4
27K/ U

- 20 -

PART NO.

400-024
400-010
400-004
401-048
401-037
400-028
401-027
400-011
401-049
400-029
401-029
300-020
300-003
300-019
302-022
115-060
441-041
310-006
311-004
313-014
312-016
100-031
103-005

115-045
100-070
115-051
100-019
114-003
115-040
115-048
100-073
115-047

COMPONENT

R19, 28, 29
R23, 25, 48, 60
R24, 30, 39
R26

R32

R34, 74
R35, 57
R36, 43

R40

R41

R4, 69, 71, 72, 75, 77
R49, 51
R50, 52

R54

R55, 56

R58

R64

R73

R78
RC-1/5W-1
RC-2/5W-2
RY-1

Rv-2

Rv-3

RV-4

TB1

T2-12

n

u2

u3

us

U4, 6, 7

us

U9

XFMR-1

701

- 21

VALUE

TK/ %W
270/ qw
270K/ 4w
68/%w

M/ w
470K/
T10M/ b
390/%w

2. 7MW
1.5M/ 4w

4. 7K/ %w
68K/ %w
2.2M/ 5w
560/ w0
B.2M/bw
22M/ Yow
10/%w

4. 7M/%aw

3. 3K/ 3w

5M pot./switch
10K pot./switch
100K pot.
10K pot.

1M pot.

10K pot.
WIBA 8180/20
AMP £0874-1
LM317L
LM1877N
CA3524
MC14052
LM324N
LM308H
MC14066

Wagner subassembly

IN5369

PART NO.

115-039
100-020
115-053
100-079
100-044
115-054
115-058
115-037
115-056
100-040
115-042
115-050
100-014
100-036
100-090
115-059
100-024
100-041
100-047
131-002
131-005
130-023
130-021
130-053
130-055
430-027
431-013
315-018
350-010
315-019
360-043
350-005
350-011
360-u12
550-003
302-022
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SECTION IV: TECHNICAL DESCRIPTION

The S.E. Autopilot, although simple in appearance, employs very sophisticated
electronic circuitry. We recommend that internal parts replacement and service
be performed by factory authorized technicians if the following circuit theory
and details are not fully understood.

Replacement of an entire unit, assembly or circuit board will generally result
in faster and more economical field servicing.

A. COMPASS SENSOR

The Wagner compass sensor is a toroidal magnetic flux detector. It is
mounted on the underside of the compass bowl. The compass itself is a
standard externally gimballed type.

$ignals generated in the compass sensor by the magnetic field of the compass
card are transmitted to a synchro receiver. This synchro receiver is
directly connected to the course setting dial in the control unit and the
remote stations. The output signal of the synchro is phase detected to

give an error signal proportional to the difference between the compass

card heading and the synchro position, With the RUDDER control in the

'SET' position, this signal is used to switch the RED and GREEN course
setting lights. When the autopilot is activated, this signal is used to
steer the vessel.

B. CIRCUITRY
Refer to Dwgs. No. B-7-250: Test Point Waveforms and C-7-247: Schematic.

The switching regulator accepts any input voltage from 10 VDC to 40 VOC
and provides +8 VYDC power for all internal circuits.

A fuse is provided to protect against short circuits and reversed battery
connections. Diode D5 short circuits reversed battery voltage, protecting
the circuitry until the fuse opens.

The signal reference amplifier divides the regulated 8 volt supply voltage
in half (+ 2%) and provides a low impecence 4 volt reference bus (common
wire) for the signal processing circuits.

The sensor excitation cscillator is comprised of two comparators, Ud-
Section A and Ud-Section D, an integrator (R3 and C18) and a dual power
amplifier, U2, in a positive feedback loop. This circuit outputs twd

420 Hz square wave gating signals 90 degrees out-of-phase to the
demodulator and two complementry (180 degrees out-of-phase) triangle waves
to the sensor primary winding. Typical waveforms are shown in Dwg. No,
B-7-250 and respective test points are: Waveform 1 at U4, pin 1: Waveform 2
at pins 19 and 20 of the terminal strip, T1, and Waveform 3 at U4, pin 14.

- 24 -

The primary excitation induces second harmonic signals in the secondary
windings of the sensor. 1In the absence of any magnetic field, the net
output is zero because the three secondary windings are connected in
opposition ta each other. When in the oresence of the magnetic field

of the compass however, unbalance second harmonic pulses can be measured
between any two of the three sensor secondary lines. ({Waveforms 4 and 5
at terminals 13, 14 and 15 of the terminal strip, T1.) These output
signals correspond to the strength and direction of the magnetic field
and are resolved to a two-wire signal in the course setting synchro
transformer. The amplitude of this synchro output signal {waveforms

4 and 5 between pins TS and T6) will vary with rotation of the compass
or the course setting dial, dropping to a minimum of two points 180
degrees apart with peaks 90 degrees between the nulls. This is the
unprocessed compass error signal. One minimum (or null) is chosen as
the operating point of the autopilot and is the point where the compass
reading and the course dial must agree. Gating circuit, U5, synchronously
demodulates this signal which is then smodthed and amplified by U4-Section C.
The output (on pin 8) {s a DC signal, faccory preset by RV-1 to a level
of 100 millivolts per degree of compass error. This is measured between
the signal reference bus (Pin Tll on the control circuit board) and
U4-Section C, pin 8 and is set to 2 volts at 20 degrees compass error
(the difference between the compass reading and the dial reading). This
can be set to starboard of null, or to port, but the port reading will

be neqative 2 VDC.

The calibrated compass signal can be limited in peak amplitude by the
"Rudder Limit" circuyit. This limit is set during sea trials (see
SECTION II1.B.4.b.) to prevent the autopilot from applying too much
rudder during course changes.

The proportional, limited, compass signal is further processed by the counter
rudder circuit which senses the rate of change of the corpass signal (set

by RV-3) and outputs the amplified derivative (gain set by Rv-4) which is
added to the proportional signal. The four pole electronic switch, U9, gates
the processed compass signal to the L.E.D. port and starboard indicators

when the 'SET' switch is activated at the fully counter clockwise position

of RC2, the RUDDER control. This aids the correct setting of the course

dial and also provides a "steer-by-lights" feature.

When the RUDDER control is advanced clockwise from the 'SET' position, the
compass signal is removed from the L.E.D. ¢ircuit and gated to RC-1, the
SEA STATE control. The SEA STATE circuit averages the compass signal to
cut down unnecessary wear and tear and power consumption of the rudder
actuatar. The averaging time increases from 0.1 seconds in the counter
clockwise position {for calm seas) to 5 seconds in the fully clockwise
position {for heavy weather conditions).

From the SEA STATE circuit, the compass signal goes to one end of the
RUDDER control. The output of the synthesized rudder circuit goes to the
other end of the RUDDER control. The wiper of the RUDDER control selects
the amount of rudder movement commanded by the autopilot for a given amount
of change of the boat heading from the course selected {compass error).

- 25



In the fully counter clockwise position the autopilot will apply one third
of a degree of rudder correction when the boat falls off 1 degree, and 3
degrees correction in the fully clockwise position. Switching circuit,

19, disconnects this rudder correction signal from the output circuits when
the RUDDER control is in the 'SET' position.

When the RUDDER control is advanced tlockwise from 'SET', the rudder signal
is conmected to amplifier, U7-Section b, and then applied to two comparators
which provide a finite positive (U7-Section C: Starboard) and negative
{(U7-Section D: Port) switching point to trigger the respective solemoid/relay
driver transistor, Q9 or Q8, moving the rudder in the desired direction.

The comparators also turn on the tri-state switch formed by Q10, Q11 and
Q12. The output of this switch gates the synthesized rudder circuit and the
L.E.D. circuit, which indicates "green" when a starboard correction is made
and "red" to port.

The synthesized rudder circuit is an integrator which simulates the signal
of a rudder foilow-up potentiometer. For example, when a starboard rudder
correction is being made the output voltage goes negative at a rate
equivalent to the speed of the rudder until the compass ervor voitage on the
other end of the RUDDER control potentiometer is balanced at zero voltage

on the wiper, turning off the comparator, driver transistor, and the tri-
state switch. This equilibrium position is maintained unti} the rudder
correction produces the desired heading correction. The port circuitry

then triggers and restores the rudder to the midships position.

The synthesized rudder circuit, in addition to controlling large rudder
movements in proportion to compass errors, provides a rudder trim function.
It constantly averages rudder action over a period of 30 seconds and makes
slow adjustments to the rudder position such that the average compass heading
error is always zero in spite of helm bias, wind, off-center loading or drag
created by fishing gear, etc. The synthesized rudder circuit, in place of

a rudder transmitter, drastically reduces installation time, maintenance
down-time and costs generally by eliminating this common source of autopilot
failures.
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SECTION V: SERVICE

5. If one lamp remains iliuminated for more than 180 degrees of the dial

A. ROUTINE MAINTENANCE or both lamps go out at several places on the dial, check the following:

The $.E. Autopilot is all solid state construction and no routine electrical

maintenance is required other than periodic performance checks. Maintenance a) The compass cable and sensor are properly plugged in.
instructions for Wagner drive units are included in the manuals supplied - R
separately. b} The cable s not damaged.

¢} The sensor is properly mounted to the underside of the compass. A

B. TROUBLE SHQOTING very close mounting of the sensor to a powerful compass may cause

The following test procedure is confined to external checks due to the ' this. Refer to the factory.

sophisticated nature of the electronic circuitry. The schematic diagrams i : ; ; i inter-
accompanying the TECHNICAL DESCRIPTION will allow a competent technician to d) The synchro windings or slip rings are not open circuit or in
diagnose any internal component problem. FIELD SERVICE SHOULD ONtY BE mittent.

ATTEMPTED IF THE OPERATIONAL CHARACTERISTICS OF THE AUTOPILOT ARE FULLY
UNDERSTOOD AND OMLY AFTER THE EXTERNAL CHECKS ARE PERFORMED. 1f all externai
operations and vcltages appear normal yet the autopilot does not functiom

properly, carefully repeat all installation and test procedures in SECTIONS
IT and I11.

5. If the autopilot appears to operate, but follows the wrong course,
“ check the following:

a) The compass 15 mounted with the lubber aligned parallel to the

i ; ; ) fore-aft line of the vessel.
NOTE: A good quality voltmeter will be necessary to assure the reliability

of required measurements. wWhen making measurements, be certain that the b) The sensor fore-aft line is aligned with the compass lubter lire.

meter probes penetrate the protective lacquer coating applied to both sides The 'F' (fore) mark on the sensor must be forward
of the printed civcuit boards.

¢} The compass dial or synchro mounting is not loose or misaligned.

1. Turn RUDDER control to 'SET' position (fully CCW) d) The rudder turns in a direction to steer the vessel to starboard
iti when the GREEN lamp is on.

2. Turm SEA STATE control to 'ON' position (rotate CW) )

e) The desired course is being set correctly. See SECTION I: AUTOPILOT

3. Rotate the course setting disl through 360 degrees -- the RED (port CONTROLS.

lamp should be on for 180 degrees of the rotation and the GREEN
{ f . .
starboard) Tamp for the remaining 180 degrees 7. 1f the drive unit does not operate, or only cperates the rudder in one

4, If neither lamp goes on, check the following: direction, the following tests must be made.
i i it is not
a) The battery voltage with the eslectric motor operating. MINIMUM a) Check that the cable from the control unit to.th? g;;zi :gltn; rgntro1
is 10 VDC for a 12 volt system, 20 VDC for a 24 volt system and damaged and is properly connected at the termina . o
26 VOC for a 32 volt system. unit. Inspect the wiring and connections to the pumpset relays or

spolenoid vaive.
b} 7 tage | £33 4 Tunit), T o1
: é:gufgggéd§?g Yoé‘:gsDc?cross 33 In the concrol unit) he ReADiNG b) Check both solenoids (or relays) to ensuyre one or both are not
sticking or open circuited.
¢) The ¥ Reference voltage (measured petween pin T5 on the contral
circuit board and the ground line}. THE READING SHOULD BE CNE-HALF
OF REGULATED VOLTAGE MEASURED IN b) above.

If the regulated voltage is not correct, the problem is most likely a
defective integrated circuit in the switching regulator. [f either the
requlated voltage or the +4 YDC Reference voltage is nct correct, refer
to a qualified technician for servicing.
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SECTION VI: HYDRAULICS

H I gs A. DRIVE UNITS (PUMPSETS)
L] I ]
o] xg = $ 2 The S.E. Autopilot operates with hydraulic and mechanical steering systems
E M o 2 2 = controlled by either relays or solenoids. This section of the manual deals
@i =F iz specifically with hydraulic drive units {pumpsets). Several Wagner pump-
i E i 55 % £ sets are available and installation details are enclosed with the individual
i| 2 is 29 units. The following is a 1ist of Wagner pumpsets and the reference
H gg o numbers of their manuals.
] = s =2 |
Rt EHR :
2]'.‘. E% ﬁ: ; PUMPSET DESCRIPTION MANUAL REF. NO.
7 % §§ £% |.-
: 3 el %E aeg Type 2A 190-0007
g t =
H Pl H : ! PVI25R-XX-RC 790-026
g £ x !3’r
1543 Engine driven
557 {No. 1 or 2 Uniblock) 190-0006
¥ 2= 7 g
L Y , g
=13 L 2 ,
:ggg H The pumpset must be matched to the displacement of the steering system it
2353 z is intended to operate. That is, it must provide the correct oil flow
3%« = to operate the steering system from one hard-over position to the other
é‘,f § o = within 14 to 18 seconds to obtain optimum performance. A high flow rate,
‘ggi s e £ z causing excessively fast operation, will cause course overshoot. A Tower
¥5-2 oA \ gg ; flow rate, causing excessively slow operation, will result in a wandering
SRR z igg‘ i (— course and generally unsatisfactory performance.
=3 -t =8s s N T
: g §§ _ _§,§f £X h‘ ,ﬁ; = The steering cylinder must be an equal displacement type in order to obtain
gF-233 T % ggk . N the same rudder speed when moving in both the port and starboard directions.
ERECEE s =8 w35 3% ’
o= = 2 22 "s" §: The desirable flow rate must be obtainable from the pumpset at the maximum
a ! E fE £z hull speed of the vessel. In this condition, the pressure developed by the
2 ' & =z pumpset must be adequate to move the rudder through the t 15 degree control
N — L range. This will ensure that the 'DODGER' switch on the remote control will
R N 22 operate within this rudder angle. (NOTE: The DODGER switch is not intended
LN e as a power steering switch when the autopilot is operating. To obtain more
— 3s than 15 degrees of rudder with the DODGER switch, the RUDDER control should
3 be in the 'SET' position. If the pumpset is not powerful enough, full rudder
5 > \ Lc/ . N angle at full speed will not be obtainable.)
a3 % // 35y \\\z§ The S.E. Autopilot can also be used with most relay or solenoid controlied
2z Lo séé i\ drive units offered by other autopilot manufacturers. However, in these
£= S Zag applications, WAGNER, while guaranteeing their own products, cannot accept
=< E;g total responsibility for the system performance as the quality of drive units
= / N\ ggz varies widely. Refer to SECTION 1I, A.3. for installation and wiring
S \" information.
QL
e B. INSTALLATION (Refer to DWG. No. B-4-930-02)
It is assumed that the hydraulic steering system has been previously
installed. If this autopilot was purchased at the same time as the steering
system, the steering should be installed first (but not filled with oil).
The tee fittings for the connection of the drive unit (pumpset) should be
put in place during the installation of the steering lines.




PIPING THE SYSTEM - Keep working conditions as clean as possible.
Contamination of any form must be prevented from entering the system.
Some common contaminants are Teflon tape, pipe fitting compound, metal
filings, any form of dust and pieces of wiping rags. It is essential
that all hydraulic tubing is clean inside before starting the
installation.

Teflon tape or pipe fitting compounds, commonly used to seal threaded
NPT joints, must be used sparingly and applied only to the male threads.
The first two threads of the fitting should_pot be covered. If it is
necessary to remove a fitting for any reason, the female thread must be
cleaned before reinstalling the fitting.

Soft refrigeration-type copper tubing is recommended and should be at
least 3/8 outside diameter and capable of the working pressures as
indicated on DWG. E-4-930-01. tong lengths of flexible hose must not
be used in place of the recommended tubing as it will adversely affect
the performance of the system.

The tubing should be installed with lengths as straight as possible.
Bends should be as gradual as possible. Goosenecks (a vertical bend
resembling an inverted drain trap, commonly used on the waste drain of
a wash basin) must be avoided, otherwise vent plugs must be installed
at the high point of the bend to provide a mans for removing entrapped

Pour oil slowly into the header tank or filler tube of the highest
helm pump and begin turning the steering wheel at this highest (or
only) helm pump steadily in one direction only, checking the oil level
periodically to prevent pumping air, until the system begins to feel
solid. If the steering system is a type N with bleed fittings at the
cylinder ports, one fitting can be opened slightly [on the side being
filled) to purge entrapped air from the lines quickly. If the system
does not contain these fittings, the cylinder tubing fitting can be
backed out slightly, but wiping rags must be placed under the cylinder
to contain the expelled oil.

Now turn the helm pump steadily in the opposite direction until the
system again begins to feel solid.

Progress to the next lower pump and repeat this procedure. Remember
to periodically check the oil level in the header tank or the highest
helm pump. When all pumps have been turned as described, the steering
system should be sufficiently full to be operated by the autopilot
pumpset.

The drive unit should not be operated until the drive unit pump is
filled with oil. The tubing fitting on the reservoir connection on
top of the pump should be backed out to ensure that the pump is full.
Loosening this fitting will release air trapped in the reservoir line.

air. If the pump seems extremely noisy. it should only be operated in
10 - 15 second intervals until the flow evens out. If the pump is
Flare-type fittings are recommended for problem-free connections rather allowed to operate without oil, damage may result.

than in-line compression-type fittings.

It will take time for all the air to be removed from the system but
working it for 10 - 15 minutes and then allowing it to rest for a few
hours is the fastest method of removing the air. It is advisable to
keep a wiping rag around the filler during this initial rest period
in case oil is foamed out with venting air. The system will not be

2. RECOMMENDED OILS - Any oil suitable for hydraulic winch drives is
acceptable, but the following listed oils are preferred, due to their
superior qualities.

CHEVRON: AW Machine 32, EP Hydraulic MV smoothly responsive until most of the air is expelled.
ESSO : Nuto H32 When the system is full, refer to SECTION I1l1l: TESTS and ADJUSTMENTS,
GULF : Harmony AW32, Harmony HVI 36 A. 4 INITIAL TEST and 8. SEA TESTS to test the installation of the

autopilot system.
MOBILE : DTE 24, DTE 13

SHELL : Tellus 32, Tellus T37 C. SERVICE
TEXACO : Rando HO032, Rando HD AZ B o

The oil should be checked periodically to make sure no leaks have developed.
DO NOT USE BRAKE FLUID An external inspection of the system components is also suggested to ensure
that leakage or other problems are not developing. Normally, no routine
maintenance will be required on a properly installed system. All seals are
designed for long life in normal service.

(A limited stock of the preferred type oil is available and may be
ordered from the Wagner factory.)

The following descriptions of problems and their most likely causes are
listed to assist owner field servicing. [If a problem cannot be resolved,
refer to the factory.

3. FILLING THE SYSTEM - The main steering lines between the helm pump(s)
and cylinder must be filled first. The system is filled through a header
tank (if installed) or the highest (or only) helm pump in the system.
The filler hole on all other helm pumps must be closed with a pipe plug.
Refer to the piping diagram in the appropriate pumpset installation manual.



1. If the steering wheel is stiff to turn or the pumpset will not operate
the cylinder, check the following:

a) The rudder stock for binding in its bearings.
Remove the cylinder clevis pin and operate the wheel and also
the pumpset again. If the cylinder operates, the problem is not
in the steering system. If the cylinder does not move and the
wheel is still hard to turn, check:

h) The system is free of entrapped air.

c) The system is piped using only the recownded copper tubing and
the two short lengths of flex hose supplied for the cylinder
connection.

d) The hydraulic oil is one of the types recomended, that is, not
more viscous (thicker) than automatic transmission fluid.

€) The copper tubing used is at least the size recommended.

f) The fittings on the steering cylinder are not screwed in too far
and are jamming the piston rod. IF THE ROD IS SCRATCHED, IT MUST
BE REPLACED and PISTON ROD SEAL DAMAGE IS ALSO LIKELY.

2. If the steering wheel continues to turn easily and the cylinder does
not feel like it reaches hardover or the pumpset appears to be pumping,
but the cylinder is not responding, check the following:

a) The cylinder bypass valve (if installed) has been left in tne open
position. It must be closed.

b) That all system fittings are tight.

c) The system is free of entrapped air. If air is in the system, the
wheel will spring back when turned and released.

d) A lockvalve on another helm pump is not contaminated. This is
Indicated by the wheel turning at that station. That lockvalve must
be disassembled and cleaned. When removing the slotted inserts,
take care not to lose the retained spring and steel ball or to
damage the seals.

e) The cylinder piston seals are not damaged. All of the above should
be checked and determined to be satisfactory first. Remove the
cylinder clevis pin and attempt to push the cylinder rod fully back
and forth by hand. If the rod moves. the piston seals must be
replaced. Oil leaking along the cylinder rod from either end of
the cylinder indicates the rod seals are defective and must be
replaced.

If there is contamination in the steering system, all components,
including the nelm pumps must be disassembled and cleaned and the
tubing flushed. Kerosene, Varsol or Diesel oil is suitable for
this flushing operation.

3.

If the quality of the hydarulic oil is questionable. or water
appears to be in the system, the system oil should be replaced
with new oil from the recommended list.

If the pumpset operates the cylinder erratically, or the number of
wheel turns is different when turning hardover to port and hardover
to starboard, check the following:

a) The system is free of entrapped air.
b) The system is piped using only the recommended copper tubing and

the two short lengths of flex hose supplied for the cylinder
connection.
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