1 AN | NERTI AL ROTATI ON SENSOR HAVI NG | TS SENSI NG ELEMENT MOUNTED DI RECTLY
ON THE BODY The present invention relates to an inertial rotation sensor.
5 BACKGROUND OF THE | NVENTION Inertial rotation sensors are known that
conprise a body, generally made of aluﬁlnunl carrying three sensing

el ements whose axes extend in orthogonal directions so 10 that the

measur enent _of rotationRggrfo each__resonator enables the trajectory
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or nore guaﬁ@taéhectE@@@QIadjacent to the main el ectrodes. The assenbly
needs t@ be naintained in a vacuum so as to avoid disturbing the operation
of the resonator aseous 20 danping. There then arises the probl em of
maki ng nech® %gﬁdc@15ﬁﬁwL§ME ctions between the sensing el ement

and the sensor bqell)érwﬂlaqh riok aGaRer @émédmdar@f kabwil Ruak Thepe9sbfhci ent of
t her mal exp%p ion of th alug%?unl 25 baqdy is ver dlffsrent fromthat of

t he sensing gheﬁFne & Yoftagq ofa 21yl r CeETAHORd tPKEECPRESHMBG hani cal
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flexibl e mechanhGaly coRNEGH QY (Qener @éaéf?nme@r in RhiRe BAMELEhoAsf! exible
clip or very flne r?F morkln% in bending) i1s generally disposed between
t he sensing ement comprises a resconator in the

form of a substantially hemispherical bell, generally

15 made of silica, fixed on a stand also made of silica and
carrying main electrodes together with one or more guard
electrodes adjacent to the main electrodes. The assembly
needs to be maintained in a vacuum so as to avoid
disturbing the operation of the resonator by gaseous

20 damping.

There then arises the problem of making mechanical
and electrical connections between the sensing element
and the sensor body which is generally made of aluminum.

The coefficient of thermal expansion of the aluminum

25 body is very different from that of the sensing element
made of silica. In order to avoid inducing mechanical
stresses in the electrode-carrying stand during
variations in the temperature of the body, which stresses
would affect the measurements performed by the

30 regsonators, it is essential to provide a flexible
connection between the electrode carrier and the sensor
body. This flexible mechanical connection (generally a
part in the form of a flexible clip or wvery fine rods
working in bending) is generally disposed between the

35 electrode-carrier stand and a base made of a metal
material having a coefficient of expansion close to that
of the body. The base of the assembly, when made in this



35 electrode-carrier stand and a base nade of a netal material having a
coefficient of expansion close to that of the body. The base of the
assenbly, when made in this 2 way, can ea?ily be secured to the body by
adhesive, soldering, or any other fastenfng neans, since the coefficient
of expansion of the two parts to be united are very close (it is
conventional to nmake the hase out 5 of the sanme material as the body).
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15 electrical connections that comply with the requirement

for the resonator to operate in a vacuum. This system is
generally constituted by rods passing through the base in
leaktight manner. The same rods may also be used as
flexible mechanical supports (very fine rods working in
20 bending) for the electrode carrier, as mentioned above.
Presently-available technology sets a minimum
dimension on the leaktight electrical connections, and
the flexible mechanical connection is optionally provided
independently of the electrical connections, which given
25 the number of electrodes for connection and the
mechanical constraints to be complied with, leads to the
base and the electrode carrier being large in size.
From the above, it results that the total volume of
each sensing element is at least about 40 cubic
30 centimeters (cm?®) to 60 cm3®, and that reducing the size of
. the resonator does not enable the overall size of the

rotation sensor to be reduced.

OBJECT OF THE INVENTION
35 An object of the invention is to provide an inertial

rotation sensor presenting a volume that is smaller than



rotation sensor to be reduced. OBJECT OF THE | NVENTI ON 35 An object of the
invention is to provide an inertial rotation sensor presenting a vol une
that is smaller than 3 that of prior sensgrs, while having perfornance that
is at least equal to that of prior sensors. BRI EF SUMVARY OF THE | NVENTI ON
5 1n order to achieve this object, the invention provides an inertial
rotati on sensor conprising a body in which there is nounted at |east one
sensi ng el em%%tat (‘f’gpr’q?rrilsqJ:rg"llgseai1 9. SHHpE MG HaRAT oSN gadingg 1is |
el ectrodes cartriledsty eapuadl ect riode: caf rpElostafithothe 10 body bei ng nade of
a material having a coefficient of thermal expansion close to that of the
el ectrode-carrier stand, and the el ectrode-carrier stand being secured
directly to BREEFoSPMMARYS OFhalHEZNEINRVENTION, out of a material having a 15
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Thus, making the body out of a material having a
15 coefficient of thermal expansion close to that of the
electrode-carrier stand makes it possible not only to
reduce the size of the sensor by eliminating the base and
the associated flexible mechanical connection usually
needed for mounting the resonator on the body, but also
20 makes it possible to eliminate the parasitic resonances
that result such a connection. The sensor is thus
improved both in terms of compactness and in terms of
performance.
In an advantageous version of the invention, the
25 electrodes comprise connection tabs which extend over one
side of the electrode-carrier stand. Thus, the
electrodes can be connected to the external processor
unit without it being necessary for them to pass through
the electrode-carrier stand, thereby enabling the size of

30 the electrode-carrier stand to be further reduced.

BRIEF DESCRIPTION OF THE DRAWING
Other characteristics and advantages of the
invention will appear on reading the following
35 description given with reference to the accompanying

figures, in which:



O her characteristics and advantages of the invention will appear on
reading the foll ow ng 35 description given with reference to the
acconpanying figures, in which: 4 Figure 1 is a perspective view of an
inertial rotation sensor of the inventién, one of the sensing elenents
being in place on the body; Figure 2 is an axial view of a resonator in 5
section on line Il-1l of Figure 3; and Figure 3 is a plan view of the

el ectrodes of the' Etmsiagleienenpetskentive secdw omf cem | imertidt |11 of

Figure 2. 10-DETA LEDOESOR! B OO OFnJl L OWENIAON Forp @ petiely |
under st andi ng_of the i1nvention, the sensing eléenent 'S shown i Figures 2
and 3 at a sEafBenEmPeiBIniRhPyreater Ehanbedy: scal e of the body shown in

Figure 1, with the rhickaesses gh Lpeael ®ciyodes, &L oA 5141 I gaps being
exaggerated. In the enbodi nent shown, the sensing_elenent conprises, in

convent i Gnal SHahhet, O3 henFspheff caf FigpFatdi #¥ber, for exanple a bel

made of silica and Figefleby fissiepldntoiawSbéanths 41&ewSE=4vse i silica.
and the stem 4

20 The insid c he_bell 1 together with, its_edge

are covered §%§§£$§y%}g%?£%e?%Fe§.l%h%gc%%%%do% e i b5 nkth @ ectrodes 5
and a guard Bigerecde 6 whose edge surrounds the main el ectrodes 5.
According to the invention, the electrodes 5 25 conpri se connection tabs 8
whi ch extend over the side 7 of the electrode-carrier stand and lead to a

face 1418f PREABIER (PHIUCRERTEONOE Bl BWOHBETIANfrom t he el ectrodes 5.
Sinmilarly, the guas# @'E@ﬁﬁ@ﬂeuﬁdgﬁétén&9ﬂ§Q§fi@ﬁbtfﬁksékféﬁfﬁhﬁgtends over
ch Teads
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that is much greater than the scale of the body shown in
Figure 1, with the thicknesses of the electrodes and the
15 air gaps being exaggerated.

In the embodiment shown, the sensing element
comprises, in conventional manner, a hemispherical
vibrator member, for example a bell made of silica and
fixed by a stem 4 to a stand 3 likewise made of silica.

20 The inside surface of the bell 1 together with its edge,
and the stem 4 are covered in a layer of metal 2. The
stand 3 carries main electrodes 5 and a guard electrode 6
whose edge surrounds the main electrodes 5.

According to the invention, the electrodes 5

25 comprise connection tabs 8 which extend over the side 7
of the electrode-carrier stand and lead to a face 14 of
the electrode-carrier stand opposite from the electrodes
5. 8imilarly, the guard electrode 6 has a connection tab
9 which extends over the side 7 of the electrode-carrier

30 stand and which leads onto the opposite face.

In conventional manner, the sensing elements are for
mounting in a hollow body 10 having openings 11 opening
out into three mutually orthogonal faces 12 that are in
communication with one another.

a5 According to the invention, the body 10 is made of a
material having a coefficient of thermal expansion close

to that of the electrode-carrier stand 3, e.g. silica or



nmounting in a holl ow body 10 havi ng openings 11 opening out into three
mutual |y orthogonal faces 12 that are in comuni cation with one another.
35 According to the invention, the body 10 is made of a material having a
coefficient of thermal expansion close %o that of the electrode-carrier
stand 3, e.g. silica or 5 invar. Each electrode-carrier stand 3 is
hernetically secured by adhesive directly onto a plane annul ar surface 13
surroundi ng iaﬁa@penEnghlgl(%%e"daegmae:r]i)er BrenidnBernts treramiliced 1yo rot ati on
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for 20 conpensating t extra thickness provi connecti on t abs.
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little fromthe faearafil etlh@dﬁnv&tl%% shkowr,:on ite dorJ agR in Figure 1,
the connecti (F)"P’ 25 tab 9 may extend over the side only of the
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15 In particular, although provision is made to apply
adhesive directly to the edge 7 of the electrode carrier
and to the connection tabs 8 and 9, provision could be
made to begin by covering the edge of the electrode-
carrier stand in an electrically insulating material for

20 compensating the extra thickness provided by the
connection tabs.

When the electrode-carrier stand is of a thickness
such that it projects a little from the face of the body
10, as shown on the top face in Figure 1, the connection

25 tabs 8 and 9 may extend over the side only of the
electrode carrier without extending over the face
opposite from the electrodes, thereby simplifying
fabrication of the connection tabs, while still enabling
connections to be made easily with the processor unit

30 without passing through the electrode-carrier stand.

It is also possible to make the electrical
connection with the electrodes in conventional manner by
providing respective passages through the electrode-
carrier stand in register with the electrodes, and by

35 providing sealing material in the through passages. It
is also possible to make the electrical connections by

ducts passing through the electrode-carrier stand in



connections to be nmade easily with the processor unit 30 w thout passing
through the electrode-carrier stand. It is also possible to nmake the

el ectrical connection with the el ectrodes in conventional nanner by
provi di ng respective passages through theb el ectrode- carrier stand in
register with the electrodes, and by 35 providing sealing material in the
through passages. It is also possi ble to nmake the el ectrical connections
by ducts passig§tew sugh tthe ellectrodescand &rildedndiich Gondgbstes with
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the electrode carrj'er to be nmade i nexpensive mass-"pro fteans of
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singl e guardki@be&hkmﬂﬁJMJhﬁmﬁo%&%&k%o%@&%eCt'0“ tab 9, a plurality of
connect i n tabs c %P vi ded di sposed synmetrically_ about the stem 4
of the b in or %ﬁ PaSREAtPE S8PHBCc 8 Sdde SEBILReIEBRACCt i ONn t ab.
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15 electrodes connected to a common terminal can be provided
on the face of the electrode-carrier stand that is
opposite from the electrodes.
Although the invention is shown with a sensor
comprising a body having three sensing elements, it is
20 also possible to make a sensor having some other number
of sensing elements, for example one, two, or four, on
axes that are orthogonal or otherwise.
Naturally, the inertial rotation sensor of the
invention may also comprise conventional members such as
25 a member for providing a vacuum, or a member for
absorbing molecules that is secured inside the body. The
body may also receive accelerometers, preferably secured
by adhesive.
The connection between the body and an external
30 frame is preferably implemented by means of a resilient
suspension, e.g. by elastomer studs which absorb
differential expansions between the body and the external

frame without disturbing the operation of the sensor.



absorbing nol ecules that is secured inside the body. The body may al so
recei ve accel eroneters, preferably secured by adhesive. The connection
bet ween the body and an external 30 franme is preferably inplenented by
means of a resilient suspension, e.g. by7el astomer studs which absorb
differential expansions between the body and the external franme w thout
di sturbing the operation of the sensor. 7 CLAIMS 1. An inertial rotation
sensor conpriSifgia body (10) in which there is nounted at |east one

sensi ng el ement a Lo 4Si g < e or. (1) re cing 5
el ectrodes (5) ,éAar %r%h%iyaan@oe ecit?%ge- c%?%i%r 161%10;(%33 Sg&? efi%éegojrfét or
(1) and the &l dderarys droutad 33)ledali oie corriding estemarit t her mal

expansi on t hajorise £ilrase: Bl 10N A0 hed s oh Do SeNsors gl Ay © erized in
t hat thabo%ﬁ%%qﬁ%e of a materi a?o havi ngpg)ocsoée)(?"%I}:E(%](f1 eﬁ?é%éof
t her mal ekparfsi (IR R the ¥ RtFORderareYe st BFRPY 3§3) and in
that the el edtirodesaraticr (St amt (Re | 1 eeerb@s &l Fecd ysodnd hespody (10).
2. A sensor r di to.claimil, racterized in that 1is the resonator
(1), the el eg\%rq%él A (r;(%)rerfiofelrmsetrgﬁ?d C(é;%%%ﬂﬁait?fépwr( 1gyatr 2 frelchP 2% :
silica. 3. Atsermy® aaugdradi,ngho sHrasor lhe Oharded erdized 2¢d thatthitbe
el ectrodes (5, SRR ise ; i ,-9), 20. whi ch_extend, over a
side (7). of '?:ﬁlf)ebl ect r(:)1 e- clg‘f?%g% Cg{]a&ni%%%&t%lglheaa‘ﬁuf% FHEBUL T of the
body. 4.10a sé&disdhegdedr dxppndal @ins: tthatlst erf Zswk ieledtatodehe
connecti on t aRs raleso sqﬁr@wd( Pveramy facedd) el 4 r&%bcgé_e&gfrop& carrier

’ (10)

. 1
stand (3) that is opposite fromthe electrodes (5
stand 1s secured directly on the body

2. A sensor according to claim 1, characterized in that
15 the resconator (1), the electrode-carrier stand (3), and

the body (10) are made of silica.

3. A sensor according to claim 1, characterized in that
the electrodes (5, 6) comprise connection tabs (8, 9)

20 which extend over a side (7) of the electrode-carrier
stand (3) to lead to the outside of the body.

4. A sensor according to claim 3, characterized in that
the connection tabs also extend over a face {14) of the

25 electrode-carrier stand (3) that is opposite from the
electrodes (5, 6).



