Met hod and device for indicating the position of hydraulically actuated
armatures The invention relates to a nethod and a device for indicating the
position of hydraulically actuated armatures, especially in shipbuilding,
whi ch are acted on by a pressure nediumvia a hydraulic line froma central
control unit The indication of'the position of such hydraulically actuated
armatures, such as rotary and linear drives, is perfornmed via the

di spl acenent--of-the armature, which can be arranged on a ship at a distance
of; for exanple, 200mfromthe central control unit In the case of such
line lengths, the conpressibility of the pressure nediumhas an effect on
the precision of the position indicator For exanple, it is known from DE 44
29 019 to Mem¥d dfd deva@Sbl idiutlh@iheipesifibh 6LliydridlicalyRR RS BrohAardshe | ack of
precision of the position indicator caused by the conpressibility of the
pressure nediumlt is the object of the invention to formthe position

i ndi cat theQTveﬁtmrxathbsM&Mh%ﬁ@ﬂ@ﬂc@iﬁﬂﬁhiéﬁtﬁ@ tRd pdshiRn by RRI4BAIlyoned above
such t hat hl(?h preci sion of the positign indicator is achieved at |ow cost

Thi s objae®pief amepyesetrpadialyifHepuiloingrdishare atisdn e RrFsur axdieyaat claim 1
Because p,h@ulidWieyhf 4 @¥ubtitbRudint he hydraulic or pressure mediumline is
converted into electrical pulses which are used for i ndi cating the
position, in the case of a sinply configured device it is possible reliably
and pr ecipséldicatioh %ﬁ@{d@lti&ﬁ of Afh ngoﬁa&ucaw aetuaiea%nae&ﬁfe; Wi AhdaPgeg at a

di stance fromthe co uni t, because a pul se corresponds only to a
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conpressibility of the S= um and even for tenperature i nfl uences on
t he posilengds, ﬁhnmr@m&sxblhmeﬁb@ prgsshtg magliunhhasianglpetioo the nrepisiomdtitheegosie of t he
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et erm ne conpens e case o e pressure
medi um Icitet toaomeertsbte trtisisek of poerisding thepesition mdicatneqausddéyhhegwm nunber of

pul ses ] t ctuation of the armature is counted and the

| ower nﬁ%%%@ﬁ%ﬁgﬁﬁ Igggfgnﬁgh tracted therefrom wherein the |ower nunber
of pulses is then counted when the pressure nediumline is switched to be
the unnessuri sed. refurn n t.he .s adj tra of the
et ur & s et &k olensol it IdoniBRER PRl M s 10"t he
i nf | uencematires ofaé 898 imehtidnky athse suctlithing high paseiidaaf tierposidomizdicatot 8e pul ses
are countﬁ% i.n the case of predeterm ned adj ustnent travel when the
pressur é° OMMHRE is switched to be the pressure |ine, wher eupon t he
pressure line is switched to unpressurlsed and the pulses occurrlng during
deconpressiqn are co nteg The nunber of ses c ﬁ ndi n
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Exenpl ary enbodlnen§ the invention are explained in nore detail bel ow
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from the control unit, because a pulse corresponds only to a slight volume flow rate of pres-
sure medium. The signal processing in a program makes it possible to compensate in a simple
way for the compressibility of the pressure medium and even for temperature influences on

the position indicator.

According to the invention, the influence of the compiessibility of the pressure medium ac-
cording to one embodiment is determined and compensated for, in the case of switching the -
pressure medium line to be the pressure-causing pressure line, the higher number of pulses

occurring during the actuation of the armature is counted and the lower number of pulses is



Ref erence nuneral 1 denotes a unit conprising for exanple a pivoted flap
1.1 arranged in a pipe (not shown) and being adjusted by an adjust cylinder
1 2, for exanple, by nmeans of a gear rack, the adjust cylinder 1 2 being
connected on opposite sides to hydraulic or pressure nmediumlines 2 and 3
In unit 1, return valves 1 3 and pressure-limting valves 1.4 are arranged
inacircuit which is known per se Reference nuneral 4 refers to a

schemat i $8fracjed e ienna iy ’c?“b@ﬁﬁ’?”z% kst ?{ﬂ“ sghisihengounied W enéﬁ? XFy¥Chunber of
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adj ust cylI ngfer I,2 is acted on by pressure, while the other pressure

medi um | datsmined adjgstmens wiareliwhen heipecsig mediem lingissitehed 19 Bt BF AP P denot es
a hydr aufilCyhdBfof aferb%hﬁgng&s RS RHIrBreiREibditng MU hRed SRImPAUMg and T
denotes the return l'i'ne leading to a reservoir_ (not shown) A flowrate
sensor 5ddegmpessiangecicounted ke afmberet pulersspraespending o gPpkePS LY iplef put,
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the flow of pressure Ium passing through the Iine into a series of

el ect ri caficoppiesabilitthi ch are indicated at 5a The flow rate sensor 5 can, for
exanpl e, have a gear driven by the pressure nmedium flow and generating

el ectrical pulses in a non-contacting manner by neans of Hall sensors Such
f1 ow r at Bxsgimpesbodimedts ofthe myventior aserplaigedioae detail belgsr il rgferencedo The
signals gmtted by.theg fl se . . | EhicHBe S:8GL angul ar
si gnal s, fh Srafwé?)gt’ ‘e"ég’hts%&msa‘g%gkg%o&sa (1%38%1{°§§a, %%?é?sﬁ%gg@ ptﬁ see cror responds
to a pretsd Backdadbyumiotprasbure olediom loks t he pressure nedi um Here, a pul se can
correspond to a unit of volune of, for exanple, 0.05 enB8 of the pressure
medi um passi ng through the |Iine Reference nuneral 6 denotes a control and
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connected, via first electric lipes 6 t.a.a to t i si des of
the adj uBWPF Ryt ?)&I“Wimlijl being pusigd P%mé ]?Sg?yé’&d?gdzt’ E‘g eéﬁngﬂg’rb?@{? %gér J)fgaosi tion by
a sol enopghr kdek AREHY)GRERIndEIUr 2 bedig confitedrod ioppdsite sides tb hfdibdlicanpresoted to the

flow rate sensor 5 vja_second el ecfrii: .I|<{1es . ers
’ medium lines 2 and 3. In unit 1, teturn valves I'3 and pressure-limiting valves 14 are

arranged in a circuit which is known per se.

Reference numetal 4 refers to a schematically represented central control unit, at which a
large number of armatures is controlled which can be found at a great distance from the con-
trol unit For simplification of the representation, dnly one armature 1.1 is represented. For
each armature, a known adjustment valve 4.1 is arranged in the control unit 4; via this, the one
or the other side of the adjust cylinder 1.2 is acted on by pressure, while the other pressure
medium line 2 or 3 respectively is switched to be the return line. P denotes a hydraulic line
connected to a pressure medium source (not shown), and T denotes the return line leading to a

reservoir (not shown).

A flow rate sensor 5 is arranged in one of the two pressure medium lines 2 or 3, preferably in

the area of the control unit 4 This flow rate sensor conveits the flow of pressure medium pas-
sing through the line into a series of electical pulses which are indicated at 5a. The flow rate

sensor 5 can, for example, have a gear diiven by the pressure medium flow and generating

electrical pulses in a non-contacting manner by means of Hall sensors Such flow rate sensors



6 41 and 6 42, through which different pul ses corresponding to the

t hroughfl ow direction of the pressure nediumare supplied to the indicator
unit 6 or to a program provided therein, in which the signals or nunbers of
pul ses are processed Reference nuneral 6 5 denotes electric lines for the
power supply of the indicator unit 6 By using two pul se signals which are
of fset horpn each ot her b‘y 90, the flow gigr.ectli on. o(; t&le gr’essure mediumis
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pressure nediumis_ reveal ed as an_open or close actuagtion I n other words,
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medi um 'éanfchﬁé&g&m th 8 uhi#? 8t RilEndlbf] REEtapiple, Q08 cRULBRS zeésexe_trﬁ@nﬁmpasgigg via the
electric line b.42 when the flowis in the other dll)rectlon The difference
bet ween teughthgdingnd backwards flow in the pressure mediumline 2 results
essentially horn the rotational direction of the gear in the flowrate
sensor 5 or fromidentifying the rotational direction at the encoder; as to
whet her Refprgnqegumerss 6 denotese contigh andopdieaiorusid whighhayy displen 6 1 gpdeantipk nedi um
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flowing in a direction towards the armature, due to the conpressibility of
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conpr esswhich tieysignals obsinghetsad peldestaye poeesteid Referhrce mumbeel 6 6 tleppissestrighen t he
pi ston has full adjus nt oLl | |.n the adjust cylinder 1 2, when the
pressureﬁ%g?rdﬁquﬁég?plfyg&@ﬁl{l‘gﬁ%ﬁutn{é%be t he pressure-causing pressure
line, and in the sane way the nunber of pulses is counted when the
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at the armatures, which often have very different displacenent volunes, and
at the ddirgcsionatthe gnseddreasge whetheydhis ratsesde Sregighbeitt 818defiaccor ding to one
enbodi ment of the | earning or checking program the adjusting valve 4.1 is
adjusted into the end position by the programin the control and_indi cator
unit 6 viVéheomle méssurh enediuacline s bwitehed Bhe thopresyaipiling andihie pryssugrmedigm posi ti on
of the at o [ Vi ; , jtion, so
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posi t i on medint inehqyresee lige, rhighsrmunbee of3yulseh pedursi thangdiiting tedetvm floev t he
pressure Line On reachi.ng,the cl.ps¢ . e It L Qr . i LN the
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t hr oughf kompieaiidiity pf te@rdshnomgdiviniven pe edsilatel yabé proglainiesated imthe igliThi s end

position can bhe predeterm as the ipitial i ti. f C hiag..t he

pul ses t f4F" lBBthng %@éﬁé@ﬁ gﬁ%éengp‘ﬁ&feﬁ ng"fl%es’r?“élpg}?;}&{;%gq%er %ug%gé hlgg ‘o the
ot her end 200 theiseme adjbstinbitsraedtifud iexamile, icbinpresdisilitypembodséctdddry cowdtimgei n t he
pressure nediymljine 2 |s switched tp. be the pressure line, .and.the pul ses
occur ri ndhedim 'O{é’d’fsﬁ%l‘f"*‘%ﬁ? WP‘B“%?Fea @Bé&r‘uﬂﬂ?f‘ tfaHfs’ll 18 e agglﬁmygﬁ‘i]eﬁé‘?wpon t he
control V@l tedressird mebfufBlined)s Sbichpd ROfeans prodstretdassing welserepias iahd tn and
thus the pressure line 2 is switched to unpressurised, wherein the pressure
mediumin the line 2 deconpresses Hereby, backflow occurs in the pipe 2,
whi ch corresponds to the deconpressi om of the pressure nediumand is
determined with regard to its volune by counting the occurring pul ses To
conpensate for the influence of conpressibility, in the further actuations
of the armature, the nunber of pul ses neasured during deconpression of the
pressure nediumis |left out of consideration when the pressure nediumline
2 is again
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swirtched to be the pressure line. In other words, the nunber of pulses con
espondi ng to deconpression is subtracted ftomthe previously neasured
conpl ete nunmber of pul ses, so that for the predeterm ned adjustnent travel
t he nunber of pul ses corresponding thereto is obtained The influence of
conpressibility can al so be detected by counting and storing the nunbers
of ' pul ses occuning during full adjustnent travel of the piston n the
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nunber s pul ses he i nfluence of" the conpressibility of the .
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automatical ly before each start-up or after repairing the armature, to :
detect the correspondi ng nunbers of pulses By carrying out the checking
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checki ngboghgrgb mén%lgli ‘?@% al so carried out when the armature i s npved

into interne reby, the pressure nediumline 2 is switched
to be, for exanple, the press= line, to nove the adjust cylinder 1 2 into a_
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According to one embodiment of the learning or checking ptogram, the adjusting valve 4.1 is
adjusted into the end position by the program in the control and indicator unit 6 via one of the
electric lines 6.3, for moving towards an end position of the armature, for example, for mov-
ing towards the closed position, so that the flap connected to the adjust cylinder 1.2 is moved
into the closed position via the pressure medium line 3, which is switched to be the pressute
line. On reaching the closed or end position, the piston in the adjust cylinder 1.2 comes to
abut at the fiont wall thereof, so no further throughflow takes place through the pressure me-
dium lines 2 and 3. This end position can be predetermined as the initial position for counting
the pulses that occur. Hereupon the armature is moved by the program into the other end
position, in this embodiment into the open position, wherein the pressure medium line 2 is
switched to be the pressure line, and the pulses occurnting during actuation into the open
position are counted. Hereupon the control valve 4.1 is offset by the program into the middle
position and thus the pressure line 2 is switched to unpressurised, wherein the pressure medi-
um in the line 2 decompresses. Hereby, backflow occurs in the pipe 2, which corresponds to
the decompression of the pressure medium and is determined with regard to its volume by
counting the occurring pulses To compensate for the influence of compressibility, in the
further actuations of the armature, the number of pulses measured during decompression of

the pressure medium is left out of consideration when the pressure medium line 2 is again



To conpensate for the tenperature influences on the position indicator, for
exanple in the case of an armature assenbled on the deck of a ship, in

whi ch di fferences of, for exanple, 20C occur between daytinme and nighttine
tenperatures, it is predetermined in the programof the indicator unit 6
that a nunber of pulses of, fox exanple, "five" per time unit is left out
of consideration for the position indicator, wherein it is assunmed in this
exanpl e §highed to b€ thepdsBRs 10 I @5dp voekist the aundlodr ofipulssh sorpspaklingtie dpr essur e

medi um during a higher qr |ower tenperature c [ Qe raal
oper at i ngPHRRETFHIER &tsa?té%cteaaéw@,t %%Y‘Pﬁya‘?‘eﬂ?gfﬁﬁ%rggggng@% g% é@%s’.rrlggc‘ﬁ?or t he
progr am fowe\heddeteintinéPadplstienpese] b Gurhiser 8f pules chrosspandmgheasto is scosi ty
curves of the respective pressure mediumin the program wherein it is
possi bl eobtpingdssoci ati on with tenperature sensors to detect nore precisely
t he vol une changes in the pressure nediumas a function of tenperature. To
conpensate for the tenperature inf]luences, a tenperature sensqgr can be
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exanpl e yhe %eﬁékéﬁ% nROREHIEL PR showslthginthesest thosnipeasibitfty bhe
armature, or e neasured nunber of pulses no |onger agrees with that

defi ned Ihe prdsemeinediinng program before start-up as the nunber of pul ses
corresponding to a conplete adjustnent travel Hereby, operating safety is
increased by error recognition The programin the i rﬁ?i cator unit 6 can

al so be flbistedhibgorobedking progrem i mefeiably crmied gutputomatically beforesach HptkwRy i at e
position of.the ar f AR RsHAImE aimbes Gk Baleatrfiag dutspl ay 6
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reached, whereupon the voltage supply of the adjustment valve 4.1 is

i nt errupt‘%c%‘? t&ﬁ‘@eb’%‘ﬁrsﬁﬁ? n this way, the indicator unit 6 also serves as
a control unit, wherein for controlling the armature by nmeans of the

adj ustment valve 4.1, the previously .determ dabadfiheithg-f 1 ow
rate sensid ciecking prgeiam Hr%%%@glé& sﬁﬁgtflﬁ‘go‘%r“;o%ggr%a?ﬁgé@%ﬁ%?cat or Cdevi ce

descri bedydis p&tids GRkeb3ha plcaite medinn ihy2 issvstbgidabe, dorryamblecthugiesa preci se

osition indicator can he achi eved .usin i npl e, | ‘ i i Qr device
(F:) an al so e lingelg maye F}}?d‘élé‘f‘tr‘iygpfebﬁgﬁ?@ a p?@géegglg%ﬁ%%?%dlé%? ?éﬁtgb?% glg&lgi? can
al so be ufefuhier bENAdes YSduMtin IRty ik BRmtedf Herbwonpthafip e, th@g@lusbeylindenis cont r ol
unit and armature, in which the ,c,orrpr(g si bi | i‘t% (Pec?rre?isns .gcgeqatgl e by
di f f er ent fixedime aggingsintewaedis Rsition Rl BICESUELRETIG B F Wara f T ow and
unpr essur {264 PRGK WAEdin{thOMkmber of pulses occurring during decompression of the pressure

means is measured. When the armature is again to be moved into the same or another random

intermediate position, compensation is made for the influence of compressibility thereby

occurring by leaving out of consideration the number of pulses detected duting

decompression

To compensate for the temperature influences on the position indicator, for example in the
case of an armature assembled on the deck of a ship, in which differences of, for example,
20°C occur between daytime and nighttime temperatures, it is predetermined in the program
of the indicator unit 6 that a number of pulses of, for example, "five" per time unit is left out

of consideration for the position indicator, wherein it is assumed in this example that five



The indi cator device can al so be provided in a hydraulically actuated
armature which is supplied with press= mediumvia only one pressure nedi um
line, wherein the piston in the adjust cylinder | 2, acted on by pressure
medi um wor ks agai nst a spring which effects resetting of the piston when
the pressure mediumline is switched to backflow In this embodinment, the
piston in the adjust cylinder can be fixed in the position with a stressed
spring, puset batespdndio svaltmbiechaggd dfeheqmeswe medivmdiving # highertop lasvepr essuri sed,
es which occurs due to

it is possible to nmeasure the nunber of
deconpr e@glpffﬂt%copﬁ@C%E’etgg{ﬁ(f‘@aﬂpéﬁllaﬁﬁ% %‘ﬁ*g%j‘%?"cr\ corresponds to the influence
01;] conpr essi bi :c ity on the position indicator Cains 1Method of indicating
the posifion of . a hydraulically. actuated ar s L.Sidgs .an adj ust
cyl i nderﬁ%‘i’ "ff)p“fct'ﬁ‘}v ‘t‘*tsa’ﬁtpf‘?ﬁiﬁte{’%geg%?’ﬁ%’ A 0%2%11‘?@53 ééﬁ%&% A easjt one
pressur est&%,gbﬂéﬁafnpﬁﬁviéo%sit)ﬁéuﬁe@ ofihe Bpactivamedsure aledmm(id the) prograoughereshi ch t he
pressure nedi umline can, be sw tched between. pressure-co cti feed fl ow
DG br ot SPRSbIG BEssPamioRgu (EHO e AP P et Rt pectsel HEVaRl  eed

changes in the pressure medium as a function of temperature. To compensate for the tempera-

ture influences, a temperature sensor can be provided at the flow rate sensor 5 and/or at the

adjust cylinder 1 2, to transmit the corresponding measutement values to the progiam in the

indicator unit 6.

By means of the device described, leaks in the hydraulic arrangement can also be determined
and shown at the indicator unit 6, for example when pulses continue to occut in the closed

position of the armature, or the measured number of pulses no longer agtees with that defined
by the checking program before start-up as the number of pulses con'esponding to a complete

adjustment travel Hereby, operating safety is increased by error recognition.

The program in the indicator unit 6 can also be formed to control the armature in such a way
that an intermediate position of the armature of for example 40% can be preset at the display

6 1, whereupon the control is then triggered by one of the control buttons Thereafter, the
armature is automatically moved into the intermediate position of 40% and on reaching the
intermediate position it is held in this position Heieby, the adjustment valve 4.1 is triggered
by means of the electric lines 6 3 until the predetermined intermediate position is reached,
whereupon the voltage supply of the adjustment valve 4.1 is interrupted by the program. In
this way, the indicator unit 6 also serves as a control unit, wherein for controlling the armature
by means of the adjustment valve 4.1, the previously determined pulse data fiom the flow 1ate

sensor 5 aie also processed by the program.

The indicator device described is of great advantage not only in shipbuilding, because a
precise position indicator can be achieved using simple means. The indicator device can also
be used in industrial plants, for example in refinetics. It can also be used in relatively short
lines of, for example, 20m between control unit and armature, in which the compressibility
becomes noticeable by different number of pulses between pressure-causing forward flow and

unpressutised backward flow.



the flow through the pressure nediumline is converted into a nunber of
- electic pulses, wherein a pulse corresponds to a predeterm ned unit of
vol une of the pressure e nmedium and the nunber of pulses reflecting the
flowis processed in a programof an indicator unit (6) such that, when the
pressure nediumline is switched to be a return line, the nunber of pulses
occurring in a predeterm ned adjustnent travel is calculated as being the
same adj ustment travel when the pressure mediumline is switched to be a
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possible to measure the number of pulses which occurs due to decompression of the pressure

medium and which corresponds to the influence of compressibility on the position indicator .



the two neasured nunbers of pul ses axe conpared and the nunber of pul ses
cones-, ponding to the smaller nunber of pulses is set for the further
operation of the armature as corresponding to the full adjustnment travel.
5Met hod according to one of clains 1 to 3, wherein the armature i s noved
froma first position into a second position and the pul ses thereby occur
ing in the pressure nediumline switched to be the feed |ine axe counted
and stored, whereupon the pressure nediumline is switched to be the return
| ine and the pul ses occurring on deconpression of the pressure nmedium are
counted and stored, and then subtracted fromthe previously detected nunber
of pulses to obtain the nunber of pulses requited for adjustnent travel of
the armature fromthe first position into the second position. Device for

i ndicating the position of a hydraulically actuated armature, conpri sing:
an adjust cylinder (1.2) for actuating the armature, connected by at | east
one pressure mediumline (2, 3) to @Wmsjustment valve (4 1), through which
the pressure nmediumline can be switched between feed flow and return fl ow,
characterised in that a throughflow sensor (5) is arranged in the pressure
medi um | tne (¥§thedolfdpgdicating thepesifiononfadydramlically atstedermedieLmnipisinge pr essur e
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nunbers of pukBEsilgscurring in a flowin the pressure nediumline in the
one directiongand.iiat g oPposite direction. ‘

the flow through the pressure medium line is converted into a number of electric pul-

ses, wherein a pulse corlj'esponds to a predetermined unit of volume of the pres-

sure medium, and the number of pulses reflecting the flow is processed in a program

of an indicator unit (6) such that, when the pressure medium line is switched to be a

return line, the number of pulses ocourting in a predetermined adjustment travel is

calculated as being the same adjustment travel when the pressure medium line is
switched to be a feed line

2. Method according to claim 1, wherein the progtam automatically performs adaptation

of the position indicator to the displacement of the respective armature.

3 Method according to claim 2, wherein the program petforms a check or adaptation of

the position indicator on every start-up of the armature.

4. Method according to one of the preceding claims, wherein the armature is moved into
a first end position, which is assessed as being the initial position,
the armature is moved from this fist end position into the second end position and the
number of pulses thereby occmzring is measured and stored,
the armature is moved from the second end position back into the first end position

and the number of pulses thereby occurring is measured and stored,



-8De;/i ce according to claim®6, wherein the throughflow sensor (5) is
arranged only in one pressure mediumline when the armature is acted on by
pressure nedi umthrough two pressure nmediumlines (2, 3)

the two measured numbers of pulses are compared and the mumber of pulses corres-

ponding to the smaller number of pulses is set for the further operation of the armature
as corresponding to the full adjustment travel.

5. Method according to one of claims 1 to 3, whetein the armatute is moved from a first
position into a second position and the pulses thereby occurring in the pressure
medium line switched to be the feed line are counted and stored, whereupon the
pressure medium line is switched to be the return line and the pulses occurring on

+ decompression of the pressure medium are counted and stored, and then subtracted
fiom the previously detected number of pulses to obtain the numbes of pulses required

for adjustment travel of the armature from the first position into the second position.

6. Device for indicating the position of a hydraulically actuated arfnatuie, comprising:
an adjust cylinder (1.2) for actuating the armature, connected by at least one pressure
medium line (2, 3) to an adjuétment valve (4.1), through which the pressure medium
line can be switched between feed flow and return flow,

chatacterised in that

a throughflow sensox (5) is arranged in the pressure medium line (2) to convert the
flow of the pressure medium in the pressure medium line into electric pulses, such
that a pulse corresponds to a predetermined unit of volume of the pressure
medium, wherein the throughflow sensox (5) is connected to an electronic indicator

unit (6) in which a program is provided for processing the pulses

7. Device according to claim 6, wherein the program counts the occurring pulses and
compares the numbers of pulses occunting in a flow in the pressure medium line in the
one direction and in the opposite direction.

8. Device according to claim 6, wherein the throughflow sensor (5) is arranged only in

one pressure medium line when the armature is acted on by pressure medium through

two pressure medium lines (2, 3).



