1 Device for neasuring the position of a piston in a cylinder This
invention relates to the field of position 5 sensors, for neasuring the
position of a piston in a cylinder, including those used on aircraft

engi nes. A position sensor, such as an active (inductive) linear shift
sensor, nore known to the man of the art lunder its English acronym LVDT
meaning "Linear 10 Variable Differential Transfornmer", makes it possible
to determine the |ongitudinal position of a piston in a cylinder.
Referring to Fig. 1, a LVDT type sensor 100 conprises a nobile
ferromagnetic core 126yitexédromeasulbnst emeldbsdltong aif axips st@@Ainand a
fixed transformer 110, nmade of three cylindrical coils coaxial with the
axi s 100A of the stem 121, defining & p¥iA@A¢%wi nding 111 and two
secondary wi ndings 112, 113. In operation, the stem 121 is shifted into
translation on the axis 20 thereof 100A. The core 120 generates in w ndi ngs
111, 112, 113, thr Giligls magnetttonndectites, @ t ehsi dicbst vilenpodd hdlPngs

which is peop i t h i Lo t ferro net i re .120_in the
transforne? 1%%%“%%%L pgg%t?5%8§¥£i e @%%n?gilﬁgobhgﬁge%skgsﬁgntHéfe y 25
inferred. Refenvlingldrg Rirgeliind dlsodanovwed oomsel sctMOT edypessensor in a
jack 200. Such a jack 200,cpqgrises a cylinder 201, extendin alon% an
axi s 200A, wherein & HistlohP20222%PEnd8Befg oAl TH +RASFAEVYSBh on

the 30 axis 20QAezFhesipi St 08202 CORRRESES oAl tHecHewnsly €¥Mthe art
under its English acronym LVDT, meaning "Linear
10 Variable Differential Transformer", makes 1t possible
to determine the longitudinal position of a piston in a
cylinder.
Referring to Fig. 1, a LVDT type sensor 100
comprises a mobile ferromagnetic core 120, fixed on a
15 stem 121 along an axis 100A, and a fixed transformer
110, made of three cylindrical coils coaxial with the
axis 100A of the stem 121, defining a primary winding
111 and two secondary windings 112, 113. In operation,
the stem 121 is shifted into translation on the axis
20 thereof 1C00A. The core 120 generates in windings 111,
112, 113, through magnetic inducticon, a tension between
windings which 1is proportional to the position of the
ferromagnetic core 120 in the transformer 110. The
position ¢f the stem 21 in the sensor is thereby
25 inferred.
Referring to Fig. 2, it is known to use a LVDT
type sensor in a jack 200. Such a jack 200 comprises a
cylinder 20%, extending along an axis 2004, wherein a
piston 202 extends, being mobile in translation on the
30 axis 200A. The piston 202 comprises, at the downstream

end thereof, a piston head 202A, the external diameter



end thereof, a piston head 202A, the external dianmeter 2 of which
corresponds to the internal dianeter of the cylinder 201, where it is
conventionally guided. In the remaining of the description, upstream and
downstream notions are defined with respect to the 5 piston 202. The
latter is subjected to a driving force at2the upstreamend thereof, the
downstream part thereof noving in the cylinder 201. In other words, the
upstreamside is |located on the side of the cylinder 201 through which the
pi ston 202 goes out. 10 The transformer 210 of the LVDT type sensor is
fixed at the dofwnmshieamaendredpdrigs cybi nder 201erbbe dexnztefr tde the

transfornmer 210 cpinci di with the axis 200A of the cylinder 201. The
ferronagnetic %%f%p%%6 %?9’t%%eg%nkBrl?scﬂﬁﬁﬁ?éﬂoﬁﬁléysgéhgﬁﬁi bei ng

integral with 15 the, pisd oPeRd2,ang &xt endi agsalr@Pgibhe axk$ -28QAanAs the
core 220 is integral with the piston 202 and the ransformer 210 i nt egral
with the cylirtfemopusant e tgesis i eneof defiénpilstehtR02r¢spedie dyl i ider 201
is inferred fr: as .he iti.on. of the, 20.core 220 in
Lhe transt ormir D10 FOEt ol Serankati s rianC T et et g et idaraces
requi re a highatrelilabi lugpyttewel 4od melasbebng abde naowhetriBgmeqpbpReENt .
Thus, for neas riQ%v%he osition of a piston_in a_jack cylinder, it is

necessary to 25 Provi dEY WP LVDTE 5enShr SN RL t el alR, O8BSEhEPrI8hotiN8 one
of the sensorsthaconmm, defget ijvwe, j dhe- oy her s8nsok; ggard et,sl%é)ut:yﬁmﬁder

measurenents. It is known from Patent FR 2594515 a device for
201 through which the piston 202 goes out.

10 The transformer 210 of the LVDT type sensor is
fixed at the downstream end of the cylinder 201, the
axis of the transformer 210 coinciding with the axis
200A of the cylinder 201. The ferromagnetic core 220 of
the sensor is mounted on a stem 221 being integral with

15 the piston 202 and extending along the axis 200A,.

As the core 220 is integral with the piston 202
and the transformer 210 integral with the cylinder 201,
the position of the piston 202 in the cylinder 201 is
inferred from the measurement of the position of the

20 core 220 in the transformer 210.

In the aercnautics field, the safety standards
reguire a high reliability level for measuring and
monitoring eguipment. Thus, for measuring the position
of a piston in a jack cylinder, it is necessary to

25 provide two LVDT sensors in the jack, so that, should
one of the sensors become defective, the other sensor
carries out the measurements.

It is known from Patent FR 2594515 a device for
measuring the position of a piston in a jack cylinder

30 comprising two LVDT type position sensors.



measuring the position of a piston in a jack cylinder 30 conprising two
LVDT type position sensors. 3 Fig. 3 illustrates a schematic functional
section view of such a device, arranged on a jack 300 conprising a piston
302, being nobile in a cylinder 301 along an axis 300A. A supporting
pallet 303 is 5 transversally fixed in the hollow piston 302. The sensor
cores 320, 340 are nounted on two stens 321, 341, fixed at the upstream
end thereof on the downstream side of the pallet 303. The stens 321, 341
extend parallel to the axis 300A, the cores 320, 340 10 extend respectively
and concentrically tioigrahsfbruersat3d0z 33Rembbéct ranstotnelss3td,:io0330
being fixed at the d mnstrean1en%1ot the cylinder 301. The piston_302 is
driven into tréamdlatPon dHEhe? akEyis6oa. ARTEMWGH d Fur ther idFE bé%FPree in

rotation 15 aé&ﬁwwﬂcdg Anp At Sn 3997, 10i 551 8o80de kR Lheydeyiee aegording
to the Patent FR 2594515, a circunferential ™ bearing 350 i§ arranged
bet ween the pal®y 3081 andxihe 3pPat on230Zursidoviimy tiwel bést 0A0302is0 be

driven int r i t is 300A withaout inparting 20_rotation
notion to t@he %aﬁgef nd j{%eﬁie Cor %sheSZ ,O%H?fo%fﬁéogoréggwo?gﬁm
remai n integraerigoi r anskat i3, oB4thenpi shoand02 and akbgnadw t Bzt heir
respective tr% sforper 310, 330. Sensors are thus able to neasure the

position of t e i stbh*302 PR t A&yl indefe301. ©29 | theg&cdt i on? t heSpi ston
302 is generaldaln SURIBCt 8044 0o br angVersal o f ﬁggn&& THBKING S $hex apd able

to make stens 321, 341 flex and off-centre t
extend parallel to the axis 30CA, the cores 320, 340

10  extend respectively and concentrically to transformers
310, 330, the transformers 310, 330 being fixed at the
downstream end of the cylinder 301.

The piston 302 is driven into translation on the
axis 30CA. It should furthermore be free in rotation

15 around such an axis 300A. To this end, in the device
according to the Patent FR 2594515, a circumferential
bearing 350 is arranged between the pallet 303 and the
piston 302, allowing the piston 302 to be driven into
rotation about the axis 300A without imparting the

20  rotation motion to the pallet 303 and to the cores 320,
340. The cores 320, 340 remain integral in translation
of the piston 302 and aligned with their respective
transformer 310, 330. Sensors are thus able to measure
the position of the piston 302 in the cylinder 301.

25 In operation, the 9piston 302 is generally
subjected to transversal forces, making it flex and
able to make stems 321, 341 flex and off-centre them
with respect to the axis 300A of the cylinder 301. The
cores 320, 340 are then no longer centred with respect

30 to the respective transformer thereof 310, 330 and are



with respect to the axis 300A of the cylinder 301. The <cores 320, 340 are
then no | onger centred with respect 30 to the respective transforner

t hereof 310, 330 and are 4 danmged, resulting in a decrease of the life of
the sensors as well as a | esser accuracy of neasurenents. The invention
ainms at providing a device for neasuring4the position of a piston in a
cylinder, able 5 to conprise two LVDT type sensors for providing for the
device reliability, allowing the piston to be free in rotation about its
axi s and not being danmaged by the piston optionally bending. To this end,
this inventiordand@dds tesaldeémicein 18 farcrEasidr big e poseticoh ehea
piston in a cylinder, exteqpugg al ong an axis, the device conprising at

| east two poSiTITH Sehsdis ! rASpectFIREY ToRpraey ngt measyisdentdnsor
member integral withm SuURRAKLIAI Rakketconness &g with theRistory 15 - a

second sensor nenber integral with the cylinder, the first and second
menbers of ead®aEBNSIOY bdihgroatt angedif or pisitieg nivbid ecyhimder ansbaei on
one relatiye .o ther, al n axis parallel to the,axis_.of e 20
oy i nder.  The ot e ha that i YEE SR R Fonefe el ecn8h: thnber
are integral wehdehershidoi Bupppr hingwpakl ethdep ng: conpected £0=4 henpi st on
through a ball joint link. By "ball joint link", there is understood a

link 25 bet we&F WS TheMtRrs, *e6npttst ngREhred Ieeble BpTREESdGW FhRe
rotation and pane din ddranlaliyPhending.

To this end, this invention relates to a device
10 for measuring the position of a piston in a cylinder,
extending along an axis, the device comprising at least

two position sensors, respectively comprising:

- a first sensor member integral with a
supporting pallet connected with the piston,

15 - a second sensor member integral with the
cylinder,
the first and second members of each sensor being
arranged for being mobile into translation one relative
to the other, along an axis parallel to the axis of the
20  cylinder, the device being characterized in that the
first sensor nmnembers are integral with the same
supporting pallet being connected to the piston through
a ball joint link.
By "ball jeoint link", there is understood a 1iink
25 between two members, comprising three levels of freedom
in rotation and none in translation.

Using the device of this invention, a position
sensor can be arranged in the cylinder, without having
the transversal strains on the piston being transmitted

30 to it, whereas the piston remains free in rotation

apbout the axis of the cylinder. Measurement of the



Using the device of this invention, a position sensor can be arranged in
the cylinder, without having the transversal strains on the piston being
transmtted 30 to it, whereas the piston renains free in rotation about
the axis of the cylinder. Measurenent of the 5 piston position in the
cylinder is therefore accurate wth no rpsk of damage in the sensor. This
i nvention overcones a particular problem occurring in two position sensor
devices, but it 5 applies as well to a device with nore than two sensors.
Furthernore, bearing suppression, with respect to the device of the Patent
FR 2594515 al Ipwstém pakéteasy int hehdeviyteénmairntienaneere fobal beparatei s

| ess apt to get, jamed., 10 The invention applies nore particularly to
jacks, but it"4a Iq%sr%%ﬁéjﬁéﬁﬁF%$?yl?ot%%ysﬁ%%?Ee conprising a cylinder
where a piston nmobilgnid tHaRSALONLVEXEEALS. dhysrdiRg liveptibeneappl i es,
for exanple, to netering devices, conprising a two headed piston, 15
driven in a cy#iqering orir egid@t i pgsat fowi ds¢hoorr aievic8ach hubet eéti ng
device w |k be descrd bed rther in, detail.hereinafter. Preferabl t he
posi 11 o sEnsGEH S LU0 Tybes sbrdst Cadhnt dgebae 54 nf bt cheaiekSe, the
first member 20 cormubtsesneosieMeSHPPOriumer &s$ £66 pragoet kespeee, tand
the second sensor nenber conprises a transfornmer. Preferably, the bal

joint |ink corfpld S€871£e Sherfe® Sipleit el i 0 d% 3hhet &1 eVange. 1xke §phsre may
be, either iniggrflyWd ldina HSIQD, Qrpiniegrale MENILRE apt to get

Jammed.

10 The invention applies more particularly to jacks,
but it applies more generally to any device comprising
a cylinder where a piston mobile in translation
extends. Thus, the invention applies, for example, to
metering devices, comprising a two headed piston,

15 driven in a cylinder, for regulating & fluid flow rate.
Such a metering device will be described further in
detail hereinafter.

Preferably, the position sensor is a LVDT type
senscor. Advantageously in such a case, the first member

20  comprises a stem, supporting a ferromagnetic core, and
the second sensor member comprises a transformer.

Preferably, the ball Joint 1link comprises a
sphere supported in a sphere flange. The sphere may be,
either integral with the piston, or integral with the

25 first sensor member.

According to another embodiment, the sphere
flange is crimped into a part being integral with the
first sensor member.

This invention also relates to an assembly

30 comprising a cylinder, a piston and a measuring device,



25 first sensor nenber. According to another enbodi nent, the sphere flange
is crinped into a part being integral with the first sensor nenber. This
invention also relates to an assenbly 30 conprising a cylinder, a piston
and a neasuring device, 6 such as presented herei nabove, and an aircraft
engi ne conprising such an assenbly. Thisg¢invention still relates to a jack
or a netering device. 5 This invention will be better understood wth the
foll ow ng description of preferred enbodi nents of the device of the
invention, referring to the appended drawing, in which: Fig. 1 illustrates
a partially explgdeds pl@sperspecieveisabherdf i andi e ofiactVET typéne
position sensor; Fig. 2 illustrates a bl ock diagram of a neasuring device
according to tQQWQﬁ%%%n%U??C¢WiF 253¢MtYrates a bl ock di agram of anot her

15 measuring devi ce @ocor difi@gra dhe sprnar aet5eBLg. £4 il ustaat es asbl ock
di agram of a nmeasuring device according to the invention daccording to the
enbodi nent of "HiEr\g Fegvidei|lustrates a sectional view of a jack 20

I e 9SSR, SR 0 g P e S B0 L el LR

enbodi ment  offdlHewinuendésbription of preferred embodiments of the
device of the invention, referring to the appended
drawing, in which:

Fig. 1 illustrates a partially exploded,

10 perspective schematic view of a LVDT type position
5ensor;

Fig. 2 illiustrates a block diagram of a measuring
device according to the prior art;

Fig. 3 illustrates a block diagram of another

15 measuring device according to the prior art;

Fig. 4 illustrates a block diagram of a measuring
device according to the invention according to the
embodiment of Fig. 5:

Fig. 5 illustrates a sectional view of a jack

20 with a measuring device according to the invention; and

Fig. & 1llustrates a sectional view of a jack
with a measuring device according to another embodiment
of the invention.

Referring to Fig. 4, a jack comprises a cylinder

25 1, extending along an axis ¥, where a piston 2 is
inserted, comprising a piston head 2A, the external
diameter of which corresponds to the internal diameter
of the cylinder 1. The jack comprises a device for
measuring the position of the piston 2 relative to the

30 cylinder 1, comprising two LVDT type position sensors

3, 4.



Referring to Fig. 4, a jack conprises a cylinder 25 1, extending along an
axis X, where a piston 2 is inserted, conprising a piston head 2A, the
external dianmeter of which corresponds to the internal dianmeter of the
cylinder 1. The jack conprises a device for neasuring the position of the
piston 2 relative to the 30 cylinder 1, c@nprising two LVDT type position
sensors 3, 4. 7 Each sensor 3, 4 conprises a ferromagnetic core 20, 40,
cooperating with a transfornmer 10, 30, as previously described.
Transforners 10, 30 are longitudinally arranged along the axis Xin the 5
cylinder 1, and fixethat thesdowist reanvepdither eof ferfcmangfotrer sot@, 30
are enclosed in,a protective jacket 60 longitudinally extending in the

th

cylinder 1, wi &7 dGRNSETEAM end ot Nt h | ket L B0 BB ng 4 | x&d i Afegr al

with the downsireamesd, of dbecsybiader dralbeciacket 19060 cgpcengrical ly
extends inside the piston 2, conprising, at the downstream end thereof, a

passage aper thiiegB-ydina hiey j agkeanged Eadhneor 6120, «0if Xheisensbes 3, 4
i s supported : 21, , ll.el to the axis X and aligned .15 with
Lhe corresgonding 1 ianet or i 165258, o i v BR e hd ahieace s
ext endi ng coaXimalrdgforfieer 1pkd ; €M aendsnefiosde sheaspdtedtiacejhicxed

integrally with the downstream side of a supporting, pallet 31,
transversal |y r%ﬂﬁﬁﬁf$g¥3§ﬁ9¥ﬂ%ﬁ?ﬁP%RHQh%np%??e?y 31719499 hasWebBr &PF t he

shape of a di swlRafRidn NEnko JH Gend, L& RI SEONLE1hg hollaw iht€qral
with the downstream end of the cylinder 1. The jacket
10 60 concentrically extends inside the piston 2,
comprising, at the downstream end thersof, a passage

aperture ¢ for the jacket 60.

Bach core 20, 40 of the sensors 3, 4 is supported

by a stem 21, 41, parallel to the axis X and aligned
15 with the corresponding transformer 10, 30, within which

it 1s arranged for extending coaxially. The upstream

ends of the stems 21, 41 are fixed integrally with the

downstream side of a supporting pallet 31,

transversally arranged in the piston 2. The pallet 31
20 has overall the shape of a disc.

Referring to Fig. 5, the piston 2 is hollow, i.e.
it has the shape of a sheath longitudinally extending
in the cylinder 1. The pallet 31, supporting the cores
20, 40, is linked to the piston 2 via a linking means,

25 here a ball joint link, the link being made inside the
sheath formed by the piston 2. Because of the ball
joint link 50, the pallet 31 is free in rotation
according to three levels of freedom relative to the
piston 2, but it remains integral with the latter in

30 translation on the axis X.



it has the shape of a sheath longitudinally extending in the cylinder 1.
The pallet 31, supporting the cores 20, 40, is linked to the piston 2 via
a linking neans, 25 here a ball joint link, the link being nmade inside the
sheath forned by the piston 2. Because of the ball joint [ink 50, the
pallet 31 is free in rotation according 80 three |levels of freedom
relative to the piston 2, but it remains integral with the latter in 30
translation on the axis X. 8 The ball joint 50 here conprises a sphere 51,
nounted in a sphere flange 52 having the shape of a spherical shell. Such
a sphere flange 52 iBhal balknojwint o Stthehama aforighe syt |, abedgigereef éared to

by the term5 "cage". Its function is to support the sphere 51, bein
integral with 349 H4 r 4RsI%t P8 ‘,erﬁutéw‘arr@ee i ggr@@é’tji”&n.ghqhéhéﬁﬁer%f 5% is

integral withdhepisdonsReand then &l apge 82 d1%ddd exp al s Wi Bot heopal | et
31. The sphere 51 here supports a finger 511 10 extending on the upstream
side and fixedd nEegr &2y ofy et Retpi Stom@. rThersphete fhanges 52eirs

advant ageoysl| y crjtwed; i nt yl indrical Lon | ongi t udi nal |
ext endi ng domné%%%éﬁ%?%éﬁ% trgj%%g r%%nfgs?ggﬁé%gtﬁggngﬁg eB%?’t glﬁgee
ends of the cylntredynaclal wilh pott iont3édnkeiang ohgl ded dowee oint hetaphere

flange 52 in 8ﬁ{der %o support it fixedly. kbvin% descri bed the structure
of the means of'® t AR"FAVentl oh® Fdegpérat T oht ahde it Bt &t i B W' now

be described. 22QrdRorsg ack joparAtd on,idhe- wpsts ease end of the
The sphere 51 here supports a finger 511

10 extending on the upstream side and fixed integrally
with the piston 2. The sphere flange 52 is
advantageously crimped into a cylindrical portion 37
longitudinaily extending downstream from the upstream
side of the pallet 31, the free ends of the cylindrical

15 portion 37 being folded down on the sphere flange 52 in
order to support it fixedly.

Having described the structure of the means of
the dinvention, its operation and implementation will
now be described.

20 Upon Jack operation, the upstream end of the
piston 2 is driven into translation on the axis X
reiative to the cylinder 1. The sphere 51, integral
with the piston 2, shifts into translation; it drives
the sphere flange 52, being integral with it, and

25 therefore the pallet 31 and the cores 20, 40 it
supports. The cores 20, 40 are therefore driven into
translation on the axis X in the respective transformer
10, 30, the transformers 10, 30 being integral with the
cylinder 1. The position of the piston 2 in the

30 cylinder 1 is therefore inferred from the measurement,



piston 2 is driven into translation on the axis X relative to the cylinder
1. The sphere 51, integral wth the piston 2, shifts into translation; it
drives the sphere flange 52, being integral with it, and 25 therefore the
pallet 31 and the cores 20, 40 it supports. The cores 20, 40 are therefore
driven into translation on the axis X in9the respective transforner 10,
30, the transforners 10, 30 being integral with the cylinder 1. The
position of the piston 2 in the 30 cylinder 1 is therefore inferred from

t he measurement, 9 <carried out by the sensors 3, 4, of the position of the
cores 30, 40 igeitihieid dutansf orinersdsoB8. 3The, pbst one2pbsitlvhhernehe free

in rotation about L#& axl s, X.. Wen rotatln%Ti the piston 2 drives 5 the
sphere 51, thé&d%atd I%Pr?ﬁ%&?rﬁf??@?% ephefe fPange 52. No notion is

transnitted to the cofes 2Qtord0p that fempid-abigned.dd thei Eo*’c%@%ﬁt' ve
transfornmer 10, 30. The ball joint link 50 thus nakes possible to avoid

any nlsallgmnﬁﬁowﬁ ihe sedsors. 3Whﬂnugm¢aﬂmngdoth©ta@B@@mﬁZtd@lpﬁgton 2
about its e %;thper§§| P trangver rces dditi onaIIy be
et FoRESO R PR R £ RET RRbEPE

applied on o the u r'eam par pIS piston 2
bendi ng. Benmﬂﬂ;nge anp@@saMﬁdxhy ibeaﬁ@MyMiﬁﬁbdcﬂﬁlmg@lﬁdké@taULon in
15 the sphere flan 52.No notion is transmtted to the cores 20, 40, that

remain allgneélﬂﬁq i L Esige @ VESd r kst of Her Fa8PS3DL Vahr BRFFOFBRAL | i nk
50 thereby ahlowssd orrhbepsensors 3, 141&;9 B8 RhoLeci8d When - {xpnsygr sal

forces are applled at the upstream end
avoid any misalignment of the senscors 3, 4 upon the

10 rotation of the piston 2 about its axis X.

In operation, the transversal forces may
additionally be applied onto the upstream part of the
piston 2, resulting in the piston 2 bending. Bending is
compensated by the sphere 51, coming into rotation in

15 the sphere flange 52.No motion is transmitted to the
cores 20, 40, that remain aligned in their respective
transformer 10, 30. The ball joint link 5C thereby
allows for the senscors 3, 4 to be protected when
transversal forces are applied at the upstream end of

20 the piston 2.

When the jack is in operation, the piston 2 can
be subjected to forces generating motions of
translation, of rotation about its axis or of bending
of the pisten 2. Through the ball joint link 50, only

25 the translation motions on the axis X of the cylinder 1
are transmitted to the cores 20, 40.

The ball joint link 50 is less likely to become
jammed, as dust 1s less likely to enter inside the
sphere flange 52.

30 In another embodiment, referring to Fig. &, the

sphere 51’ is integral with the pallet 31 and the



20 the piston 2. Wien the jack is in operation, the piston 2 can be
subjected to forces generating notions of translation, of rotation about
its axis or of bending of the piston 2. Through the ball joint Iink SO,
only 25 the translation notions on the axis X of the cylinder 1 are
transmtted to the cores 20, 40. The balllgoint link 50 is less likely to
becone jammed, as dust is less likely to enter inside the sphere flange
52. 30 In another enbodinent, referring to Fig. 6, the sphere 51' is
integral with the pallet 31 and the 10 sphere flange 52" is integral with
the piston 2. Sphecrsphéregbl'SXonpsi deseaqrzdxivei ftor ehX, drossed? by Taescr ew

531 having its downst mend screwed into the pallet 31 supporting the
cores 20, 40 ofPtHe" s ]ﬁgo?%m%r,l%‘?sﬁ% %Xéﬁr}éwgs_yt'igrefsﬁﬁﬁeaea? §F§%W

upstream end by3@ RabiBg2ital | WG Aim t BRaSRReEG D1 1 11O bensegured-on the
pallet 31. The sphere flange 52' is fixed to the piston 2, clanped between
a nut 53 integtalSWRRNFtHE pilst orrreandC, 100 aofetige 54nsehe wedde B4ebei ng

inserted og t ream f the.sphere flang 2. This in tion
has been p?esgﬁ?§%9¥%§%e$gtFg%%bﬁ%tﬁng }gﬁkspgﬁfesﬁ §5§IF@% ?og% hégatypes
of devices caeiprawsimyg gopi stap mephkeei nS5tt ansd atdeoon sieruaekb oyl | nder,
such as a neteri devi ce or an aircraft engine conprising a assenbly

i nvolving a cfﬁ#ﬁ%ﬁ,:% pi ston and a measuring device according to the

The sphere flange 52’ is fixed to the piston 2,

clamped between a nut 53 integral with the piston 2 and
10 a wedge 54, the wedge 54 being inserted on the
downstream part of the sphere flange 527.

This invention has been presented in relation
with a jack, but it applies to other types of devices
comprising a piston mobile in translation in a

15 cylinder, such as a metering device or an aircraft
engine comprising a assembly involving a c¢ylinder, a
piston and a measuring device according to the
invention.

In a metering device, a piston shifts into

20 translation in a metering device cylinder. Two radial
holes are arranged in the cylinder, respectively
defining a fluid inlet and a fluid outlet.

The piston comprises twe plugging heads the
external diameter of which corresponds to the internal

25 diameter of the cylinder, coaxial and connected by a
shaft driven into translation according to the axis of
the cylinder. In a c¢losing position of the metering
device, the heads completely plug the holes, preventing
any fluid communication. In an opening position, the

30 piston is shifted into translation in the cylinder of

the metering device, thereby providing for a partial or



invention. In a netering device, a piston shifts into 20 translation in a
netering device cylinder. Two radial holes are arranged in the cylinder,
respectively defining a fluid inlet and a fluid outlet. The piston
conprises two plugging heads the external dianmeter of which corresponds to
the internal 25 dianmeter of the cylinder}i coaxial and connected by a shaft
driven into translation according to the axis of the cylinder. In a
closing position of the metering device, the heads conpletely plug the

hol es, preventing any fluid conmrunication. In an opening position, the 30
pi ston i s shifitedki nbpehiagsbat ire imt@@ cghnderfphidt bemRheebRgodevi ce,
t hereby provi dj nq%for a partial or total o eni ng of the holes, and a

fluid communi ney gi-tate F%Ié@etd”f%%e%ut 8€. PREqsi sE6ANELARSPALI on

allows thus to'regul ahe's of ;" dosgyufhed! yid f'be%"faéﬁe Fihfi Prdep,to
determne the position of the piston, simlarly to the previous

enbodi nent, a ®ipporting pallet is transversally arranged in the piston,

the pallet supporti st,ens, on whi ¢ re respectively, . nount d t he
cores’of the LUDT tyi5 BeRn i oh ekt B SEEr St P e e bLe et

aligned with theiirlanespeet i weletr@m%fv%rm%r, ehb¥edmattt headovnspreammend of
the cylinder of the netering device, An aperture is provided at the
downst r eam en®fldthelpi stioinSETow by am@ngashstar ners 09 Fads. The

tsﬁgport' ng paldLah dis daphd PREL t @uwbhe st 08 PYnTRRNs: f AcPaLLek oLl 1 nk,
mounted the cores of the LVDT type position sensors.

10 The —cores are respectively aligned with their
respective transformer, fixed at the downstream end of
the cylinder of the metering device. An aperture 1is
provided at the downstream end of the piston, allowing
the transformers to pass. The supporting pallet is

15 linked to the piston by means of a ball joint link, the
ball sphere being, for example, fixed to the piston and
the sphere flange being fixed to the supporting pallet.

It 1is understcood that this invention equally
applies to proximity sensors such as a pierro type

20  capacitive proximity sensor, an inductive proximity
sensor, a Hall effect sensor or a presence or infrared

proximity sensor, for example.



bal | sphere being, for exanple, fixed to the piston and the sphere fl ange
being fixed to the supporting pallet. It is understood that this invention
equally applies to proxinmty sensors such as a pierro type 20 capacitive
proximty sensor, an inductive proximty sensor, a Hall effect sensor or a
presence or infrared proximty sensor, fl@r exanple. 12 Patent Clainms 1. A
device for neasuring the position of a piston (2) in a cylinder (1),
extending along an axis, 5 the device conprising at | east two position
sensors (3, 4), respectively conprising: - a first sensor nenber (20, 40)
integral with a supporting pallet (31%atémkedlsomghe piston (2), - a
second sensor nenber (10, 30) integral wth 10 the cylinder (1), the first
and second nenbers of each sensor being arranged for being nobile in
translation one relatiyve toz hepthersoalQng anaxisnpapakl el oLoskhg axis
of the cylinder, the device being characterized in 15 that the first sensor
menbers (20, 40st@e {ftegraf cwilihdehe Sane sstippuotiniqige pahd edn(8%) sbei ng
connected to .the pi.st hrough_a ball.joint link.(50), 2. A device
cccordi ng fo (e aneratnt P RS Pt Lo pen bandorep o e
LVDT type 20 49ensersped:tiAadeyicenmecoiing to claim 2, wherein the first

sensor nenber of said position sensor conprises a stem (21), supporting a
ferromagnetic core - a first sensor member (20, 40) integral with

a supporting pallet (31) linked to the piston (2),

- a second sensor member (10, 30) integral with
10  the cylinder (1),

the first and second members o¢f each sensor
being arranged for being mobile in translation one
relative to the other, along an axis parallel to the
axis of the cylinder, the device being characterized in

15 that the first sensor members (20, 40) are integral
with the same supporting pallet (31) being connected to
the piston (2) through a ball joint 1ink {50).

2, A device according to c¢laim 1, wherein

at least one position sensor (3, 4) is a LVDT type
20  sensor.

3. A device according to claim 2, wherein
the first sensor member of said position sensor
comprises a stem (21), supporting a ferromagnetic core
(20, 40), and the second sensor member comprises a

25 transformer (10, 30}).

4, A device according to one of claims 1 to
3, wherein the ball joint link (50) comprises a sphere
(51) supported in a sphere flange (52).

5. A device according to claim 4, wherein

30 the sphere flange (52) 1is integral with the first

sensor member (20, 40).



(20, 40), and the second sensor nenber conprises a 25 transforner (10,
30). 4. A device according to one of clains 1 to 3, wherein the ball joint
link (50) conprises a sphere (51) supported in a sphere flange (52). 5. A
devi ce according to claim4, wherein 30 the sphere flange (52) is integral
with the first sensor nmenber (20, 40). 113 6. A device according to claim
5, wherein the sphere flange (52) is crinped into a part (37) integral
with the first sensor nenber (20, 40). 7. An assenbly conprising a cylinder
(1), a 5 piston (2) and a neasuring device according to any of <clains 1

to 6. 8. An aircraft esgi ne gnpeistRg ayroraBTROLY agcardi g Leegkaim 7.
9. Ajack conprising a nmeasuring device 10 according to any of claims 1 to
6. 10. A meterilify geVicce cbhpRrEsSi ng4a mbEsuEFHEpPedeiide® agcdraithg (8d’)any of

claims 1 to 6.5 15420 #P:n30he first sensor member (20, 40).

7. An assembly comprising a cylinder (1}, a
5 piston (2) and a measuring device accerding to any of
claims 1 to 6.
8. An aircraft engine comprising an
assembly according to claim 7.
9. A jack comprising a measuring device
10 according to any of claims 1 to 6.
10. A metering device comprising a measuring

device according to any of claims 1 to 6.
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