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! DEPTH CONTRObheRIEM K RpRAN UNDERWATER CABLE Background of tHe.l

| nvention | i#} of the Invention 5 : Thi's inVeRtT ONgy, a0z vy =
refates to zmgggwu Btl ol device for use with an underwater cab| €t
such_a‘as one U 'S ¢ testing. 1 2. Description of the Rel ated

Art o | S el SH WelaAr-ta I monly referred
to asv\‘a"étrearre]PEgjtggI 68@2&%} ﬂ@%&@ﬁ w&%ﬂﬁéﬁ ace vegsel. An
array of :hydrophones is nounted in or attached to the cable, and an
acoustsic source or gun is fired to force an inpul se of conpressed

ai r i nt oBadkgrowxieof the i i a bubble. The col |l apse of the bubble

generates acoustic pul ses that radiate through the water and into the
earth. 1. Fieldefthe Iqvepliil of t he pul ses of f geol ogi ¢ structures beneath the

sea §| oor ar eT‘H{s%\‘?éﬁtiHR réiaes to ?Heétﬂgomﬂrdépﬁ@me%ﬂl getaderwileesent i ng the
ted reflec ed to

dete ions are transm t t he surface vessel. By
anal yzi ngablé|esucke fab @a¢ usedsin selsmicstestingsi bl e t o di scover subsea

formati ons of oil or gas. It is desirable to accurately
control the depth of the cable as it is being towed t hrough t he

wat er . Fg;e]ﬁg%glpg?grggﬁlgkmnrpontroI devices, commonly referred to as 20

"cabl e | because they bear sone visual resenblance to water
fow, are In madint aeieit éxpldrition; atdableatommonly vefesredit@agjaistrsathemgt h.  The
depth control devices are ui d with adjustabl e diving. planes,
gendfal | yables isrtpwed ppdeswatgy Hb@,s‘lﬁg&vﬁgﬁi A aray & hydrophopgs ﬁﬁ%‘g‘é‘éiout whi ch
It can be, pi tHEQ% S af Edhr&eOgH dudll is $9ed ©ffrdelan impulse adj ust

t he Iift%g%é%ﬁg%p%y t gfewafrl]d‘ggﬁggougg@to mal ntain the cable at pa desired
dept h. -2%f compressed air into thetwyter; areatiaglbubblat e colapse of thenbulibds ce f or
rotating the wi ngs about their axes i%o B{eOVi ed by an electric

. ifch
mot or cogenesates GCquUsHe RRlsessthatragiate @E@ggé{’ﬁ\g?@? and m exanmpl e, the

ot or e ' al the3ch A6droMe plREE Ry in

turn pi \7332@ é&?ng\%c%ﬁlﬂ %ﬁsﬁ%fﬁgéoé%%gg%‘{eﬁe?ggﬁ?ﬁg V\n@ngsﬁ“\f\i’t hps uch gn

ar r aygenaytthe hydrophordebargixdasa cdprésetinguthe detestbd feflectionstage manwmittethdes up bei ng

| ocated in a different_plane 30 fromthe pitch axes of the wings, e.g.,
B

t he wi ngshersiyrfasgvesseb By appypng dhereflsetions, it is possiBls 1o SCOKR BRFE housi ng

cont ai ni . LS arrangenment is not ideal because

di sposi nggffhiel%ﬁg%?ﬁc%%t shaft and the pitch axes in different planes
i ncreases t he Ihei @hiratdé td hezustrgly konmoltthe Heplle of the, cablesas|it isrpingntomedr eased
dr ag, vi brationsg, and hydro%ynam'c noj se. The in rea%sed drasg

i ncr easeghrogh gasveater.c £QF Hiypurpose, depth control devices, commonly re erred to a

20 "cable leveling birds" because they bear some visual resemblance to water fowl, are

attached to the cable at intervals along its length. The depth control devices are
.equipped with adjustable diving planes, generally referred to as wings, each having a
pitch axjs about which it can be pivoted by motors in the depth control devices to
adjust the lift generated by the wings so as to maintain the cable at a desired depth.
25 In a typical depth control device, the force for rotating the wings about their
pitch axes is provided by an electric motor coupled to the wings in various manners.
For example, the motor may have an output shaft which rotates a lead screw, which
in turn pivots a lever drivingly connected to the wings. With such an arrangement,
- the axis of the output shaft of the motor ends up being located in a different plane
30 from the pitch axes of the wings, e.g., the wings may have to be mounted either
above or below a housing containing the motor. This arrangement is not ideal
because disposing the motor output shaft and the pitch axes in different planes
increases the height of the depth control device, resulting in increased drag,

vibrations, and hydrodynamic noise. The increased drag increases the power required
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2 to tow the underwater cable through the water, - whi |'ThisiSh@:t iR 8LERS

vi brations and hydr odynam ¢ noi.se can introduce errors

acoustic measurenents bei ng nmade by the.underwat er cablﬁ"ﬂ H![”U,”"I
Summary of the Invention The present invention [

deptﬁg control device in which the pitch axes of the wi ngs can be

copl anar  tdw tliecunderwiterocable thrxoughahe waep! whild ke ii@eabd Writrs and W Ngs,
resul ting,i structure of |ow drag and | ow noi se. ) The
present i W&@WW'&@&eﬁﬁ%ﬂ%&‘aﬂa@%tm&ﬁtamsusmama@éemm:hema@aggod 10

| npact reg The present invention further provides a
depth con?’??ﬁéggﬁrggtem?béﬁ IS easy to assenbl e and nodify.

The present invention additionally provides a depth control device having a
nmodul drj ve nmechani sm whi ch can be easily replaced by a drive nechani sm
havi ng"r 158 v ating characteristics but which is capable of

bei ng used wit : . ] ! . . Ihe present

i nvention al so%gb\?ic gtgﬁgen é’Bt"ﬁ°‘}c1%%f‘+§ pt%”g{)}lg:goé dﬁ‘g\‘}? rngwglcPeql? gig&eafes yet
si npl e ar rofinigewings ch be soplanangvitihthe rotacibnA ngisef af mbtde for deRingfthd he dept h
control devi ce, 2 The present invention further provides

0
a cabl e affiBgyéd g Mt yBichEe f low drag anddew ngiseer cabl e and a depth
trol devi ' : . ' L,OR. 4. ... . Al di
S0 one. form of TRt Svidtioh WeofirGAAN 2 UOMIbAGH device g has ggpa " ¢! "

I ncl e a impactrrgsistadoeat or having a rotating output shaft. A swash plate _
havi ng a contact surface js rotated by the output shaft. One or nore
push rods are dib§gBessat mxentionfpehgrarovides & denth eenteal devise which Keasiviesh pl at e

and a roclgggena,rg?ﬁl {fﬂat when t he swash plate is rotated, it
exerts an aX|afl orgllgdo ' the push rods, causing the push rods to

translate and tTherprésg¢nipinvaitiohhdditios B provides Hdepth cofilpsledevice Haviea
operatively associated with the rocker armsuch that pivoting of the

rocker ar AQdtaTtdrivednechanism whighaeanobragasti replased by 2 drine mpchgaismbaying hei r
pitc XeS: . ) L pLLeh o chanai.ng..t he pitch angl es
o 1w witef Aok ekl 1AORAER 5 Kbyl (PR Vol 88 e

under wat enypeadl widge. adj ust the depth of the cable in the water. The term

pitch angle here refers to the rotational angle of a w ng neasured
about its pitcHbg@resen) infention also prevwidesca demh gagiraldsvice daying afgliahie e

ot at| onahaEpld BRetentitokiine e o ATHE BRGS wipe ot e B SRRE To 1 e

device.

O =t

20 The present invention further provides a cable arrangement including an

underwater cable and a depth control device according to the present invention.
According to one form of the present invention, a depth control device may

include a rotary actuator having a rotating output shaft. A swash plate having a
contact surface is rotated by the output shaft. One or more push rods are disposed

25 between the contact surface of the swash plate and a rocker arm such that when the
swash plate is rotated, it exerts an axial force on the push rods, causing the push rods
to translate and thereby pivot the rocker arm. One or more wings are operatively
associated with the rocker arm such that pivoting of the rocker arm about its
rotational axis pivots the wings about their pitch axes to change their pitch angles.

30 By changing the pitch angles of the wings, the depth control device can exert a force
on an underwater cable to adjust the depth of the cable in the water. The term pitch
angle here refers to the rotational angle of a wing measured about its pitch axis with
respect to any arbitrary reference rotational position of the wing. For convenience,

the reference rotational position may be selected so that the pitch angle is equal to the
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3 angThis pheet Replacedne wi ngs, but the pitch angl e may instead differ from
t he angl ﬁ ‘\ -ky a predeterm ned val ue. Accordi ng to anot her

f or m of i iilfh, a depth control device for an underwater cable may

i nclude first and second wings and a driye shaft extending along a straight

|'i nexbet ygag ofAftadd 6Sthe ANHgsS VAP B PMch ABgid Mehy iAMedANiffer b thenagleafi S. An
actuator having a rotating output shaft is operatively associated wth the

drive shafttackf by apoedatermipedivalugr i ve shaft about its rotational axis. The

out put shaft has a.rofatignal. axis_.intersecti the. r J.opal_axis of the
drive shaft, %‘F@P@W ftowéwfpgr §?ﬂm BEmFH’éve é?ﬂ'ﬁ‘ @%ﬂ’t ¥ troggt{%éee?o?a%x be reduced,
resul ti ngpidvlascableaay neMRE firitindlsb@n8 wiadithnd Eriveldheftestindifigc noi se of

t he depth control deviCe. According to another form of the

i nverst i onjong alstpeightdimetbetvdeadhel fivit and Sesondwings dod hayisg acgmtiondARis-i ses a

hol | ow body for aitachnment .to an under.water.cable: . [ shaft having a

rot ationa‘ﬁ/mo’é %(?é%%o‘mmawagﬁ apergyve fasﬂ%a?%ig ﬁﬁzﬁ gﬂ&?‘n openi ngs

in the b%ﬂﬁ’ﬁ}f&j fogéﬁ#gfiﬂe 3R 60 ShAMHRE itél botitRnetxest Theleutbliestardiasan opposi t e
an

sides thereo unted on the drive shaft for rotation therewith; and an
act uat or ressiondilaxisdinepesting the rotationed dyis of dheedrijeshaly, Wherebly thecheightrof ¢ o

he dri haf b h I Qnal . axi f .the dei haft, th
ri ve. shabe depsh cguRLsy(ss GERBR doqucStn TN Py ot it R B PO RRt 8o abl o
{rorg he 1BagynidIbaHAMmORGisObt iHBupARgPddite! he bOTy . According to

still ano e invention, a depth control device for an
under wat er cabAecondipg instillismotierforty of thevinventionpd dentle gomsyol idewicp dew/af or

it oh o ipAeEEE ARt e b 2arine storouni b e Bt M oorl o o
each ot NefouNGiod kil Ca BARS: SRSkl 18I ing hbdA theSARROL, andavabl y

supporte réspect to the y sO as to nove in synchrony with the w ng
as the wimggreound e Hatlbeffect sénsopmagietinallyscoupled to hashoathesr ©One phienagnet and

the Hall effect [ tatior L th t.to t dy.
Acgolf%li ngg%&?eegé{l‘f ?h%zﬁﬁé?&?% rsg‘?SIB? TS? %V%@g@%&%ﬁ%&h{%ﬁ&%ﬁggﬁ%ﬂg} Wafer cable
ar r angegte b Ak Anf Ak ind Yoo 2181 ing ARAEOLbAE vistBtcll xaghad 1o L he

cable. In"a pre i ment, e pitch axes of the wings intersect and
are per pegthiércofl the niagnetendake $Hatlfeffentsensarps stagomfy with respectatotthebedy. For

I o pr ef er r ccAEATBUGE ROAF AoHEr SEhAL BF PIHHE VR A e gt FIBE  ockor
arm are BhrdlStediet AGKERABY Yo tHeWAbRI Tnw a hol | ow
body of I%hgg%l?ﬁ( iggﬂ?éfsg{ Cﬁ%?ﬁ%kgﬁ%micg det gchabl y cononect ed to a drive
shaf20 f orprefesredi emwodinrern pthie pitch heesefsthervlingstintetsectLad drevpetpendieylar tht  wi ngs.

the axis of the output shaft of the actuator. For example, the pitch axes may be

coplanar with the axis of the output shaft.
In a preferred embodiment, the actuator, the swash plate, and the rocker arm
are part of a modular assembly which is detachably mounted in a hollow body of the
25  depth control device and is detachably connected to a drive shaft for the wings,

enabling the assembly to be used with different wings.

Brief Description of the Drawings .
Figure 1 is a perspective view of an embodiment of a depth control device

30  according to the present invention installed on an underwater cable.
Figure 2 is a longitudinal cross section of the depth control device of Figure 1.
Figure 3 is a cutaway perspective view of the front portion of the embodiment
of Figure 1.
Figure 4 is a cutaway top view of the midportion of the embodiment of Figure
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4 Brief Description of the Draw ngs Figure 1 is a"bé’f"'é‘b"e*é"f’:;l?\}\;V| ew
of an enbodi nent of a depth control device according to the

i nvention instalted on an underwater cabl e. Figure 2 ?ﬂlﬁeﬁl QhaSBee"Re laced
| ongj tudinal cross section of the depth gontrol device of Fi gf’ ,”

Fi gurie 3 is a cutaway perspective view of the front portion of

enbodi nent- of Figure 1. Figure 4 is a cutavvay top view of the

1 sty at i on of B Sbadeade ukfslifof ne empodmet BRERpne ) Spdygae™ ' ©

pri nci pl esperating pnnd‘t'plgmre 6 is an expl oded | sorretrl c view of the actuator

assenbl y of thg gdl nment of Figure gure 7 is a longitudinal
cross section ¥g“feh 1580 expleged dm%Fyl%‘f oﬂ:‘hgl;p@a@r assembly ofthgure 8 is an
I sonme I‘ICeﬁﬂ) {ﬁﬁﬁwaish pl ate, the push rods, and the rocker arm of the
act uaft or ass Igure 6 in a partially assenbl ed state. Fi gure
9 is a |longi tuaigmé 7¢sm$mgﬁa¢malomssfsetﬂnm bromis atrgatef adsBRbBCHUBgRFe @SSenbl y
of Fi gure 6. gures 10A - 10D are transverse cross sections taken

al ong |ines 10E\13‘1![®$\13 %Bﬂmfg'@ vigwof theoygyashplate,obe posh radsspastthewetker of

Fi gure 9. ﬁgﬂ_g | o the relative
Iocationsam‘r1 ﬂﬁ% reafsge}nﬂtliggrﬁs%ﬂs and q%%%#ﬁﬂ%@%@% the wi ngs are at
a zero pitch aFiguee 9 is a longithdigbl Gods2setSortofithe BBusitowf e aeruaRir eGnily

combi ning the output voltages fromthe Hall- effect sensors to obtai n a

functtPon phiiguss fve of the pitch angle 0. Description of Preferred

Enbodi nent s ur f contr ol
devi ce 100 ach(;1 N (% é%#%@#%@ﬁ%@%%%@g h&%s gﬁRu]E) rwat er
cabl e 10 {@B-16Bj socqowﬁh@nammm ebpet i@l oF Figdte ocabl e 10 is towed through

the water to the left in the flgalse by an unilTustrated vessel. The depth
control devi ceFiEmee this »schematic dipsntiamef ®a selativeolorations pf thenHall effctc h

on the. cabPeo gof i fabfies FRUA BR il bt S8 %ke PRA B, T wacer i the
presept enbodi Figake 12 Iibea gﬁ@hhh6®ﬁfg@ﬂneﬁ6&|o§@orﬁ9ﬁmg&h§ vaRandsehgeeheat h the

cable 10, but it may be disposed in
the Hall effect sensors to obtam a function indicative of the pitch angle ©.

Description of Preferred Embodiments
Figure 1 illustrates an embodiment of a depth control device 100 according to

20  the present invention installed on an underwater cable 10 for seismic exploration.
During use, the cable 10 is towed through the water to the left in the figure by an
unillustrated vessel. The depth control device 100 can be mounted on the cable 10 in
any manner which enables the depth control device 100 to exert an upwards or
downwards force on the cable 10 to adjust the depth of the cable 10 in the water. In

25 the present embodiment, the depth control device 100 is suspended beneath the cable

| 10, but it may be disposed in other locations, such as above the cable 10, on the sides
of the cable 10, or coaxially in-line with or surrounding the cable 10, A variety of
other unillustrated components may be attached to the cable 10, such as heading
sensors, hydrophones, acoustic ranging devices, cable retrieval devices, buoyancy

30  adjusting equipment, and side scan sonar equipment. The depth control device 100
includes a body 110, a pair of arms 120, 130 connecting the body 110 to the cable
10, and a pair of wings 140 pivotably mounted on the body 110 for pivoting about a
corresponding pitch axis to control its pitch angle. In the present embodiment, the

pitch axes of the two wings 140 are aligned with each other. The pitch angle of each
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ot her | ocamiig$teet HsdRen Bplaabove the cable 10, on the sides of the ‘cabltiopgmim

or coaxi all ' or surrounding the cable 10. A variety of other
uni | lustrat éi“g B . y be - :

5 attached t h , such as head§{ ng sensors, hydrophones, acoustic
ranghkng d@l' EO'C‘ﬁbtl Catl Ir' atb vidc .gﬁuo ‘9% f)écqq qui pnent, and
si de scan ﬁ%ﬁgr ésth ﬁmer? . J'fl%ie/e %%ﬁ’r? ca%ﬁ?t]'l pxgcg%gse gé% Acludes a body
110, a pakdfeRhcafd@miohdDpositith. Clanhe pdsérdt entRdidedy, thd eeférenéfotrivpke 10, and a

pair of wings 140 pivotably nounted on the body 110 for pivoting about a
cor r espon@Psitop haing apitsh angle 9h0r ds one in whick theahgrdof ¢ashwiag dABdent

ot nor - TasptE Uk as S G U o el pESa R B o tog H5S clebBE T o

about si t s dkdifdh, W Hitch dndle’ REPRCEquiaProAthe bk @F afadkifahé W@f Position. In

the present enbodi nent, the reference rotational position havi ri%:a pitch
angl e of @lowsvendh¢ pitehhangle miayp diffesrfoom tthecangle off atigck,4mch 8s peing|afiset t o t he

is of t bl e 10 th b i i in its |engthwi
T ecrt on o Bt dnel or ABERER doRBaR AN, T B ety e Wik F%R" b
Wi ngs 1403{.{]%&?@%%6&]‘&?3%& tbv*é} aaﬁﬂiliﬁeﬁ{% | fof c@hblé tRMvings 1208 produc@hback,

such as b he angle of attack by a constant value. The
pi t ch anglliét, ah uptwardsi Iify svhichourgemthe cetfle rlQhipyards, coamnegative difiowbichairgssi f i ci ent

(i gedt ne Heasarle 16 Sonaras, dthough Beguinet LA ey s ERRARTENE Y cani'e 10
downwar ds piahinBOUdthd Preset ReboditdkntBite Bﬁéiﬁa%lé(ﬁﬁh'aﬁgle otk fcapibeot i ng. I'n
t he presefit enbodi ment, the pitch angle (and angle of attack) can be

cont i nuousbatinmslpdatied hemween 15[ and -13hdIn adslitianrto bk wingsnl40o thendepit ngs
140, the dept tral, devi 100 I ncl. ude, e oth | f
dse i n ot conEol eotre 905 i oRs B art S pisgg Ror tse Meateert i 4 nor o
the dept h 190 >8htaflf Yr6Eshl BE Wier, PRurBRHLERE theVdepth atroPievi®Y EORAY theonal

sets of wings of the sane or different structure spaced fromthe Tirst set
of willgs EqQ@ippedh withidnk s tmaere additiepal isets ofi songsf afrthe samd omydiffereng spueiurgf t he

bl 10 i i i .h jCini . pf he .d h | .dewi 100,
Such as | oada teom e Bt o wing 4k AnathitfieredEaerth sehsfe Rorl BusiBE e C T
devi ce 10Q1egt_ﬁh&' tRe k58l 0G4 MioBhred € oM BE vidRiée the deptBchirOledevitleorndy i cal |y

adj usted based on the output of the depth sensor so as to maintain the
cabl e 10 atuchasiizsihe cdblddftdr inrone o€ theaarms . 120, 130 of tindeptywontrebdaviesl devi ce

100 can b ttached to th abl.e 10.in.a variety of manners. Preferably, it
is attach _8i tha{m_ﬁ%n% re %S]}mew‘gdﬂﬁg'l% %.}tozpﬁgzaggﬂgws@grpﬁe devi ce
100 ay¢f oMYyl @ lolidput B e Rp@! sefsdr sy 28 Qb AWiridif theddib® 1Pat 4 d&ired RlepiiinW t h

respect to the cable 10, with the pitch axes of the wi ngs 140 substantially

hori zont althewaterwhen the cable 10 twi sts about its axis so that the depth

control device %Ode% nco%)t(r%{ Elev?cevfdot rlza%at;e attached to the cable 10 in a variety of

manners. Preferably, it is attached in such a manner that the body 110 of the depth
control device 100 automatically remains directly below the cable 10, i.e., plumb
25 with respect to the cable 10, with the pitch axes of the wings 140 substantially
horizontal even when the cable 10 twists about its axis so that the depth control
device 100 can exert a vertical force on the cable 10 regardless of the orientation of
the cable 10. If the depth control device 100 is negatively buoyant, it can be
rotatably connected to the cable 10 so as to automatically assume a position directly
30  beneath the cable 10 under the force of gravity. To assist the depth control device
100 in assuming a position in which it is plumb with respect to the cable 10, a
flotation chamber may be attached to the depth control device 100 on the upper side
of the cable 10, an arrangement which is conventional in depth control devices. The

flotation chamber, which has positive buoyancy, assumes a position directly above the
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force on the cable 10 regardless of the orientation of the C &l Sheet Bas Bedn Reflgced
depth control device 100 is negatively buoyant, it can be rot

‘connected to the cable 10 so as to automatically assune a posi HH
beneath the cable 10 under the force of gravity.
6 TO"aSSI co I [ 00,1 n which it
s plamd Gpient E ket R o B e comp o0 10 B MR 100" e

to the dephiftao tHe ddptitleomitfon d&@i@eqooﬁh@ctlypmswmedﬁbmfm.hm @gapl e 10, an
arrangenent which |s conventional in depth control devices. The flotation

chanber, ebastimpnts theodapth eentral sigxige 100 apsmtmmy attqsbgd to Ba cabledOby above the
cabl e 10 and xer a t.orque. on t.he pt.h evice,.100, ab he

cable 10 ‘f%m ch “ﬁgl {nﬂercgﬁ‘?v?%;i é'\lfF %PPE(? 8% W?‘Pfﬁ- cabl e
10. Igt hﬁo&@?ﬁl@é\@m rotitﬂﬂy%&dﬂe@&ﬂﬁk%nﬁ%léb@@ﬂl%h bc&ufeﬁ&@%%@'o‘f ted t ached

to the cable 10 by connectors 20 including an inner sleeve 21 secured to
t he ext eramms 120,t150. Prbfembiy) the@uten sisenec?? is| reasdily @mchahlaf@m theripuert ed on

th I 21 dt 120 f bly,
the out or SEEcctoomaBl g Hith FonteL e 100 Br STy st & mnd 27 ro 7
enabl e t hgisdnEdted St fe diSlé' 0e A0y ﬁﬁtﬁblbﬁtyﬂ%ﬂ’ﬂoﬁﬂem fBfdse in

di sconnect e romthe cable 10. A parti cuI arly suitable pe of connect or
for use i thetpresept Evention is\desaribed méJ e Ratanb &l . 51529,018.by ulhnms,l\b 5,529, 011

| tit " t f t b| ! . | th h
o o0t y pER A S ABeeR o8 LB (EbIEEp AEB ARG PUGE DE Ot COTRSIR, o i ¢
respect t gnihigg CRdi&H Codtdl deQict 3§ Fotate with re ﬁcﬂtﬂ e %alblé 1@ dl@nﬁé baegdi nal

cross section of the depth control device 1 gure 1, the left end in
t he flgure bei Rigurd is adenglwdmhsrosmccti@voﬁ&emmhu@nt@kMMeh}O@ugh t he

i ngs 1AOTIENE bbb o, Arie HRAE o o wrredi pevis |8 PR 528.

Pref er abl yyrofdiein Ghterl 19nd : Body 6341 ﬁﬁwhh@ﬂ:yrmp@wmcﬁ%mes fthe sepveite

enbodiment 1t is in the shapé of an el ongated holl ow tube. The interior of
t he B&dy merquummmmn adjustiog ¢he pxmhtanglegﬁethamagsm& Ryaferably, i s

Fepl aced. B o B0 Sreanfe BELbR. 08 Al TRECGOAY | oS an
openi Ng afhMARGFYn é%ﬁglatehqmw\euse e $nrbboME 66dyY 810 RP bE%ﬁﬁi&ﬂﬂ? can be

inserted. Arter insertion of the conponents, the oOpenings are sealed in a
wat ert i ghtlosad)rbsit ptgfemhlnyt tb.b bedy 108 is wabl&'mé bemgrmpamd w@(ﬂm«;ﬂ tmc | ude

scal abl e 'cayities for g %} tratedc ts and
passages F%a:g’ ﬁ%mB%‘l%etﬂ CB‘BIVFP 3 é‘h é‘e PIGCOEER te, the
ar Ims 2gay tﬂ%%d&ell@aﬁﬁstah g at dhe br B%h@ﬂg‘@?ﬁe Efds ﬁ@t@ﬁhﬁ%ﬁo@s‘)nneﬁ ing

the arns to thé connectors 2 or a cavity for a depth sensor or other
el ect r oni componentsecan. beTingerted. After insertion of the components, the openings are

-

sealed in a watertight manner by suitable closures. The arms 120, 130 may include
sealable cavities for housing a variety of unillustrated components and passages
leading between the cavities and the body 110. For example, the arms may include

25 cavities for latch mechanisms for detachably connecting the arms to the connectors
20, or a cavity for a depth sensor or other electronié equipment. The body 110 and
the arms 120, 130 may be made of any materials compatible with the environment in
which the depth control device 100 operates, with impact resistant materials being
particularly suitable.

30 Figure 3 is a cutaway isometric view of the front end of the depth control
device 100 with the wings 140 removed. As shown in the figure, the body 110
houses a wing actuator assembly 150 for rotating the wings 140 about their pitch axes
to attain desired pitch angles. The actuator assembly 150 is drivingly connected to
the wings 140 by a drive shaft 145 which passes through corresponding holes in the
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body 110 and the arms 120, 130 nay be nade ®fis FegjH eBeed ¢ o pat Lbleiwith.
the environnment in which the depth control d 1 '\at es, with inpact
resistant materials being particularly suitahl \

7 Figure 3 is a cutaway isometrig view of the front end of the depth
contyol deyiFe1dQP i & ; F&{r? réiSr gte%?ma | e, the
body 110 anses a V%anéﬂ)g%?ﬁl%@érﬁgiig%m y glgglpor Fo&gp@ﬁ% (13 \f/ﬂi’*ﬁggkmo

about t heiactuptior aksembds 150 Eot simplidies i thedrips St BiISOs @eeferhbly kwdariat or
assenbly 150 ig%r,dr_i vingly. connected to the wings 140 by a drive shaft 145
whi ch pas388oughy b iyposeibier 195 HolRdiang 2 rsanksshape emetheroepplingay shape. h&Vheapt h

ol y el e B e i 1D BPCAR, 4 b CAhAHARTG Spldyd LB DY
al t hoggh ishaft 345 @eShdih evifigyr 140, as tn the\iresniCérabitdiréra pButdit isodlfteposaibid tonear

shape. Wien the pitch axes of the wings 140 are coaxial, it Is convenient
to enpl oy CEPIOH Sepagate dEive shaft for gact wings oPrefepabiyysthe AGngsal4d #et he present

enbodi nen | b I hpt e ' hafi, for
cach i ng BRI fohf e MERE R4 gh oEIBLPkesBnBFOR0 € OMEWHIA &, 01
145. The awt ratrivieditsesablith 4 sPecific st 0D Mings M0 df theswings 14@ate tepicvedt 0 use
with a specific set of wngs 140. If the wngs 140 are renpved fromthe

drive shafffom i dgive shaft diapd thedrive I 149 iswilidranmiremohs Ordy B@ythe 10, the

actu r I t; f the

endsaltc())? t%éﬁg{égfx %%g)%aggﬁ%ep?%ce \(’\%&it OEg%Hgt%g}' qgg%(btféﬂt%r Bgégg%le?,ﬁgg havi ng
di fferent tapbodyt 1 Tamhfeplcéd witBtanother sdtedorsssamily 15 mawving idifigentof rotati on
or a different response tinme. Conversely, since the wings 140 are renovabl e

from the @PFIRENE FhATRCIETSIiCs osuch g aditfercniotange abitation ora@ificrant BRSPORE with a
variety ofdl f (8L 085 dd Qindi YL LhONhR £NF ACLHR Qarpppenbdl v 150,
e body may hous¥ vari ous her ‘conponents, such as a contro

equi pnent single acddto0ssemblyt 150 capoeaisedwithfa vabietyastt diffeeht adenidDy Ih50.
Figure 4 is a cutaway plan view of the region of the depth control device
100 iV t hadditiondp e apuatorcassspRfy 159othe bagh 149 maydopsepariona®thes i gi dly but

det achabl he 11 ans e | ft 145
pr ot r udi néo@@ﬁﬂ%{gﬂesil eg?grcgétf&t%w g%foi%gn é/ﬁlé%(r&{e}v\%?% gartfogt%t{eirﬁé \é%{l%ggl e
means soO aSseifbly @@t e together with the drive shaft 145 about the axis of
the drive shaft_145. A fairing 112 may be installed on the body 110 in

L ront dof the i Atigiredt Sriccusawayhplan digw oigthe aegiomef daciepthi dngirokdevies l(&j?ceh
w ngs. 140 B ERE by P 0L 0P e 0 B Bl SRR 2,

addi t3gonalseduared o gnel dSthe DuteR whd @drtivhs o ehebdrilye shif) 148 prevardihg @ thee act uat or
assenbly 150 adjoining a cutout 141 fornmed in the inboard portion of each

wi ng 140. exiaior Hf thebody: B0 screws prothercsuiipbie esans A9 as foralale degethed by
with the drive shaft 145 about the axis of the drive shaft 145. A fairing 112 may be

installed on the body 110 in front of the inboard end of the leading edge of each wing

=t

140 to reduce hydrodynamic noise at the leading edge and to prevent entanglement of
25 the wings 140 with fishing lines, nets, or other objects in the water. An additional
fairing 113 is mounted on the body 110 surrounding the actuator assembly 150
adjoining a cutout 141 formed in the inboard portion of each wing 140. The fairing
113 acts to reduce hydrodynamic noise caused by interference effects of the
intersection between the body 110 and the wings 140. The fairing 113 also increases
30  the impact resistance of the depth control device. The fairing 113 includes
unillustrated bearings which rotatably receive the drive shaft 145. If the wings 140
impact against an object as the depth control device 100 is being towed through the
water, the impact can be transmitted to the body 110 through the bearings and the

fairing 113 rather than being transmitted to the actuator assembly 150. The wings
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interference. of f oct meh&%sh%% a%g({ion bet ween the body 110 and
140. The fairing 113 : ph L he i npact resistance of the depth
control device. The fga§#l ' ﬁ

rotajably receive the ﬁfgﬂé '

145. I§ the wings 140 inpact against an
obj ect as the depth control device 100 is being towed

8 through theOmmayhave standard fail sestionsowhich sars hé salestedt basechen theddesitad t hr ough
t he beati ngs t he. I I 13 rather than,being.transmtted to the
actuat or asse 350?3’6{’%% g%peiag’é‘grfﬁﬁfdhi}?‘émg’f"‘ W POiSg: o OLBETt i ons whi ch
can be sel ecdmdidbaagiens.on the desired anmount of l[ift, the primary operating
speed, hydrodynam c noi se, and other considerations. Figure 5is a
schematic il | ust rBiguens énhosghegratie: dlusiration showingothe ppinciples ofi opdratidreofitheuat or

assenbl y. 150, ,The t qreqassenbly, 150 incl S rotary actuator, such as
an el ecttic Wag?r %%muﬁﬁg\?f)n?“ﬁ arcg%é}glaﬁs&nﬁ& E%fmgﬁg?staﬁ%%ﬂé‘& ry 1B Byash
plate 190, W glactrd rRoteANTNaMVRHG Proffingidufue khaddohndtd @ £8isBFlate 390 ace
191. Two novabl e push rods 210 each have a first end in sliding contact

wi th the conwhish isarchmchavirgla mtatidnal aisisd prentact fafacari@la Bwe andakiad

opposi ng a rocker .a 220 .havi an ,axis,.of rotatign. intersectin d

per pendi cul aPuslf‘c}'ofI%émﬁ?‘c hgye ?&gStOWF}HtSﬁglﬂﬁchn%‘ft W‘ﬁbmﬁﬁpﬁ?‘:tl .acg'ﬁgpegnt act
surface 191 @f sifash pies DAt £5ebBR BRY oplNRg A B6cid ARE 220 HavinBal dxiEor

| ocation of a point of intersection between the contact surface 191 and an

i magi nal§ | i resatjegr interssetingrand-perpendicniap i thesaxissofothe phtpusshadihofphe metdro 0
varies in the,dikection parall to,the rotatiqpal axis as the s h plate
190 rotates. Wt gﬁ%ﬁ"’%{ s&’ﬁg efdlrﬁftg? F‘BPFho?latFr'}gB% VH R éhafgdu@gﬁ?és t he
push rods 21@etgcation ds adotntiof bBRkdiodYetbeet th€EdtRD surfiee 191494 2B ate 190,
the push rods 210, and t'he rocker arm 220 together convert the rotation of

t he out put simeginapy ling garallelctorthe rotatiomal 44 of theswasht platecl90ofariehén thecker arm
for the

220 about th itch - t he .wi . 14Q. The dri haf t
Wi ngs 140 i STEHOR SRREio e Lotationl 35ia 35 Miscersn Blarh DAROBRSa s MG RSkt o wi t b
the rocker %HXR%,ZﬁﬁathB%f%é WPash Mt 196 Baed ﬂﬁ:ﬂuyn Fodk 21050 Rehasedh @adifr to

the plane of the figure through the rotational” center of the rocker arm
220, but f oraxdasdirestion.| [Theswash piate 199 thrpusk redsaX10, datbthe soskeo\wrme220endi ng

5 Ao, il SR S oSS S e o el
arm 220, t heofihe GBcl@¥ 4fm 2020 1aBSuthe Gitch $s OMMLRinE 146 dBie WrivB shi¥E 145 for

rotational axis of the drive shaft 145) intersec and are perpendicular to
and copl anartheiwings k40 isxdosxially comneotad puthestocifer aoh 220 @o ras tto rotaté withAthehough

t he not 171 and s ate 190 are illustrated as hei on, the forward

si de of Q@ he ‘E?FF?fearg}nAZ%w %%h%lv? ?P%i‘@e%aﬁés %WBSW@%FC&%& heplapeRf of

the depth comefipuré@iouph the Pochididl 85hdr 6t the rocker arm 220, but for ease of
illustration, the drive shaft 145 is shown extending diagonally with respect to the axis

of the rocker arm 220. Since the axis of the drive shaft 145 coincides with the axis
of rotation of the rocker arm 220, the pitch axes of the wings 140 (which coincide

25 with the rotational axis of the drive shaft 145) intersect and are perpendicular to and
coplanar with the axis of the output shaft of the motor 171. Although the motor 171
and swash plate 190 are illustrated as being on the forward side of the drive shaft 145
with respect to the direction of movement of the depth control device 100 through the
water (to the left in the figure), they can be located elsewhere, such as on the rear

30  side. Furthermore, while the centerline of the output shaft of the motor 171
preferably lies in a plane containing the centerline of the cable 100, it need not be
parallel to the centerline of the cable 100. For example, the motor 171 may be
installed in one of the arms 120, 130 with the centerline of its output shaft extending

transversely to the axis of the cable 100, such as vertically. For ease of manufacture,
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wat emsa{}ie@mshzeedlafptachn the figure), they can be | ocated el sewhere,-

on t urthernnre while the centerline of the output shaft of
t he rably lies in a plane-containing the centerline of the

cabl not be parallel to thg centerline of the cable 100. For

exa e, t.h I Ast e of ar s 130 th
tﬁe"?ent R fﬁ#@%?&rv%gil epl PO B il o P Pt Bl s e ot o o

t he cabl esidfOof the motor 171 Wb ti§y MBy Etrérd dtdany oeter ﬁﬁ?@ viicHebfeschetig®e it nmay
be convenient for the push rods 210 to extend parallel to the axis of the

out put sha‘ansxmt fonge fiom the swash plata 190hieythersgekenarand2(iso antp exerter taageg e whi ch

590 50 as SR g faekb B 530, @bt T ch @Ml B 58 BB i ks PR AR oy *1
axi s. s5The sﬁﬁsmhnﬁts@ﬁgmuam ﬁﬁsna%gsteddebesawda&tdrﬂm -3hapéd, afbﬂéiamﬁlb't t hey

may instead be curved or crank-shaped, for exanple When t he not or
171 is driven Mendbamt@mbnsmmeplwamamm sytasly plateh E9G abaatt gie axieobut put

haft of the not 7 k
G r ect 1 onthé s Rhef of i wlos 7L b b bbby ERMRRENRE "t he push
rods 210 Wfestidi tﬁé“?wé%ﬂ%l&é‘ibo reﬁ’éi-tszékpayﬁﬂ fbRe ohl dABof ithe fmiba roig @ td owar ds

the rocker arm 220. The push rod 210 which is urged to the right exerts a
force on trge the cine push md22i® mdhplngbtlmtheﬁgmMGWa@Srﬂankm 20.sTagi s,

ther rot e aft, 14 i.ts a t o, chan he tch
angl H'gllﬁﬂdg@;dq‘_’{% Il%\ﬂﬁs’?g eu‘ﬁél-{' "hf‘?’g%l élﬁsf FORKeE g@% |sp:Jrged to
t he ri ght E%tftﬁ@rdcck&l&ﬁx 226@:0%: Txt§ Exx@-n%ﬁwfrothﬁ@g Wefmﬁzejsﬂ&t 185 hp&itqased,

i.e.. the Ieadlng edge of each ng 140 is rai sed, and when the | ower push
rod 210 i :amrtg@hamgg thépiteli apgle of te mgtmna\rmudm:um@wh t0de210 mhe | eadi ng

d f 14 d hed t
?hger iogh'ta e‘gé\ﬁegj‘rfoﬁp%l trlgdhe?fggr lt L?gﬁle Oidgeﬁ"é“gs?‘t@g‘F ggspﬁs heg to
the left, xﬁcré‘asedtpé’"a&iisleid]ﬁg HEShe &EE‘%%?Q) isQ¥iséd) anki Qe thé IdWe#fhsh The

swash plate 190 can be shaped such that the direction in which the push
rods 1310 aod 2idveurgad pethesight] tieypitch angle daéreases,iion, the lmedgv:e)fsma&h pl ate
190 is rotate can,be shaped s hat t I rect.io ment of
t he push rvf}ﬂ%qﬂ(is H’e’ﬁé‘?ﬁﬁs%@?ﬁ Pﬁﬁ" ’queﬁg gﬁ‘f‘g (?H*g’(?qu? (Sl?ea’f’gtbtrbyo{h sﬂ’és wash
plate 190 @919@%&%@&? R8PtodPPR & iRihg Pusiddto IMORR, PlealBwiRi tBd sk gi ven
nonent . exanple of the formed type of swash plate is one which nust be

reversed iplte dBQ,t byothel rocker armi220. t Bher snash plate HY mmknmd gfchrthatghent of

Lype of | sveRi i whied T aRRThas 210 4% RO R eber Sol Dl RS R e

rot atjoonalyity felswabh phitd 190PRCHBRS Br 110GAn HEQhaERYIsiéh HHat ﬂ:[é%f—@cﬁ@ﬁbfon with
respect to the swash pI ate during 180 of a rotation of the swash plate and

t hen novi mgpvemenhef thp poush rQ;iSdAlﬂstcpcnﬂs bthy dmthetdirectiamed rotatipni@Ghe swashof

rotation. piate 190 and the rotational position of the swash plate 190 at any given moment. An

example of the formed type of swash plate is one which must be reversed in
rotational direction to reverse the direction of movement of the push rods 210 with

25 respect to the swash plate. An example of the latter type of swash plate is one which
can be rotated continuously in one rotational direction, with each push rod 210
moving in one direction with respect to the swash plate during 180° of a rotation of
the swash plate and then moving in the opposite direction during the remaining 180°
of rotation.

30 Although the illustrated actuator assembly 150 includes two push rods 210,
one for rotating the rocker arm 220 clockwise and the other for rotating the rocker
arm 220 counterclockwise, one of the push rods 210 may be omitted, with a single
push rod 210 rotating the rocker arm 220 in a first direction and with a return spring

rotating the rocker arm 220 in the opposite direction.
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Al though the illustrated actuator assenbly 150 includes two PuSEhet29SR.210,
one for rotating the rocker arm 220 cl ockwi se and the other f 4 t%gss%eenllge"]“e
t he rocker arm 220 countercl ockwi se, one of the push rods Zlojm[mmmﬁmw
onmtted, with a single push rod 210 rotatjng the rocker arm 2

dire&_tion and with a return spring rotating the rocker arm 220 in the

opposi te directi &igure 6 is an exploded isometric viewiofjam ex#inple ofi thecacplatmtedsembdyret ri ¢
vi ew of an | e of. the actu r. assenb) . 150. It in des a

nousi ng 160 1PGr hsfiet pinasiie 60 for RoNGORHh wariout GPinpeneniz it i giustor
assembl y 15sdbtublly 15 Wit redpRcCRAR bIRE adl Withirtdledt 98 BRCHinig® 140C THen0s 140,

The _ housi ng 160 has a generally cylindrical outer periphery matching
t he cyl i ndr ihowsing A6@ has & genergy ¢ylindrigal mhuter Iperiphery matching the oplindiitsl imher he
depth cantrol .device ,100,. Qut it have any .ot her, desired shape
Whpch eriabi PEriPREry OF ¢ cHtindicatiodt A0 of f, deptiuconipl dct o0, Bt B 150
al so includ irddnd icphd | § i bJaly O 1o eTIRNE nRtort Ne '
housi ng 160%%%%%2?§%%§&%%§%CW§?@8%§§? ?g%&?%slbedgl?e(} i nto t%%‘pposi te
end of the assemblhdi® klsg iridhfiies a motok enit A7TOwARM isvinsetied mtoé nseendeof that o t he

housi ng 160 so .as be 10 al.igned with . a transverse bore 164, extendi ng
bet ween opp&eusing é%@easf%ﬂqﬂﬁbp?ﬁ%& fegsor 249 e }m‘éﬁ}f PPty Q)cftge

conmponent s L Ot h Qhs : ' i gnment
W TR the o ASksEP B0 DIIGRRPPH VBGHE HReRKE I OAtnE 160 10,5 o B | T

wi ngs 10 aligrddl with heransversrberd 1664 exteading detween opp&t® sidas df therhomeiagi ng t he
transverse bgre 164. ‘Ehe m)t?r uni t. 170 incl udes ﬁ@ electric
motor 171, d6Bnangsa Fumberetsqaspronenfs for 1faahly, sapertng By rooker A 2elhithr 171 is
sufficientl 'Bﬂfﬁﬁﬁf et trdiRVersl | 5 Wastline the drive® biake1459%r Rle Rk Y -

Al ternati ve?%/l, t etdr’rlilg%ctyre 171 erlr-g{/b%xg ltgghﬁozct elﬂmgo ?hrel swash pl a{e ﬁIgE 190
t hrough a r ddQab iberconmicted1id2h¢ cocker aran220,tdnd fonseglieg theptansverseobdrhd64wash

pl at e 190._.In the pr nt _.epbodi pent, the tor 171 is connected to
an in-line pl anetdeymotor uhit El\zééqxclchg@gte egHIcUmApter il’;g Ml A4 TS 8RFput shaft
173 coapg al Wat; s 14 : Lt Inay drt @ the'ls¥

not orsal?nd rre B’@%?jg] uni fgltfst%%]tﬁ{g%)cirg”flégg‘fjfgigleflw m&g}léggﬁ @ﬂhgtsi ﬁﬁant I on
are comrer cipidté 190 diretthbl Alterhapivelpethamyotorefl meyl be tomecteditd the7vask plate

particularly sujtabl e because (t _can be extrenely conpact whil roviding a
hi gh lPédb@P%ﬁ fF‘gi‘%“BnéWH lgﬁatgpgcgeqs?,éheorgfqyﬁtapg fo the SY’FFZ‘ ﬁétﬂuct i'on

it 172 t ' - fr t
uni 0 108, %qﬁ%gtesex}tse(r)nbodﬁhédﬂ, ﬁl@_‘lixhcg&é gfl R ¢bRitea 8 fah in ik R%E}@!%gy ypes

d .

of reduction units a be used. motor unit 170
control | ed lggamredustion ait £72%bating hn netphitasiaft 73 Icoaxtidlewith deenutput shaft of the

i nventign, the or unit 170 is controlled by an, el ectronic control nodul e
b0 whi motor 1L A sttt motarh g Ao SHIRDIS B e & BESeby | oo

LOP Y, o il gt ot MChtpalo R BRI
drive circuipagticulanly smitable bepause éswnrbefextremelyfcompactgwigiteopposidingbd high
reduction ratio and enables the output shaft of the reduction unit 172 to be coaxial
with the motor output shaft, but other types of reduction units may also be used. The
25  motor unit 170 may be controlled by any suitable control mechanism. In the present
invention, the motor unit 170 is controlled by an electronic control module 250 which
is disposed in the body 110 of the depth control device 100 and which may contain a
variety of conventional control circuitry, such as a power supply, A/D and/or D/A
converters, motor drive circuits, and a microprocessor for performing programmable
30  control. Alternatively, the motor unit 170 and other equipment in the depth control
device 100 may be controlled by a control mechanism located outside the depth
control device 100, such as in the cable 10 or aboard the towing vessel. Electrical

power for the motor unit 170, the control module 250, and other electrical equipment

in the depth control device 100 may be generated by a battery within the depth
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4t i vel y, the notor unit 170 and other equi :
devi ce 100 may be controlled by a control nechani sm

30
depth
Iocate epth ) control device 100, such as in the cable

10 or aboard the tovvr ng vessel. Electriggl power for the notor unit
170, the Gantbl QbvieD M, andR? it MAF bOlbRirated 86datd Gt veSsdl WREEN s towing thei N the
depth control device 100 may be generated by a battery within the depth

control dmblecH) theoyghathe Materi and rteapsivitted do dhreadepth contral devieeel Qb wigdhe whi ch i's

towi ng the ble 10 thrpough ter. and. tra ted to t dept h
control d@Pletd- 1@’@)%\%13“?%?53 the e[i‘f‘éﬁ?@r (Sie‘”F?tT&hE‘an’théﬁﬂc §3mef{%§ dept h
control dgwhirfelofhilBle SMldi0, 85 dolls WRIATEHE e mconuott&vwernooqnw bdin the
cabl e 10, or c ils within the depth control deV|ce 100 may be 5

i nduc$§i veingductivepy exhpted tocrtoils withiththa cabie lﬁad»bmbldeermQMIGiapom and/ or
data and contro nals t o, be nsmtge n ctrv tween the
cabl e 10 amirol ﬁ’@nﬂéﬁ?h mitted, ipdugiv e&yé&tggeni cableqld LﬁThe
reductlon#@“d 1@e'i’% be drivingly connected to the swash pI ate 190 in
any surta% manner i ch enabl es the swash plate 190 to be rotated by the
reducti on 10 The rdductiofPunit 472 hmyrbeekhinglyendmebmbm;hetSWGSh)plaml%shaft 173

of the reduction unit ) IS con n ada 174 .,having a
cylindri c#8y %’iamedﬁa@??)wgﬁd @aPls%th&r@trﬁ P 190" t°§t9 Pﬁtﬁhgﬁffgﬁqﬁlgp from
t he ggduc Ro3int 7 | @R 7, adapt er
174 rlrgy blteﬁlgo‘rlrynec ‘%%ﬁ e out put LEQ?ME& rlrﬁéatgﬂm%da%ﬁecr%\ﬁhﬁngh”eznabl es

themto rtavheeaal ® an MbEr llﬁirt-thavﬂiga aylihdniodt pmabn riaﬁ tandna rectengyfiart he adapt er

174 fits 15 |y fo the inner rac a rot ear.ing,-such as a

bal | bear P?Fé‘%ddgq: qr om the redy¢fion y g’@g@%fh"ﬁd ?E?gwf‘rl{/g i % a

rectangul a, 'ﬁ? %gﬂk&‘ td Bfe G W?m mannla?glhﬁﬂh érﬁﬁfest he swash
90 \Mp rot ate t

plate 1 oget w th t'hhe adapter 4 The swash pl at e
190 has athep tonmhtite a$ a shogiet urlio 2 Thé rcylhldhcalspomlsm ItShef thetadapterat®t 66 t he bal |

bearin 200. The ball _beari.n 00, wh ti anal es to

rej nflégcesqurgéy iR &le igner 1ace gha 2@‘3t1°r%a§ S‘?’@P’%"@E‘”éﬁgoe‘ﬂbﬁ? es the

swash pl a t 170
P P}% dt%grg %FJ y}?ﬁfﬂ%}?l i ’f"s ﬁﬂ)ﬁ"i'&lta)ﬁgular bore 193 formed ih'Be FRhH pldf!

I S suppor connector “180 which i1s secured to the
end surfa¢e0 eb ttialnmerrmash plane 190 %all lmytaﬁectogmhermﬂnhbradamcn 13| Therewash.

The left end of the caonnector a.cylindrical wall I ch
surr oundsP‘(aFFe 1 B*H*ta cylindrical skt 232 F‘l%@hr@d%?"l % OBteT Face p5 ‘&eaﬁ?}yvp?f’é’qgi ght end
of the coj 500 WikiBlis StfondlD servesht8 rrEfnRﬁcelﬁl% ke Bla!t@@%f' y

surrounds apt er 4 connected ‘to the output shaft t he
r edu@oi onagmnslt akiaP forféscandoamables tire smﬁh iphatd t¥hedrotite oesx smeothly . t hr eads

183 whi ch can be screvved o inter threads fornmed in.the left end of
t he housi ng emofgrouqlb ﬂb@lﬁpﬁpq eYlindRral coRRFCiQy IE;R hﬁ%‘i‘]s‘t ng 160.

Wen the PHd ﬁ') b edd Qmji’a?:s of the motd?&iHRt @3@%&&3"6&&%@&@ ifind 60, a

| ock nut can e screwed onto extern t hreads 184 over the
connect or Th8Qeftiaid bf theeohmezborniB0 Ha8% oylindricat vell 481 athiemshirfaunds dfe right

end of the reduction unit 172, and the right end of the connector 180 has a cylindrical

25  portion 182 which loosely surrounds the adapter 174 connected to the output shaft
173 of the reduction unit 172. The connector 180 is formed with external threads
183 which can be screwed into internal threads formed in the left end of the housing
160 to secure the motor unit 170 to the housing 160. When the motor unit 170 has
been screwed into the housing 160, a lock nut 185 can be screwed onto external

30  threads 184 over the connector 180 until the lock nut 185 abuts the axial end face of
the housing 160.

The rocker arm 220 can have any shape which enables it to transmit a torque

to the drive shaft 145 when acted upon by one of the push rods 210. A single rocker

arm can be acted on by both push rods 210 as in the present embodiment, or a
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t he housi ng 160. The rocker arm 220 can have BRWh&h@d Becdlflled )
enables it to transmt a torque to the drive shaft 14 _
upon by one of the push rods 210. A single rocker ar E nﬁ%’f@%ﬁ Eﬁ

on by both push rods 210 as in the present enbodi nent, or a

12 % separate rocker arm can.b rovi ded for._.each push rod 210. In the
pre;ént' 5€ amtgrfBS’ﬁqrmeantq‘?@rP‘f}éﬁch&aFﬁﬁQE . ’szi(ﬁ. i%gi)es?fﬁf?@.tof aring
having a aeMRjdehént, fle'ro&ited arm 220 islapfu%s%gaem Ang'hiviRl & henddhily eirédldf t 145
can be inserted. Two contact surfaces 22 agai nst which the push rods
210 can exaare 221 cuapvhichsthe alriversbaft 1145 pany be insértedr cbwe coBact suefacas222 ar e

f d t h K 22 It | des.of . the b 221. . Th
pai 1< of | riEget $assad pibsods Py CRERG & cBpbiERive fotet e Bl Bo&EKFon Sensor

240 ar arm 2 E:%%&Hed@ﬁﬂx %Eﬁé%sd?ﬂ'%% "¢h HpboBRCGes Vi tfe Bard 223" MPifteé N L he
si des %f t he %od; er arm © 220. A soot ?fggﬁor e'Jrgecei VI ng quporti%n of
t he rot at i gaisl of magnets 245 e 22de fGt4d@nsisg by the rotationad gosition kensop2&@ arear m 220

around a portiqgn of its ti pher nd es hetween 10 the . two nagnets
of Ceach papperted nfo corteSpdndtngreligniy Piies 383 Rerined o 15, ST 106 GKEE By b
connect ed 4y egt ; nt
enbodi rrenti,ﬂdi't%%&s??cfggfefere ezi{ %réloﬁ?fgﬁé;%ogag@gﬁﬂ;hnbﬂ Séﬁl%???: rical insert

230 whi ch formed imthe rotier hom2202towdd 4 bertion ok @5 peniphe®Pnd passescbetween
of the insert 230 _.and the inner surface of the bore 221 of the

surfa(ig

r ocket0 ar nthe 30 feagnets f ¢ach- PG| enrent ary shapes to prevent their relative
rotation. For e‘l*ﬁé?:{i@e 2t flal ; ledRAdireb € td tkes30 and
t he bore 221 have atssﬂagtn ?ﬁgfrmeowplgggs?ﬁg%ngﬁr?acgse i%Eﬁz%ut&agai nst
each ot herarm?22@®sustin thetpresenhemboditment, itsie slidadBOreosivéd inexs geretrally to the

bore 221. The ,i.nsert 2 i s. also. shaped s s.to prevent e drive shaft
145 AR arere 0, ik R e T s 220 128 rBEY ernanh. diettie ¢ he

dri ve shaf lat:] t ' I L QL axi al
directi On_é‘u%??giﬁ#ﬁ@%é’h ?%Pearlldn{sﬂg#?néfégﬁg%ddttﬁe bite 2?22& r? \%%Q g‘t]g?ﬂtl Q%%S may
be coipl enkaveaomplemenirarp shapes t¢ prevpntetheinrelatiMeadiatiemt Fotr krample, in thensert 230

Is formed on its inner surface w.th keys 23 I ch_engage .w th keyways

146 f or medPEESFETE ﬁ@beﬁmt,éﬁ? fnéﬁ%\yéb aPﬂé&i‘P?‘?ézivﬁé‘fetﬂaﬂg? OFRBS1Net ween t he
keys 231 andnt [ s ef j, DL AL &E

bkl aoh plrfaces Picn'al SEIRYEN WS EERAM M BUEIAT IO Jeditdh

i nsert 230tonthy bbree 22it aThbingers 2B ds tlsal simped so as to pravdnatfieedgiwushaitl 145ear i ngs
236 inserted into, oppasite ends of the_transverse bore 164 of t he
housi ng | 6BOmHiaEg V@glalregpeféfp Hrtidle mehrably spahline s dligi gt J4PFALROYEF t he
Inserdy  with réspact®ihd sB? 256 i 6 dx Al 811'%099%:%%?19)‘ t.hUlﬁse'n'W?@ ¢30 to
prevent sea water from owi ng along t he out surface of the insert

230. Uni | | thetdrive estiaft 44% neagiescompliera¢iary 30 shapebdnities prebdme émbodimdnnethend

faces of the b i.ngs 236 at .the ouger s of..the transverse bore
164. ﬂ:sert 3?(5 is forme oneilrs inner ace w?tg (iiceys 231 which engage with keyways

poed

146 formed in the outer surface of the drive shaft 145. The fit between the keys 231
and the keyways 146 is preferably such as to minimize backlash between the drive
25  shaft 145 and the rocker arm 220. The insert 230 may be rotatably supported by
suitable journal bearings 236 inserted into opposite ends of the transverse bore 164 of
the housing 160. Rotary seals 235 which seal against the outer surface of the insert
230 may be positioned around both ends of the insert 230 to prevent sea water from
flowing along the outer surface of the imsert 230. Unillustrated face seals may also
30  be instailed over the end faces of the bearings 236 at the outer ends of the transverse
bore 164.
Figure 7 illustrates the actuator assembly 150 in an assembled state. The push
rods 210 (one of which is shown in profile and the other of which is shown in cross

section) are slidably received in corresponding bores in the housing 160. The motor

THIS SHEET HAS BEEN
REPLACED




Lo B Pt « <

Figure 7 illustrates the actuator assenbly XgQgji.t RAMpAsRSIRIsed St at e ifHe:
push r-ods 210 (one of which is shown i nzmmiofag ythe other o
which is shown in cross " section) are :‘ﬂi%ﬁi‘“%%ﬁ ed in
correspondi ng bores in the housing 160. ;he

Li 1 1% it 1 nit 170 is

i nserted i"r‘f'ﬁlo ? <las oeurtsefinugltol E)h(snlljsc {%Oﬁucp%at%%wsglp&t%ﬁ%@p%%%sb s the
left end ofefteamdiofieasty ptishdrod 110, aidlthe i6cked ke 220 Indektedl itd e iousidgi Nt o the
housi ng 160 such that the contact surfaces 222 of the rocker arm 220

oppose t hel§Q gich thatdhe pontact surfages F2P of ither roaker apm 2PQconposeathe gight epdofti on

sensor 240_]% 1 i > LRng 5 Quntil.its_.left side is
heorted i Sich B 504 210, T ool BEsich Baser 2B Wbt ok e s 15, °
as to §ie D60 walritst B sideds RERE! Snd theadelimbibatial J60225 BPthe roduentagd on the
rocker arm 220. A sealing ring 245 may be provided around the rotational

posi tion 220 so seipskig betweenthe tovimageetsi affeachs pair 224t vidkde mount¢chomtheor of t he
housi ng 16 d utser o . face of the . rotati.onal position sensor
240 ang prg%g%t a.%?%(? ﬁ%ﬁ*q‘%gﬁg 235 i“?ﬁyﬁf"‘—t?{ v’rilﬁfi aroup:% &Pﬁmgﬁlgn%fpc’?ﬁ’é’nhousi ng
160. - sensor to fortdVdl WateRipht G5 Bétwedd the in@ABE BPirI]lEiH%Gsihé" Q?@'ﬁﬂ! EheCAftér O!

device 100, it is useful to know the pitch angl e of the w ngs 140.

For exanpl @irfagh&f thearatationalnppsition sensor @49 @nd prevent wateqyfrom leaking dwsitheed
buoyangy, Li.JS .C Lonal .40 set the pitch angle to a predeterm ned
val ue1 nd 8%%%%\%%%%‘#2”%&4‘?\ of the cable 10 vari es as it is towed
through the 15 WhiMaiotessedii2 iR chittolBapie depth ddgwreedeRid¥ 108d it 8 uderal &HS
manners using a w de vari et conventional equi pnent. For exanpl e,

f
t he nunber kew ths pitchangleost tl\;hglimt 140. 1Far example, when abasting direccable pdI ti on
di . . det i ned pitch | f t.h ] 140 b
count od byBith 1A EHRH BRESY. 18 aosacorL i s e piteh preledhie prdesermine “ "
posi tion oYaldé b obdedel hok the @¥pth bf thBRabIR10Vakidslad & iPtoWeARRRTugMOr . the

nunmber of 20 &%;l ses supplied to the notor 171 froma starting point
corr edpondwagrt pigbngle can be detstmined i vaniows imdnpersofsinghe witte vazieghaf t 145

o one or it FulBhbES P ERaR BiRlher f Sl i MR 512, 2°0
shaft 145, figfm DlefbrRBce\bdiitfondRrespidER)! tﬁ%sp&@&eﬁﬁnéﬁ%l&%dangler SCthb Yvilgd N9 a

w de vari ety of conventional angl e sensors operating on nmechanical,
el ectri cal 140ean beatquntad tpsan encodemand ke yeed e caltwate thepressntmpiational o

deterni ne the.piteh.angle. t . mbodi nent, _the pitch
angl e 1 o o otk Bl 1o gt b R 173 sk spsef ProReahEbet of | Tocker
arm 220 Wi plsdsesm fo%@:ﬂo@é:emnﬁ@m&oﬂrﬁhg ?omw@nésbbﬂﬁﬁg & 8dpbwhat i onal

position sensor 240 operates on the Hall effect and includes four Hall
ef fect senindatipnal positiomoafithe dpine skaft s cAndiecebuinteda Adltersatively; akeé pasitiom

The: magnot & B8 2445 BBICHEL 5 55t 4Finelpuih e F10. RE et oket arn B or B e

magnet in @hee Shar 145200 BY tehWingo UAd HRelselves cdn Rhiar direeay eking wWie same

pair. The central pair of magnets 224b is arranged with |?s pol es pointing
in the variety of conventional anggie sensors operating on mec%anical, electrical, optical, or
25 magnetic principles, for example, to determine the pitch angle. In the present
embodiment, the pitch angle is determined by sensing the rotational position of the
rocker arm 220 with respect to a reference position. The illustrated rotational
position sensor 240 operates on the Hall effect and includes four Hall effect sensors
241 - 244 encapsulated in a plastic casing and extending into the circumferential slot
30 225 in the rocker arm 220. The magnets 224a - 224c are arranged with the north
pole of one magnet in the pair facing the south pole of the other magnet in the same
pair. The central pair of magnets 224b is arranged with its poles pointing in the
opposite direction from the poles of the other two pairs of magnets 224a and 224c so

that the field produced by the central pair 224b is opposite in direction from the fields
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OPPOSissReeiak B&h RPlactd om t he pol es of the other two pairs of magne e

and 2 that the field produced by the central pair 224b is
oppos iﬂm&“iEHaﬂon fromthe fields

y the other two pairsj,224a and 224c. As a result, the
central nets .2 es a voltage in the Hall effect
sensors 2 i‘gd“%%lky\m? 8‘r‘F Bvo pairs f@ﬂﬂﬂg%g" Asgdiesit, tie eqntrahpaiy of t age
produced  lifaghB® 2045 9rodutes PIbkazeaRf A cfifdGensors 241 £94d PiichGeker arm 220

rotates, the output voltage of "each sensor W vary in
accor danc@PW?&lﬂﬁ mtwlapxtpm metwlmge pioduddd| by wé beet tee paity 2242 amhazlzragnet s 224a

é“o r ot atj.qnal e of the rocker arm 220 can therefore be
det er ni ne '&Eé&c Cr arm igﬁ rPﬁ@sog‘Fr%‘fP“\I/BP geﬁ%ﬁ%ﬁ@?‘éﬁ%ﬁ@r&lﬂﬂ%e Hal |
ef f ects s Bidoraabde st @b proximi ov%éﬁggeﬁsmﬁ&grmg nh%g,'rene@gg”y as an

indication of the rotatio eof e rocke or the

vol tages @R4a {harratational mﬁglf:h)é tlmtdckerf drac220ceansthersfoea be detenninbd Bagddi n 10
vari ous nann rs to giive a.mat hematical functjon indicative of the

r ot at i onalo0figPRtput voltages &Pﬁ‘u‘?‘@ orjmQrerf ihg Flal ieffpct; sensost r The supnt possi bl e

ggzge frgzggléél‘gﬁeﬁﬁ Hl'ab!e u‘é‘&f ct sezsors uécﬂ(iatxonﬁih al}ogﬁ%nﬁ%g ed‘?‘r Stggggcfteﬁl? ars

angl es [emrh 220 eﬂ&e?w[cﬂﬂag@s of+OpiRfatity bf the Hall effsed sendés €an beee@binedhy, W th
respegt a reference LLI ne, The three pairs of magnets 224a - 224c

are |Dcat darigys %‘ﬁﬁq‘e& tQ,§1v§ § mathematical functiqn @F‘&C]ltlvea‘?fdhe sotatignal pegle. vel vy,
Wi th respeut 1l Rfercdhfl u%ﬂeﬂﬁnéﬂfﬂﬁéalbﬁé“go ebiGbe the Hal oA n%,?“ the w ngs

is 0. Asuitable contro such as*a mc essor
on the coéi ol24draid|the ﬁﬁgnetrpalrerzsz% v, o'iﬂhethIleffgaabﬁso‘rsrm t hed b | effect

sensors ) 241 - Zézsl ng Jql cul ates the vaI ues A-C and D-B, where A

t hr ough DYigpgsed at angles ﬁéé‘ Bveh yr-he Gd'pand vi- 7agé@eemveﬁaa|wmer¢sp@qt
sensors 2 ur v Iues of
A-C and D%%S%?éhge Iﬁ:ngn tlg’ jtgraelﬁ aﬁ§}yff&a§ﬁﬁé9?4# t?lig'cr nge r[%g aF,]angr]es of =0to
+20[ di5r ], +t3ﬁ=3 @°f and éﬁzce répéctivelyq wihi tespeci fondeiefenendd liwaén tRrgidkchai ven

appr oxi mat g b pe equation V = -a[err] + b, while in the range
[err] = 02pgeofghe WHEW f o AlEb}s ¢ontroller, sughsasz msﬁreprycqssqre‘amch @yt i on of

[err] giv wherein V
i ndi cat esgg oﬁé&gé géﬁ%@gﬁ&?ﬁé@ﬁd rlﬁc&&#o eQ%tPﬂ{ Sn%ﬁ 311}6% the, ﬁf‘ﬂ@fqe?tnsgﬂ?o I} egi on,
and 25 281 |-§4ﬂ»had\ca]cuhtesfthé/vat]hanA{®&ﬁd DB OwhdrerA tHi6ugh bugér at ed
arrangenent of |l effe sensors 241 - 244, the difference DB is

zero at [ &Fpetive ﬁF&?Fﬂ%F@%ﬁengﬁleﬁﬁﬁﬁFﬁeﬁ@m%l 24 Figure 48 dllvstrates s zero
t
at Loor] n @RENAK GTAAE atudh f0A-C B PORTLG! | RS TAGL SO B hnee o OT,

(A-C) and (D-B)"is smaller an rm nes

by =€Q|t0 u+2@°| dhe dfffem@ct he Cais avaizfyolieat ﬁﬁlcﬁ@d af ergvéé afpdotifiately froma
| ook-up t bX ot her sw tabl e nethods. The present i nvent ion is

by no rreaﬁ ﬂl“? ?ﬂ‘{agﬂ 0=t 3% + b, while Hh‘hﬁlfé%ﬁea@ < Ohei-AQY.i the differpacg B and
Hal | ef f egda 880 %garofgm&tg,t rsé?‘% thessignals from
t he sensors. Fo? exanpl e, A &ee poe%P@xmately brﬁ)tﬁgma% ol <40 gfp
wherein V indicates voltage a or -a is the slope of the curve in the linear region, and
25 b is the value of V when © = 0. For the illustrated arrangement of Hall effect
sensors 241 - 244, the difference D-B is zero at © = approximately -9.75°, and the

difference A-C is zero at © = approximately 9.75°. The controller selects whichever
of (A-C) and (D-B) is smaller and determines the corresponding value of © by
calculation using the above formulas relating V and ©, from a look-up table, or by

30  other suitable methods. The present invention is by no means limited to this
particular combination of magnets and Hall effect sensors or to the mamner of
combining the signals from the sensors. For example, it is possible to employ a
larger or smailer number of magnets or Hall effect sensors, and the magnets need not

be installed in pairs, i.e., it is not necessary for the Hall effect sensors to pass
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| arger or pheerHasB °dt nmagnets or Hall effect sensors, and the. ngasesmm
need not | ﬁ lled in pairs, i.e., it is not necessary for the
Hal | effec LR A ass

15 % between pairs of nmagnets, as longsas the Hall effect ‘'sensors are
abl e t0 seseswednhgairs of maghes| s WagQk tﬁ&HaHf%ﬁB@tsEnsofEh&e aprherseagdthkocat i on of
magnets and Hall effect sensors can be sel ected based on vari ous

factors, <RRSKIoafithe magagy. ea’ha@émbarcsndolpcqsm afimeagnets and Hadlreffest sensoms r ange

U U it B A 5, S8 AR S A U b B P, T

as el ect risgadin@othe rargesivet wuﬂchrme pR6ts hnglé heeds itd Be Gétedtbd tBe ABRiEumt he
abili tg/ to process the signals fromthe sensors), the strength and
c

magnetd c fouasher ofHadl effest sanners tbajren d¢ usedd(which may he limited ibyi fa¢tp;s ik

dynam c ran e Hal ect se ors the

maanet s ot HesvicAl BPuET FEmRoaR <ot e Vgt oRge Rensbio Y piisw e,
Figure 11.sidddls froM@e sédbrs), Oﬂxé-fstrgﬁgih aﬁtpmagﬁém Wﬁ@ferﬁéﬂﬁf&ﬂﬁéﬁe&s afid the
Hal | effect, the rocker arm may be made of a nonf errous nateri al

so as not the sensitivifyeand dynamic 138ge eﬁﬂxerf@lbq‘.ffect sensorst Hgwusaidiageemeanof- 224c

by the Hall eff k m . —incl
e oo e Sets P 2 Bt g i R e R T BB ooy i EAREL B
concepd r at When the rotﬁfonﬂﬁgdsﬁxohmemqastob&a{ek QndBe HaR@HRES tHVrotke drpgnets to

enhance sensing effect sensors. A rotational posi tion
sensor of 220 mayjapenads of dvnonfeaTpms usatérial S0 @& npt toj iterfere wnhshmsngmf

structure,_ econoni to calihrat because it can
generate a 533?@5’5%52?3‘”?5% ﬁ%g}eaﬁgq 5&5%1591‘??8{3? 8h eﬁ&?@@@a‘?ﬁ%l e. \Wen a
rot at i onalijpclude porti¥@$ k.ﬁaki@ _f aeteﬁelﬁs &%arﬂﬂ effolid MdteBhl whicARah QokiERIraKS an
encoder which counts the nmber of rotations of a notor froma

ref erence cprofgcus o magrneum’éeld@ mmduc@ lbsoélc magsets toenlagee senging iyl the Hall a

nnnen e in el cal coder _.or .electrical naise,

e e (tBRT Sensfisy R IptGR PRSHER sordon pERTES BraeLeugeedit bttt ot
counting tdi@iple in structufd, &k ..-bﬁlfﬁcﬂgfétu?dy laBd €y o aafibra@® dndhdk befldke RAght | ON
sensor such as that enployed in the present enbodi nent can sense the

absol ut e rgsnetatersibstangaldy Ghear outpud fknstiomthat B2aepeatable. Whenansptatiomal and i s
unaf f ect ed b fluctu tlgrlg i.n. el ec

h
ar | of t ockostigncneot3an 8fermnfig rih anel? B an cichien high e g ° ' "°

control | erpuritee o‘ftrbﬂdﬁéﬂsr(ﬁ' Lot St Airbfefiod pOMiticte If &8 chift Wilbdt duypfczal |y be
sinpler if the Hall effect sensors are stationary and the nagnets

224a 20 22smxample, ﬁo@rm@raemmtlmse in electricabpawer tatha @zodaxroroqlmoal g@isapvabl e
I n synchranil . th the rotation I.s al so

f
possi bl e fHr 8ssﬁ§'g5?erte (Bheo’émg:lra{? |“Sﬁ‘\é¥f3§?%§$3°sft&n @%ﬁ’eﬁ}ﬂ fouripg &ge 30
sensors 24r¥>tauoﬁ§‘4g41ﬁ’ he c%@'ﬁrdtého%ﬂnﬁd%fﬂbﬂ)&eﬁ!o} Buchn® thet @hpiefedfn thhe W ngs

140. Figure 9 is a longitudinal cross section of the housing
160 of t hepragsemt gmbediment can sgpsecthp|apsolBe rotamnal:a@h ef therackarraomg22014D ar e

too ar i ooy R e BBl Y s RidBens i st Bbas a0 "

25 Since the Hall effect sensors 241 - 244 are usually connected by wires to a

—i-

controller, the structure of the depth control device 100 will typically be simpler if
the Hall effect sensors are stationary and the magnets 224a - 224¢ are mounted on the
rocker arm 220 or otherwise movable in synchrony with the rotation of the wings
140, but it is also possible for the magnpets to be stationary and for the Hall effect

30 sensors 241 - 244 to be movable in synchrony with the rotation of the wings 140.

Figure 9 is a longitudinal cross section of the housing 160 of the actuator

assembly 150, and Figures 10A through 10D are transverse cross sections at various
locations along the housing 160. At its right end in Figure 9, the housing 160 has a
narrow slot 161 which extends between an end surface of the housing 160 and a wall
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narrow sl ot 161 whi ch extends between an end surface of theTHssu&t HgG BIGRA =

a wal | : '
162. Just to the right of the wall 162, the transverse bore }Eaﬁiu

]

the slot 161 and extends radially. to the outer periphe _
the l}(ousllm. 168Gt tolbe! V%_t bftde wall é62,ecﬂ€| ErsD Ul 14 ihBsel® thOkIBEIsM th a
cylindrical bore 163 I ch extends between an end surface of the

housi ng 124 extehds adidlEf to the daterfpetipheralesurfadetof thd heudbng £60L6At mayleft 5 be
formed with internal threads for engagenent with_ the external threads 183
on the  cad, Geceoto0 I AOrinedcich 31ty Reca hOTE 183 B A3 BB A ed
wth eac t E}Qq, . i ' : | ' es 165,
each of r!lac ?f;aﬁ@ég yo;dglg il\égsﬁgﬁgé g?@ldélom?ﬁéﬁggg% Trﬁgggs &2%3 E%ye | ef t

end of eashfcmmed wWifibintdmdlthiegds fortengageinent Wil therectternal threadsniBBnom diees Wit h
cylindrical bore 163 throu?h a semcircular opening 167. On its 10 out er

peri pher y?onPﬁ@Ohé%i Age i’f’@)_ % aﬂ‘émﬁe@fwl%a{ﬁ Gonpreted, with £ah fhere®¥a68 whi ch
or | pher yAiBpEfaly Soodted cPRSBCAL BodCL 65, cablibe mfith sEIPRRHIFORILEY |\

body 110 @& gulle reksr210. Ci lefd end of eaclslburecless BBGYs against a step 166 andThe housi ng

160 may be nmade of a wde variety of materials, Preferahl _}h 15
mat eri al ¢ommEBicates withicylindricalhpes 1G3lraughy SF@%‘HN&EPP@%@\ é§<an§nel%f a

Sui t lngt %ﬁeW?rw,itﬁé nbsidgSl 40 fg}rﬁ?djﬁmg:iri‘ggéfe{@dﬁﬁ Otfrgﬁ's 138 waesal resin)

I mpr | on. n 0 assenble the depth
control deeceive C-Pgs 16®farfotmingdswattRight seal between ihevater @dripery of e housi ng
160 through the slot 161 at the right end of@e}égoqttnsri}ng 160 in
Figure 9 ing L4fhandthe dnner Pepphsty ®f itheubylar ady! ithe, deptl cpaagl eng of
each push% e 10dod 210 extending into the cylindrical bore 163 at the left

end of th ousing 160. The rocker arm 220 with the magnets 224

mounted on it TRe hbgsing D6Emag beimide dfewide varieth @f snangialsi OPtdfierablyh thehe s| ot
161 and positioned so that its bore 221 is aligned with . .,the
t r andder smatssiab is eaisiant o862 RIS 3N eesnto shape. Q8 cxamrlp of @ uffahiei nsert ed

t hr ough : r | oedl gﬁ;ﬁ% hdwiherebegpe 221 in
t he rockefmktaernr%i %%%@@géﬁﬁkt e Seg?g&f%sécgndregigg“ gg\%%waree{hhen

inserted into therdet anassemnble thokepth@dntrsl device 100,ethe push mids 210hee ends of the
insert 230. The rotational position sensor 240 is next inserted into

the sl ot insertedinte theﬁpupiag|l%efua@@ghM%@lm@.dﬂ&nﬂg@@w@@wg& e
: > . I : e e : : "
Ctr ey B Flgire 818k ipdeliin dE RN R il I 1R ERS b Bach gl |3 © e

screwed

t he @8t er pad 210Wetestiingl Gi8o # cylindficdlvere tiistaboleftlddd ofnbe htwesinghidd. nal
threads of the cylindrical bore 163 until the swash E}lﬁgte 190 is
grted, 150 ey s

Ly

.

cont act i ndb®rogker arm 220 Friththgimagnets 22Aanountad ooifés Ben ing

FA0 11 holiy R0 ARG8T USRI RPT L AN 19 100
dept h contHeodrard@stis€ Bore 164 in the housing 160. The insert 230 is then inserted through
| the transverse bore 164 until it engages with the bore 221 in the rocker arm 220, and
25 the seals 235 and bearings 236 are then inserted into the transverse bore 164 to
engage with the ends of the insert 230. The rotational position sensor 240 is next
inserted into the slot 161 until the Hall effect sensors 241 - 244 have entered the
circumferential slot 225 in the rocker arm 220. The motor unit 170 is then screwed
into the left end of the housing 160 by engagement between the external threads 183
30 on the connector 180 and the internal threads of the cylindrical bore 163 until the
swash plate 190 is contacting or in close proximity to the left ends of the push rods
210. After the O-rings 169 are mounted on the exterior of the housing 160, the
actuator assembly 150 can be inserted into the body 110 of the depth control device
100. Although not shown in the drawings, the actuator assembly 150 may be
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Ban in the drawings, the actuator assenbly 150 HETHE =
with cylindrical covers which fit over the |engthw se

100. This£hes B ,
17 ‘:“ i
ends o ' il 160 to protect the notor unit 170 and the

rotational position sensor 240. The contact surface 191 of the

swash pl ag é{;& ; YR nabl es it. to exert a force
on one of @ﬂ pu‘gﬁﬂrcg%g 5?88?‘%%§§l§mtﬁgerpﬁgﬁe 15, 7ids Hf the housing, o "t owar d
the rockel6@rorpRR€t tite Motor tumitt 170 and ghd rdedtionhlopdsRioR seddde4dbhe swash plate

190 is rotated_jn a first_direction and to exert a force on the other push

rod 210 to The cafags suiface, 19 06 the swashiplateecl Poer davernny grge which t he swash
pl ate 190,} 0; ' si.te direction. . For ex e, the
swash pl afgfoi%soﬁ?r‘ﬁy daggorgegﬁé%g%gg%?ﬁgé rodsdﬁlo tgrﬁguﬁthgwggtbrq?gz}(p ?opr swash
pl at e$ i nnweBvERiidahe rockenstin ata,t@gpum_ Aght TR Fafute 8! Whif the svidsh pidedP! est
form the contact surface 191 may be defined by a single plane. I'n the

present eABOds FAtaed in HEry sliteglden and oaxert roforesfont the othea phshptast 210100 i s

and the paRe (Epmo o "ok P her1hE Su e e \ob f rEGIdRN plate
190, ther &EYOpﬁoﬁw&Eépﬁgn.CCereﬁﬁﬁbM?th%tW§ﬁlte 190 may RiMR 4 Eﬁdgétlsﬁéﬁ gd contact

surface 191 has generally the shape of the flank of” a squar 5 t hr ead
screw, nedny Afthose usedtfor ayashopigies inicomykntionakswask platopumps dhmosamssinpl at e

190 i - L0 he,dotatio is of the s h_plate 190,
t he tlgp st f xggpelg%? %gﬁ@%@ﬁ&tgﬁég ?elc?l% Irqe B%IL“E'-%@YC% ﬁpﬁ’tftpq%m?ﬁ’c@glgl i s
per pendi cptesénttembodindrd! @k icon@tt suxfate 291 b'@e swash plaNeRID RlsBifRd%80s to

In this enbodi ment, the hei %Qt of the contact sur?ace 191 of" the swash

pl at e 20 maximige thesconfastiaen berreeentheswashplae il8th and thetpush wods2 16 attamy190

cont i nual : : t | rcunf erence of the. swash plate 190
so that r%%tﬁ%%ﬂﬁ%@lﬁé@g ‘sﬂﬁﬂbplﬁfee@?)@mf‘%’é’ RmIIZIng W‘&ﬁ@’&lwssﬁgsi tion
wil | prodUte iltlasweates tonatét subfcd 19D hiOstnerAll) thd ¥HABY BF thel ik of a squ\ﬁ:é"’aSh plate
190 nay be fornmed with flat regions of constant hei ght so that en the

push 1podstireas serew.copanies thay at anyslengiswingh cross section of thefswask ptarad90 i at e 190

will 25 . [ .ati,on.of. t he sh.r 10. In_Fi re 8, the
push r odsaf%g%rggéuﬂgg ;hea@%(k)l&#c%ﬁt%&cﬁ? ﬁ%&ﬁﬂ’gﬁﬁgﬁ@ R, ﬁqrga&g%%glie at the
hi ghest aobss seweioh ohelid OstBacRRuiA®R 191 is perpeAdib@s toStHs rée8ork? Axis!dt thd)i S
enbodi nment, the contact surface 191 is symretric with respect to a

pl ane pas§V# RI#EdIBh t he highest and | owest points and the rotational axis

of the swash p . . Since the_s late 190.is in
sliding cont ac@vﬁ%ﬁ%ﬁgﬁsﬁhﬂrl&@t?{@% gﬁﬁ?‘fa‘:\é\qw OE(SEFEW, PI¥E i npact ed
by tR6 pus$0 medsuredl b, the ARiab dEedtionl oFitRe $W4hiptatd196 oMy REhges aroundOf 2@
mat eri al having good wear resistance, good inpact resistance, a surtace

har d the cirgaméprencstofithe pwashaplaigddOisy thdteopties ofithe swhash piatgiehfronds 210,
and a lo LG . . f friction.. An examl f materjal which is
parti cul %ﬂé&;# E@Fﬁeloxﬁ g’rﬂl tpﬁ%é{g;%qyement of the pus)ﬁ rods 9.18 I-flowever, the

swash plate 190 may be formed with flat regions of constant height so that when the

push rods 210 are contacting these regions, rotation of the swash plate 190 will

25  produce no translation of the push rods 210. In Figure 8, the push rods 210 are
shown contacting the contact surface 191 at the highest and lowest regions on the
contact surface 191. In this embodiment, the contact surface 191 is symmetric with
respect to a plane passing through the highest and lowest points and the rotational axis
of the swash plate 190.

30 Since the swash plate 190 is in sliding contact with the push rods 210 and may
sometimes be impacted by the push rods 210, the swash plate 190 is preferably made
of a material having good wear resistance, good impact resistance, a surface hard
enough not to be damaged by the pressure of the push rods 210, and a low coefficient

of friction. An example of a material which is particularly suitable for the swash
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plate 190 is a bearing grade plastic or alloy. : To prevent "
i npacts of the push rods 210 agai nst the swash plate 190 fI’OmrhlsSheCtHaSBeenReplaced
appl yi ng excessi ve conpressive forces on the notor unit 170 an EI#”

t he sviash pI ate 190 from being over{gpaded in conpression i Wgﬁ}
assenbl y, %@ﬂ’ g, capable of elastica ]

I n conpres |on may % &S%‘aée p%St?c\AO/}gdr’!]fOE) the swash pl ate 190 and the
notor unit 170. TR prevémtimpadty of tHeepusivesis 210 agsinst Wk swakiplate 190 frompy be

shaped so as to elastically yield in conpression by a sufficient armunt to
prevent ovéPPldﬁw FrgesSivetaompresive forees on . mq>tﬁr Flﬁél aadbior Pravens dienevash

groove 194 190
around its? |1?%%%ﬁg%réﬁr#dg§gggéﬁé§e§ anc élrlr’?}{]ﬁae&g%g‘%}a%‘ﬁ%%r face
191 of 3 he a%{ﬂﬁ@ pipabR df¥lasticallyh@éforming in &qu:redéi@haﬂiy Badispased betivees
essentially cantllever supported and can elastically flex to

t
axi al rmvel’ﬁbfhﬁwaﬂh pinte 1983nd che morar it 1791 Alteraativeiynthe %S%P@%%W?er 4

o sposed i AR RS fo 16 Faftaln Sl 8Pty Esh By & G AnchB il 1t

190 in conprésst overich8ing of the motor ubte170USIA thepiesehi embBYintaay & #oyve Dape
whi ch enables themto slide back and forth axially in the housing

160 whi | e tis formed:initheyorier perinhers pf/de swadeplpe 1R erpunfdts entire swash pl ate

érggsggﬁ) t heb% aﬁg M%r%@cﬁ Eb%h%g F g@%@vﬁamqﬁéwﬁ% V?%Q p%a}g 1?@ ﬁé anar face

facing an the contadtSaEAIY] isie@nesInt Ginflicher @Eﬁoﬁdﬂt@alcaﬁ@lasﬁeaulsy fik tbhe swash
plate 190) of the left end of 20 each rod 210 has a sem circul ar

cross sect msrrnslamg%trwe@ﬁaq 9fethe r:ﬂntataduﬁ%cetMnnmonse to a cogessivededdar hol e
167 in the

surface 2121%251%? aatllggym @F%%P%qg%‘%‘]éé‘? b%g‘si’ésag"ﬁﬁ@gfgg ?eE)%4eF°y of the

bore 163 atadjust the stfffih@ss'd’ffttleeﬁﬁls latk 190 i@ Yspr@ssif0 in Figure 9. Each push
rod 210 fits sufficientl oosely in the corresponding hole 167 in

the wald 162 t o Perpush r@%@&@h\ym ¢ myGhaps which enabiesi them te sligs backiaad but

otating adotp IR e bl 16D DR el ts BESRRRRSCoted bBMken e, o
contacts t hRgash plate woﬂﬁﬁmlraél&ﬂa&ﬁ 16, wigke8ahbys HeREH rb® PIOsGEe

substantially | | ne contact with t swash plate 190 at any
rotational psessht emhodimenhia @mlshm sdiatly dguer Mace@rhm@ sugfiaes facing an w evved

subst ant | arpepar Gt efiand ¢ fltedt il BB SR oaE RLS R ERMERE 1o
and pagl | &ach Bush rod 210t He a%ﬁﬁﬁf&xla% \¢Fds SeLtidR Slighilyt dhllevas hdRisahen 4R0. The
right portion of each push rod 210 in Figure 8 has an outer

peri pheral ssmumbrzml: 1 wHthe svall 3 pidhe hasing 1@91 while the radially outer sl di ng
contact with lindric bore. 16
ends, each SBH% AP o%fao df 'Cgﬂ“&ﬂénﬁ% P%?P?ﬁe gilt\ﬁe P@%h‘?%n%j groove

215 for the left end of the housing 160 in Figure 9. Each push rod 210 fits sufficiently
loosely in the corresponding hole 167 in the wall 162 to permit the push rod 210 to

25 easily reciprocate, but the fit is sufficiently tight to prevent the push rod 210 from
rotating about its axis. The end surface 213 of each push rod 210 which contacts the
swash plate 190 is preferably shaped to produce substantially line contact with the
swash plate 190 at any rotational position of the swash plate 190. For example, when
viewed in cross section as shown in Figure 7, the end surface 213 may extend

30 substantially perpendicular to the rotational axis of the swash plate 190 and paraliel to
the contact surface 191 of the swash plate 190. The right portion of each push rod
210 in Figure 8 has an outer peripheral surface 214 which is a segment of a cylinder
for sliding contact with the cylindrical bore 165 in the wall 162. Between its two

ends, each push rod 210 is formed with a circumferentially extending groove 215 for
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19 recei ving a sealing menber, such as ThlSketHapBeern
sliding seal agai nst the inner periphery offf§gh :;‘g“
wal | 162 and prevents water from | eaking al v
The right end of each push rod 210 may @y rectly contact t

5 ®but i r t di , earing. 21 | @.0f Lransmtting
an axi al r&eﬁm%gﬁgé:le STVe brs‘sc;@n%ssmgP%B’gsie@’ M@ﬁﬁégéﬁdﬁggh&lr od 210 and
t he rockemngsinsn B Gner periphet ef HiedRro 6% dbughehe Will hSndspréVepedage as to
remain in surface contact with the rocker arm 220 whil e the other

side is sHEqredeaking dorg heibgresifF.ace contact with the push rod 210

regardl ess of : ' he r I 0 r. ex le, 10
the right si deblf)b? @gﬁh‘%ggﬁ%ﬁgﬁn&%ﬁ Wg};éﬁgﬁﬁ{ ‘é?%ds%r a%ogg%n?ﬁ}]%ut s flat
agai ng  a but in thefprédens ehbédiRe] a%&iﬁ@@i@éap&ﬁl@o?%@nsmmiﬂﬁaﬁ Reial eft side of
each bearing 218 may be a portion of "a sghere which is slidably

recei ved icampressiyederce isydisprsad fetween pechrpushirod At0 and the rgekesasm A9sh rod 210

o angeno it SHEBEAH' frirsd AR30 BioBhieh 42 Sy BPHGERS bk pich she (0o,
arm 15  rdakrang I20ewRilecie @thed Qifeas thiped & fitndid & QR fick REMtact Witk t he push

rods 210 renains substantially the same at any rotational angle of
t he rockerpush mod 20 regardless of the rotational angle eff the apakgr arm 220 dikieg ezamplget with

the smpash plate 190 .th ush s._210 ' e.equipped with rollers
i chitar o e Bt 10 5 BT R0 2Pl S ag ol s U R gbil P
swash pl atft 5@ace/ofSthérdcker @i aPOCWEINY theByft bide P @Xdhdigdriag 218 efayt beea push 20
rods 210 and the rocker arm 220. Furthernore, instead of sinply opposing

t he poriierk ef a gphere mbicht i sligabihreceiyed 1 @ repgss Bl foirmed dmthe BgMeadt ed to
it. Thus, th ds. 210 d j. i ch
ool oo AR B 20,a5 S A RS ARGy Y HRRES IR <"«

when the syashrapbehént18@ dréa 60éGHtRE between the bearings 2\aR he@odk@Plfnl0 is
bei ng towed t hrough the water, the wi ngs 140 may 25 occasionally strike

debri 5 f | ¢R0iang the arsacofaniaet beswiekn: the bearings t218wand ¢heopushzrods 210 remains

consi derabl e torque, on the drive shaft 145 about its axis. The torque will
cause the su%tanha‘i";l, d.{n%ﬁq.t%%atoq;nytrﬁ%pg@@géaq%ﬁﬁez%E(?roa%%% one of the push
rods 210 agai ”%&i@oﬁﬁ&iﬁ;‘ﬁi sliding contfeY WithGe 4WdshOflate NGOS WRSHusR Iréd£21P0.
Since there is substantiall I ne contact between each push rod 210

|
and the condynbe egquippescwith gqﬁlemsf whivd asevims rolling centacy Gvith ha gountaty wefage 191

di cular to the axi tion of th h ol 90,4 S§
Caubed by oF e SVain adi1sd, °A spRAF ariieduesh di YRS Brd oo e pEST
therefy redueRig aid SlecioberGirm!420. Furtherm&ia Hdtdal ¥F Sirdfl9 o?Boéiﬁ?tﬂéUSh rods

210. The slope of the surface of the swash plate 0 contacted by

t he push riogkerzrm 230q thenpusbgeds 210 may de pivorably comgcted to ite Thuss theppushe

190 and t g pysh L.9d% 0.8 & BLPLERAR WiSCLARkE het A dP) RO TR"ES ST Ve

rocker arm 220 about its axis when the swash plate 190 is rotated.
‘When the cable 10 is being towed through the water, the wings 140 may

25 occasionally strike debris floating in the water, and the impact may exert a
considerable torque on the drive shaft 145 about its axis. The torque will cause the
rotation of the rocker arm 220 to force one of the push rods 210 against the contact
surface 191 of the swash plate 190. Since there is substantially line contact between
each push rod 210 and the contact surface 191 of the swash plate 190 along a line

30  perpendicular to the axis of rotation of the swash plate 190, stresses caused by
impacts are distributed over the largest area possible, thereby reducing yielding of the
swash plate 190 or the push rods 210. The slope of the surface of the swash plate
190 contacted by the push rods 210 and the coefficients of friction of the swash plate

190 and the push rods 210 are preferably selected such that a compressive force




20 applied to the swash plate 190 by either push rod 24Qswidas BRRsEEed
little tendency for the swash plate 190 to rotate aboutsst & ' i
i.e., such that the push rods 210 will not - backdrive t‘k‘lHa
190, so that very little torque will be,applied to the output

173 %f the reduction unit 172 and the gears of the reduction unit 172 will
be 5°  applied taethessyasin plated b9falbpe either push rod 210 will firedute pittte eodencylfodevi ce
100 may operate in nner simlar to a conventi onal . depth control
devi o THE e bidsr1oBB Y 150ub B atife-y such bt SR pisnBes 210 VRl Bt 1
control dei@gvel i swasHBREUIGS sb Yhat REryURhE totdde @ P&%@m&'t nd is
conpar.ed by the control ™ nodul é8250 vma?’hmg t(g@égetﬂval ) Th(zﬁit}zi@g%l? val ue
may be 10shaft 173l afuthareshiction eiie1Thmd the geard wif ¢he2Boudiian @ditdi72 weilli us sensed

parangters, i stored in a nenory of the control nodule 250

t may, be

in ad anc@’,OteG'F‘“’di"tg}’/‘WéS/daB@gaeterm ned by an external controller aboard
the towi ng ves Eof RV r ) 4t T e control nodul e
250 as part of?gég‘ﬁtg %I gnal lv? é@?ﬂneasrcoggx]%éﬂ %Oa?ﬂﬁﬂélr{sm}ﬂsaré%?erm ned by
t he conpacinvemtidrahdeptih comteddldevit® The depthdfale cablet Heinvhe eicinityhef tiot or uni t
170 is 15 control | ed .the control nodule 250 to rotate the swash plate
190 to prdpth conrglsewice 16 s 28 ?W@eﬁpﬂ@PFﬁ?PgS@ﬂbFeﬂﬁ?fe% ¥gs 140, such
as one whj 1 : n nversely,
T T o fEbaRal Sy Mot 1BMAE Ao ¥ille mrpet valuf THR rghvdiuc' fhay R €1 O0
shal LOw i caltuistedvdy ehe conel nmidole 250i tasetl/éh vaionssénsed pardmetery, t miag behe swash

plate 190 to produce agfps&e negative pitch angle of the wings 140, such as
& coRsinl

one whi chStoxsd In A EEEEH, aedule 23018 agHancR Ok FaY beodeteruned he t ar get
depth is ' ' gﬁﬂg s QiR ot Ne pitch
angl e of %ﬁgﬁv@\?%éns?i ?gfbmtngr gb%ag?h%r%{@%ve}&% for i dé’(r)rian:dnt al %ﬁ?ﬁetodept h of
t he dept hthe@ohtrol mdéwé 280 4 Pare ofi atdat signhh @iacthe tabdd 100 dfitds determine®50 may
enpl oy a% desired control algorithm such as various types, of_ conventional

al gori t hnf #&cq%géthab@e&'a riQ s lepPReRdn By Wieh B BIOHEINH O idsponse 25
char a5t ef oihicfitd 8 theCortfd iddRuteP04b GodROine SOEHBIRTROE 1o phodube aREGREN!
I en the de

enbodi nment pth control device 1s operating 1n an
aut omat i cpabitirehpitchi angizi ofi they winggdel 400 such as one wiiichhgentrates tannopwagd fdrge adj ust s

the pitch angle to maintain the, target depth, . mcroprocessor in

the cont r &t troddieelGsgorurely.d &5 germiged trgm A comgHison AR AhG Ratif e

differencgy %eéo%ﬁéhwﬁl ﬁat@.rvga‘%ér { Bto?'ilﬂitt1"76fi§i§c{?%gecffo‘¥o*€at£"&Eséwagﬂ by the
etine diffe 0 e di an

depth 30 sensor, t renti al erence, the tine
i nt egr al pihtet 199 Wi grbduce narore negative piteh anglerofpheowings A0 afush as ane wWiAttes t he

t itch angle of the wi 140 b he output sjgnals f
e 20t bt FEREISS b AP PRUHSaREah BaSIDIR TS | Wiekbp sra denb £aphora b8 ° 1O

motor unit 170 is controlled to set the pitch angle of the wings 140 to a value which

]
—C

will maintain the depth of the depth control device 100 constant. The control module
250 may employ any desired control algorithm, such as various types of conventional
algorithms for closed-loop control, depending upon the desired response

25 characteristics of the control module 250, For example, in the present embodiment,
when the depth control device is operating in an automatic depth maintaining mode in
which it automatically adjusts the pitch angle to maintain the target depth, a
microprocessor in the control module 250 calculates a target pitch angle based on the
difference between the target depth and the actual depth measured by the depth

30  sensor, the time differential of the difference, and the time integral of the difference.
The microprocessor also calculaies the actual pitch angle of the wings 140 based on
the output signals from the rotational position sensor 240, and it compares the target
pitch angle with the actual pitch angle. The microprocessor then controls the motor

unit 170, through a suitable drive circuit which may be part of the control unit 250,
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pi tch angl™s Wit s R 8631 pitch angle. The nicroprocessof fhen ¢ontrors
t he notor % i 0, through a suitable drive circuit which nmay be

part of the¢lgRsihe ' | 250,

21 to rotate the swash plate 190 g9 as to decrease the difference

bet wden ihtidigeswandblate 190 saak thliegpésse theadifferencd betweqr theasmeraned range.
I n a manual node of operation, the target pitch angle is input to the
control aethal pish anglsmte A@redsiqrmined aage. 1n amapl sgdedf operatioRgthe 5 her ¢ han

cont rol_aeial e A 3 ot opat !
Ui & oatArefe Bt attiec ol (AR BFRRCRI 1D KO8 GO B v G 7 D,

170 t0 10 rathePtiahoeinyadetemsdedbyathe miiddproeesssr tthd eontaismitt 260, diuf frer ence
bet ween the target and actual pitch angles to a Ii%r edet erm ned range.
A defit h thismase of operationas sielli g misTaprecessos samTols HFeROPBHMR LdYiBes a nunber

of significant advant ecaus J i f,hg of the
not or 17 10RE, ﬁ@waﬁﬁ ﬂﬁ%?]?gcs[% 2}sﬁ§ dgffte% @F?ﬁg‘%ﬂc? ﬁgw%g%uég tfi%&rag(tl her than
having  achel pfdiRigldsom préderdrifined range. body 110 of ‘the depth control
device 1 8 cah have a si nJ)I e shape of snmal |l dianeter and_ t he w ngs

140 can be nouwtepth¢onmeldeyiceracedrding delyhelnmesent VeREQDBFOYiden 2 MUEBET i on

in drag, Vvibrationps, and hydrodynam.c. n@i.se t tir9l.,Hevice. In
addi ti on,0¥ Sighiticany %vag%g%sn -g?cﬁl‘%’ ‘%56%53’3 tﬁeo@%é?t Jgfg%]%g% ug@g 1:’ g cg'gnverft t he
[ Ot 8g 0N iHerskBONERAER afif bf U wirlgd 190 ither Gk hindng o bé bifsevifrogs it 4 pr ovi de a
sinmple, sturdy, and highly reliable arnan?enent whi ch .can protect

t he not orbotly 1 18red therdeptl domtral sievignil00 caphangea simple shape of %ﬂﬁ&@mﬁ‘én t or que

is applied,tp the w ngs 140 by ijJjmpac | | €Ct St ot : wat er .
Fur . por mog B eiieselstira bedmote BEACHE o8t Bady PIY. FEibien'{ifaution | 12
readi |y dgtgehegdndfions, bhe nhadiydatiic abist b€ tidedbpth comtol dévictev i addiféh,and from
the 20 wngs 140, it is possible to easily replace it when it el-eds

repai r orthevewash platesl eaidrrecker arm 220tusechigpeanyers taf rotatioa ff e MeSRTot lassenbl v

havi di.fferent ogperat.ing. ch cteristi.cs ost of
asseﬂsgl y 1819d0F &paHPD Pghﬁe‘g’ﬁgﬁg@?mg’hﬁ % flf’&éﬁ%dydo%g;ﬂg?m%lg\};ﬁg% 100
can be regginbymastapkienl ch pirdct eieembtop NPT ahd t@ redmudioniuaitsl TAyagaimst aci ng t he
wi ngs 140 or the actuator assenbly 150 with ones npst .suitable to

t he oper atanmage ouireditoiquads apigied to the wings 120 &y impacsy againse PPIEFt 40 Meswash

pl ate, a rocker, a an ush rods | | LN

adj ust i ng"¥fe EPFE%%‘%%%%?RS& % @“%‘@‘r ﬁgéd?‘&%ﬁgg? Y%Odggp‘f’hﬁg# alg l'Jéabl e but
can Bethkéheld TRfn HR bl UBtdfMBe Béeh RbAtEd) davigt 00 fand fivet theont r ol
surfaces,regﬁgﬁ %s fei ns or o W ngs %%? controlling the horizaontal

head2®g owings d48) .is Possiblrstonensidy replace gt yhemsjtineeds repair or when it i§\JesiFedy| at e

d k I vat ' ' AsRe 30 [
o wi ngs. PrgRbg A g e skt Rty Re b Skt dBetBbg ShanlBiRe 0 |, Mg
pi tch axeppyitkd\cqif 8f BREmBly! @ﬂ%gﬁt ishdeereakedy ahi® the( depthcartrol tevitee 108 ngs 140

are dihedral ), each"wi ng 140 may have a separate drive shaft which
i s rotat echnbye readily adapted to different operating conditions by replacing the wings 140 or

the actuator assembly 150 with ones most suitable to the operating conditions.

i

25 A structure including a swash plate, a rocker arm, and push rods is not limited
to use in adjusting the pitch angle of wings for adjusting the depth of a cable but can
also be used for adjusting the pitch angle of other control surfaces, such as fins or
wings for controlling the horizontal heading of a cable. Furthermore, it is possible
for a swash plate and rocker arm arrangement to pivot a single wing rather than 2

30  pair of wings. For example, if a depth control device has two wings 140 having
pitch axes which are not aligned with each other (such as if the wings 140 are
dihedral), each wing 140 may have a separate drive shaft which is rotated by a
separate rocker arm, with the rocker arms being operated by separate swash piates.

Although the pitch axis of the wings 140 preferably passes through the
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separate rocker arm wth the rocker arns bei ng operatéed by separs '
pl at es. Although the pitch axis of the wings 140 preferably
passes through "t he

22 » rotational center of the rocker rn1220 in order to nlnlntze t he

si ze of the depth ntr dev 1 is al 0S r the

pitch axi sfOfaYO ?ﬂnf%'é’[f%g Eﬂ‘?g?‘h%tm 55061%"35& Elteegz tﬁm le, the
drive shaf{ontdpalfice 1R ¥igiis PARIDRORE thd tc‘ﬁp&i%etg be offseffr@ﬂi'th@e rotational
center of t e rocker arm 220 a e connetted to the rocker arm 5 220

by bel t's, geational cantdri rifcr.example, the drive shaft 145 for the wmgs 140 could be spaced
roI deV|ce for

I
an under vvavt\bfﬁtn I@gﬁg@gﬁﬁﬁ@i %the rocker arm 220 an%b? 8?%‘% 33? X$EH havi ng
a rotaglng ﬂrgg ?fQﬁ&ﬁ E a swash plate (190) rot at abl e
5% . _

by the”out aving a contact surface (191);

a rocker arm (220) having a rotational axis; a first push rod
(210, 211) having a first end engageabl e with the contact surface of
the swash plate and a second end engageable with the rocket arm and 10

a first wwng (140) having a pitch axis and being operatively associ ated

W th the rocker armsuch that rotation of the rocker armabout its
rotational axis rotates the first wing about its pitch axis.

2. A depth control device as claimed in claim1 including a second wi ng 15
having a pitch axis and bei ng oper-ati-vely associated with the rocker arm
such t hat rotation of the rocker arntabout |ts rotational axis
rotates the second wing a i t sThis Sheet Has Been R
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pitch axis. 3. A depth control device as clai edTTh ci al m!
wherein the pitch axes of the 20 fit and second wings are cCoaxial. -
4. A depth control device as claimed in claim2 including a f'ﬂlééﬁ@etﬁﬂé}{eEched

EXtEQdI ng between the first and second wkngs and rotated by t

25 ~ _ What B.claimddps:h control device as clained in claim?2 ﬁ’Eﬁ

pitch axes are perpendi cular to and intersect a rotatio

t he out put shaft of the actuator. 6. A depth control deV| ce

as clained in ¢l a{ g | & .coplanar with the
rotational axis 2* Fa'gwgﬁthgut s{%%?{)hﬁp&%eg&g %getcompr%&? 7. A
depth control aiemtar;eammﬂlmvmdatmﬁgaomplﬁshﬁferel n the first push rod is
in substantially line contact with the contact surface of the swash pl ate

at any r dSHasHoPiate Totabls By, theroutpys shathand havingea confart surface; 8. A
depth control ?‘?%fdk‘éﬁaﬁﬁhﬁ%ﬁ% taklﬂnzﬁfa%{sm 7 wherein the contact surface
0

of the swash pla as a hk of a square thread.

9. A depth coniifipst pmsumzbhaaﬁng:hdirm:ilengageablmlmlthebmtamguﬁfawqmmé mount ed

on the rocker armand a rotational position sensor sensing a rot at i onal
posi ti on ®¥ashijate and a second end engageable with the rocker arm; and

rocker arm g Q" i ke 05ichi A S0 GABEl M Riat bigidect. sensor

responsi ve 10. A depth

cont 10l dgckercams suﬁdhahmdtatmndfahm&keﬂMszongns yaatiorghetis rétates Heunt ed on
the rocker, arm the rocker armincluding an el ongated sl ot passing
bet ween t FESt FHBEHAPQUL HS{RACIIAKIS. of f ect sensor extending into the slot so as

to pass

2. A depth control device as claimed in claim 1 including a second wing
having a pitch axis and being operatively associated with the rocker arm such that
15 rotation of the rocker arm about its rotational axis rotates the second wing about its

pitch axis.

3. A depth control device as claimed in claim 2 wherein the pitch axes of the
first and second wings are coaxial.
20
4. A depth control device as claimed in claim 2 including a drive shaft

extending between the first and second wings and rotated by the rocker arm.

5. A depth control device as claimed in claim 2 wherein the pitch axes are

25  perpendicular to and intersect a rotational axis of the output shaft of the actuator.

6. A depth control device as claimed in claim 5 wherein the pitch axes are

coplanar with the rotational axis of the output shaft of the actuator.
30 7. A depth control device as claimed in claim 1 wherein the first push rod is
in substantially line contact with the contact surface of the swash plate at any

rotational position of the swash plate.

8. A depth control device as claimed in claim 7 wherein the contact surface
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bet ween the magnets when the rocker armrotates. [ 1 S -

e

depth control device as clainmed in claim1 including a second push 107" rod— -

having a first end engageable with the contact surface of thagyg h,. p}, at
and a3, second end engageable with thg rocker arm ’%%I“pﬁ e
depth cont 'bP!thchdsﬁialétQ'haﬁﬁlshﬁb@fo%ﬁﬁﬂc drabd Qiead.S! Ng: J jglgg
and second wi ngs (140); 15 a drive shaft (145) exte
straight line between the first and second wi ngs and having a

tati | i's; d . t yat . 50), havi tati
rotatronal 2! =i Ao ool g B 6 s LR M oL SRS,
rotating thg 'ragﬁé Ak tand R Qtatibial positied LR seBsih® a r@:tﬂﬁo&!‘g?éi%i%n of the shaft

having a rotation axis intersecting the rotationhal axis e drive
shaft. 520 rocker arm, the rotatidnal ositipn lsenson inchidingea/Halk effect sknsoneesponsivd @i m 12

wherein the rotationa axis of the output shaft is perpendicular to

the rot ati SRPAgRGtonSbe foRkeypsme shaft . 14. A depth control

device for an underwater cable conprising: 25 a holl ow body (110)
for attachnent to an underwater cabl e; a drive shaft (145)

havi ng a rot ati dfal Aalepth conttobdevicedisrjaimed am claim Srincludiog twhanagoets  body
t hrough openi ngs, i n_the body; . Jirst and second wings (140)
di sposed o&?@*"g@ ?%913586‘?‘@%305’50@%% agpdggluémgane{&ﬂgq,tg&slogms unt ed on

the df{'o\/ e( ?% )éegftﬁé ufag%&ﬁ,i 08 Hah e {edsorddxtbnd g into the slot s&s %;édté@t or

assenbly | SPOS I'n the body and engaging the drive s to

rot at e t he tdtween thé afagneth shen theerockdraarinonotdtesaxi s of the drive shaft, the
drive shaft bei ng di sengagabl e fromthe actuator assenbly and
renovabl e from the body t hrough one of the openings in the body. 35

15. A depth contyiol AQRyinc@nad] Gdvidd R 1dithed iRt 4 MABAIRE A sindARisH 3@

assenbly conprises a dul e which is renovably 1 nsertablfe into the body
t hr ough havingra firstl end engageabdaiwith the contact surface of thieswash gdgie hnd @ s¢cont
14 wherein the actuator 40 assenbl y-includes a

?g;/;tcielri;spd :eggg I %lif}g‘laﬁe&ﬁ‘éﬁr 482t hr ough whi ch the drive

12. A depth control device for an underwater cable comprising:

first and second wings;

a drive shaft extending along a straight line between the first and second wings

20  and having a rotational axis; and

an actuator having a rotating output shaft operatively associated with the drive
shaft for rotating the drive shaft about its rotational axis, the output shaft having a
rotational axis intersecting the rotational axis of the drive shaft.

25 13. A depth control device as claimed in claim 12 wherein the rotational axis
of the output shaft is perpendicular to the rotational axis of the drive shaft.

14. A depth control device for an underwater cable comprising:
a hollow body for attachment to an underwater cable;
30 a drive shaft baving a rotational axis and extending to an exterior of the body;
first and second wings disposed outside the body on opposite sides thereof and
connected to the drive shaft for rotation therewith; and
an actuator for rotating the drive shaft about its rotational axis disposed in the
body and having a rotating portion engaging the drive shaft in a manner enabling the
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25 shaf t passes and which has an inner periphery c meﬁlﬂk ,1

shape to an outer peri phery of the drive shaft.
depth control device for an underwater cabl e conpri sing: 5 E dy
(110); a Wi ng (140) support by t he body for ro a

pi t cfk axi s: act u rotatin about the
pi tch axi s driye shaft to move with ﬁﬁgg’n@f’(“f 3&“[: ea?ﬁ Fé fty%g?w%ensor
(241-244) gBgGAhile Préventis Meedtive shaft fiotn RshgOWINE fesp @dﬂ@o@ie fobfin gﬂgnet and
the Hall effect sensor novably supported with 10 respect to the body so as

to nove |nP9§lm§1hrony with the wing as the wing rotates about the
pitch axis and the other of the magnet and the Hall effect sensor being
stationary with respect to the body. 18. A depth control
devicesas claimgg i ¢ &'dﬂnﬂr& a\é‘ﬁéeedsrbﬁxﬂféd'ﬂ?lzianﬁflh%r% fhe RAERG | 5
stationary with respect to the A depth control
devi ce as cbamprises amoduhlvnmqlswmmabiymemiagmo thesbody throwgbtaatwblo@ about
the pitch é 20. A depth control device as clainmed in
claim 19 \Aﬁ%"‘r ?q’}'the act uat or includes a rotating portion which is
rot at abl e about the pitch axis, and the magnet is nmount ed on the
rotating portion. 21. A depth control device as clained in
cl ai m 20 i ncl udilfg Adcpﬂlrmntmydclﬁc% clainngrimtlaimﬂérwtmujeinmhd totatingt at i ng

D bt OB Petottr o2 Horef ety e drivR b4 P?emdnaﬁﬁﬁ%aaaamy of
Hal | eff ec%r&?'péﬁbﬁer?%ﬂlpm%%y (ﬁ%ﬁa),‘)e ¢Q4Rbetdr g&x@gﬁagf ﬂ1e' drive

magnet s. A depth-control-: al meg In cI aim 22
wherein each Hal | effect

17. A depth control device for an underwater cable comprising:
a2 body;
15 a wing supported by the body for rotation about a pitch axis;
an actuator for rotating the wing about the pitch axis; and
a magnet and a Hall effect sensor magnetically coupled to each other, one of
the magnet and the Hall effect sensor movably supported with respect to the body so
as to move in synchrony with the wing as the wing rotates about the pitch axis and
20  the other of the magnet and the Hall effect sensor being stationary with respect to the
body.

18. A depth control device as claimed in claim 17 wherein the Hall effect
sensor is stationary with respect to the body.
25
19. A depth control device as claimed in claim 18 wherein the magnet is

rotatable about the pitch axis.

20. A depth control device as claimed in claim 19 wherein the actuator
30  includes a rotating portion which is rotatable about the pitch axis, and the magnet is
mounted on the rotating portion.

21. A depth control device as claimed in claim 20 including a plurality of
magnets mounted on the rotating portion and magnetically coupled to the Hall effect
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sensor generates an output voltage, and a conbination of the out put

vol tages of a plurality of the Hall effect sensors is approximately a
linear function of an angl e of rotation of the w ngrRbOHL: Had¥ePRpRERA
axis, 35 24. A depth contrgl device as clai rrec1 %

wherein the magnets I nclude a pair of opposing magnet|sigis ﬁ%ﬂ%@ L
effect s&HeGQF is arranged to pass bet ween the pair of''f8

wi ng rotates about its pitch axis. 40 25. An underwat er cable
arrangement conprisin

26 22. aAcfbptgbecc(nm:o) dévice aseclmgledonveldnm ﬂmlenabmhng a plurality of a
dept h contrpl vice (100) nount controlllng a depth of
t he cabl gia&geﬁf;fg SEROSAC W%RE‘&F XGQ‘I‘RAH{] #W -rotary actuator
(150)5 having a rotating output shaft (173), a swash plate (190) rotated

by the output shaft S and having a contact surface, a rocker arm (220)
havi ng a r ot at33onAl depth contral demdte asoclaimed m(;ﬁikﬂZZlﬂjer&mehﬂgH&llfeffeat end

engageabl e with the cont act surface of the swash, plate and a second
end engadEBioF éeﬁﬁrﬁﬁs@ﬁé’“ﬂ}& Kelfagsy Agd 3 fembination.af %’r ﬂ‘&P‘EtlYR}’)ag?ﬁa‘ﬁ %g a
pitch aX| Qﬂh ch that
rotation ‘flﬁﬂg’ e ro égﬁ %Jﬁaﬁaﬁg}s fﬂaéglota XI S roa?g{@o;fut he first
W ng aboubtatipa qﬁltha:wmgmbmt the pitch axis.

10

24. A depth control device as claimed in claim 21 wherein the magnets
include a pair of opposing magnets, and the Hail effect sensor is arranged to pass

between the pair of magnets as the wing rotates about its pitch axis.

15 25. An underwater cable arrangement comprising:
a cable for being towed underwater;
a depth control device mounted on the cable for controlling a depth of the
cable as the cable is towed underwater and comprising a rotary actuator having a
rotating ocutput shaft, a swash plate rotated by the output shaft and having a contact
20  surface, a rocker arm having a rotational axis, a push rod having a first end
engageable with the contact surface of the swash plate and a second end engageable
with the rocker arm, and a first wing having a pitch axis and being operatively
associated with the rocker arm such that rotation of the rocker arm about its rotational

axis rotates the first wing about its pitch axis.
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