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; under 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 . fd 5 st .al:-ong axi 0A,, and a
fixed transformner 1%%%1%%% %a?seueljl? itﬁl?r %%Jz]islﬁcloi soafggagla%lt%% tlﬁ1 t he
axis 100A of the stem 121, defining a q@riimakyr 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, throdgh nmagretiien NN, t@ tBASIAAR 1REtVEEPos M NEhNYS
which is proportional to the position of the ferromagnetic core 120 in the
transformer 1FGNSPREr 6 tMeps BFirhetBeerorltiient 1L sen®detion tHereby 25
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axi s 200A, wherein & ppbstonn2@2nextrendschbeisngemodit eve n(indastatépn on
the 30 axis quﬁéalh%hgk%t%gm%%%fxﬁ gésﬁﬁéwﬁltéh%hgoﬁggfns n%he art
under its English acrenym LVDT, meaning "“Linear
10 Variable Differential Transformer", makes it possible
to determine the longitudinal position of a piston in a
cylinder.
Referring to Fig. 1, & 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 100A. The core 120 generates in windings 111,
112, 113, through magnetic induction, a tension between
windings which is proportional to the position of the
ferromagnetic core 120 in the transformer 110. The
position of 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 201, extending aleong an axis 200A, wherein a
piston 202 extends, being mobile in translation on the

30 axis 200A. The piston 202 comprises, at the downstream

end therecf, 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 a the 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 downgty | inder eqia¥| f ddery
transforner 210 cofﬁ%?g%ﬁggagéﬂﬁgﬁe%éxﬁggaZﬁ%g%%ﬁé?hgl%ye?ﬁger 201.eThe
ferromagneti c codried2026f, twhersemsolsi sompemt ecnahla gtede@21 bei ng

i nt | with 15t j st 202 .and di | th S 200A. As th
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wWth the cyligdenhs20iam tHELPOSET IO OlekRBepl Sk Oh 202 ddedtheceyl tRder 201
is inferred fromthe nmeasurenent of the position of the 20 core 220 in

the transférmeis290. 208 -t A&cadrditan iics Fukslaktache s at edyisinhdapase
require a high.rekiabl LpLy Lexel ohar Prasubino erd  aBRLLOLLAG egylpment.
Thus, for measuring the“position of a prstoh in a jack cylinder Tt is
necessary to 2hepeo¥i devinwg EWDIhsensotsden 2he. | ackotbert hatgdsshowkd one

of the sensors becone defectjve, the qother sensor , car %§$ out thg
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201 through which the pisteon 202 goes out.

10 The transformer 210 of the LVDT fype sensor 1is
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 aeronautics field, the safety standards
require a high reliability level for mnmeasuring and
monitoring eguipment. Thus, for measuring the position
of a piston in a Jjack cylinder, it 1is necessary to

25 provide twe 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 Jjack 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 81r%niﬁqﬁg%Egtgg1ghsgggpagggr%gg?fﬁ%hg§r§e§%9 330

being fixed at the wnst ream-en e cylinde e plstonO%OZ i's
driven into tramrsl atdifon sarc hea akdwi GQ0A adtarshoil dod urd hefaoke beOfree in
rotation 15 around such an axis ﬁggA. To this end, .in the_device @ﬁcording
to the Patent PRPI5§45E52 RiGtrBurfer eRELEP MBBarFng"3580°¥ S ArFang

between the pahlgly 303, and.{he 395t oy 302, p @b Loy HAhe) o ston3 302st o be
driven into rotation about the axis 300A without Tnparting the 20 rotation
nmotion to fhe tralserr3@3 land fisethelirords: 323113840 piFi@rcosEs - 3202340

remain integral in_translati he_pi ston,.30 nd.aligned w their
respective tF§ﬁ§Pgnﬁ§r%ﬁO?9§302§ en%%%sﬁgﬁgtFﬁﬁ§%§ngotgﬂﬁ%ééu%gl’the
position of thalpistksD2 &4h tbBrecylLbBdeeasOlen2b Ithapes@mtion, the piston
302 is generally subjected to transversal forces, making it_flex_and able
to make stens S9¥RStILRN |Shdearff offe cBALiett ReM- The stems 321, 341

extend parallel to the axis 300A, 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 300A. 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 neasuring the 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 invention relates to device 10 for_ neasuring .the sition_of a
piston in a cﬂai“ﬁé’&d,’ lé?&@ntd]l% Al offg %%C]é??%? Pﬁeg[db itl,gg%o i 5Pfg at
| east two pogichiseRsSERSQELS] EESHECEEYE)YaE00PELSI BY neadufémditsensor

menber integral with a supporting pallet connected with the piston, 15 - a
second sensor nenbefhentegy@ntigt h aiHe aylipderidime f4 r §eVaRg séebnd

menbers of eagl r i.n arranged for .hei bile, it fransiation
one relative Fgggﬁgggtﬁgﬁ,ggfbﬁé%an%hxfEEﬁgﬁgﬁ?éﬂpto the ax?s'o?gtﬁe 20
cylinder, $hetdeviooerbeiengwohavatt eypeedennotbhatotrhprofidstg sénsorhaenbers
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link 25 betweeRatWenMBRIRALS, i €OMBLi s Gt iee Leveks sehabraedom ha
rotation and none in translation.
piston optionally bending.
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 Tmember integral with a

suppcrting 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 mcbile 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 members are integral with the same
supporting pallet being connected to the piston through
a ball joint link.
By "ball joint link"™, there is understood a link
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

about 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 risk 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 a||\g%éqnéggfgﬁg%ylntQﬁed%,1&%@%%'@Penéﬁgféf£E allcl, %Qétgs

| ess apt to gé% he’ i nvénton applles nor e i calar

j acks, but |muappkkesammrefgaﬂaéqblyntehangedemrce conpr|5|ng a cyIinder
where a piston nobile in translation extends. Thus, i nventj on appli es,
for exanple, to net§P1nng%%?E%§¥l CHRPEPEERg a R pPEPB ﬁem15
driven in a cydnderndf orregubat bagia; bhui dehkaw rakescesuch,ar megering
device will be descrlbed further in detail hereinafter. Preferably, the

posi tion s&nseéprilses E¥DFetlyp&o @eds@nceAﬂvahtmgeauthynlhwgu@ﬁnaOCase t he

first menber 20 compr i %%§m%rgteggagggsortlngegs épgg§gﬂg%egp§§£egaﬁrd

the second sensor nerber conprises a ansPBrf fer éra
joint link conpri sesrize SFhehe Suppart ed QB9a5aphe&eohbaﬂgemaiheesBbere may

be, either integral with the piston, or integral wth the
the  device maintenance: a ball jdoint is less 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 1in translation
extends. Thus, the invention applies, for example, to
metering devices, comprising a two headed piston,
15 driven in a cylinder, for regulating a fluid flow rate.
Such a metering device will be described further in
detaili herelinafter.
Preferably, the position sensor is a LVDT type
sensor. 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 Jjoint link 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. This 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 e’%&gFQsa | p%gisgﬁ% e%te'r‘é%igﬁ%at G/l gy Q;rérk}/PTeR}S

position sensor rates a bl'ock a ram of “a neas ur|ng devi ce
accordi ng to tdeupricdmaarduchFiag. a3siekoustrates a bIock di agram of anot her

15 nmeasuring device _according to the prior art; . 4 illustrates a bl ock
di agram of a neasurlﬁﬁ' déUVgEtABEor% hﬁit&Qﬂﬁ¥Q%w€ﬁt|%niﬁgéﬁréthato t he

enbodi ment of feltGkrigg Aedrice. il lustrates a sectional view of a jack 20
with a neasuring device according to the invention; and Fig. 6 illustrates
a sectionaf view of T&ijsac¢kvginthoa Wéééubﬁn@Edé@wc@ﬂd@é@ﬁ@pdgWﬂﬁhaﬁheher

embodi ment (ﬁféfl dfﬁ”ﬂﬁéscrlptlon 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
sensor;

Fig. 2 illustrates 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 Jjack

20 with a measuring device according to the invention; and

Fig. 6 illustrates a sectional view of a Jjack
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 X, 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, gonprising 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 flxggcgtEkﬂgmgowgstge@ghﬁqqsggereof rgﬁggﬁ %E@eggrgo 30

are enclosed in a protective |ac ong|tu ng in the
cylinder 1, wZhh tH8, dommng@@nuBnduam the ta@kefofmbbeﬂﬂg f i3%ed &ntegra

with the domnz}reanle d of the cyli,nder acket %8 60 ncentrlcally
ext ends i nsi d&He Frdton $°°CK4 FlSlnaraBP Pﬁ “idwnstt ea d tAEFeof, a

passage apertlsngi®ubenatlhe | ackehqyed. Rachcor@e20,a:40 ofxt hen sepger s 3, 4
is supported bﬁ a stem 21, 41, parallel to the axis X and aligned 15 with
the correspondivhdOeanskor e £6x90,2t%i EREn ANGH rieeny ng r khgseof or

extendi ng coaxial, lsforﬁ@?s“@%”@@% Sngﬁc%séﬁelﬁts r%ﬂ: féi!vgl?agkéﬁd

integrally with the omnstrean13| a supportin
transversal | y 68r dangeduidnnthéypestend2ngThe pableylsﬂde201haalohethél t he

shape of a d'downs Egg&lngui oglghe ]aék éﬁggoge%nbs fﬂé 1n£e§ral
with the downstream end of the cylinder 1. The jacket
10 60 concentrically extends inside the piston 2,
comprising, at the downstream end thereof, a passage

aperture 6 for the jacket 60.

Each 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 is 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 pistcon 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 c¢f the ball
joint iink 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 accordinggto 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 iﬁealgg%%zgwntt%é he .pan @gmgg -%easrt%e%?k%%er eterred to

by the term5 "cage". Its tion is to support the sp bei hg
integral wthrndunitred ranskatdporerebuf ldnge HA mﬁwmﬂqnwheTbeggpheﬂ@ Bl is

integral with the piston 2 and the flange 52_js integral th the pallet
31. The spher@ﬁ?ﬁé&%ﬁ'§ﬁﬁﬁgrt§g§ i%n %ﬁﬁ.f%ﬁﬁ%&tiﬁd}%gg%ﬁotkﬁoﬁ stream
side and fixedd n{iegrabhyorWichl tie pisd Oy 2reFhersphere fy ange 82ris

advant ageously crinped into a qyllndrical portion 37 |ongitudinally
ext endi ng dowlsEoedm fitemivhetapst Leae sugecst the pahkee 31, PRénfree

erds o o, UGl B0 LN, A Lo Lol ded gou, op LipgeRlre |
of the neans ahe tdighdrwenli dn, itiSe@peY avieh and | pptesentatdrom whkl  now
be described. 40 8017 38K 0RELALONs (L "EnEPELT $2I §Pd 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
iongitudinalily extending dcwnstream 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 i1t fixedly.

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

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

25 therefore the pallet 31 and the cores 20, 40 it
gsupports. 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 ig the 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 i hei,r apsformer 10, 30, The piston IS, further e free
in rotation 5%5&€%Ft8ng?¥ gﬁevﬁ%HSPB?a?rng: ? et%ﬁs %%l l§$i€§s€P% t he
sphere 51, theoratten,fueely tbtati ngahbfbhessphere3d) ange 52. No notion is
transmtted to the cores 20, 40, that remain aligned in their respective
transformer 10, 307DFhePbHIIN | 6i nt S| i FRESTEITIE ndkES pdBsi bPe2E b~ avoi d

any nisal i gnmeptef fthe Sensoxs Fmeh URALENG  10hEopatken of Lheypiston 2

about its axis X. In operation, the transversal forces may additionally be
applied onto the apbtreahipatheolather preebpn Lotaebudtimgthe sheepdston 2

bendi ng. Bendi.ng_i s (o] nsat ed by .the sphere 51, com into rotation in
15 t he spher effl%zriﬁae 5?2. ) n{g?ﬁ)ﬁni $5tr I?Jteté:c?c{ o ¢ Eéggcocroerseszoé&ﬂo, t hat
remai n al i gnedoi, nthbei FengspegliyRedt EANSHOT PBfedPecBlve TheaRaF bk Nt |1 nk
50 thereby allows for the sensors 3, 4 to be %rotected when  transversal

forces are appPiedat Ttfe hipsk rbaiiendink 50 thus makes possible to

aveid any misalignment of the sensors 3, 4 upon the
10 rotation of the piston 2 about its axis X.

In operation, the transversal forces may
additicnally be applied onto the upstream part of the
piston 2, resulting in the piston 2 bending. Bending is
compensated by the sphere 51, coming intc 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 bkhall joint link 50 thereby
allows for the sensocrs 3, 4 fo be protected when
transversal forces are applied at the upstream end of

20 the piston 2.

When the jack is in operation, the plston 2 can
be subjected to forces generating motions of
translation, of rotaticn about its axis or of bending
of the piston 2. Through the ball Jjoint 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 5C is less likely to become
jammed, as dust is less likely to enter inside the
sphere flange 52.

30 In another embodiment, referring to Fig. 6, the

sphere 51’ 1s 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 50,
only 25 the translation notions on the axis X of the cylinder 1 are
transmtted to the cores 20, 40. The bali joint 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. sp 51t conpri, axi o] X, . .Gl OSS b SCcrew
531 havi ng its gﬁﬁ%t?@%ﬁ%%nﬁzscggméﬁﬁ%ﬁﬁgﬂtﬁ%ﬁgglFg? pé%tgﬁbggft?ﬁg t he
cores 20, 40 dcfphdre sansabspdisés Eheadischewe5]] tsoekadped at scksw

upstreamend hy a nut, 532 allowing for the sphere 51' to be secured on the
pal l et 31. Th%%pﬁéar‘élﬁq ahge 82715 epRef o SIHEWSCstigH 2, the Bﬁgéﬁtbet ween

a nut 53 integnalsuMdrtling Phet eBrdsand, 10 arwedgesafdsokheswedgerhd being
inserted on the downstreampart of the sphere flange 52'. This invention
has been pPeseéfred i3¥ L elaat¢bimpad t 4t aifackpsbueaint eagplbiesa toubt R8E types

of devices C%’Iﬂr&w%i(r]%g. 8.pi ston %%l%{éreefiglt'ragglqct)éonseicrhraedlSO%yl icﬁrger’
such as a neteéeri ng VviCé or ‘an alrrcratt engl ne conprising a asse Iy
i nvol ving a cyadlnder 31a piston and a neasuring device according to the
The sphere flange 527 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 ailrcraft
engine comprising a assembly involving a cylinder, 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 two 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 c¢ylinder. In a closing 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, 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

piston T shifiledil i Lianslet ipn YaiLhe afld nder ofy Lhe amteringydevi ce,

t hereby providing fo rtial t 6t al opening of and a
fluid connunldabmonjmfrnniehetbnhﬂkatOuthetouEhet}gﬂ&&bmnstanslaanehatlon

allows thus to."regulate’ or "dose” the fluid, flow rate. I.n order to
det er m ne t he *pd&iTi ﬁ% %ﬁé prEPBhTEsi M1 ar A9SEo t pﬁﬁﬂﬁ FESY
enbodi nment argugportlng paIIet is transversally arranged in the pi st on,

t he paIIet supporting two stens on which are respectively nounted the
cores of the LVDT typecpdsittendsenspise theThestbies afethespestpvel y

aligned with % ﬁ%ggr%gfpggtly§ t&g&g} orer ., Ek%ﬁgm%k thg d mgsé%g?ﬁ%end of

the cylinder o erin evice, " An aper ure 1's ‘provi
domnstrean1en¢a®ﬂetha¢p|skansvahbawu@g.aﬁf&hgéﬁnshorMM£s;h@tn@ss tHAbe
supporting pallet s 18 L pked 1,4 e Bhston By mpans, of ;g ball jefpt ink
t he pp g p ¥
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 is
provided at the downstream end of the piston, allowing
the transformers to pass. The supporting pallet is
15 1linked to the piston by means of & ball jeint link, the
ball sphere being, for example, fixed to the piston and
the sphere flange being fixed to the supporting pallet.
It is understood that this invention equally
applies to proximity sensors such as a pierro type
20 capacitive proximity sensocr, 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]2for exanple. 12 Patent Clainms 1. A
device for neasuring the position of a piston in a cylinder, extending
along an axis, the 5 device conprising at |east two position sensors,

respectively conprising: - a firgeteafisgdapdaber integral with a
supporting pallet linked to the piston, - a second sensor nenber integral

with the 10 cylinder, the first and second nenbers of each sensor being
arranged for being mobile AndévﬁnslabkomeeeerihglahEV@oBatﬁhez@ﬂmew al ong

an axis parallel to the s of the ¢ Ilnder t he device bein
charact eri Z&t°FA" 151 hat ?HLl? FSt senhsor H%%b@#?nﬁreapnt%ﬁ%%i ﬂﬂFﬁ t he

sanme supporgipgcpal E@&lp?%@ﬂgco%&eﬁ?@aé@ thgopi %b%@tlbﬂro%%ﬁm | joint

link. 2. A device according fo claiml1, wherein | east one position
sensor is aiﬁﬁmﬁttyiﬁﬂxeﬁ@ﬁﬁrl?Dnﬁ A devi ce accordlng to claim2, wherein
the first sensor nenber %Id £05|t|on segsor 1%grlses a ?%

supporting a ferronag%et Tt hBSUEESNnd TErtr® memBéFcorfori ses a

transformersupporting pallet linked to the pisten,

- a second sensor member integral with the

10 cylinder,

the first and second members of 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 are integral with the
same supporting pallet being connected to the piston
through a ball joint iink.

2. A device according to claim 1, wherein
at least one position sensor is a LVDT type sensor.

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

4. A device accerding to claim 1, wherein

25 the ball joint link comprises a sphere supported in a
sphere flange.

5. A device according to claim 4, wherein
the sphere flange is integral with the first sensor
member.

30 6. A device according to claim 5, wherein
the sphere flange is crimped intc a part integral with

the first sensor member.



4. A device according to claim1, wherein 25 the ball joint |ink conprises
a sphere supported in a sphere flange. 5. A device according to claim 4,
wherein the sphere flange is integral with the first sensor nenber. 30 6.
A device according to claim5, wherein the sphere flange is crinped into a
part integral with the first sensor nEnber. 13 7. An assenbly conprising
a cylinder, a piston and a neasuring device according to claim1. 8. An
aircraft engine conprising an assenbly according to claim7. 5 9. A jack
conprising a nmeasuri’ng deviite aRFEH nFCUR I HITE 1.2 1GYIANESSri fg devi ce

conmprising & mEasurlng, feyl ee; accori 09 1051 M Lo WO adp 120 25

8. An alrcraft engine comprising an
assembly according to claim 7.
5 9. A jack comprising a measuring device
according to claim 1.
10. A metering device comprising a measuring

device according to c¢laim 1.
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