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COMPU-COURSE 220 ADDENDUM TO INSTRUCTION MANUAL
SOFTWARE UPDATE FOR NMEA 0183 VERSION 1.5

The EPROMS (U2 and U3) in the APU must be Revision 007.

Follow the instructions in the manual except for paragraphs 2.11 through 2.13. Revised
instructions are shown below.

2.11

2.12

2.13

AUTO-TRAC INTERFACE

The built in Auto-Trac interface will operate with most Lorans which output cross
track error in NMEA 0180 simple format and GPS receivers which output cross
track error in NMEA 0183 version 1.5 format.

The performance of the Auto-Trac feature is dependeﬁt on the GPS or Loran and
the autopilot being installed and set up correctly.

To implement the Auto-Trac feature, the supplied 20 foot long cable must be
installed between the Compu-Course 220 APU and the GPS or Loran. Also, dip
switches S1-5 and S1-6 must be properly set in the APU per paragraph 2.13.

AUTO-TRAC CABLE CONNECTIONS

One end of the 20 foot 2 conductor shielded cable is factory wired with the
connector which mates to the connector labeled Auto-Trac on the APU. The
other end must be connected to the GPS or Loran. Consult the GPS or Loran
manual or manufacturer for the autopilot output connections. Connect the cable
red wire to the data output; the black wire and shield wire to the data return.

AUTO-TRAC SWITCH SETTINGS

DIP switch S1-5 is factory set to the ON position for NMEA 0183 version 1.5
format. The GPS must be set to transmit data in the serial mode at 4800 baud

with 8-bit words, no parity, and 1 stop bit (4800,8,N,1). Select NMEA 0183
version 1.5 format on the GPS. The GPS must also be set to output at least one of
the following messages which contain cross track error information.

APA, autopilot sentence A
APB, Autopilot sentence B
XTE, Cross track error

The Auto-Trac will also accept NMEA 0180 simple format. Set dip switch §1-5
to the OFF position when interfacing with NMEA 0180 simple format.

The Auto-Trac phase is controlled by switch S1-6 and is normally left in the OFF
position. It may be necessary to set this switch to ON as described in paragraph
2.15.6.
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SECTION I

OPERATION

AUTOPILOT OPERATING INSTRUCTIONS

Before

FAGE 1-1

operating the autopilot, read the following warning
and caution.

s Fhd TS

DO NOT ENGAGE OR OFERATE THE AUTOFILOT"

UNDER THE FOLLOWING CONDITIONS:

1. NEAR OR WHILE PASSING UNDER STEEL
BRIDGES OR IN CLOSE FROXIMITY TO LARGE
STEElL WESSHIS MAGNETIC INFLUENCES
CREATED BY LARGE STEEL STRUCTURES MAY
CAUSE AN INADVERTENT COURSE CHANGE.

2. WHILE IN HEAVY TRAFFIC, IN  NARRDW
CHANNELS OR CLOSE TO OBSTRUCTIONS SUCH
AS A BREAKWATER.

3. IN SOME CASES WHILE EEYING A RADID

TRANSMITTER. TRANSMITTING WHILE UNDER
AUTOFILOT CONTROL MAY CAUSE MOMENTARY
ERRATIC AUTOFILOT OFPERATION. THISSSTS

MOST NOTICEAELE WHEN THE TRANSMITTER,
ANTENNA OR ITS CABLE IS5 MOUNTED CLOSE
TO THE AUTOFILOT, ITS INTERCONNECT
CABLES, OR ITS FOWER LINES,

IF THE ANTENNA IS5 FOORLY MATCHED TO ITS
CABLE OR THE TRANSMITTER, RADIATION CAN
OCCUR AND BE COUFLED TO THE PILOT OR
ITS CABLES. BEFORE TRANSMITTING,
INSURE THAT AN INADVERTENT COURSE
CHANGE WILL CREATE NO DANGER.

ol T XOd

NEVER LEAVE THE HELM UNATTENDED. ALTHOUGH
THE AUTOFILOT WILL FAITHFULLY MAINTAIN
THE VESSEL"S HEADING, IT WILL NOT REPLACE
THE MAN-OM-WATCH.

Do NOT FLACE MAGNETIC ITEMS SUCH AS
FORTARLE RADIOS, ELASHL. ITES,; RKEYS, EITGC.
NEAR THE BINNACLE. ° MAGNETIC MATERIALS
MAY CAUSE SUDDEN COURSE CHANGES OR ERRATIC
OFPERATION.
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To operate autopilot, steer boat to desired heading and:

1. Press switch to = OME SE 220
ON and release.

. When READY is 1lit, press
cswitch to ONM again.

J

Z. When AUTO-FILOT is 1it,
autopilot is controlling
the vessel.

4. I+ FOWER STEER is 1it, JOBG switch
and/or Handselt push buttons will
control rudder and automatic
steering will be disabled.

5. Disengage pilot
by pushing switch
to OFF.

£l

Figure 1.1. OM/0OFF Controls.
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1.2

The Compu-Course 220 is a "coursekeeper" autopilot: that is,
it will maintain the vessel’s heading at the moment that
the pilot is engaged. To begin the seguence for enga-
ging the pilot, hand steer the vessel to the desired course.
Fush the ON/OFF toggle switch up once to the ON position and
release. The alarm will sound, all lights will come on,
while the FHC is self tested. The lights will then flash in
sequence and the alarm will sound. The STBY light will come

on  and remain 1lit while the binnacle drive orients the

compass to the vessel’s present heading. When the READY
light becomes 1lit and the alarm "beeps", the compass is

"correctly oriented and the pilot may be engaged as long as

the READY light is on. Fushing the ON/OFF switch up again
to the OM position will engage the autopilot and light the
AUTO-FPILOT light. Whenever the AUTO-FILOT light is lit, the
Fowaer Unit will be 0N and engaged to the vessel’s steering
system.

COURSE CHANGING

When pilot is “0ON° (AUTO-
PILOT is lits, heading
may be altered by holding
Couwrse Change (CCY switch

to FPORT or STED - heading
changes 5 degrees per
second.

Optional Handset may be used to
change heading by holding Course
Change (CC) switch to PORT or
STED.

Figure 1.2. Course Change Controls.
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The ship®s heading may be changed while under autopilot
control by pressing the CC switch on the FHC or the Handset
as desired to PORT or STED. The new heading may be
estimated by counting the seconds the switch is held: S
degreses heading change per second. Do not  make heading
changes of more than 45 degrees at a time. Allow the vessel
to catch up between changes. When making changes at high
speeds, make changes in small increments to limit the turn
to a comfortable rate. The course may also be altered by
turning the pilot OFF, hand steering to a new course and
then re-engaging the pilot throlgh the normal sequence.

JOGGING (IN AUTO STEER MODE)

COMPU-COURSE 2206

aFE
AUTO-TRAT

Fress JOB switch on PHC or push buttons on
Handset to FORT or STED. Rudder will be
driven at maximum slew rate while JOG switch
is pressed. Autopilot retuwrns to previous
course as soon as JOG switch is released.

Figure 1.3. Jog Controls.

The JOG switch should be pressed only long enough to be
assured of applying enough rudder to completely dodge other
vessels or objects. If & considerable amount of rudder has
been applied to dodge the obstacle (there is a natural
tendency to over apply rudder due to the delay in response
of most boats), the return to course may take longer than
desired. The switch should be pressed in the opposite
direction to quickly bring the rudder back thru midships and
start the boat back towards its original course.
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1.4 FOWER STEER MODE (HANDSET)

Fressing Handset AUTO/FOWER
switch to RBOWER disables
automatic control, turns
AUTO-TRAC off and allows
Handset push buttons or PHC
JOGE switch to control rud-
dee T REWER SN OTEER T nill . be
b1

= # o0 COMPU-COURSE 220

Heturn to &UTO
mode by pressing :
Handset AUTOS a7 e
FOWER switch to a GaN
AUTO or by press— o
irng the PHC ON/

OFF switch to ON.

I+ the FOWER STEER light is flashing on the Handset
{alternating between STRY and FOWER STEER on FHC) —the
compass  has not vet oriented to the ship™s heading
and the autopilot camnnot be returned to the AUTO
mote. When the FOWER STEER light is it and is not
flashing. the compass is correctly oriented and the
pilot can be returned to the AUTO mode. ‘

Figure 1.4. Fower Steer Controls.

The autopilot may be placed in the FOWER STEER mode only by
using the coptional Handset. While the pilot is in this mode
the FOWER STEER light will be 1lit and the rudder may be
controlled by using the push button switches on the Handset
or the JOG switch on the FHC. MWhile the switch is held, the
rudder will be driven at maximum Fower Unit speed in the
direction commanded. When the switch is released, the
rudder will stay in it’e last position until commanded again
ar the pilot iz returned to AUTD mode. When in the FOWER
STEER mode, the binnacle drive continucusly tracks and or—
ients the autopilot compass to the ship®s heading as various
mansuvers are done so that when the Handset AUTO/FOWER
switch is pressed to the AUTO position, or the PHC ON/OFF
switch is pressed to ON, the autopilot will steer the cur—
rent ship’s heading. I+ the compass is not on the ship's
course, the FPOWER STEER light will flash on the Handset and
alternate between STRY and FOWER STEER on PHC, and the pilot
cannot be returned to the AUTO mode. When the FOWER STEER
light &= 1it and nob flashing, the compass 15 correctly
oriented to the ship’s heading and the pilot mavy be engaged.

When the autopilot is placed in the POWER STEER mode, AUTO-

TRAC is twrned off. After returning to AUTOFPILOT, AUTO-~TRAC
must be re—-initialized {(paragraph 1.&).

15
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1.5 SEA STATE CONTROL

COMPL-COURSE 220

fAs motion of vessel increases
turn SEA S5TATE toward "rough's
for fastest pilot response set
to "calm". Normally set in
"calm" position.

Figwe 1.5. Sea State Control.

The Sea Gtate control determines the relative amount of
rudder movement in response to short term, fast changing
heading errors. When the control is set to "Rough® the fast
changing heading srrors typically caused by rough sea condi-
tions are filtered out. The "Rough” position may also be
utilized when excessive rolling of the vessel ocours. s
the control is rotated toward the "Calm" position the pilot
will apply more corrective rudder action for fast changing
heading errors.

1.6 AUTO-TRAC OFPERATION
LIS Faeikd I RS

THERE IS5 NO SUBSTITUTE FOR A MAN-ON  WATCH!
NONME OF THE MAVIGATION AIDS SHOULD BE
RELIED ON EXCLUSIVELY FOR THE SAFETY 8F THE
VESSEL AND CREW. FHE S5 TRERER SHAs SERHE
RESFONSIBILITY TO CONSTANTLY CHECE ONE
AGSINST § « THE! “GTHER =T CEONEIRM S FOSET BN
ELECTRONIC AIDS ARE NOT A SUBSTITUTE FOR
BASIC NAVIGATIONAL FRINCIFLES AND COMMON
SENSE.,

1. Yowr Loran should be twned on, locked on and position
readings settled out.
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The destination (to way point}) should be entered into
your Loran. Your Loran should be initialized so that
present position is the "from" way point. Your Loran
must be in a mode which outputs cross track error to the
auvtopilot.

Determine the approximate coursse to destinatimn.l
Steer the boat to approximate course to destination.

Turn the Compu—Course 220 autopilot ON in the AUTO mode
s0 it is steering the approximate course to destination.

Insuwe that the boat is on or very near the computed
line of position: that is, the cross track error is near
Zero. If not, re-initialize the Loran C to the present
position so that cross track error is near zero.

Turn Auto-Trac ON.

Press switch to ON.

-

Figuwre 1.6, AUTO-TRAC ON/OFF control.

If the Auto-Trac gain and phase are set correctly, and
the ship’s heading is very near to the desired course,
the Auto-Trac will simply maintain the boat heading on
the Loran computed line, making heading corrections as
required to compensate for wind, current, or initial off
COUrSEe error. ;

More often than not, the initial course the autopilot is
steering will not match the heading required to maintain,
the boat on the computed line. Auto~-Trac will bring the
boat onto the required course.

I+ the Loran cross track error scale factor is
selectable, make sure it is set to .01 of a2 nautical
mile (not .1 of a nautical mile). This is an option on

some Si-—Tex/Koden Lorans.
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1.7

AUTO-TRAC GAIN

Slight initial +trimming of the Auto-Trac gain may be
reguired. The setting of the gain is dependent on the make
of Loran, the operating area (different GRI*s), and the
speed of the vessel. With a proper gain setting, the vessel
should maintain a satisfactory heading without excessive
long or short term *S%ing.

Turn toward MIN when boat speed
is tasti toward MAX when boat
speed is slow. Normally set at
mid range.

Figure 1.7. Auto-Trac Gain Control.

Gain too high \
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W

1.8

1.9

Near correct initial course.
Gain optimum.

DODGING AND COURSE CHANGING WHILE ON AUTO-TRAC
Dodging other vessels or objects while on Auto-Trac can be
accomplished in the normal manner described in Paragraph

1 s,

Course change may also be used to steer around objects while

-on  Auto-Trac (as described in Faragraphs 1.2). Course

changes should be fairly small and short term. fAs soon as
any significant cross track error builds up the Auto-Trac
will begin to bring the boat back to the computed line of
position. \

TURNING AT WAYPOINTS

WesRkd T G

YOUR LORAN CANNOT SEND A WARNING TO THE
AUTO-TRAC THAT IT IS AUTOMATICALLY CHANGING
WAYFOINTS AND AUTOMATICALLY CHANGING THE
COURSE TO A NEW DESTINATION WHEN YOU ARRIVE
AT A WAYPOINT. DO NOT USE AUTOMATIC
WAYFPOINT CHANGING IN YOUR LORAN WHEN AUTO-
IRAC 1S5 OFERATING. IF YOU DO, THE RESULT

COULD EBE A DANGEROUS UNANNDOUNCED COURSE
CHANGE WHEN THE LORAN CHANGES WAYFOINTS.

8
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There is no indication from the Auto—Trac when the boat is
near or at the destination. The Loran must be monitored for
arrival indication.

While the Auto-Trac will turn the boat automatically for
small course changes (less than 90 degrees) it is best to
course change to the new calculated course to destination
after the Loran way points are changed. This eliminates the
error buildup and any possible overshoot that could occur if
Auto-Trac has to make large course changes due to way point
changing. -

AUTO-TRAC ALARM

The Alarm will sound and the Auto-Trac light will flash when
any of the following conditions exist. When any of
these occur, the Auto-Trac stops controlling the vessel’s
heading and the autopilot will maintain the last course the
boat was on.

Error Indicator Lights in the AFU will be lit to indicate
the type of Auto-Trac error. See Table 2.35.

The AUTO-TRAC light will flash, the alarm will sound and the
Error Indicator Lights will remain 1lit until the Auto-Trac
ON/OFF switch is pressed to OFF.

After the source of the Auto-Trac error has been corrected,
Auto-Trac may be re-initialized by pressing the Auto-Trac
OM/0OFF switch to OFF and then to ON.

NO LORAN DATA When the AUTO-TRAC does not receive any
data Ffor a period of time. lLoran not
turned on or faulty data link from Loran
to Compu—-Course 220.

INVALID DATA When the Loran indicates that the cross
track error it is putting out is
potentially not valid. Often due to
poor SNR or loosing lock in the Loran.

DATA JUMPED When the cross track error makes a large
jump that is maintained for a period of
time. Most often caused by a 10

microsecond jump in the Loran.

NOT 0180 FORMAT When the data coming out of the Loran is
not the proper format.

PARITY ERROR When the data bit stream contains noise.
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1.11 COMMON PROBLEMS

The Auto-Trac can work only as well as the fidelity of the
Loran data. Some causes for poor operation of the Auto-Trac:

1 Foor Loran antenna location.
2. Poor Loran ground.

3. Low signal to noise ratio.

4, Operation in fringe area.

5. Operating at dawn nk dusk.

6. FPoor TD line crossing angles (less thaﬁ 20 degrees)
7. Notch filters not properly set in Loran.

8. Operation of a TV, Video Monitor or  florescent
lights in close proximity to the Loran.

1.12 POWER FAILURE ALARM

After the pilot has been turned on, a protection circuit
guards against possible erratic autopilot operation should
the ship®s 12V electrical supply suddenly drop below a safe
level. This could occur when starting an engine or gener—
ator while the Compu—Course 220 is on.

If a sudden voltage drop is detected, the Fower Unit will be
turned OFF and the alarm will sound while the STEBY and AUTO-
TRAC lights flash. The other three PHC lights will remain
ON. Normal operation can be resumed by turning the pilot to
OFF and back to (ON.
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SECTION II

INSTALLATION INSTRUCTIONS

2.1 GENERAL

Refer to the typical installation'diagram of Figure 2.2
before proceeding with the installation. popecessary step
in the installation of the 5TD, M and 8 Power Units is to
determine the number of teeth on the driven and driving
sproclkets. The method of determining the sprocket teeth is
explained in the appropriate Fower Unit manual.

The ability of the autopilot to steer the boat is dependent
orn the steering characteristics of the boat, and especially
on the performance of the steering system. Any backlash
(slop) in the steering system will give less than optimum
performance in the autopilot mode, just as it will when the
boat is under manual control. Backlash may also be caused
by air in hydraulic steering systems from improper bleeding.
The autopilot will cycle back and forth through the steering
backlash in its attempt to steer the boati the more back-
lash, the more work the pilot must perform and the more the
course will wander. As a general rule, steering backlash
should not exceed 5% of the full helm range.

UNPACKING AND INSPECTION

Unpack the autopilot from the shipping container and check
the contents for any evidence of shipping damage. The
Compu—-Course 220 consists of the following items (see Figure
el G

Pilot House Control Unit (FPHD)

FHC Flush Mount Brackets (not shown)

Binnacle and Cables

Binnacle mounting pads and washers (not shown)
Autopilot Frocessor Unit (AFW)

Fower Cable

Interconnect Cable

Auto—-Trac Cable

Instruction Manual

A




SECTION II . INSTALLATION PAGE 2-2

BINNACLE

AUTO-TRAC CABLE
FOWER CABLE
INTERCONNECT CABLE

Figure 2.1. Compu—Course 220 Autopilot Components.

INSTALLATION ACCESSORIES

Installation accessories such as sprockets, chain, etc. are
available from your Benmar dealer. Refer to the Power Unit
manual for detailed information.

TYPICAL INSTALLATION
Read all instructions complgtely before proceeding with the
installation. Fefer to Figure 2.2 for a typical installa-—

tion diagram of the PHC. Refer to the FPower Unit manual for
typical installation of the Power Unit.

=2
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SECOND STATION

BINNACLE

HANDSET
(ACCESSORY)

Figure 2.2. Compu-Course 220 Typical Installation.

2.5 STANDARD COMPONENTS

Figure 2.3 shows the interconnections for a typical instal-

lation.

2.6 OPTIONAL COMPONENTS

Figure 2.4 illustrates the installation of
optional accessories:

Handset
Second Station

External Sonalert

the following
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o = PILOT HOUSE
: CONTROL

AUTO-TRAC CABLE R
TO LORAN

TO POWER UNIT
SEE TABLE 2.1

INTERCONNECT CABLE
FROM POWER UNIT
(SUPPLIED WITH
POWER UNIT)

PRE—- o
REGULATOR h((;qY; i
24 BR 32V lipp 1|
ONLY [, 54! !

X SEE Suhl
‘\-f” PARAGRAFH 1), e
2. 10.7 {

BRCLE TO POWER UNIT

L

Figure 2.3. Standard Installation Diagram.

2-4




SECTION II INSTALLATION FAGE 2-5

HANDSET SECOND STATION

SONALERT OUTPUT (J2)
BV, 20mA MAX)

Figure 2.4. Compu-Course Optional Accessories.

BINNACLE INSTALLATION

The effects of Northerly turning errors and acceleration
effects will be minimized when the binnacle is mounted at
the center of motion of the vessel. See Figure 2.5.
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Center of Yaw Center of Roll

Locate the compass as close as possible to
ship®s center of roll and center of yaw.

Figure 2.5. Optimum Binnacle Location.

The binnacle may be either bulkhead or deck mounted. Froper
installation is shown in Figure 2.6. The binnacle location

must also satisfy all of the following reguirements for
optimum performance:

Do not mount binnacle where it may be exnposed to spray
or bilge water.

Do not mount binnacle near speakers, meters, other com—
pEaSSES, motors and engines, ferrous metal cabinets
{refrigerators, stoves, etc.) or tanks.

The binnacle must be level in all directions to 15
degrees while underway. If the variation in boat trim
with speed is in excess of 15 degrees, compromise by

positioning the binnacle to be level at the normal
cruising speed.

v

The binnacle should be mounted in an area that is
relatively free of vibration.
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The mounting location for the binnacle should maintain the
following minimum separation from magnetic disturbances:

Ship®s compass

Electronic equipment containing
small magnets (radios, RDF,
depth sounders, etc.)

Current carrying wires: (more
than 0.3 amps)

Radar magnetrons

Any large mass of soft iron or ¥
steel, including pilot house tie rods.

The magnetic disturbances in the vicinity of a

binnacle

COMPASS.

T
-

T

J

oo

B

+t.

fk.

S i o

£

proposed

location may be easily checked using a small hand

With the Binnacle removed from the proposed location, slowly

move

distance of about 2 ft.

the hand compass horizontally and vertically
in the area of the binnacle location

Over a

and watch for any movement of the compass nesdle. Norne
should be noticed.

The cable with the four pin connector connects to
connector labeled COMPASS. The cable with the eight pin
connector connects to the AFU connector 1abeled

DERINVE.

MNOTE

IF THE AUTOFILOT IS INSTALLED IN & STEEL
HULL BOAT OR IF THE BINNACLE CAN NOT ERE
INSTALLED FREE FROM OTHER MAGNETIC INFLUEN-
RS THE COMFASS MAY NEED TO EBE

COMFENSATED. SEE FARAGRAFH 2.14. THIS
WILL REQUIRE THE USBE OF A AUTOFILOT TEST
SET F/N 000-0095 AND A COMFENSATION ADAFTER
F/N Q00-0174., THE COMFU-COURSE 220
COMPENSATION KIT IS F/N O00—-0147.

the AFU

BINMACLE
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1/4* MOUNTING SCREW

174" MOUNTING SCREW (SUPPLIED BY INSTALLER)

(SUPPLIED BY INSTALLER)

178" METAL WAGHER

NEOPRENE
WASHER (LONG)

174" MOUNTING SCREW

he N8 (SUPPLIED BY INSTALLER)

WASHER (SHORT)

178" METAL WASHER

Bul khead Mount Deck Mount
Figure 2.6. Binnacle Mounting.
2.8 AUTOPILOT PROCESSOR UNIT (APU) INSTALLATION
The AFU may be either bulkhead or deck mounted using the
mounting brackets supplied. See Figure 2.7. Do not mount

the APU where it may be exposed to spray or bilge water.

Mount the 6FU within reach of the interconnecting cables
which are:

FHC = 10 Ft.
Binnacle = 45 Ft.
Fower = IO Ft.
Fower Unit {(STD) = 15 Ft.
FPower Unit {(All

but STD) = 3J0 Ft.
Loran = 20 Ft.
Handset = 25 B
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Figure 2.7. APU Mounting.

PILOT HOUSE CONTROL (PHC) INSTALLATION

The FHC may be flush mounted near the main steering station
with the mounting brackets supplied. See Figure 2.8.

fn optional Flush Mount Plate, F/N 000-0227, may be used if
there is not sufficient room behind the panel to utilize the
mounting brackets provided.

An optional Trunnion MDuntiﬁg ¥it, FPart Number 000-0244, may
be used if there is not room to flush mount the unit. See
Figure 2.%.

Make sure there is sufficient depth behind the panel to
accommodate the full PHC dimension.

Cut hole in panel using template, Figure 2.22.

The 10 foot PHC cable connects to the 21 pin connector
inside the AFU labeled "Front Panel’.

If it shall ever be necessary to remove this connector, DO
NOT PFULL THE CONNECTOR by the attached wires or cable.
Grasp the connector back and gently wiggle it while pulling.
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Flush Mount

S DT

Optional Flush Mount Flate

Figure 2.8. PHC Flush Mounting.
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Figure 2.9. Optional Trunmnion Mount.

2.10 POWER CABLE CONNECTIONS

Table 2.1 shows the Compu—-Course 220 Fower Cable connections
to the appropriate Fower Unit.

FOWER CABLE REFERENCE
FOWER UNIT WHITE BLACK FARAGRAFH
STD ELECTRIC CLUTCH|ELECTRIC CLUTCH 2.10.2
TERM I (+) - TERM 1 (~)
HL RELAY FC BD MAIN PC BD 20 s e
"+ TERM " TERM
H TERM 1 (+)  TERM 2 (=) 2.10.4
S/HSS0/HS100 TERM 1 (+) TERM 2 (~-) 2o10.5
M/L Ei1 {(+) EZ2 (=) s G T
Table 2.1. Compu-Course FPower Cable Connections to Fower Unit.

=i

%}
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2.10.1 Power Cable Connection to APU

When the ship’s primary power is 24 or 32 volts, a
24/32 +to 12V Pre—-Regulator must be installed in
series with the power cable from the Power Unit to
the APU. See paragraph 2.10.7 for Pre-Regulator type
and connections. Also, the Power Unit must be modi-—
fied per paragraph 2.10.8.

The white 2 pin connector eﬁa of the white and black
twisted pair cable connects to the AFU connector
= labeled F/U.

The other end of the cable connects to the Fower
Unit as described below. :

'The ON/OFF switch supplied with the Fower Unit is
not used with the Compu—Course 220.

2.10.2 Fower Cable Connections to STD FOWER UNIT CONNECTED
TO MECHANICAL STEERING ONLY

1f the Power Unit is a STD Fower Unit connected to
mechanical steering, an Electric Clutch Assembly,
F/N  0O00-0058 (12V), must be installed.

The ON/OFF switch supplied with the Electric Clutch
iz not used with the Compu-Course Z20.

Electric Clutch wiring is shown in Figure 2.10.
Connect the PHC Fower Cable WHITE wire to terminal 3
{(+) on the Electric Clutch Terminal Eoard. Connect
BLACK wire to terminal 1 (=) on the Electric Clutch
Terminal Board.

S

SHIPS PWR
= +

FROM
COMPU-COURSE T =i

Figure 2.10. Electric Clutch Wiring, STD Power Unit.
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2.10.3 Power Cable Connections to H
FOWER UNIT CONNECTED TO A HYDRA

If the Power Unit is a HL Power Unit or a STD FPower
Unit connected to a hydraulic helm, an ON/OFF Relay
Assembly, F/N 000-0151 (12V), must be installed.

The ON/OFF switch supplied with the HL Power Unit is
not used with the Compu-Course 220.

= Connections to the Relay Assembly are shown in
Figure 2.11. Connect the FHC Power Cable WHITE wire
to the "+" terminal on the Relay PC Board. Connect
the BLACK wire to the "-" terminal on the Fower Unit
Control Roard. Do not make any connections to the
"ON" terminal.

o SHIPS PWR

e FROM

-i__COMPU'COURSE

RELAY PC BD MAIN PC BD

Figure 2Z.11. ON/OFF Relay Assembly Wiring.

2.10.4 Fower Cable Connections to H FOWER UNIT ONLY
The ON/OFF switch supplied with the H Fower Unit is
not used with the Compu—Course 220.

Connect the Fower Cable WHITE wire to terminal 1 (+)
on the H FPower Unit Terminal EBoard. Connect the
BLACK wire to terminal 2 (-). Do not make any
connection to the "ON" terminal.
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Fower Cable Connections to 85, HSS50 40
UNITS ONLY

1
i
la
1o
i

is

POWER

iz

The ON/OFF switch supplied with the §, HS850 or HS100
Fower Unit is not used with the Compu-Course 220.

Connect the Power Cable WHITE wire to terminal 1 (+)
in the Fower Unit. Connect the BLACE wire to
terminal 2 (-). Do not make any connection to the
"ON" terminal. =

Fower Cable Canﬁactions to M POWER UNIT OMLY

I+ the Fower Unit is a M Fower Unit connected to
mechanical steering, an Electric Clutch Assembly,
FAM QO0-0198 (12V), must be installed.

The OM/0OFF switch supplied with the M Electric
Clutch is mnot used with the Compu-Course 220,

Connect the PHC power cable WHITE wire to E1 {(+) in
the M Control Unit. Connect the BLACKE wire to EZ
f==) o Do not make any connection to the YON"
terminal.

Fre—Regulator Connections, 24 or 32VDC Input ONLY

A 24/3% to 12V Pre—Regulator must be used on boats
with 24V or I2V primary power systems. lUse a Newnar
Model 3E2-12-34, or egual.

Zonnect the Fower Cable provided with the Compu-—
Course 220 to the AFU connector. Connect the other
end to the Fre—Regulator, BLACKE to Terminal 2 (RTN)
and WHITE to Terminal 3 {(+13.4&6 VDC OUTPFUTY. Connect
a pair of #18 Ba. {or larger) wires to the Fre-
Regulator, one to Terminal 1 (+20 to 40 VDT INFUT)
and one to Terminal 2 (RTN). See Figure 2.12.
Connect the other end of these wires to the Fower
Unit as shown in Table 2.1. Connect the RTN wire to
Fower Unit {(=). Connect the +20 to 40 VDC INFUT
wire to Fower Unit {(+).

The ON/OFF switch supplied with the Fower Unit is
not used with the Compu—Course 220.

fJ

=14
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INFUT

PRE-REGULATOR +Z3—-40VDC

+13.6 VDC

TO POWER UNIT.

Figure ?.12. Fre—-Regulator Connections.
Fower Unit Modification, 24 or 32VDC Input ONLY

The Fower Unit must be the same voltage as the ships
pFEimary pOWer . When the Fre-Regulator is used with
the Compu-Course 220, the ON Relay series resistor
in the Fower Unit must be shorted.

The resistor may be removed and replaced with an 18
Q& bus wire or may be shorted by soldering the
jumper across the resistor as shown 1n Figue 2.13.

MRIOTE
IF THE SERIES RESISTOR IS NOT SHORTED, NO

DAMAGE WILL RESULT TO THE AUTOFRILOT, BUT
THE POWER WUNIT WILL NOT TURNM OM.

Fower Unit Fesistor Symbol and Location
H RGO ﬁn Control Eoard
S & HS El on Interconnect Board
M R? on Control Board. (I+f a Clutch

Release Bopard is installed, R1S
on the Clutch Felease Board must
be shorted out also.)
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H COMNT ROL EOAaRD

SOLDER WIRE JUMPER

ACRO5S R&D

SOLDER WIRE JUMFER
aEBERss: B

2 HS INMNTERCORMNELCT
ECOa R

REMOVE THE CONTROL BOARD, LEFT FOWER

RIS e

SOLDER WIRE JUMPER
ACROSS RZ

M & L CONTROL BOARD

SOLDER WIRE JUMFER
ACROSS R13

M CORNTROL EOARD WITH
CILLUTCH RELEASE EOARD
INSTAaLL ED

Figure 2.13. Power Unit Series Resistor.

2-16
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2.11

AUTO-TRAC LORAN C INTERFACE

The built in Auto—-Trac Loran C interface will operate with
most Lorans which output cross track error in NMEA 0180
simple format.

The performance of the Auto-Trac feature is dependent on the
Loran C and autopilot being installed and set up correctly.

. T implement the Auto-Trac feature, the supplied 20 foot

long cable must be installed between the Compu-Course APU
and the Loran C. Also, dip switches S51-5 and S1-6 must be
properly set in the AFPU per paragraph 2.13. '

AUTO-TRAC CABLE CONNECTIONS

One end of the 20 foot 2 conductor shielded cable is factory
wired with the connector which mates +to the connector
labeled AUTO-TRAC on the AFU. The other end must be
connected to the Loran C. The connector is usually supplied
with the Loran C. Consult the Loran manual or manufacturer
for the autopilot output connections. Connect the cable red
wire to the Loran data output:s the black wire and shield
wire to the Loran data return.

AUTO-TRAC SWITCH SETTINGS

Dip switch 81-5 is factory set for NMEA 0180 simple format.
Most Lorans output this format. A few Lorans output both
simple and complex format. I+ there is a choice ensure that
the Loran is set for simple format. '

The Auto-Trac will accept modified NMEA 01B0O format used by
Si—Tex Koden Models 717, 737, 757C, 767 and 787. For these
models, set dip switch S1-5 (labeled *FORMAT®) to the “0ON°
position.

The switch is located on the AFU FC Board in the AFU  as
shown in Figure 2.14.

= Al b st b s il A gl LS
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il
)

PILOT |~
AUTOTRAC o[ 1] ‘*___,_-—
A/T FORMAT |0 T3

_l; 4 |+ [E3
I T
o - o |
|

QZ =—

PHASE

CONTRO

Figure 2.14. Aunto—-Trac Format Switch Location.

The Auto-Trac phase is controlled by switch 8§1-& and

is

normally left in the OFF position. It may be necessary to

set this switch to ON as described in paragraph 2.15.6.

2.14 DOCKSIDE CHECKOUT

After the FPHC and Fower Unit have been installed, the fol-

lowing tests should be made with the boat at the dock or
a trailer.

Sl T IOk
MAKE SURE THE HELM AND RUDDER ARE FREE TO
MOVE. IF THE BOAT HAS AN IN/OUT DRIVE, THE
DRIVE MUST BE LOWERED.

Z.14.1 Establishing the Correct Autopilot Phasing

on

This section establishes that the autopilot will

control the rudderand will drive the rudder in
direction necessary to correct a heading error.
Fhase Switch is located in the AFU.

t-3

=18

the
The
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To check the autopilot phasing, center the rudder,
apply power and turn the autopilot ON. When the
READY light is 1lit, engage the autopilot by pressing

.the ON/OFF switch to ON again.

I+ the autopilot has a mechanical power unit which
drives the helm directly, monitor the motion of the
helm. If not, as in the case of hydraulic systems,
someone must monitor the rudder position.

I+ & Handset is instélled; place the autopilot in
the Fower Steer mode by pressing the AUTO/FOWER
switch to FOWER.

Fress +the JOG switch to STBD on the FHC or push the
STED pushbutton on the Handset. The rudder or helm
should move to starboard while the switch is held.
Repeat using the FORT switch. The rudder or helm
should move to port while the switch is held.

If the opposite occuwrs, change the position of the
Filot Fhase Switch S51-7, (Figure 2.153), and repeat
the test with the JOG switch.

PILOT |~ 4
AUTOTRAC o[ 3
A/T FORMAT |©[

FHASE:

- 4 < [CFE

ou

Fs 3 (o]

3o 2 (~[I3

v 9 -CE
(@i )

Figure 2Z.15. Filot Fhase Swifch Location.
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2.15 OPERATIONAL CHECKOUT (UNDERWAY)

The operational checkout (underway) applies to all Compu-—
Course systems. Successful completion of the dockside pro-
cedures assures that the Compu—Course autopilot is properly
set up and ready for the underway checkout.

2.15.1 FResponse

A properly set up Compu-Course 220 should maintain a

o - satisfactory heading without 87ing at speeds from
idle to maximum speed. "Initial trimming of Gain is
usually required once underway to optimize perform-—
ance. A screw driver access hole is located on the
AFU cover. See Figure 2.17.

2.15.2 Freparing to Set the Gain.

With the Sea State set to calm take the boat out
where there is considerable room to run on all four
Cardinal headings to set and check the gain.

The gain should be set under the following condi-
tions:

Dockside checkout should be satisfactorily com—
pleted.

The Sea State should be set to calm.

The boat should be at its maximum cruise speed3
i.e., the maximum speed at which the autopilot
will normally be used.

It is easiest to set the gain in calm water with
considerable room to run in all directions.

The gain should be checked on all four Cardinal
headings. All magnetic compasses are most sen-
sitive on northerly or southerly courses, there-
fore attention should be paid to the gain set-
ting on north and south headings.

2.15.F Setting the BGain

Bring the boat up to cruising speed and turn the
autopilot ONM to the AUTO-FILOT mode.

With the SEA STATE control set to CALM, attempt =0
degree turns both to port and starboard at every 90
degrees of heading (i.e., N, 8, E, W. Turn res-
ponse should be rated by observing the boat’s wake
which should display one small overshoot as dia-
grammed in Figure 2.16.
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If the response is as shown in Figure 2.14, A or C,
the BGain pot should be adjusted slightly to optimize
the turn response.

W

GAIN TOO LOW GAIN GAIN TOO HIGH
TURN GAIN POT CW CORRECT TURN GAIN POT CCW
Figure 2.16. Turn Response Diagram.

DECREASE INCREASE

REMOVE FLUG FOR ACCESS
TO GAIN FOT. ADJUST
WITH SMALL SCREWDRIVER.
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At slower speeds, fhe turn response may degrade
somewhat, but this is due to the slower response of
the boat, and is normal. Changing of the SEA STATE
control toward ROUGH will also degrade the response,
and will cause the autppilot to take longer to come
onto course. The SEA STATE control should always be
set to CALM when precise maneuvering or optimum
response is required.

Control Select Switches

A1l Control Select switches (dip switches S81-1 thru
S1-4 in the AFPY) should be off.

SEA STATE Control

The Ffunction of the SEA STATE control is to reduce
the response of the autopilot to short term heading
errors caused by a heavy sea. This control will
normally be operated in the CALM position and will
only be twrned toward ROUBH in heavy seas when it is
desirable to reduce the amount of helm action and/or
the autopilot power drain. This control does not
reduce the total amount of helm correction available
nor does it degrade the heading accuracy. It only
reduces the short term movement of the helm.

Auto—-Trac Fhase

Turn the Auto-Trac on (paragraph 1.6). 1+ the boat
starts to circle, as shown in Figure 2.18, instead
of turning in the direction to lower the cross track
error, the Auto-Trac phase is backward.

The Auto-Trac phase switch is located in the AFU
shown in Figure 2.19. If the Auto-Trac phase is
backward, change the position of S51-6.

0
b3
I3
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Auto-Trac Fhase Backward

Figure 2.18. Auto-Trac Phase.

PILOT

o

EHASE UTOTRAC
A/T FORMAT

Figure 2.19. Auto-Trac Phase Switch Location.
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2.15.7 Error Indicator Lights

Four Error Indicator lights are provided in the AFy
which are labeled *A°,°B°,°C” and *D?. When the
autopilot is operating normally, their meaning is
shown in Table Z2.2.

LIGHT INDICATES (WHEN LIT)
== A POWER UNIT COMMAND #*(FORT/STED)
B POWER UNIT COMMAND % (PORT/STED)

C FLASHES WHEN LORAN DATA RECEIVED

D FLASHING WHEN COMFUTER IS OFERATIONAL

% PORT OR STBD DEFENDS ON FHASE SWITCH SETTING.

Table 2.2. Error Indicator Lights, Normal Operation.

When an Auto-Trac error is present (AUTO-TRAC light
flashing and alarm sounding) their meaning is shown
in table 2.3.

LIGHT :
ERROR b lcC |B A
NO LORAN DATA ® | X
FARITY ERROR *® X
INVALID DATA ‘ * X X
DATA JUMPED * %
NOT 0180 FORMAT * | X X
TOO MUCH BAD DATA * X i X
MULTIPLE ERRORS * | X X X

# LIGHT FLASHES WHEN COMFPUTER IS OPERATIONAL.
X INDICATES LIGHT I8 ON.

Table 2.3. Error Indicator Lights With Auto-Trac Error.
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2.16 NORTHERLY TURNING ERROR

The Compu—-Course 220 Rinnacle is esguipped with a vertically
compensated compass. As shipped from the factory. switch 81
o the compass is in the UOFF position which disables the
compensating coil. When switch 51 is set to the "+" posi-
tion (in  the northern hemisphere) a DC current is passed
through the coil which develops a magnetic field which
cancels the vertical component of the earth’s magnetic field
and minimizes acceleration and northerly turning error
effects.

' 2.16.1 Effects of Northerly Turning Error

NMortherly twning error is a dynamic compass ercoar
caused by linear acceleration effects of any pendu-
lous magnetic compass card including the finest
steering compasses made.

The effect is zero at the magnetic eguator and in-—
creases with higher northerly and southerly lati-
tudes. The cause is due to the fact that the mag-
netic lines of flux are parallel to the sea surface
only  at the equator and progressively tilt  further
arnd  further down as one moves in either direction
away from the seguators (S the vertical magrnetic
intensity increases. For example, the tilt (magnetic
dip) angle is approzximately 68 degrees in  Seattle,
Washington.

Ae can be seen on the chart in Figure 2,20 the geo—
graphical and magnetic equators do not coincide nor
do the linez of latitude match the lines of constant
vertical magnetic intensity. In fact, the vertical
tield is higher {(and therefore northerly turning
error eftects greater) in the Great Lakes area than
any where on the coast of Alaska. However, general-
Iy  as one progresses north or south from the egua-
tar, the northerly twning effects increase.

The degree of northerly turning error effect is also
dependent on amount of linear acceleration and dy-
namice of the compass card. Linear acceleration
ococws when a boat twns {(which can®™t be prevented)
and  when & boat rolls causing the compass card to
be accelerated From side to side (which can be
minimized). The closer the compass is to the boat's
center of roll, the less acceleration will be
imparted to the compass when the boat rolls. Since
a boat’s center of roll is always below the water-—
line, the lower the compass is located, the less the

roll effect. The error caused while turning will
remain the same however, regardless of compass loca-
tian.
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Mortherly turning error effect on a boat/autopilot

system manifests itselt {(in the northern hemis—
phere) as increased sensitivity {(autopilot appears
"mervous" and more prone to fast "S8%ing) on direct

southerly courses and decreased sensitivity (slow
wandering 85" sluggishness to correction) on direct
northerly courses when compared to steering east/
west courses. These effects reverse directions in
the southern hemisphere.

0

NN
SR

: - G .
o B R e R RN
: H . N ., R

e NS S R N R S S

Figure 2.20. Vertical Intensity of the Earth®s Magnetic Field.

The gain of an autopilot must then be optimized on
north  and south courses. I+ it is found to be too
unresponsive or impossible to stabilize on north
courses, the vertically compensated compass must be
used. A properly compensated compass will exhibit
the same response and go unstable at the same gain
setting on all headings. With an uncompensated
compass showing northerly turning error effects, the
autopilot gain may be increased the most on east-—
west courses before instability is reached. The
autopilot will then be sluggish on northerly courses
and unstable on southerly courses {(in the northern
hemisphere) .

1]
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When to Employ the Vertically Compensated Compass

The vertically compensated compass should be used
only when northerly turning error effects have been
observed. fs stated above, with an uncompensated
compass showing northerly turning effects the auto—
pilot gain may be increased on east-west cCourses
before instability is reached. The autopilot gain
will then have to be decreased on northerly-souther—
ly courses in order to maintain stability. The
autopilot will then probably be sluggish on norther—
ly courses and tend to be unstable on southerly
courses. A common complaint is, "I can®t get the
gain high enough for the pilot to work well without
the autopilot going unstable on some courses".

The vertically compensated compass should not be
used until after the installer has made sure that
the autopilot compass has been properly located in
a position free of any external horizontal magnetic
interference.

Horizontal magnetic interference may often give the
same or similar indications that northerly turning
errors give. That is. the boat will steer well on
some courses and poorly on others but not necessari-
1y north—south courses.

Locating the Autopilot Compass

The Compass (Binnacle) should be located as close to
the center of roll and the center of yvaw as possible
(reference Paragraph 2.7) to minimize northerly
twrning error or acceleration effects. Obviously
this can rarely be achieved. This is pointed out to
indicate the direction in which one should go to
minimize magnetic problems when a choice exists. The
greater the effort to meet these requirements, the
less the magnetic interference.

Adjustments

There are two adjustments on the vertically compen-—
sated compass, switch 81 and potentiometer RS lo-
cated on top of the compass. See Figure 2.21. NOTE:
RS ON THE COMFASS IS NOT ASSOCIATED WITH THE VERTI-
CAL COIL AND SHOULD NOT BE ADJUSTED.

O T E

SWITCH S1 ON THE COMPASS IS SET IN THE
CENTER, OFF, FPOSITION WHICH DISABLES THE
COMPENSATING COIL. THIS SWITCH MUST BE SET
AS DESCRIRBED BELOW.
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The compass phase switch must be set as follows:

For operation in Set Compass
Phazse Switch

Morthern Hemisphere +

Southern Hemisphere : =

Fotentiometer RS is pre—-set at the factory for opti-
mum operation at a mid-latitude. Ordinarily this
setting will be satisfactory in any location. If
satisfactory results are not obtained with RS at its
factory setting, RS may be adjusted for optimum op-
eration in the area where the compass is installed.

Re—-setting this potentiometer must be done empiri-—
cally. The best way to make this adjustment is to
run the boat on autopilot on north—south and east-
west courses, observing the autopilot response. Re-—
adjust the pot, again observing the autopilot on
north-south and east-west courses and adjust the pot
to an optimum position such that the autopilot per-—
formance is optimized on all courses. Normally, the
pot will have to be increased (turned CW) at higher
latitudes and decreased (turned CCW) at lower lati-
tudes. It may not be possible to completely elimi-
nate all indications of northerly turning error
effect on some boats, especially in very high lati-
tudes and where the compass is mounted very high
above the center of roll. However, on most boats
where northerly turning error is apparent, the ver-
tically compensated compass allows one to increase
the gain by 20 to 404. This gives a very signifi-
cant increase in response and very satisfactory
performance on all courses.
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Figure 2.21. Compass Switch 51 and Potentiometer ROS.
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SECTION IIX

SERVICING AND MAINTENANCE

FUSE REPLACEMENT

The FHC fuse is contained in the PHC power cable. Replace a
blown fuse with a 1A, 3AG6 fuse.

COMPASS MAINTENANCE

The rotating compass contacts may occasionally oxidize and
require cleaning. Radio-TV contact cleaner can be used to
clean the contacts. For an installation exposed to weather
(such as a flying bridge installation) this maintenance must
bhe performed every 2 months.
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SECTION IV

TROUBLESHOOTING

GENERAL

Troubleshooting the autopilot should be performed by a qual-
ified technician. The system schematic should be referred
to for a understanding of circuit” function prior to trouble—
shooting. Since the autopilot system includes the Fower

'“Unit, reference should be made both to this section and the

corresponding section in the Fower Unit manual. An Autopilot
Test Set, (Fart Number 000-0095), will greatly facilitate
autopilot troubleshooting as well as initial setup and op—
erational monitoring.

COMMON NEW INSTALLATION PROBLEMS

Listed below are the most common problems encountered on new
installations. Az can be seen the majority of these pro-
blems occur during installation and setup, all of which
could be avoided if the installation and setup instructions
had been read and followed.

1. Gain not properly set or not set at all - uswally  too
low resulting in sluggish response. Although this is
self-explanatory, it is one of the biggest problems
encountered in new installations. Refer to Section
2.14.

2. Binnacle {(compass) to close to external magnetic
influence. Autopilot unstable and/or sluggish on some
Courses. Refter to paragraph 2Z.7. Magnetic materials
come in many forms; i.e., small motors, other electronic
equipment, speakers, etc., (a steel medicine cabinet had

to be removed in one boat).

An autopilot compass installed on a steel hulled boat
may need to be compensated. Compass compensation must
be performed by a gualified, experienced compass cOompen—
sator and requires the aid of the Autopilot Test GSet
(Benmar F/N Q00-009%) and Compensation Adapter (Benmar
F/N 000-0174). The Compu-Course 220 Compass Compensator
it is Part Number OQ00-0147.

%Z. Fower Unit input power leads too small and/or too long -
autopilot will be erratic and impossible to stabilize.
Feak current demands of the autopilot may drop the
voltage input to the Fower Unit below the specified
level For short periods of time causing erratic opera-
tion. The problem may be an undercharged or defective
battery,. corroded power lead connections, or too fine a
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gauge of input wire for the length of wire used. This
problem most often observed on § Fower Units. S5ee
Electrical Connections in the appropriate FPower Unit
manual for input wire requirements.

4. Compass contacts dirty — autopilot will be arratic.
Compass lamp flickers as the compass is rotated. Will
be seen on the Test Set as jumps or flickers in the
compass output as the compass rotates or is lightly
tapped. Refer to Paragraph 3.2.

Sin If there is excessive back and forth helm movement
reguired to make small heading error corrections, it is
possible that there is greater than acceptable backlash
in the linkage between the helm and rudder.

6. 1 the autopilot acts sluggish or excessively overshoots
a new heading when the course is changed, it is probable
that the torque limit is set too low. If this is the
case, the torgue limit jumper may be moved to a higher
torque limit setting (M and 8 Fower Units only).

7. On hydraulic systems the 3rd or return line not
connected. On some installations, the autopilot will be
sluggish: on others, it will not operate at all. The

autopilot return line must be connected to the return or
reservoir in the hydraulic system on all installations.
Failure to do so will void the warranty on the Fower
Unit. Refer to the Fower Unit manual.

8. Air in hydraulic system causing system to be sluggish
and unresponsive. Observe the hydraulic cylinder with
the autopilot pump running at its maximum rate. I+
there is air in the hydraulic system, the cylinder will
appear to be sticking and not moving at a constant rate.
See bleeding instructions in Fower Unit manual.

COMPASS LAMP ADJUSTMENT

I+ it is ever necessary to replace the compass or if the
compass lamp pot (R3 on top of the compass) was accidentally
moved, the following procedure should be used to check or
re—adjust the maximum compass output.

1. Connect a digital voltmeter or VIVM to the compass
output signal in the AFU. Attach the "+" lead to TF1IB .
labeled "COMFPASS OUT" and the "—-" lead to the TFi4
labeled "4V" near the power connector. I+ available,
connect the Test Set to the TEST connector on the AFU.
Set the METER switch to COMFP OUT.

v
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FRNOTE

ALL COMFPASS VOLTAGE READINGS MUST BE MADE
WITH THE COMPASS FULLY SHIELDED FROM
EXTERNAL LIGHT AND THE BINNACLE REASOMABLY
LEVELZ

2. Turn the pilot on, after READY is lit, turn the pilot to
the AUTOFILOT mode. Hold the Course Change (CC) switch
to STED for 15 seconds. The, voltage reading shall be
+1.73VDC +.05VDC or in the gréen left on the Test Set.
I+ the wvoltage is not within tolerance, remove the

= Binnacle cover and adjust R3 on ton “of the compass.

Replace cover and check reading.

3. Turn pilot off and then back on, when READY is lit, turn
the pilot to the AUTOPILOT mode. Hold the Courss Change
{(CC) switch to FORT for 15 seconds. The voltage reading
should be ~1.79VDC +.05VDC or in the green right on the

Test Set. I+ the wvoltage is not within tolerance,

remove the RBinnacle cover and adjust RE on top of +the

compass. Replace cover and check reading.
TROUBLESHODTING

If a malfunction occurs, refer to the following paragraphs,
Table 4.2 and the Troubleshooting section in the Power Unit
manual. The Compu-Course 220 contains a number of built in
troubleshooting features which are described in this
section. The Test Set may be connected to the TEST connector
on the Compu-Course 220 AFU or in series with the Fower Unit
cable, depending on the test being performed.

AUTOPILOT COMPUTER

Whenever the pilot is first turned on the stored program
directs the computer to perform a series of tests on the
memories, If all tests are 0K, the computer then sounds the
alarm and flashes the FHC lights in sequence so that the
operator can visually verify that all lights are functional.
I¥+ any memory test fails, all of the PHC lights will remain
on and an error code will he displayed on the Error Indica-
tor lights inside the APU. Refer to Figure 4.1 and Table
4_1. These faults may be caused by defective integrated
circuits (U2, U3, U4), bent-over pins on these I.C.'s or
shorts or opens in the circuit board traces. Since the test
program is also stored in memory, the computer must be at
least partially opera-tional +or the above tests to be
performed, i.e., the self-tests cannot detect all possible
computer malfunctions.
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QRORONO,

Figure 4.1. Error Indicator Lights Location.
LIGHT
ERROR D = E &
RAM DATA BIT * 4
RAM ADDRESS # ¥

(HREFPER H Bii5)

RAM ADDRESS * X X
(LOWER 8 BITS)

REE 1 (U2 * X
CHECESUM

ROM 2 (UZ) * X X
CHECESUM ;
RUNAWAY FROGRAM * X X
(RS )

* DON®T CARE.
X INDICATES LIGHT IS OM.

Table 4.1. Error Indicator Lights with Memory Error.

]
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After the initial memory tests, the AFY Error Indicator
light *D? will remain flashing as long as the autopilot
computer is functional. I+ there is some malfunction of the
autopilot and Error Indicator "D* is flashing, the problem
is NOT in the computer portion of the pilot. . Likewise, if
at any time the "D indicator is not flashing and power—-up
memory tests did not isolate the problem, the pilot should
be returned to the factory for repair.

AUTOPILOT CONTROL LOOP -

" When the autopilot is twrned on and the AUTORPILOT light is

illuminated, APU indicators "A" and "B* will light whensaver
the autopilot®s command to the Fower Unit excesds a preset
threshold level. These indicators can be helpful in a
number of situwations as illustrated by the +ollowing
examples.

4.6.1. Example 1, Cowrse Change Function

With the boat at the dock, turn the pilot OM. When
READY is 1it, activate the ON switch again. The
AUTOFILOT light will be on and since the compass has
just oriented, both indicators *A" and "E® should be
off. Hold the Course Change {(CC} switch to FORT or
STED Ffor about 2 seconds. One indicator should come
on at least momentarily. Reverse the CL switch for
about & seconds. The opposite indicator should
illuminate at least briefly.

I+ a rapid switching occcurs between A and B, then
possible problems include:

i. Compass brushes dirty or bent.

P ]

2. Autopilot gain too high.

If neither indicator comes on, then possible problems
include:

1. Binnicle drive defective.
2. CC switch or FPHC cable defective.

4.6.2. Example 2, Jog Funtion

Fressing the JOG switch will illuminate a cor—
responding A o- B light, indicating that the Fower
Unit should be driving. I+ the FPower Unit does not
drive, the problem could be in the PFHC output stage,
the Power Unit connector/wiring or within the Fower
Unit itseldt. Fressing the JOG switch to FPORT should
cause the rudder to move to port. If it moves to
starboard change the position of the phase switch
S1—7-
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o

4.6.3 Example 3F, Steering Performance

When the autopilot is steering the boat in calm
conditions, both A and B indicators should be off at
least S0% (or more) of the time. If one indicator is
on continuously the following conditions may be
present:

1. Autopilot gain set too low.
2. Excessive leakage in.hydraulic steering.

-

Z. Defective compass.

4.6.4. Example 4, SEA STATE Control

Turning the SEA STATE control toward Rough should
cause the Fregquency of activity of the A and B
indicators to decrease from what it was in the Calm
position.

1. Bad SEA STATE pot (FHC).
2. Defective FHC cable.

AUTO-TRAC DATA LINK

The basic Loran interface error conditions and indicators
are explained in paragraphs 1.10, i.11 and Tables 2.2 and
B o All alarm conditions are designed so that no single
data sample will cause an actual alarmi i.e.i: the error must
persist for a preset number of data samples in succession.

The Autopilot-to-lLoran data link may be tested as follows
after turning the pilot on to AUTOFILOT mode with AUTO-TRAC
on. Error Indicator °C° is provided to help verify the
electrical integrity of the signal being sent from the Loran
receiver. Whenever the autopilot receives cross track error
data, indicator light °C” will flash. The rate at which the
light flashes is entirely dependent on the particular Loran
receiver. The NMEA 0180 standard allows rates from .8
seconds to 5 seconds between data samples. I+ the “"C° light
does not flash, verify that the Loran is in the correct mode
to send cross track error data to the autopilot. Also check
cable wiring. I+ no data is received within 15 seconds the
alarm will sound.

I+ the AUTO-TRAC alarm persists, verify that A/T Format
Bwitch 81-5 is set correctly. See paragraph 2.13. Checl
that no error indicators are shown on the Loran raciever.

If AUTO~-TRAC cannot be turned on {(when AUTOFILOT lite is on)
check Ffor loose wires on the FHC cable connector (21 pin
connector labeled “Front Fanel® in the AFU). If the wires
and switch are 0O the problem may be a defective ULlS.



Table 4.2. Autopilot Checkout Using Test Set.
{For Compu-Course 220 PHT and all Power Units!

Fpad Hotes § thru I prior to starting test seguence.
Tests should he performed in the sequence shown.

Test Get Switch Positions LE220 ) Test &
STRY/R/ | Set
KETER | POWER UHIT | AUTO/PHR| AUTORILOT | Conn Testing ., Desired Resulf Possible Problems
gy OFERATE AlTH = Test | 8Y Regulzfor in Press and hold GH/OFF Ship's Power not on.
g CLZE0 . cwitch to OH. Fowrer connected is

See Meter in green arssz on Feverse poiarily.
Note left and steady. 4 FED in-line fuse blown.
1. Law hattery,

fefective ON/OFF suitch
1

Lonse wire in FAC cable

connector.
iy OFERATE aliTa ETBY/R | Test | 4V Regulator Heter in green area on lerer cicde CRY
ip [LZZ0 left and steady. defective.
(I 8V iz apt rcorrect, Y
will not be correct,!
CoMp | DFERARTE AUTE STBY 10 | Test | Binmacls Irive maediately after O i
aur READY ackivated and 5
iz cospleted, b
{ light =hould cose | Comn:
Meter reading should £ann
moothly as the I
ﬂr va potor Defp
the rompass. In driv
nds or less, the Defective U2
meter chould be aear zero | nob drivingd
{renter). 5STEY Eig? Loose wirs in PHD cabls
should go off, RERDY iight | connector (PHD lights
cope on ang alarm heep, not workiagl,
CORP | OPERATE AUTO | ZUTOPILOT| Test | Compass Hoid Course Changs switck | Dirty or bent cospass
tn §TBD for ahout &0 sez-  § brush cont

onds which causes ih L 5
bignacie to drive thru 340 | Defective fourse Change

degrees, Repeat while hold- Ewitch.

ing switch to PORT, " | Loose wirs in PHD cable
Meter should increase or tanaestar.

dacrease saopthly toward

green, pause, then move -

through zero fo opposite
gresn, pause, then back
toward zero. No jumps ar
jitters should be gbservad
. on aeter.




. Test Set Switch Positions L2720  § Test
STRY/RS |5et
HETER | FOMWER UNIT § 4UTO/PWR | AUTOPILOT § Conn Testing Desired Result Fossible Problems
PHC GPERATE AUTD | READY to | Test | Power Unit turn on. | When pilot Ps in RERDY mode | Power Unit cabie nnt
QuTEUT AUTOPILOT meter will be to the right |connected to APU,
e full scale. When AUTOPILOT | Defective Fowsr Unit
pode is entered seter rable,
should move toward center. | Power Unit not wired
correctly,
J Power Unit elecironice
defective.
= Getective Uid or/and
TP U23 in APH.
2y {(PERATE AUTD | RUTOPILDT § Power | 8V regulator in Heter ip green on left and | Input power not
Unit | Fower Unit. steady. connacied progeriy.
Blown Fower Unit fuss.
BV regulator in Fawsr
Unit defsctive.
Short on Fower Unit BY
Ling,
gy Alternate AUTD | AUTOPILOT | Power | 8Y regulator sta- | Heter in grees ares on Inpul sower wires fo
betwean Unit Qhility in Pawer ‘left and steady. Power Unit foo small.
+ LOH and bnit. Bag conpection (high
- L resisiance! in power
wires to Fower {nit.
Low hattery voltage.
4 (FERATE AUTE ) BUTGPILOT | Power | 4V regulater in Meter in green area on lefi | &V reculator I.C.1n
Unit | Fowsr Unit and steady. Powar Unii defective,
Shovt op 4V lipe,
(1 BY is bad, &V will
be badl.
NORR | OPERETE AUTD | AUTOPILOT | Power | PHC output stage. Rctivate the JOG switch detective JOB smitch
or 44 linit to PORT and STED, Heter Defective BHD cable or
should ssing full scale connecior.,
as the switch iz held and | Defechive UZ3 in A°L.
reverse direction when the | Defective UI0 in &FL,
J0G switch is reversed.
feter directios depends on
phase switch §1-7.




Test Set Buitch Positions CC220 | Test
STBY/R/ | Set ,
METER |POWER UNIT | AUTO/PWR | AUTOPILOT § Conn Testing Desired Resulf Fpesible Probleas
NORRAL] OPERATE AUTD | AUTOPILOT | Power | PHC output stage. Momentarily activate Course | Little or no movesent
or +4 \ Unit Change switch to PORT and of aster:
STBD. Meter should move Bain pot too low.
back and forth with Course | Defective UlD and/or
Change switch an amount 425 in APU.
proportional to the length
of time the switch is held
and the setting of the gain
e pat, .
Note: Reading the compass output (meter switch to
COMPY while the Test Set is comnected in series
with the Power Unit cable »ill probably give
erratic readings since the BV supplies are
isplated betwesn the APU and Power Unit.
Ary i AUTD | AUTOPILOT | Power | Fower Unit. Power Unit oofput shaft Power Uit centrol cir-
Unit should he staiionary or ruitry faulty or powsr
farely creeping. transister shorisf,
fny 4 tn BUTD | BUTORILOT | Power | Power Unit, Power Unit output shaft Fratici Poser Unit
+ LOM lnit should tern rapidly for up | control circaultry
to J secocnds thep clow defeciive,
down and turn smcothly in | Ho scvemsnit! Possr dait
the same dirsction. control gircuitry de-
fective, power transis-
tor gpen or fufc’
iine held in Power,
By 4 ip AUTO | AUTERILOT | Powsr | Power Unit, Power Unit pubnut shatt Erratic: Power init
- LY lnit should turn rapidly for up | control circaitry
to I seconds then slow defective,
dosn and furn smoothly i | Mo movemeni! Fower Unil
the same direction. control circuitry de-
fectiva, power trapsiz-
tor open or @
liga hald in Po
fny iig PLEER | ZUTOPILOT Y Power | Power Unit. Power Unit should not run, | Power Unit control
+ LOH Unit circuitry faslty.
Bay 0 tn POMER | AUTOPTLOT § Power | Power Unit. Power Unit should not run. | Power Unit control
- L0u Unit circeitry faulty.




3 - The "AUTORILOT® lignt d:cs net
send the Faaer fr

gods to

Test Set Switch Positions CC220 | Test
STBY/R/ | 3et
METER  POWER UNIT | AUTO/PWR § AUTQFILOT | Conn Testing fesired Result Passible Problems
Any 0 to FOWER | AUTOPILOT | Power | Power lUnit. Power Unit should contin-  {Defective Power Unit
+ HIGH linit upusly turn rapidly unless |copirol civcuiiry or
limit swifches are en- lipit =witches.
countered {which should
turn Power Unit off).
finy J to FOWER | RUTORILOT } Power | Power Unit. Poder Unit should contin- | Defective Fower Uit
- HIGH nit uoisly furn rapidly unless |zontrol :ir:u‘iry ar
s limit swifches are sp- limit switrches.
iy countered (which should
turn Fower Unit offi.
HOTER:
1 - Luring the compass orient phase of operation (STRY and READY!, thas 002240 develops and ases i*s orn Y and Y
supnlizsz, The Power Unit does not coee on until the "RUTOPILOT" phase of operation
the Fpusr dnift +8Y apd +4Y suppliss ip it's output stage.  For this reason if the 5 inst
series with the PHC and Power Unit {i.e., Power Urit conpector on the APUY, the Test Sef wiil not cperate
during STBY and REARY.  The test cennector oo the ARU all aw: aonitoring of PHC f%ﬁ tions fcoppass output, +8Y
and +4U3 4 'zﬂr ALL rﬂutes D‘ aparation. DO NOT AT AKY TIME PLUG THE FOMER LNIT { E TEET SET iF
i TEST COMMECTOR., This will da i

mage the APL and/or the Fo

g PHC ic in the

§-10
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