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SECTION I

OPERATION

1.1 AUTOPILOT OPERATING INSTRUCTIONS

Before

FAGE 1-1

operating the autopilot, read the following warning
and caution.

WAaARNIMNG

DO NOT ENGAGE OR OPERATE THE AUTOPILOT
UNDER THE FOLLOWING CONDITIONS:

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

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

3. IN SOME CASES WHILE EKEYING A RADID
TRANSMITTER. TRANSMITTING WHILE UNDER
AUTOFILOT CONTROL MAY CAUSE MOMENTARY
ERRATIC AUTOFILOT OFPERATION. THIS. =I5
MOST NOTICEABLE WHEN THE TRANSMITTER,
ANTENNA OR ITS CARLE IS MOUNTED CLOSE
TGO THE AUTOFILOT, ITS INTERCONNECT
CABLES, OR ITS FOWER LINES.

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

Coil T IO

NEVER LEAVE THE HELM UNATTENDED. ALTHOUGH
THE AUTOFPILOT WILL FAITHFULLY MAINTAIN
THE VESSEL*S HEADING, IT WILL NOT REFLACE
THE MAN-ONM-WATCH.

DO NOT FLACE MAGNETIC ITEMS SUCH AS
FORTAEBLE RADIOS, FLASHLITES, EKEYS, ETC.
NEAR THE BIMNACLE. MAGNETIC MATERIALS
MAY CAUSE SUDDEN COURSE CHANGES OR ERRATIC
OFERATION.
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OFERATION

To operate autopilot, steer boat to desired heading and:

1. Press switch to
ON and release.

Y. Disengage pilot

by pushing switch

to OFF.,

Figure 1.1.

When READY is 1it, press
switch to OM again.

When ON is 1it, autopilot
is controlling the vessel
(with AUTO/POWER switch
in AUTO).

If the AUTO/POKER switch is in
POWER, the push buttons will
control the rudder and automatic
steering will be disabled.

ONM/0FF Controls.

PAGE 1-2
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|

The Course—keeper 210 is a "coursekeeper” autopilots that

is, it will maintain the vessel’s heading at the moment that
the pilot is engaged. To begin the sequence for

engaging the pilot, hand steer the vessel to the desired
Course. Fush the ON/OFF togole switch up once to the ON
position and release. The STBY light will come on and remain
1it while the binnacle drive orients the compass to the
vessel *s present heading. When the READY light becomes lit,
the compass is correctly oriented and the pilot may be
engaged as long as the READY light is on.

NOTE

IF THE AUTOFILOT IS EQUIFFED WITH A COURSE
CHANGER HANDSWITCH AND/OR A SECOND STATION
FHC, FLACE THE AUTO/FOWER SWITCH ON  THE
HANDSWITCH AND/OR THE SECOND STATION FHC IN
THE AUTO FOSITION.

Fushing the ON/OFF switch up again to the ON position will
engage the autopilot and light the ON light. Whenever the
ON light is lit, the Power Unit will be "ON" and engaged to
the vessel’s steering system.

COURSE CHANGING
When pilot is "0ON° heading

may be altered by holding
Course Change (CC) switch

to FORT or STBD -~ heading
changes 5 degrees per
second.

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

Figure 1.2. Course Change Controls.

1-3
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The ship®s heading may be changed while under autopilot
control by pressing the CC switch on the PHC or the
Handswitch as desired to PORT or STED. The new heading may
be estimated by counting the seconds the switch is held: S
degrees 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 twmn
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 through the normal sequence.

JOGGING (IN AUTO STEER MODE) N

Press push buttons on PHC or Handswitch to
to PORT or STEBD. Rudder will be driven at max-—
imum slew rate while push button is pressed.
Autopilot retuwrns to previous Ccourse as sSoon

as push button is released.

Figure 1.3. Jog Controls.

The push button should be pressed only long enough to be
agsured of applying enough rudder to completely dodge other
vessels or objects. I+ a considerable amount of rudder has
been applied to dodge the obstacle {(there is a natuwral
tendency to over apply rudder due to the delay in response
of most boats), the return to course may take longer than
desired. The opposite push button should be pressed in the
opposite direction to guickly bring the rudder back thru
midships and start the boat back towards its original
COUrse.
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1.4 POWER STEER MODE

Pressing PHC or Handswitch AUTO/POWER switch to
POWER disables automatic contrel and allows
push buttons to control rudder.

Return to AUTO mode by pressing FPHC o
Handswitch AUTO/POWER switch to AUTO. {(all
AUTO/FPOWER switches must be in AUTO to return

to AUTO mode.)

CAaRUUT IO

IF THE AUTO/FOWER SWITCH IS RETURNED TO THE
AUTO POSITION AFTER POWER STEERING
MANEUVERS, THE PILOT WILL RETURN THE VESSEL
TO THE ORIGINAL HEADING.

Figure 1.4. FPower Steer Controls.

The autopilot may be placed in the POWER steer mode by
setting the AUTO/POWER switch on the PHC, Remote Handswitch
or Second Station FHC to POWER. While the pilot is in this
mode the rudder may be controlled by using the push button
switches on the PHC or Handswitch. While the switch is
pressed, the rudder will be driven at maximum Power Unit
speed in the direction commanded. When the switch is
released, the rudder will stay in it’s last position until
commanded again or the pilot is returned to AUTO mode. When
in the POWER steer mode, the Binnacle drive will remain
oriented on the course the vessel was on prior to power
steering maneuvers. : ;

CALIT ION
IF THE AUTO/POWER SWITCH IS RETURNED TO THE
AUTO POSITION AFTER FOWER STEERING

MANEUVERS, THE PILOT WILL RETURN THE VESSEL
TO THE ORIGINAL HEADING.

1-5
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1.5 SEA STATE CONTROL

fAs motion of vessel increases
turn SEA STATE toward "Fough"s
for fastest pilot response set
to "Calm". Normally set in
"Calm" position.

Figure 1.5. S8Sea State Control.

The Sea 8State 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 errors typically caused by rough sea condi-
tions are filtered out. The "Rough" position may also be
utilized when excessive rolling of the vessel occurs. fis
the control is rotated toward the "Calm" position the pilot
will apply more corrective rudder action for fast changing
heading errors.

DIMMER CONTROL

Adjust the DIMMER control for the desired indicator light’

brightness.
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SECTION II

INSTALLATION

GENERAL

Refer to the typical installation diagram of Figure 2.2.
before proceeding with the installation. A necessary step
in the installation of the STD, ™M and S Fower Unit is to
determine the number of teeth on the driven and driving
sprockets. 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
on 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 autopilcot 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 boats the more back-
lash, the more work the pilot must perftorm and the more the
course will wander. As a general rule, steering backlash
should not exceed 5% of the full helm Fange.

UNFACKING AND INSPECTION
Unpack the autopilot from the shipping container and check
the contents for any evidence of shipping damage. The
Course EKeeper 210 autopilot should consist of the following
items (see Figure 2.1):
FPilot House Control Unit
Binnacle
Interconnecting Cables
Instruction Manual
Refer to appropriate Fower Unit manual for items shipped
with Fower Unit.
INSTALLATION ACCESSORIES
Installation accessories such as sprockets, chain, etec. are

available from vouwr Benmar dealer. Refer to the FPower Unit
manual for detailed information.
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BINNACLE

CK210 PHC

FHC POWER CABLE

Figure 2.1. Course Keepsr 210 Autopilot Components.

2.4 TYPICAL INSTALLATION

Read all instructions completely before proceeding with the
installation. Refer to Figure 2.2 for a typical installa-
tion of the PHC. Refer to the Power Unit manual for typical
installation of the Power Unit.
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~

7
74 CK210 SECOND
TL71 STATION PHC
(i1 1 ACCESSORY @ [Yi REMOTE
RN S ©1 HANDSWITCH
PN 2, ACCESSORY
Lees

7

CK210
PHE

CAUTIDN

THE TWO WIRE TWISTED
CABLE FOR INFUT POWER
18 THE RHE MUS T L
CONNECT TO THE INPUT
FOWER TERMINALS ON
THE POWER UMIT. INPUT
COMNECTIONS TO ANY
OTHER SOURCE WILL
CAUSE ERRATIC AUTO-
FILOT OPERATION.

STD EBWEE WUNIT o6 o SEE PARA.
HL POWER UNIT ...... SEE FPARA.
H FOWER UNIT ....... SEE FARA.
S 0OR HS POMWER UNIT .SEE FARA.
L OR M FOWER UNIT ..S5EE FaRA.

SESESEARE
NENRWENEN!
O U1 A

Figure 2.2. Course Keespsr 210 PHC, Typical Installation. ;

2.5 BINNACLE INSTALLATION

The effects of Mortherly turning errors and acceleration
effects will be minimized when the binnacle is mounted at
the center of motion of the vessel. See Figure 2.3.
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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 W a .

Y

Figure 2.35. Optimum RBinnacle Location.

The binnacle may be either bulkhesd or deck mounted in  a
]

iocation which mests the restri

s

are 45

ctions defined in paraaoraph
and 1s within reach of the interconnect cables which
feet in length.

Binnacle installation is shown in Figure Z.4.

Hinnacle lLocation Bestrictiorns

The Rinnacle location must also satisfy a1l of the
following reguirements for cptimum performa

o
1]
in

1. Do not mount Binnacle where it may be sxposed to
spray or bilge water.

2 Lo not mount compass (Binnacle)
zpeakers, meters, ship® = compass, f
etc.

Z. PBinpnacle must be level in all directicns to +i5
degrees while underwav. A Gimbal Mount Kit (Fart
Number 000-0157) is available for sailboats whers
the boat heeling angle is greater than 15
degrees.

4. The binnacle should be mounted in an arez that is

relatively free of vibration.

2-4
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INSTALLATION FPABE 2-

“. The mounting location for the Binnacle should
maintain the following minimum separation from
magnetic disturbances:

Minimum Mounting Distances

Ship"s compass. & e e )
Fower Unit. *ﬁ I £t (Plem)
Electronic egquipment containing & £t £F1cm)
small magnets (radios, RDF, depth

recorders, etc.).

Radar magnetrons. 8 ft (Z2.4m)
Current carrving wires 2 £t (blcm
{(more than 0.3 amp).

Any large mass of soft iron or 2.3 +t (7écm)

steel, including pilot house
tie rods.

The magnetic disturbances in the vicinity of a pro-
posed binnacle location may easily checked using a
small hand compass.

With the Binnacle removed from the proposed location,
slowly move the hand compass horizontally and
vertically over a distance of about 2 ft. in the area
of the binnacle location and watch for any movement
of the compass needle. None should be noticed.

NOTE

IF THE AUTOPILOT IS INSTALLED IN A SEEEL.
HULLED BOAT OR IF THE BINNACLE CANM NOT EBE
INSTALLED FREE FROM THE OTHER MAGNETIC
INFLUENCES, THE COMPASS MAY NEED TO BE
COMFENSATED. THIS WILL REQUIRE THE USE OF
A AUTOPILOT TEST SET, P/N 000-0095, AND
COMFENSATION ADAFTER KIT, F/d 000-0174,
THE COMPENSATION EIT IS F/N 000-0147.

b
n
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174" METAL WASHER /
N

@‘w@

174 MOUNTING SCREW \
(SUPPLIED BY INSTALLER)

1/74% mDUNTING GORGH
(SUPPLIED BY INSTALER)

1/6° METaL. ~SeEER
e

= MEUPRENE SHINE DER
Lt A" WASHER (LONG)

NEDPRENE SHOULDER 174" MOUNTING SCREW
WASHER {SHORT) (SUPPLIED BY INSTALLER)

1/4" METAL WASHER
Ut KHEAD MOUNT DECE MOUNT

Figure 2.4, PRinnacle Mountinag.

—

Hinnacle Cable Cornections to FHOC

[}
{a
b3

The cable with the fowr pin connector connects to the
FHC connector labsled COMFASS. The cable with the
five pin connector connects +to the FPHC connectors

labeled BIMNACLE DRIVE.

2. PILOT HOUSE CONTROL UNIT INSTALLATION

The Pilot House Control (PHC) should be flucsh mounted within

reach of the steering wheel station. The FHC unit may be
mounted in any position. The template of Figurs 2.10 may be
used to cut the hole in the panel. Uze the fow black
zCirews provided to mount the FPHC. Do not use the bezel if

the FHC is flat mounted cutside as it will collect water.
The FHC is electrically connected to the Binnacle and the
Fower Unit with provided cables with pre-wired connectors.

Z2.6.1 Power Unit Cable Connection to FHC
The cable with the nine pin connector (furnicshed with

the Fower Unit) connects to the FHC conmector labelied
FOWER UNMIT.
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2.7 PHC POWER CABLE CONNECTIONS
Table 2.1 shows the Course Keeper 210 Power Cable
connections to the appropriate Power Unit.
___FOWER CAEBLE REFERENCE
FOWER UNIT WHITE BLACK PARAGRAPH
STD ELECTRIC CLUTCH | ELECTRIC CLUTCH 2.7.2
TERM 3 (+) ;. TERM 1 (=)
HL RELAY PC BD MAIN PC BD 2.7.3F
= "+" TERM . =" TERM
H TERM 1 (+) TERM 2 (-) s 2.7.4
S5/HSS50/HS100 TERM 1 (+) TERM 2 (=) 2.7.58
L/M Ei1 (+) E2 (=) 2.7u6

Table 2.1. FHC Power Cable Connections to Power Unit

2k

Fower Cable Connections to PHC

The white 2 pin connector end of the white and black
twisted pair cable connects toc the PHC connector
labeled F/U.

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

The ON/OFF switch supplied with the Power Unit is not
used with the Course Keeper 210.

Fower Cable Connections to STD POWER UNIT CONNECTED

If the Power Unit is a STD Power Unit connected to
mechanical steering. an Electric Clutch Assembly, P/N
OO0-0038 (12V), must be installed.

The ON/0OFF switch supplied with the Electric Clutch
is not used with the Course Keeper 210,

Electric Clutch wiring is shown in Figuwe 2.5.
Connect the PHC Power Cable WHITE wire to terminal 3
(+) on the Electric Clutch Terminal Board. Connect-
BLACK wire to terminal 1 (-) on the Electric Clutch
Terminal Board.




SECTION II

2.

INSTALLATION FAGE 2-8

SHIPS PWR
- +

Figure 2.5. Electric Clutch Wiring, STD Power Unit

7.3

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

The ON/OFF switch supplied with the HL Power Unit is
not used with the Course Keeper 210.

Connections to the Relay Assembly are shown in
Figure 2.46. Connect the FHC Power Cable WHITE wire
to the "+" terminal on the Relay FC EBoard. Connect
the BLACK wire to the "-" terminal on the Fower Unit
Control Board. Do not make any connections to  the
"ON" terminal.

Fower Cable Connections to H POWER UNIT ONLY

The ON/OFF switch supplied with the H Power Unit is
not used with the Course Keeper 210.

Connect the Power Cable WHITE wire to terminal 1 (+}
on the H Power Unit Terminal Board. Connect the
BLACK wire to terminal 2 (-). Do not make any
connection to the "ON" terminal.
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+ SHIPS PWR

FROM
CKzia

1o

Figure 2.6. 0ON/OFF Relay Assembly Wiring.

2.7.%5 Power Cable Connections to 8, HSS50 OR HS100 FOWER
UNITS ONLY

The ON/OFF switch supplied with the 8§, H830 or HE100
Power Unit is not used with the Course Keeper 210.

Connect the Fower Cable WHITE wire to terminal 1 £+)
in the Fower Unit. Connect the BLACK wire to
terminal 2 (-). Do not make any connection to the
"OM" terminal.

2.7.6 Power Cable Connections to L DR M POWER UNITS ONLY

If the Fower Unit is a M Power Unit connected to
mechanical steering, an Electric Clutch Assembly, F/N
000-0198 (12V), must be installed.

The ON/OFF switch supplied with the L Power Unit or M
Electric Clutch is not used with the Course HKeeper
210, ‘

Connect the FPHC power cable WHITE wire to E1 {(+) in
the L or M Control Unit. Connect the BLACK wire to EZ
(—-). Do not make any connection to the "ON" terminal.

2.8 DOCKSIDE CHECKOUT
After the PHC and Power Unit have been installed, the
following tests should be made with the boat at the dock or
on a trailer.
CALIIT T O
MAKE SURE THE HELM AND RUDDER ARE FREE TO

MOVE. IF THE BOAT HAE AN IN/OUT DRIVE,
THE DRIVE MUST BE LOWERED.

2~
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2.8.1 Establishing the Correct Autopilot Phasing

This section establishes that the autopilot will
control the rudder and will drive the rudder in the
direction necessary to correct a heading error.

The Fhase Switch is located on the rear of the BPHO,

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

Ui

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

Flace the autopilot in the Fower Steer mode by
pressing the AUTO/POWER switch to POWER.

Fush the STBD pushbutton on the FHC. The rudder or
helm should move to starboard while the switch is
held. Repeat using the FORT pushbutton. The rudder
or helm should move to port while the switch is held.

I+ the opposite occurs, change the position of the
Phase Switch and repeat the test with the
pushbuttons.

OPERATIONAL CHECKOUT (UNDERWAY)

The operational checkout (underway) applies to all Course
Kesper systemns. Successful completion of the dockside
checkout procedures assures that the Course Keeper autopilot
is properly set up and ready for the underway checkout.

2.9.1 Response

A properly set up Course Keeper should maintain a
satisfactory heading without *S%ing at speeds from
idle to maximum speed. Slight initial trimming of
Gain pot may be required once underway to optimize
performance. A screwdriver access hole is located on
the side of the PHC cover. See Figure 2.7.
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DECREASE INCREASE

Figure 2.7. BGain Fot

Freparing to Set the BGain

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 hoat should be at its maximum cruise speed;
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 fow Cardinal
headings. All magnetic compasses are most sensi-
tive on northerly or southerly courses, therefore
attention should be paid to the gain setting on
north and south headings.
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2.9.%F Setting the Gain

Bring the boat up to cruising speed and turn the
antopilot ON.

With the SEA STATE control set to Calm, attempt 30
degree turns both to port and starboard at every 90 -
degrees of heading (i.e., N, S, E, W. Turn response
should be rated by observing the boat® s wake which
should display one small overshoot as diagrammed in
Figure Z.BH.

9

I1f the response is as shown in Figure 2.8, A or C,
the Gain pot should be adjusted slightly to optimize
the turn response. !

At slower speeds, the turn response may degrade some-—
what, 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 autopilot to take longer to come
onto course. The SEA STATE control should always be
set to Calm when precise maneuvering is required.

A B
—i e —
pd - e
GAIN TOO LOW GAIN GAIN TOO HIGH
TURN GAIN POT CW CORRECT TURN GAIN POT CCW
Figure 2.8. Turn Response Diagram.

2.9.4 SEA STATE Control

The function 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
only be turned toward Rough in heavy seas or any
other time that 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
ACCUWraCY. It only reduces the short term movement of
the helm.
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i

2.10 NORTHERLY TURNING ERROR

The CKZ10 PHC is equipped with a vertically compensated
compass. As shipped from the factory, switch S1 on the
compass 1s in the OFF position which disables the compen-—
sating coil. When switch 51 is set to the "+" position (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 mini-
mizes acceleration and northerly turning error effects.

2.10.1 Effects of Northerly Turning Error

Northerly turning error is a dynamic cpmpass error
caused by linear acceleration effects of any
pendulous magnetic compass card including the finest
steering compasses made.

The effect is zero at the magnetic equator 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 eguator and progressively tilt further
and further down as one moves in either direction
away ftrom the eqguators i.e., the vertical magnetic
intensity increases. For example, the tilt (magnetic
dip) angle is approximately é8 degrees in Seattle,
Washington.

As can be seen on the chart in Figure 2.9 the geo-
graphical and magnetic equators do not coincide nor
do the lines of latitude match the lines of constant
vertical magnetic intensity. In fact, the vertical
field is higher {(and therefore northerly turning
error effects greater) in the Great Lakes area than
anywhere on the coast of Alaska. However, generally
as  one progresses north or south from the equator,
the northerly turning effects increase.

The degree of the northerly turning error effect is
also dependent on amount of linear acceleration and
dynamics of the compass card. Linear acceleration
occurs when a boat turns (which can’t be prevented)
and when a boat rolls causing the compass card to be
accelerated from side to side (which can be mini-

mized). The closer the compass is to the boat®s
center of roll, the less acceleration will be impart-—
ed to the compass when the boat rolls. Since a

boat’s center of roll is always below the waterline,
the lower the compass is located, the less the roll
effect. The error caused while turning will remain
the same however, regardless of compass location.

E=13



SECTION IX

INSTALLATION FAGE 2-14

Northerly turning error effect on a boat/autopilot
system manifests itself (in the northern hemisphere)
as increased sensitivity {(autopilot appears "nervous"
and more prone to fast "S7ing) on direct southerly
courses and decreased sensitivity (slow wandering *S°
or sluggishness to correct) on direct northerly
courses when compared to stesring east/west courses.
These effects reverse directions in the southern
hemisphere.

The gain of an autopilot must then be optimized on
north  and south courses. If it is found to be too
uniresponsive 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 com-—
pass showing northerly turning error effects, the
autopilot gain may be increased the most on sast-west
courses before instability is reached. The autopilot
will then be sluggish on northerly courses and
unstable on southerly courses (in the northern
hemisphere) .

?§?$%\;555\§;*>
= a..,.\_*“\ Chie S
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\ ST N
LN Sy
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S

Figure 2Z.9.

2.10.2

Vertical Intensity of the Earth’s Magnetic Field,
When to Employ the Vertically Compensated Compass
The vertically compensated compass should be used
only when northerly turning error effects have been

observed. As stated above, with an uncompensated
compass showing northerly turning effects the auto-—

2-14
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pilot gain may be increased on east-west courses
before instability is reached. The autopilot gain
will then have to be decreased on northerly—-southerly
courses in order to maintain stability. The auto-
Pilot will then probably be sluggish on northerly
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 auto-
pilot 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 necessarily
north-south courses.

Locating the Autopilot Compass

The Compass {(Binnacle) should be located as close +to
the center of roll and the center of yaw as possible
to minimize northerly turning error or acceleration
affects. 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 interfer-—
ence.

Ad justments

There are two adjustments on the vertically compen-—
sated compass, switch S1 and potentiometer RS located
on  top of the compass. NOTE: = ON THE COMFASS IS
NOT ASSOCIATED WITH THE VERTICAL COIL AND SHOULD NOT
BE ADJUSTED.

NOTE

SWITCH 81 ON THE COMPASS IS SET IN THE
CENTER, OFF, POSITION WHICH DISARLES THE
COMFENSATING COIL. THIS SWITCH MUST BE
SET AS DESCRIBED EELOW.
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The compass phase switch must be set as follows:

For operation in Set Compass
Fhase Switch

Morthern Hemisphere +

Southern Hemisphere =

Fotentiometer RE is pre—-set at the factory for opti-
mum operation at a mid-latitude. Ordinarily this
setting will be satisfactory in any location. I+
satisfactory results are not obtained with RS at its
tactory 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 couwrses, 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 cowses. 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 ogain by 20 to 40%. This gives a very signifi-
cant increase in response and very satisfactory
performance on all courses.

]
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Figure 2.10.
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SECTION III

SERVICING AND MAINTENANCE

GENERAL

The Ffollowing servicing and maintenance instructions can be
performed by the operator. No special tools or test equip-—
ment are required.

FUSE REPLACEMENT

The PHC fuse is contained in the FHC power cable. Replace a
blown fuse with a 14, 3AG fuse.

The autopilot primary power input fuse is located in the
FPower Unit. For fuse location and replacement, see appli-
cable Power Unit manual.

COMPASS LAMP

The EBinnacle contains one lamp. It is located in the com—-
pass assembly and requires removal of the Compass FPrinted
Circuit Board from the compass and requires recalibration of
the compass. This lamp should only be replaced by a
gualified technician.

COMPASS MAINTENANCE

The rotating compass contacts may occasionally oxidize and
require cleaning. See Figure 3.1. Radio-TV contact cleaner
can be used to clean the contacts. For an installation in
which the Binnacle is continuously exposed to weather ({(such
as +flying bridge installation) this maintenance must be
performed every 3 months.
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ROTATING CONTACTS

COMPASS

Figure 3.1. Compass Rotating Contacts

PAGE 3-2
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SECTION IV

CIRCUIT DESCRIPTION

GENERAL

Refer to the System Block Diagram, Figure 4.2, for a basic
understanding of the Course Keeper autopilot operation. See
the Fower Unit manual for detailed information on Fower Unit
operation.

Refer to the system schematic for a more detailed circuit
description. Circuit board location is shown in Figure 4.1.

The system control, compass control and compass electronics
are contained in the Contrel Unit. The compass is contained
in the Binnacle and the compass drive circuitry and drive
motor in the Binnacle Drive Unit. The interconnections
between the Control Unit and the Fower Unit are made by an
Interconnecting Cable furnished with the Fower Unit. Inter-—
connections between the Control Unit and EBEinnacle and
Binnacle Drive are made with Interconnecting Cables Ffur-—
nished with the Binnacle and Binnacle Drive Unit

BINNACLE

The compass contains the compass card, lamp (DS1) and photo-
cell (V1) which supply a course error voltage to the
compass electronics. The compass null voltage ("on-courss")
is +4.0 VDC, identical to the reference voltage. I RS
course”, the compass output is above or below the 4.0 VDO
reference, indicating right or left course error. Resistors
Rl1, RZ and potentiometer RZ set the current through the lamp
D&1. R4 and RS set the current through the compensating
coil. 51 sets the phase of the compensating coil.

BINNACLE DRIVE UNIT

The Binnacle drive circuitry receives a drive signal from
the Control Unit and positions the compass.

»
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INTERCONNECT BOARD
RELAY/LAMP DRIVER BOARD

FRONT PANEL BOARD

COMPASS ELECTRONICS BOARD
REGULATOR BOARD

CONNECTOR
BOARD

it
b

ROTATING CONTACTS COMPASS DRIVE
BOARD

COMPASS

Figure 4.1. Circuit Board Location
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IC Ul-1 thru Ui-4, U2-1 and @1 provide the drive and engage
signals to U3, IC v2-2, UuU2-3, RS, R6 and C5 make up the
oscillator to generate the clock for U3. IC U3 contains the
motor driver transistors for B1l, the stepper motor that
drives the compass.

CONTROL UNIT

Located on the front of the Control Unit are all of the
controls and indicator lights for the autopilot. Located
inside the Control Unit are six circuit boards that contain
the electronics for control of the autopilot.

4.4.1 Front Panel Board

The Front Fanel Board provides the connections for
the front panel controls and indicator lights.

4.4.2 Regulator Board

The Regulator Board contains the +12v pre—-regul ator
for 24V and 32V units, +8V regulator and +4V
regulator.

4.4.% Compass Electronics Board

The Compass Electronics Board contains the auto/power
steering circuitry, compass sea state filter and
amplifier, system gain control, compass signal
buffer, filter, comparator, phase change circuitry
and motor drive logic.

4.4.4 FRelay/ Lamp Driver Board
The Relay/ Lamp Driver Board contains the STEY,
READY, and ON logic, lamp drivers and the ON relay
driver.

4.4.5 Interconnect Board
The Interconnect Board connects all the boards
together and contains the standby relay, the on
relay, the filter capacitors and RFI shield.

4.4.46 Connector Board
The Connector Board at the rear panel of the unit

mounts the interconnect connectors and the phase
switch. The connectors on the rear panel are:
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J4 — Connects to the Fower Unit interconnect
cable. It has +BV, +4V and signal ground coming
from the FPower Unit, and, FHC signal, power on
voltage and auto/power voltage going to the Power
Unit. :
J1Z — Connects to the ship®s voltage at the Fower
Unit.
J15 - Connects to the Binnacle. Contains the

compass output signal and provides +8V and ground
to the compass.

Ji1é6 -~ Test connector for connecting an Gutopilot
Test Set to read out the voltages in the unit.

J17 — Loran C Interface which provides voltage to
the Loran C interface, if installed, and also
allows the interface unit to drive the compass.

J18 - Binnacle Drive connector which provides
the voltage, FORT and STBD drive to the binnacle
drive circuitry in the bottom of the Binnacle.

CIRCUITRY

Refer to the System Block Diagram, Figure 4.2 and detailed
schematic.

o

L

PJ

]

Fre—-Regulator (24V and 32V Units Only)

The pre-regulator provides the +12V to the +8V
regulator, switching relays, Binnacle drive circuitry
and the Loran C Interface unit. The +12V pre-
regulator consists of R1, Cil, C2Z, CR1 and 81 on the
Regul ator Board.

2 is a "Tranzorb" diode to clip any high wvoltage
spikes which may be on the input line.

+8 VYolt Regulator

The +8VY regqulator feeds +8 volts to the circuitry on
the Compass Electronics Board in STRY and READY mode
and to the Relay/Lamp Driver Board. The +8 wvoltis
comes from U-1 on the Regulator Board.

+4 VYolt Regulator

The +4V regulator provides the reference voltage for
all the low level circuitry on the Compass
Electronics Board in S8TBY and READY modes. The -+4V
comes from RZ, R3Z, C5, C& and U2-1 on the Regulator
Board.
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OFF +
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Figure 4.2,

System Block Diagram
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Auto/Fower — Dodge Circuitry

On the Compass Electronics Board, IC switch U7-3, R1,
rR2. R3Z, R4, RS, R39, R40, CR1, CR2, CRZ, CR14 and
CR1S5 provide the Auto/Pwr voltage (+8V for Pwr mode,
oV for Auto mode) and the FORT/STBD forcing voltage
(+8Y or oY) which is applied at the PHC ocutput in the
Fwr mode.

In the Auto mode, switch U7-3 is turned on thru RE8,
which allows the Auto/Fwr line to be pulled to ground
through R3E7 and U7-4 is turned on by Ul-1. In the
Fwr mode U7-3 and U7-4 from Ul-1 are tuwrned off by a
ground at P3-3%, F3-4, or both (from the front panel)
allowing the Auto/Pwr line to be pulled to +8V
through the low impedance of R37. In addition to
performing functions in the Fower Unit, +8Y on the
Auto/FPwr line turns on switch U3-3 which applies the
reference voltage to the input of Ul, thus commanding
reference on the FHC output and no rotation from the
Fower Unit. iIf ground is then removed from P3-3 or
F3-4 (but not both) esither switch U3-1 or U3-2 will
be turned on, applying either +8Y or 0V, through the
Fhase Switch, to the PHC output forcing the Fower
Unit to run at full slew rate either CW or CCHW.

Compass Electronics

On the Compass Electronics Board, amplifier U5 and
its associated components R9?, R10, Rli, R12Z, R1Z,
k14, Ris, €1, C2, C3F, C4, €5, C10, CR4 and CRS
constitute a variable filter, buffer and gain control
which process the compass output signal. The BEA
STATE control (R1 on front panel) adjusts the filter
time constant for varying compass inputs, "averaging®
the input so the FPower Unit will not respond to
increased wave motion. Gain pot Rl14 sets the
autopilot gain as described in Section V.

Compass Drive Control

On the Compass Electronics Board, buffer amplifier
U2-1 is a voltage follower. Filter amplifier U2-2
with Ri1?, R20, RZ21, Cé and C7 +filter the  compass
signal and feed the comparators which consists of U2-
S, UZ2-4, R23, R24, R2ES5, R246, R27, R28, R2?9 and R30.
Depending on the polarity of the course error, one
comparator or the other iz switched on. The outputs
of the comparators go to an Nor gate and the phase
changer logic.

The Mor gate Ul-2 controls the STBY/READY /0N
switching on the Relay/Lamp Driver Board. The phase
changer logic receives +BY and OV Ffrom the phase
switch which also feeds the compass electronics to

4-&
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phase the compass output. The phase changer logic
consist of Ué—-1 thru U6-4, CR&, CR7, CR8 and CR9.
The output of the phase changer in STBY and READY
modes feed thru the switches U7-1 and U7-2 to U4-3

and U4-4. The outputs of U4-3 and U4-4 feed B1 and
Q2. If there is a course error, @1 or 02 will be on
until the compass drives to on course. In ON mode,

the Fower Unit is on and switches U7-1 and U7-2 are
off. The motor drive circuitry U4-3 or U4-4 also get
an input from the course changer switch on the front
panel.

IC U4A-2 cuts off the motor drive if the CC switch on
the front panel is actuated one direction and, at the
same time, either the Remote PHC or Handswitch CC
switch is actuated in the opposite direction.

Relay and Lamp Drivers

On the Relay/Lamp Driver Board, the STBY/READY signal
at pin 3 feeds the time constant R7, Cl1 and CR1 which
set the time, after the compass drives to "on
course", that the READY light comes on and the STRY
light goes off. Ul—-2 output goes to B2 to light the
STRY 1light. Ui-1 goes to @2 to 1light +the READY
light. In ON mode, switch U2-1 and UZ2-2 are closed to
turn off the STBY and READY lights and &1 is turned
on to light the ON light. Q4 is also on in the ON
mode to hold K2 energized.

STBY/READY Logic

When the ON switch is closed, the line voltage is
applied to the Regulator Board. For 24V  and 32V
units the line voltage is regulated to 12V on the
Regulator Board. This 12V is applied to the +8VY
regulator Ul so that +8Y and +4V from UZ2-1 is now
applied to the Compass Electronics Board, Relay/Lamp
Driver EBoard and to the compass. The 12V is also
applied to K1 thru Rl to energize K1 and hold it
closed thru the contacts of Ki. The holding contact
of K1 keeps the line voltage applied to the Regulator
Board. Any deviation of the compass from the ship®s
selected course will cause the compass to generate an
error signal. The compass error signal is buffered
and filtered on the Compass Electronics Board. by UZ-1
and U2-2. The signal then goes to two comparators
and depending on the polarity of the error either U2-
2 or UZ-4 will switch to approximately &6.5V. The
output of the comparator goes to the phase selector
U&—1 thru Ué6—~4 and thru U7-1 or U7-2 which are on in
STBY/READY modes to U4-1 or U4-2 to turn on 01 or QF.
1 or 02 on causes the compass drive motor to slew
the compass toward zero error. The output of both
comparators also goes to Ul-2 to be inverted and then

4-7
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feeds diode CR1 to Ul-2 on the Relay/Lamp Driver
Board to twn on 83 and light the STBY light. After
the compass slews to "on couwrse", the output of the
comparator on the Compass Electronics Board goes to
ground and thru Ul-2 inverter to the STBY/READY time
constant. C1 charges thru R7, @3 switches off and 02
on to twn off the STRY light and light the READY
light. Ul—-3% also gets a voltage to allow the system
to be switched to the ON mode.

4.53.% Turn On lLogic

Depressing the ON switch after the READY light is on
will apply a voltage to the Relay/Lamp Driver Board
thru CR2Z, C2, R?., R10, U1-3 to Ul-4 and G4. Turning
on B4 energizes the ON relay., K2Z. +8V volts thru the
OM relay contacts goes to @4 to keep the relay

energized. The +8 volts also goes to switches UZ-1
and UZ-2 to turn off the READY light and to &1 to
light the ON light. The voltage also goes to the

Compass Electronics Board to open switches U7-1  and
U7-2 to keep any compass error from driving the
compass. KZ, the OM relay, being energized sends the
line voltage out thru one of its contacts to pin 1 of
the Fower Unit interconnect cable. This voltage goes
to Fower Unit ON relay in the Power Unit to turn on
the Fower Unit.

SECOND STATION PHC
Refer to remote PHC schematic.

The ON/OFF switch on the Second Station FHC connects thru
the interconnect cable to J20 on the main PHC and parallels
the ON/OFF switch on the main PHC. It operates the same as
the main PHC. The main PHC also feeds STRY, READY and ON
signals out of J20 thru the interconnect cable into J2 to
the STBY/READY/ON logic. Whichever mode the main FHC is in,
the BSecond Gtation PHC will display the same indication.
The CC, FORT, STEBD and AUTO/ FOWER switches are connected
thru J3 and the interconnect cable to F12 on the main PHC
and are parallel to the same switches on the main FHC and
therefore function the same.



FAGE 5-1

SECTION V

TROUBLESHOOT ING

GENERAL

Troubleshooting the autopilot should be performed by a gual-
ified technician. The circuit description section and the
system schematic should be referred to for a thorough under-
standing of circuit Ffunction prior to troubleshooting.
Yince the autopilot system includes the Power Unit reference
should be made both to this section and the corresponding
section in the Power Unit manual. An Autopilot Test Set,
Fart Number 000-0095, will greatly facilitate autopilot
troubleshooting as well as initial setup and operatiaonal
monitoring.

COMMON NEW INSTALLATION PROBLEMS

Listed below are the most common problems encountered on new
installations. As 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 -~ usually 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
RS

2. Binnacle (compass) to close to external magnetic
influence. Autopilot unstable and/or sluggish on some
Courses. Refer to paragraph 2.7. Magnetic materials
come in many formsi 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 qualified, experienced compass Compen—
sator and requires the aid of the Autopilot Test Set
(Benmar F/N 000-0095) and Compensation Adapter (Benmar-
P/N 000-0174).  The Compu—-Course 220 Compass Compensator
Fit is Part Number QOQO0-0147.

3. FPower 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 specitied
level for short periods of time causing erratic opera—

5-1
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tion. The problem may be an undercharged or defective
battery., corroded power lead connections, or too fine a
gauge of input wire for the length of wire used. This
problem most often observed on § Fower Units. See
Electrical Connections in the appropriate Power Unit
manual for input wire reguirements.

4. Compass contacts dirty — autopilot will be erratic.
Compass lamp flickers as the compass is rotated. Will
be seen on the Test Set as jumpslor flickers in the
compass output as the compass rotates or is lightly
tapped. Refer to Faragraph 3.4.

Dia I+ there is excessive back and Fforth helm movement
required to make small heading error corrections, 'it is
possible that there is greater than acceptable backlash
in the linkage between the helm and rudder.

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

7. On hydraulic systems the 3Ird or return line not
connected. On some installations,. the autopilot will be
sluggishs on others, it will not operate at all. The
autopilot return line must be connected to the retwrn or
reservolr in the hydraulic system on all installations.
Failwe 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. If
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 .

TROUBLESHOOTING

I+ a malfunction occurs, refer to the Test Voltage Table
{Table 5.1) and the Autopilot Checkout Chart (Table S.2).
These will assist in izolating the specific function block
that may be the cause of the malfunction. FHeplacement
printed circuit boards, as well as all other components may
be obtained from Benmar. Refer to the Parts List for com-—
ponent description and Eenmar Fart Number.
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TEST

VOLTAGE CHECK FOINTS CONDITIONS SPEC VOLTAGE
Input FPower: it Sdgy, Wt STANDRBY and +11 to +13VDC
12V System oM (for all '

tests)

24V System +22 to +30VDC
Voltage J16-7 to +7.7 to +8.3VDC
Regulator J1&—4

Reference J16-5 to +3.6 to +4.4VDC
Regul ator Ji&6—4

Table 5.1.

(&}

Test Voltages

Lo



TABLE 5.2

AUTOPILOT CHECKOUT USING TEST SET
FOR CKZL0 PHC AND ALL P, L.

Haad Motes ! thru § prior to starti

o

fests should be performed in the sequence shown,

T

The digser control should be sel and left fully O for saxisus indicator lamp brightness.
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Cet Switch Positions CEZIC  |Hode
0 uto/

i¥
‘ogar Unit|Auto/Pur |Sthy/R/On|A/F | Conn| Testing Desired Result Fossible Probless

There should he ao " side of the compass
somentary jumps or is encountered.
jitters on the
geter dial. o) Meter out of green
‘ area #hen Compass
X cutput is paxisum.
o~ fidjuct compass laamg

circeit pot B3 on
compass. Fausliy

COBpass.
OPERATE 8470 On PWR | P4, 18etting Phase | Fush the right jog button and watch the wheel or
Switch rudder. the wheel shouid move in the same

direction that vou cosgandsd with the jog button or
the rudder should acve the apposite way to turn the
Goat the same direction. If it does not, raverse
phase suitch.

Check the wheel ratation hy iogging several times
in both directions fg insure that fhe wheel or
rudder is causing the bpat to turn in the direction

cosganded.
g AUTD Cn AT | P.U, |Compass Bith the cospass Mo putput or very little
Electronics centered, {0 compass output:
output activats the right
and left OL switches AUTO/PYE switch on
for 7 or 8 zec to handset, test set or 3
rotate the compass remote in FUR acde.
45 either side of Faulty rosmpass
center. PHEC output electronics.
should increass and
decrease either side Erratic output:
of renter ssooihly and
with no jusp or jitters. Paszihle cempass pro-

bleps or faulty com-
pass electronics.

HOTE - The amount of PHC
output is depeadeni on

the interral gain setting.
With the internal gain set
fully counter-rlockwise
there will he very litile
PHE putput, Hith the gain




Tect
Test Set Switch Positions| CE2L0 |Mode | Set
Meter|Fower Unit)Auto/Pur | Sthy/R/On|A/F | Coan| Testing fesirad Result Fessible Problens
set fully ciockuisze, the
culput will peak in the
gresn area on the 147
scala,
dny | @ AUTO in 4070 | E.U.|Powsr Upit Fe L output shaft P.U, Control circuitry
Circuitsy should be stationary faulty or power
e i input or nearly stationary. transistor shorted.
= dny [0 to AUTD [n AUTO | P.U.{Porer Unit P. U, output shaft Erratic: F. U, Control
+ LM Circuitry should fast slew cfrguitry faulty.

CCH input, 142 turn, slow down Fg Movement: P.U, Contral
and slow slaw smoothly Control circuit faulty or
in the same direction. powsr transistor opep, dr
See Note &. AUTC/FER switch in FUR.

See Hote 3
Ay | 0 g AUTS On AUTD | F.U.| Power Unit F. U cutpet shaft Erratic: P. U. Control
- LD¥ Circuitry should fast slew CH circuitry faulty.

CB input {72 turn, slow down Ho Movement: P.U. Control
and slow slew circuit faulty or power
spoothly in the same transistor open. (Or
direction. See Maoie 6. AUTG/PUR switch in PUR

Ses Hpte I
Gy | 0 to #UTD fn AUTD | P Pomer Usit F. U. output shaft Erratic: F. U. Control
+ HIiGH Circuitry should fast slew COH 4 circuitry faulty.

CH Input turns, slow down Mo Movement: P.U. Control
stightly and slow circuitry faulty or power
spoothly in the same transistor open. Or
direction. Ses Molte 7. AUTO/PEE switch in FHR.

See Mote 3.
foy | 0 1o aUT0 O AUTD | P.UJ Power Unit i output shaft Erratic: P. 4. Control
- HIGH Circuitry sﬁvfid ast slew circuitry fauliy,
CH 4 times, slow No Movement: F.U, Control
down slightly and circeitry faulty or power
siow slew smoothly transistor open. Or hand-
in the same direc- set or reppie PHC
tion, See Note 7. AUTG/PER switch in PHR.
' See Note 3.
finy | 8 o FHR 0a Ayt P.UY P UL Control P. U, should not P. U. Control circuitry
+ Lo circuitry asd | run, or AUTG/FBR circuitry
AUTD/PUR faulty,
circuitry.




Test

Test Zet Seitch Fositions | CK214 |Made | Set
MeterFower Unit|Auto/Pur 1Sthy/R/On|A/P | Connl| Testing lesired Result Possible Problems
fny |0t FUR fn AUTO | P.U.|P.U. Control B. U. should not P.U. Control circuitry
- Ly circuitry and | run. or AUTC/PHER circuitry.
AUTO/PHR faulty.
circuitry,
dny |0 to PR O AUTEG | P.YU.{P.Y. Control F. Y. shosld continu- P.U. Control circuitry
+ HIEH circuitry and | ously fast slew counter- | or AUTO/PER circuitry
| b AUTG/PHR clockwise unless limit taulty.
- circuitry, seitch limits are ea-
countered shich will
turn off P.U. See
Hote 8.
CHEO FER n AUTO | B.ULP.U. Contral P, U. should fast slew P4, Control circuitry
~ HIEH circuitry and | continuously clockwiss ar AUTG/APHR circuitry
AUTD/PEE unless limit switch faulty.
circuitry ligits are encount-
sred which will turn
off the P. U.
See Hoie &,




HOTES:

i

i

e

- The CK2i0 PHC differs inm concept somewhat froe the £521 PHC’s.  During the compass orient phase of operation

{ztandby and ready), the PHC develops and eses its own #BY and +4V supplies.  The Power Unit does not cose on

uptil the "ON® pba=a of operation at which tise the PHC switches to and uses the F. UL +BY and +4V sugplies.
Far this reason if the Test Sst is installed in series with the PHC and Power Unit (i.e., P. U. connector on
the PHCY, the Test Set will not operate during standby and ready. The test jack op the hack of the PHC hn“ been

kol t
added on the CE210 so that one can sonitor PHC funclions (+8Y and #4Y, cospass cutput) during
operation, OO MOT AT AMY TIME FLUG THE POMER UNIT CONMECTOR INTO THE TEST GET IF IT IS PLUSRED IHT
COMMECTOR. This will dasage the PHC and/or the P. U, circuitry,

Bhen the Test Set ic rosnecied to the PHC "TEST® commector, the °PHR UNIT" switch in the test set iz not
fanckional.

In order for the autopilot to fusctien in "RUTO" mode, ALL AUTO/POMER switches must be in the AUTD pesition;
i.e., ®ain PHC, remote PHC, all handsets and the Test Set AUTO/PHR switches. I ANY AUTO/PHR switch is in the
FER position, the autopilot will be in the PBR steer mods.  If more than one AUTD/PYR switch is in PER, the jog
puch buitons will not function.

In order to course change, the autopilot sest be in the AUTD mode. ALL AUTO/POYER switches must he in the 8UTH
position; i.2., @ain PHC, resote PHE, all handset and test set AUTO/POMER switches. [If any AUTD/PYR suitch iz
in the PR position, the autopilot will be in the PWR steer mode.

If the CK210 PHC is turned on with the 9 conductor Power Unit cable disconmected the PHC will imssdiately go
into the READY mode without orienting the compass.  The PHC will then give an "BN® indication if the gn switch
iz operated again. This is obviously an erraonecus indication since the Powsr Unit is asot even romnectsd and
will not come on.  The PHC should not be operated without the 9 conductor Poser Unit cable conpected.

172 turn fast slew applies to the STE Power Unit only.  The § Power Unit will fast slew approximately 1-1/2
turns. The H Pawer Unit approsimately | fo 1.5 sec. The HS Power Umits approximstely 2.0 to 1.0 ser,

4 turns fast slew appiies to the 5TD Pawmer Unit only.  The § Fower Unit will fast sley apuru”ia tely {2 turss,
The H Power Unit approsimately 7 to 10 sec. The HS Pawer Unit approwimately 16 tp 24 s
NOTE - It may be impossible to perfore this fest on zome boats without running the rudder into its liaits,

This is 2 very useful test sode to use when bleeding a hydraulic system as it alloes the Power Unit to be driven
ai full speed rontinuously in either direction.
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