OUTROARD SYSTEM RUDDER REFERENCE UNITS
Movembev 28, 198%

There are sevaral weys of making a rudder veference for an outboard
syatem, all with atdvantages and disadvantages. These inciuvde cable actuated
retary, rod actuated rotary, geared rotary, livear intermal, linear externral,
etc. All these types cauld be cptical, resistive or magretic. The magnetic ma-
be either hall effect oy magnetorestrictive (Philipe system),

ROTARY TYFES

CABLE ACTUATED RAOTARY — This sveten could use a normal Cetrel: type
rudder reference unit mounted in a benign location coupled to the eviinder vis
a plastic/stainiess stesl light duty flexible actuator. 1t would alss work
with the cptical or magnetic technologies,

ADVANTAGES -~ The cost is faiurly Jow and [t uses ‘echnclogy that may be
Tamiliar to ancther Teleflex division. Tt could be arn option package that
would be =o0ld with an eristing auteopilot paclage

DISADVANTARES - Tt locks a little bit tacky i an evpoeed location a:z
well as takivg longer to install, It could mean drillivg then cealing the
edges of a hole thrcoungh the trarscem fer routing the cable 1n some
circumstances. In sarvice damage mav occcoy cue to tenvgling with other objecte

ROD ACTUATED ROTARY - This system is gimilar to the VFTUS wyetem on the
E.H. DEN OUDEN 1livear actuator. It uses a rod ftied to the ond of the cylinder
shaft to move a roctary rudder veference unit nmexl to the cylinder. This vrotar:
unit would have to be 100Y% submersible.

ADVANTAGES - The cost iz relatively low and it iz relatively =2asy to
install.

DISADVANTAGES -~ I% leools a little it tacky in an arpoused location as
well as taking a little bit longer to install. The eupocsed rod could he
subject to foreign obliect damage on a bracket bhouat. Must vse optical or
magnetic technoloaies.

GEARED ROTARY - This system involves having teeth in the ¢ide of the
cylinder’s rod. The teeth would mesh with a rotary gear on the shaft of a
multi~tuwn potert:ometar,

ADVANTAGER - Easy to enclasz2 the potenticomater within a Z“ustom made
cylinder housirg makiling one easy Lo install qgood looking unit.,
DISADVANTAGES - Molti-turn devices are only available in resistive

types, the least waterproof. May not bz manufacturable as toothed «od woula
mresent seriloue sealing preblems. Speciallv tooled cylinders= and rods are
reqguired. '

ROTARY INTERNAL TYFES

RESISTIVE - Thi=z ftvpe s what tre Cetrek pilot uses.
ADVANTAGES - law startup cast.



DISADVANTAGES - Oroe water gets past the zhaft, i1t dies. Th e tyrpe mey
ornly be veed 1T mouvnted in a benign location subjech Lo o more than an
cccasional spiash of water. [t cannot be vzed or 41 zvpes of Loats unless
remete actuated with o cabhle.

OPTICAL -~ This reguires privbing of ar arg of a civele o plastic with
alternatirg cleas and solid bands. Thig "aro" wewld travel through the slot 1~
an opte—intervupter, The opteo-intervapter would coont the sumber of clesy znd
dark alternations jJoing by as the ~udder moved. Note that the epto-intervrupter
may He made to count toth light to dark transitizns and darb o Yight
trangitionz. There zshould be at least 3 hands per degr=ze of aic.

. ADYANTAGBES - Coruld easily be made totally sibmerzible, Will wors wits
turbid water (o & point) in 1t as leng 23 =zome infre-red light transmission
1z pessible. Wil ot Arifdt in characteristics. Will worl even with total seal
failure as long as the four wirve leads to the opto-inter —wpter were sealed.

DISADVANTARES - Reqguives an electvonices peck 0 trarslate the output.
The meterizls cost for thiszs would be about £10,00 plus fthe enclesure. In
addition, the electrorics pack would eed divzcticor ainformsticon from the
numpset deiver complicating the system wi-i1ngQ.

MAGNETIC — This would use a pair of zmall magneis on “he end of a shaty
rotating about a Fhilips FMEZI00 magnetovestrictiive senscs.

ADVANTAGES - Could eas:’y be made totally zubmercible. Willt worvk wilih
divity water or o1l in tt, Will weork evern with total seel failurs az long as
the four wire leads to the seveor were sealeq.

DISADVANTAGES - 3snsor costs about CF2.05 in 500 lot with 11 week lead
time. Mot readily available in £railer guantity. Reguires an electironics pack
to translate the coutput. The materials for Tthis woeuld cost about $5.00 plus
the enclosure however 1t would reguire o information Srom the autepilat.
There is a siight possibility of cdrift with age. After several years, in
sgve~e applicaticons, the electronics pack may have o be recalibrated.
However, any failure woulo generally be "spft" as the 727 svstern's software
will compensate for dr-ift to a lavge deqgree.

LIMEAR TYRES

LINEAR INTERMAL ~ This fechnigue y=ouires a zpeclally made oylirnoer aih
a linear resistive t-ack on ar insulating substrate mounted inzide the
cvlinder. The rod wold be attached to & wiper that would go back and Forth oon
the track. It could also use magnetic technology with a tocthed cylinder rod.

ADVANTABES — Locks simple fyom the sutside icobing like ary other
cylinder except for wires coming out of it. Can be made very waterproof.

DNISADVANTAGES - Difficult to maks reilebla. Expensive to tool. Can anly
use resistive,

LINEAR EXTERMNAL — A livesr censor, leoking tike a very small diameter
hydrauwlic cylinder., the same length of the coriginal cviinde- 1s mounted nenxt
to the maln cylinder. The rodse for the liagar sensor and the main covilindey
wowld he coupled tegethers at the znd, The sensey's cylinder could be part of
the zame metal plece as the maiy, cylinder o & second “zmalierd oviinder
welded or strapped te the main ocvlinder. This pociftentiometer wmay have to be



custom made. However, CT8 Ltd, has some experience i thiz avea, The oyiinder
would be fillad with 01l to prevent see water entry. This oo ld he done using
veaslgtive, inductive, smagnetic or pptical technologyv.

ADVAMNTAGBES - A single integrated wnolt mavy be made, fur sasy 1nstallal o
and good lcoks. Can bLe made verv water proot,

LISADVENTAGES ~ Higher fooling cost. Hiagher cost of preduction.,

LINEAR IMNTERNAL TYFES

RESISTIVE - Linear reslstive sensors are availlable from TS o could be
mada hy Telefies. Th.os would ool Tike a small hydradlic oviinder and would be
a1l filled to beep out water.

ADVAMTAGES ~ Electrically simple to hoeob up.

DISADVANTAGES -~ Waterproof wiitls ave very sxaenclive to purchase. We
would probably have to malbz 1t cwselves te get sufficient guality at a decent

price.,

IMDUCTIVE ~ It would consist of a ca2il with &2 hoellow core. the length =
the mein cylinder nside 1te cwn cylindesr . There woold he a meta! rod that
meved 1n anrnd out wizih the omovement of the cylinder., By wvarv:rg the amount of
rod within tne call we wvary thae inductance of Lhe coil. This coill would be 1
an LC cscillator civoult. The frecduevncy of this cecillator would vary with rod
digplacemant and could be btrenslated 1ot rudder pesition 1nformasion.

ADVYANTAGBES - Zimple to make ard would oe totally wateyproef. Would
operate with durty watery or c1l 1nside of 1+,

DISADYANTAGES - Some poessibilily (bt may s2ykibii oo high a temperatos:
coefficlent. Reqgquires a fairly sophieticater (bhut not parbticularly expens:ve)
wlectronics pack,

OFTICAL - Thise requires printing of a st -1p of plastic with alterymative
clear and solid bands. This "steip!" would travel thwough the slet vo oan opto-
interrupter. The copto-intevrvupter would count the numbery of clear end dark
Alternations goino by s the rudder moved. Fleass note that tne opto--
inter-uptesy may he made o count boeth light fto derk transitions and day bt
iight transitions. There should be at lweast 2 bonds per degree of aro,

ADVANTAGES - Could =az11lvy pe made totally submereible, Wil work withk
turtid water to a point? 1n 17 as long as there is some inf-a-red Tioht
transmiscsion possible. 111 oot dyrift 10 shayacteriztices. Will work mverr with
total seal Failure as long as the fowr wive leads to the cpto-i1nteriupter were
srraled,

DISADVANTAGES - Requires an 21lectronics pack bto tranglate the ocutput.
The matevials ceost for thise would be abeat $310.00 plus the enclosyies. In
addi tion. the =2lactronics pack woulid need directicn dala from the cumpset
criver complicating the syster wiv:iag. Alsc may Fave some eagineer:ing problere
with tne length ov travel of the strio.

MAGHETIC —~ Thig weuld nse a Fhilips FMZI10E magnetovyest-ictive sensar.
The rudder reference or cvlinder, rod would have te=eith 1 1t. However, these
teeth could b= covered wita something so the cyiinder rod would remain
watey tight. The HMZI2B would be weed to count the Le2bth that wenl by, If
Ltechnoplogy simitar to fthe Farker system was veed wae conld integrate 1t with



the rad, Qthevwise, we could use a secownc small oyliader fur Hhe sonzov whoion
Aol nesd not be sz o1l tight.,

ADVANTAGES - Could easily be made tntally submerszible. Will wory woth
dirty watayr or o011 10 11, Will woerk even with total seal fTailuwre as long as
the fow wire leads 1o the senqsor were sealwd.

DISADVANTABES - Senswoa costs abouvt D005 o G060 1ot wikh 11 week lea
time. Mot veadily avarlable sn smaller guantity., Reguires an elecironics pack
to tvransltate the cutput. The materials foir thiis weoeuld cost abour $10.00 plus
the enclosure. In additicn., Lhe slectrovice pouck would need divection data
from the pumpset driver complicating the eystem wirirg. In fact, this pack
would be almost Sdentical to that reguived for the optical cypes,

MAGNETIC TYFES

HAaLL, EFFECT ~ This typ2 vses sensors avatiaoise fiom many suppliers
ircluding Texas Instruments.,

ADPVANTARBES - Many zupplreirs — Avallable 1n zmall gquantities up to
unlimitecs rumber:s,

Disadvantagzs - Only for a linea , digital Lype of umit. It 12 ot
temheratuwre stable encugh for a simple linger fvpe of apnlication,

MAGNETORESTRICTIVE — This is a type wade by Fhilips using ©he
magnetorestrichtive effect,

ADVANTAGES — For linear apnliceations, wiith the catching 7Y series
temperstuwre sensor, b 13 very Lbzmperatinre stable. In addition, 1t may be used
iy digital applications where the hall effect device may be used.

DISADVYANTAGES - Crly wne supplier 14 available at =his time fo- this
type of device.

OTHER FOSSIBLLITIES

ULTRASDNIC - An ulfrasonic transducey like Polarcid's wsould be pownbed
in the end of the senscr's cylivder, The rod in the cylinder woald end in o
flat disc. The ultyvasoaln transducer would send sub pulees and from she time
it tonk them to refliect back to the transducer would determine the rudder-
position,

ADVANTAGES —~ Fhyvsically sinple to make,

DISADYANTAGES ~ May not csperate 117 water gol into 1t or cealilbration
would change. Tramsducers of small enocugh a diameter mav not he  eadily
available.

SIMULATED — é&n electrenic civewnilt called ar integrator linearly charges
or discharges e vapatitor depending whether the i1mput data was going positive
or negative, The rate as which this ocowrs cepends on the value of a variable
resistor, If the novt and starvbheoard motor drive si1gnal were sent to an
tntegrator, the ocutput of the ivtegrator would follow the -udders povement if
the resistor value vias properly adjusted. The 1ntegralor mavy be simulated with
digital irntecratad circults as well for jreater =tabi i e,

This civracnit depenads on there baowg a fairly lirgar celat.onship betwes
the number of seconds the pump 1o actuated and the number of degrees the



rudane moves. The elecbrenic: peck would cost abourt %10.00 fo pacrts plus
encloswre.

ADVANTABGES — Totally wate: proof as ihis 18 nlvy an s2lectronic civcuit
and would core near the water. No moedification vequired o the cylinder &t
atl. Ho installeticon at the stern as the aelectyonics pack could go arnyeheve.

DISADVANTAZES ~ The variable resistor value wonld recuire installey
Talibraticon. The calibration would need perindic ~e—adusiment as the system
ages awd the hard over time increases. When thilis ccours, the antopilot syster
would exhibit a tendency towarde wnder steey 1g tha ves=el and a b1t of
wander. Alse ditfrcult to mabte work prioperly on non-—-symmetrical digplacement

avalbems.

CONCLUSION

Excluding the cable acituated rotary bvpes as impractical due ko varicoue
reasons, I conclude as follows:

LOWEST COS8T - Rod acztuated votary tvpe.

FASTEET HTARTUF -~ Rod sctuated yotary Evpe,

MOST WATERFRDOF - Simulated

MOST WATERFRODF when 2xternalls moucstad - Jetical oy magrzetic types.

MOST RELIAZELE — Dpbtical tyoes or vod actuared rotery.
EASIEST 70 INSTALL (Mechanizally) - Simul.ted or any linear type.

EASTEST T INSTALL (Elecgtricaliy) — ANy resistilve tyoe.,
BEST LOOFIMNG - Livear internal.

My conclusion 15 that I weould recommend development of the 1inear
e«ternal optical or magnetic types. P2 a backup [ wocuwld also do sone work on
the rod actuaied rotacy with magnetic technology <nd the simulatec tvpe.
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