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Important information

Safety notices
WARNING: Productinstallation

Thisequipment must beinstalled and oper ated in accor dance
with theinstructionscontained in thishandbook. Failuretodo so
could result in poor product performance, per sonal injury and/
or damagetoyour boat.

Becausecorrect performance of theboat’ssteeringiscritical for
safety, we STRONGLY RECOMMEND that an Authorized
Raymarine Service Representativefitsthisproduct.

WARNING: Navigation aid

Although we havedesigned thisproduct to beaccurateand
reliable, many factor scan affect itsperformance. Asaresult, it
should only beused asan aid to havigation and should never
replacecommonsense and navigational judgement. Always
maintain a per manent watch soyou can respond to situationsas
they develop.

EMC conformance

All Raymarine equi pment and accessoriesare designed to the best
industry standardsfor usein the recreational marine environment.
The design and manufacture of Raymarine equipment and
accessories conform to the appropriate El ectromagnetic
Compatibility (EMC) standards, but correctinstallationisrequiredto
ensurethat performanceisnot compromised.

Handbook information

To the best of our knowledge, theinformation in this handbook was
correct when it went to press. However, Raymarine cannot accept
liability for any inaccuraciesor omissionsit may contain. In addition,
our policy of continuous product improvement may change
specificationswithout notice. Asaresult, Raymarine cannot accept
liability for any differencesbetween the product and the handbook.

© RaymarineLtd 2001.



Hydraulic Pump - Installation Guide 3

Introduction

Product description

Welcometo theinstallation guide for the Raymarine hydraulic pump
(also known asthe Raymarine reversing hydraulic pump).

Thisproduct isintended to operate the boat’s steering mechanism as
part of aRaymarine autopilot system. Itisprimarily designed for use
on boatswith an existing hydraulic steering system. Alternatively,
you can use this pump on aboat with mechanical steeringin
conjunction with asecondary steering ram.

The hydraulic pump containsaprecision gear pump and acheck
valvedriven by aservo motor.

Ram ports

Reservoir port Motor

Gear pump Check valve

Mounting foot

D5175-1

Figure 1: Main parts of a typical hydraulic pump

Contents

Thisguidecontains:

n Product specifications page 4
n Installation instructions page 5
H Maintenance information page 17
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Specifications

Pump specifications

Table 1: Pump specifications

Type 1(T1) Type 2 (T2) Type 3(T3)

:’a‘t*;fo"n:i'r‘]‘;'\:;ﬁa o M81120(12V)  M81121(12V)  M81122(12V)
9 M81119 (24 V) M81123 (24V) M81124 (24 V)
Ram compatibility single or double ended
Ram capacity 80-230 cc 230-350 cc 350-500 cc
(min-max) (4.9-14in3) (14-21in3) (21-30.5in%)
Maximum stall 50 bar 100 bar 80 bar
pressure (at 12 V) (750 psi) (1450 psi) (1160 psi)
Peak flow rate 1000 cc/min 2000 cc¢/min 2900 cc/min
(noload) (67 in3/min) (122 in3/min) (175 in3/min)
Other information (applies to Types 1, 2 and 3)
protected foruse in engine compartments
CE approvals - conforms to:
89/336/EC (EMC), EN60945:1997
94/25/EC (RCD), EN28846:1993
Pump dimensions
All ports are 1/4 inch BSP (parallel threaded)
| o[
D 2
q H £
£
i =
two holes to accept 6 mm (0.25 in) bolts o
175 mm (6.9 in) T 105mm@13in)
Type 1 (12V) and Type 2 pumps D5174-1

Figure 2: Type 1 (12 V) and Type 2 pump dimensions
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All ports are 1/4 inch BSP (parallel threaded)
=
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e
holes to accept 6 mm (0.25 in) bolts
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235 mm (9.25 in) 117 mm (4.62 in)
Type 3 pump 051731

Figure 3: Type 3 pump dimensions
Installation instructions

Parts required

Toinstall thisdrive you will need:

e Partssupplied:
e hydraulic pump
* if required: ¥, inBSPto Y, in NPT adaptors (x3)

e Additiond parts:
« auitable hydraulic pipes, hydraulic fluid, T-pieces, pipe

fittingsand thread-sealing compound (see page 8)

» suitable securing boltsand lock washers/lock nuts (see

page 8)
* suitablecableand e ectrical connectorsfor the drive motor

and clutch (seepage 13)
Note: Make sureyou have obtained these additional partsbeforeyou
startinstallation.
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Installation steps

WARNING: Electrical safety

Makesureyou haveswitched off the power supply beforeyou
gtart ingtallingthisproduct.

Follow these stepstoinstall your hydraulic pump:

n Consult the EMC installation guidelines. page 6
7

n Mount the pump. page 8
v

H Connect to the hydraulic steering system. page 8
7

n Connect to the course computer. page 13
v

H Complete the post-installation checks. page 15

1. EMCinstallation guidelines

All Raymarine equi pment and accessoriesare designed to the best
industry standardsfor usein the recreational marine environment.

Their design and manufacture conformsto the appropriate
Electromagnetic Compatibility (EM C) standards, but correct
installationisrequired to ensurethat performanceisnot
compromised. Although every effort has been taken to ensure that
they will perform under al conditions, itisimportant to understand
what factors could affect the operation of the product.

Theguidelinesgiven here describethe conditionsfor optimum EMC
performance, but it isrecognized that it may not be possibleto meet
all of these conditionsin all situations. To ensurethe best possible
conditionsfor EM C performance within the constraintsimposed by
any location, always ensure the maximum separation possible
between different items of electrical equipment.
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For optimum EMC performance, it isrecommended that wher ever
possible:

Raymarine equi pment and cables connected toiit are;

e Atleast 3ft (1 m) from any equipment transmitting or cables
carryingradio signalse.g. VHF radios, cablesand antennas.
Inthe case of SSB radios, the distance should beincreased to
7ft(2m).

¢ Morethan 7 ft (2 m) from the path of aradar beam. A radar
beam can normally be assumed to spread 20 degrees above
and below theradiating element.

The equipment issupplied from aseparate battery from that used

for engine start. Voltage dropsbelow 10 V, and starter motor

transients, can causetheequipment to reset. Thiswill not damage
the equipment, but may causetheloss of someinformation and
may change the operating mode.

Raymarine specified cablesare used. Cutting and rejoining these

cables can compromise EM C performance and must be avoided

unlessdoing soisdetailed intheinstallation manual .

If asuppressionferriteisattached to acable, thisferrite should not

beremoved. If theferrite needsto beremoved during installation

it must be reassembled in the same position.

Suppression ferrites

Figure 4 showstypical cable suppression ferritesused with
Raymarine equipment. Alwaysusetheferrites supplied by
Raymarine.

D3548-2

Figure 4: Typical Suppression Ferrites
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Connections to other equipment

If your Raymarine equipment isto be connected to other equipment
using acablenot supplied by Raymarine, asuppressionferriteMUST
alwaysbe attached to the cabl e near to the Raymarine unit.

2. Pump mounting
Mount the hydraulic pump:
» onasubstantiad member toavoid vibrationthat could damagethe

hydraulic pipes

» onasuitablehorizontal surface, clear of spray and possible water
immersion

» level or abovethehydraulic steering ramto prevent air collecting
intheram

» asclosetotheramaspossible

Note: Securethe pump using M6 (%, inch) bolts, lock nutsand lock
washers.

3. Hydraulic connections

CAUTION:

Beforeyou connect theautopilot pump toyour hydraulic system
westrongly recommend that you consult the steering gear
manufacturer.

General guidelines

CAUTION:

Absolutecleanlinessisessential when working with hydraulic
systems. Even the smallest particleof dirt could prevent the
steering system check valvesfrom working properly.

» All pipesusedto fit the pump should match, or exceed, the
specification of the existing steering system pipes. Contact the
steering system manufacturer if you need moreinformation.

» Useflexible pipeto connect the pump to the boat’s steering
system - thisavoids strain on the pipes.

 All portsontheautopilot pump are%,in BSP parallel threaded. If
you need to convert to ,in NPT, usethethree BSPto NPT
adaptors (supplied).
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e Trytokeephydraulicfluidlossto aminimumwheninstallingthe
pump. Thiswill reducethetimeand effort required to bleed the
system of trapped air after installation:

* non-pressurized systems: temporarily fit anon-venting plug
to the helm reservoir vent to minimizefluidloss
» pressurized systems:

WARNING:

Befor edisconnecting any pipeson pressurized systems, you
MUST releasethepressureat thereservoir by followingthe
manufacturer’singructions.

» Follow the manufacturer’sinstructionsif youfit any T-pieces.

 All hydraulic pipes should dope upwardstowardsthe reservoir.

» A setof bleed valves near the steering ram, fitted at the highest
point, will allow any air to escape upwards.

CAUTION:

Donot usePTFE tapeon hydraulicpipeconnections. I f necessary
usea pipe-sealing compound to ensurealeakproof joint.

CAUTION:

Beforerunningthepump for thefirst time, makesurethesystem
containssufficient hydraulicfluid. You will damagethe pump if
you letit runwhen ‘dry’.

Check valves
For single-steering position boats:

» Consult the steering gear manufacturer to determine whether the
helm pump isfitted with reversing check valves:
 without check valves, the autopilot pump will drivethehelm
pump (sometimesreferredto as* motoring thewhed’) instead
of moving the steeringram
» If theboat hasasingle helm pump system without check valves,
you must incorporate adoubl e pilot check valve (part number
M81166) asshownin Figure 5.
» A doublepilot check valve may also be necessary onlong tubing
runs- otherwise tubing expansion may cause poor autopil ot
performance. Install the check valveasshownin Figure 5.

Note: Iftheboat hastwo steering positions, it will already have check
valvesingtalled so the two wheel scan operateindependently.
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Hydraulic steering systems
Therearethree basic types of hydraulic steering systems:

» twolinesystems
e twolinepressurized systems
e threelinesystems

Onthefollowing pageswe describetypical connection pointsfor the
autopilot pump on each of these systems. For dl of the systemsyou
will need to connect athird hydraulic pipe (as shown) between the
autopilot pump and the helm pump or system reservoir.

Two line systems

Figure 5 showsatypical two line steering system. Hydraulic fluid
flowsintotheramin either direction, depending on the direction the
helm pump rotates. Connect the autopilot pump to the steering
systemasshowninFigure5.

Helm
pump

U/

Autopilot
pump

D5163-1

Figure 5: Autopilot pump location for two line systems




Hydraulic Pump - Installation Guide 1"

Two line pressurized systems

Two line pressurized systems have an external pressurized reservoir.
Thisreducesthe possibility of introducing air into the system and
reducesany steering ‘ sponginess’ caused by pipeexpansion.

Connect the autopilot pump to the steering system asshownin
Figure 6.

Note: Refer to the manufacturer’ sinstructionsfor de-pressurizing
and re-pressurizing the system.

Steering ram

Autopilot
pump

D5162-1

Figure 6: Autopilot pump location for two line pressurized systems
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Three line systems
Inathreeline system, the hydraulic fluid flowsin only onedirection:

» out of thehelm pumptotheram

 returning from the other side of theramto thereservoir viaa
commonreturnline

The systemwill includeacheck valveblock to direct al returned
fluid from the ram back to thereservair.

Connect the autopilot pump to the steering system asshownin
Figure 7.

Reservoir
pipe

Autopilot
pump

D5161-1

Figure 7: Autopilot pump location for three line systems
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4. Connecting to the course computer

WARNING: Electrical safety

Makesurethepower supply isswitched off beforeyou makeany
electrical connections.

Thehydraulic pump hasel ectrical connectionsforitsmotor: aredand
ablack cable.

Note: To meet current EMC legidation, you must NOT untwist the
pump cables, and you must NOT removethe suppression ferrite.

Follow these stepsto connect the pump motor to thecoursecomputer:

1. Measurethedistance of cablerunfrom the pumptothe course
compuiter, then use Table 2 to identify the appropriate cable sizes.

2. Jointhese cablestothe oneson the pump using appropriate
electrical connectorsor junction boxesat thecorrect power rating.

3. Routethecablesback to the course computer, taking into account
the EMC install ation guidelines (page 6).

4. Connectthecablesfromthe pumptothe MOTOR terminalsonthe
course computer (see Figure 8): at this stage you can connect
either motor cableto either terminal. You will check these
connectionsafter ingtalling therest of the autopil ot system.

Note: If installing the pump on a boat with mechanical steering, you
need to connect a bypassvalveto the CLUTCH terminal s(seepage 14).

S8 OI00OInIEREE BI5E 0000
Hjjn ]|} 000

UL/ "I/ AR/ U HW BE T BOUl 2/
OF  POWER MOTOR SOLENOID CLUTCH Ik CLUTCH POWER MOTOR

SWITCH

| H
_ )

Type 150/400 course computer Type 100/300 course computer

D5171-1

Figure 8: Course computer connections
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Table2: Recommended cable sizes

Cable length Cable gauge Cop!)er area
(pump to course computer) (AWG) (mm?)
Type 1drive (12V and 24 V)
upto3m(10ft) 14 2.5
upto5m(16ft) 12 4
upto7m (23 ft) 10 6
upto 10 m (32 ft) 8 10
upto 16 m (52 ft) 6 16
Type 2drive 12V
upto5m(16ft) 10 6
upto7m (23 ft) 8 10
upto 16 m (52 ft) 6 16
Type 2drive 24V
upto3m(10ft) 12 4
upto5m(16ft) 10 6
upto 10 m (32 ft) 8 10
upto 16 m (52 ft) 6 16
Type 3drive 12V
upto5m(16ft) 8 10
upto7m (23 ft) 6 16
upto 16 m (52 ft) 4 25
Type 3drive 24V
upto5m(16ft) 10 6
upto7m (23 ft) 8 10
upto 16 m (52 ft) 6 16

Mechanical steering systems

If you arefitting the pump to aboat with mechanical steeringyouwill
need to connect it to asecondary steering ram, along with asol enoid-
operated bypassvalve. Thisbypassvaveallowsyouto switch
between autopilot course control and manual steering.

Tofittoamechanical steering system:

» Usesuitablehydraulic pipesto connect the pumptothe secondary
steering ram and asuitablereservoir.

» Ingtall the solenoid-operated bypass valve (part number:
M81167) acrossthese pipes (asshowninFigure 9).

e Connect the bypassvalveto the CLUTCH terminalson the course
computer using at least 1.5 mm? (16 AWG) copper cable.
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Note: Follow themanufacturer’ sinstructionsfor mounting the
hydraulicramandreservoir.

I @ Manual steering system

Secondary steering ram

Bypass valve

Autopilot pump

h

connect to CLUTCH connect to MOTOR
on course computer on course computer

D51722

Figure 9: Connecting to a secondary steering ram

5. Post-installation check

WARNING:

Keep clear of moving steering systemsat all times. Protect
moving partsfrom accessduring normal use.

Check thefollowing points after installing the pump:

1
2.
3.

Isthe pump installed ascloseto the steering ram as possible?
Isthe pump secured to asubstantial structure onthe boat?
Haveyou connected areservoir pipe between the helm pump and
autopilot pump?

Haveyou fitted check valveswhere appropriate?

Arethe hydraulic pipes made of asuitableflexible materid (i.e.
rubber or nylon) with asuitable pressurerating?

Arepower cablescorrectly routed and securely connected tothe
course computer?

You havenow finishedingtalling the pump. After installing therest of
the autopilot you must bleed all air from the system (see below).

Note: When you haveinstalled the entire autopil ot system, you will
also needto completean autopil ot steering check. Refer tothecontrol
unit handbook for more details.
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Bleeding the system

Bleeding the hydraulic system correctly is one of the most important
stepswheninstalling the autopil ot hydraulic pump. If thereisany air
inthesystemthesteeringwill fedl spongy, particularly whenyouturn
thewheel to hardover.

CAUTION:

Any air inthehydraulic system will greatly reducethe
per formance of theautopilot and theoverall steering system.

In addition to the manufacturer’ sinstructionsfor bleeding the
steering system, follow these stepsto bleed the autopil ot pump when
you haveinstalled and set up therest of the autopilot system:

1. Withthesystemin auto mode, pressthe-10 buttontentimes:
» theautopilot pump will try to drivetherudder to port
» counter thisrudder movement by turning thehelmto
starboard to keep therudder stationary
» youwill beabletofed any airinthehelm pump: any airinthis
sideof the pump will riseto the helm pump and exhaust into
thereservoir
» continueuntil al of theair isout of thisside of the pump
2. Clear any air on the other side of the pump:
» pressthe+10 button ten times
» theautopilot will try to drive the rudder to starboard
» counter the rudder movement by turning the helm to port
» continueuntil al of theair isout of thisside of the pump
3. Repeatinboth directionsuntil both sides of the help pump are
totally freeof air.

Note: Monitor thereservoir at all timesand top upwiththe
manufacturer’ srecommended hydraulic fluid asrequired.

CAUTION:

After installation and bleeding, leavethe system for 24 hours
then check for any air inthesystem or leaksat thejointsand
around thepump.
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Maintenance

Onaregular basis:

check that all connections and mountings are secure
check pipesand cablesfor any signsof wear or damage
check pipesand jointsfor any leaks

EMC servicing and safety guidelines

Raymarine equi pment should be serviced only by authorized
Raymarine servicetechnicians. They will ensurethat service
procedures and repl acement partsused will not affect
performance. Thereare no user serviceable partsinany
Raymarine product.

Some products generate high voltages: never handlethe cables/
connectorswhen power isbeing supplied to the equipment.
When powered up, all eectrical equipment produces

el ectromagnetic fields. These can cause adjacent pieces of
electrical equipment to interact with oneanother, witha
consequent adverse effect on operation. In order to minimize
these effectsand enable you to get the best possible performance
from your Raymarine equipment, guidelinesaregiveninthe
installation instructions, to enableyou to ensure minimum
interaction between different items of equipment, i.e. ensure
optimum Electromagnetic Compatibility (EMC).

Alwaysreport EM C-related problemsto your nearest Raymarine
dealer. We use such informationtoimproveour quality standards.
Insomeinstallations, it may not be possibleto prevent the
equipment from being affected by external influences. Ingeneral
thiswill not damage the equipment but it can lead to spurious
resetting action, or momentarily may result in faulty operation.

Product support

Raymarine products are supported by aworldwide network of
distributors and Authorized Service Representatives. If you
encounter any difficultieswith this product, please contact either
your nationa distributor, or your servicerepresentative, or the
RaymarineTechnical ServicesCall Center. Refer totheback cover
or the Worldwide Distributor List for contact details.
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Raymarine Ltd Raymarine Inc Raymarine
Anchorage Park 22 Cotton Road, Suite 280 ON BOARD "
Portsmouth, Hampshire Nashua

England PO3 5TD NH 03063-4219, USA

Telephone +44 (0)23 9269 3611 Telephone +1 603 881 5200

Fax +44 (0)23 9269 4642 Fax +1 603 864 4756

WWWw.raymarine.com WwWw.raymarine.com

Raymarine Technical Services Call Center

UK: +44(0)23 9271 4713 or USA: +1 603 881 5200 or
+44(0)23 92693611 ext. 1083 1-800-539-5539 ext. 2333
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