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1 A METHOD AND A DEVI CE FOR MEASURI NG THE SPEED OF AN
Al RCRAFT, | N PARTI CULAR A ROTORCRAFT AT LOW SPEED The
present invention relates to ajethod and to a device
for determning the speed of an aircraft relative 5
to the surrounding air, and in particular the speed of
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ar 8t LAY SPEREi'ple, the static pressure intake and the
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between static pressure {or ambient pressure) that is
independent of speed, and the pressure that is given by
an intake for total air pressure, which intake is known
as a "Pitot tube" by the person skilled in the art. In
principle, the static pressure intake and the total
pressure intake are grouped together in a single pressure
probe, also known as a "Pitot probe" or a "Pitot head",
that is of substantially streamlined and cylindrical
shape, with & generally hemispherical anterior portion
placed on the aircraft in such a manner that firstly the
total pressure intake is situated at the extreme upstream
point of the c¢ylindrical body (known as the stagnation
point when the axis of the cylinder is parallel to the

incident air stream upstream from said stagnation point),



incident air streamupstreamfrom said stagnation
point), 2 and secondly the static intake is radia

and behind the total pressure pntake. Thus, and in
application of Bernoulli's theorem (which holds good
up to about 300 kilonmeters per hours 5 (knih), beyond
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However, in fact, the indicated speed V; differs from

25 the equivalent speed because the instrument is not made

perfectly {instrumental error associated in particular

with making the static intake) and because the static

intake does not give exactly the static pressure at

infinity as would be appropriate. The static pressure is

30 the pressure that would be measured by a probe without

any speed relative to the air, and it is alsc necessary

to distinguish local static pressures {a function of the

flow of air around the aircraft or pressure field) and

the static pressure of the surrounding air in the absence

35 of any interaction, known as the "static pressure at

infinity", it being understood that this is the pressure

that ocught to be measured by the ASI installation.



infinity", it being understood that this is the
pressure that ought to be neasured by the ASI
installation. 3 It can thus readily be understood
that devel oping and using an ASI is difficult,
requiring special corrections and calibrations.
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i nc he range o ose to hoveri ng,
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20 - vertical flight, up or down;
stationary flight or hovering, when the aircraft
does not move relative to the air; and
flight in translation, whether horizontally or
inclined.

In the range of flight close to hovering, the
existence of vertical and lateral components in the
flight path air speed can induce angles of incidence and
of side-slip between the flight path air speed vector and
the rotorcraft that can reach large wvalues, making the
air speed indicated by such traditional devices badly
Wrong.

With rotorcraft, the wash from the rotor(s) also
disturbs indications in this portion of the £flight
envelope.

Because of these phenomena, limitations are put on

the use of rotorcraft in order to guarantee safety, with




35 Because of these phenonena, limtations are put on
the use of rotorcraft in order to guarantee safety,
with 4 the correspondi ng reductjon in the utilization
and the performance of such aircraft. Consequently,
in order to avoid loss of sensitivity, certain
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condi ti ons 605 presents a device
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Under such <conditions, US patent No. 3 373 605

presents a device mounted on an arm that rotates at

25 constant speed, thus constituting a rotating antenna, and
fitted at each end with a total pressure intake or Pitot
tube. That device enables the absolute value of relative
speed to be measured in the plane of rotation of the
antenna between said device and the incident air stream,

30 and also makes it possible to measure the direction of
that air stream in said plane. The pressure difference
between the two total pressure intakes 1is a periodic
function having amplitude that is proportional to the
modulus of said relative speed. In practice, the

35 relative speed 1is obtained directly from the maximum
value of the pressure difference. Side-slip 1is
calculated from pressure difference values measured at




35 relative speed is obtained directly fromthe

maxi mum val ue of the pressure difference. Side-slip
is calculated frompressure difference val ues
neasured at 5 "points" that are spaced apart
orthogonally. No i nformati on on a possible relative
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25 empirical results (experimental curves). In addition,

the sensitivity of that device tends towards zero as the
speed of the aircraft decreases.

In an attempt to provide a solution to the problem

of obtaining the speed of a helicopter, document FR—

30 2 282 644 describes a device for <determining speed

components in a plane parallel to the rotor plane during

flying stages close to hovering conditions. That device

performs said function via two measurement systems

associated with the pitch cyclic control system of the

35 rotor under the control of a contreol stick, having a

first detector for detecting the position of the rotor

pitch cyclic control along the transverse axis, and a



associated with the pitch cyclic control systemof the

35 rotor under the control of a control stick, having

a first detector for detectinggthe position of the

rotor pitch cyclic control along the transverse axis,

and a 6 second detector for detecting the conponent

of acceleration along | ongi | nal IS, t £
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val yes.nmeasused hy-the 5 Ju0-GardLSpARd ngadet eakeestors, to
relative to each of the above-nentioned _axes.
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di sclosed ip the t 0 0 nt I ;
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deterntning the two conponents of the air,_speed .in .
t hePBPEABSOM HheSPBEBr GHPORETGSdaNte TRt Mok UiRhes Fetative
FR-2056%r2484 28dateaehes Zhecaxkai Annouelstion.

di spositjons that enable 1the vertical manent gk ts d
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i nt erna neasurenent neans, 1.e. the position of the
| i f enfotornN3UCESRt COMPORESItFy accel erometers), the
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conponents of acceleratjon in .the bi n., _Those ~
di sFE¥PPPERESare dpht i 2T t BPEEMt Afin €08 Blan® St the rotor in

accordance with document FR—2 565 270, and teaches
25 certain novel dispositions that enable the vertical
component of the speed of the helicopter relative to the
surrounding mass of air to be determined when said speed
is small, with this being done solely by using internal
measurement means, i.e. the position of the 1ift rotor
30 controls (using accelerometers), the speed of rotation of
the rotor, and the three components of acceleration in
the cabin. Those dispositions are applied to certain
mass-produced helicopters and do indeed provide
information that is useful for the pilot and that is used

35 by on-board systems, but nevertheless with accuracy that
is limited by the fact that the accuracy of the pendular
system (accerding to document FR—2 282 644 only} and the




mass- produced helicopters and do i ndeed provide
information that is useful for the pilot and that is
used 35 by on-board systens, but; nevertheless with
accuracy that is limted by the fact that the
accuracy of the pendular system (according to

docynen lFRp%i%§% 844 onlydqangdhe det@eht@lng speed (see

principles used for determ ning speed (see docunentg ]
FR goo@penia, FER2, 2865 &g, BRdZ Fre2 88, 38af (FR—2 088 314):
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25 An object of the present invention 1is to remedy
those drawbacks and to propose a method and a device
capable of measuring the three components of the flight
path air speed of an aircraft that can hover or move in
any direction, in particular when maneuvering at low

30 speed.

According to the invention, the method of obtaining
the three components u, v, and w of the flight path air
speed TA of an aircraft in a non-rotary rectangular frame
of reference (%,v,z) has the fcllowing steps:

35 - measuring ailr pressure via at least four pressure

intakes, comprising first and second groups of two

pressure intakes each, disposed respectively at each of




the three conmponents u, v, and w of the flight path
air speed TA of an aircraft in a non-rotary
rectangul ar frame of referenceg(x,y,z) has the
followi ng steps: 35 neasuring air pressure via at

| east four pressure intakes, conprising first and
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flr% |tug% and secondé& % second expression
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the arm
expression representative of the first magnitude and

secondly a second expression representative of the second
25 magnitude;
since the first expression is proportional to w,
and the other terms are known, w can be deduced therefrom
by identifying said first expression with the first
magnitude, said operation being performed by harmonic
30 analysis synchronized on the speed of rotation of the arm
using a synchronization signal, such that the mean value
of the first magnitude provides w on the basis of
knowledge of the one-to-one relationship between said
mean value and w as obtained by prior calibration;
35 . the second expression is a time periodic function
of angular freguency corresponding to the constant speed
of rotation € of the arm and it depends linearly on two



usi ng a synchroni zation signal, such that the nean
value of the first nmagni tude provides w on the basis
of know edge of the one-to-onegrelationship between
said nean value and w as obtai ned by prior
calibration; 35 the second expression is a tine
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pl ane_of rotation m . ULEe4PLAREH S b
P R rpLEL Y PR i <R e herg UaRIPEISR % posicive
possigwe sign by the first conbiner nmenber and a
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el ectric signal fromthe pressure intake beneat
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sunplgge ded i ¥8hSismitted to both combiner members and 1is
given a negative sign by the first combiner member and a
positive sign by the second combiner member; and
25 . the electric signal from the pressure intake
beneath said plane of rotation of the second pressure
probe is transmitted to both combiner members given a
negative sign.
Whereby, the first combiner, after summing, delivers
30 the signal representative of the first magnitude. In
analogous manner, the second combiner, after summing,
delivers the signal representative of the second
magnitude.
A second variant of the method enables the first and
35 second magnitude signals to be obtained as set out below:

the pressures at the pressure intakes above said

plane of rotation, in the first and second pressure




30 the signal representative of the first nmagnitude.

I n anal ogous manner, the second conbi ner, after

summ ng, delivers t he si gnal rf@resentatlve of the
second nmagnitude. A second variant of the nethod
enables the first and 35 second magnitude signals to

be obtained as set out. hel the <o
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SeCaﬁaoBBg§§%gég§F§LeggSSB esagigvéggﬂgesahn Eﬁ@ctrlc signal

ransm t
pr esspreseseasdrvet hit saedsgeeong ﬁﬁﬁﬁ@rﬁmﬁﬂ@ﬁeﬁﬁ%£sure'

1gPressure, Qﬁ%“eﬁgeégﬁr@%es§EretﬂEaSFE§GsQ¥eth@ntakes in the
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the second %re?%gég gggeats%ﬁéfggéggu ée%% [fes below said
plane of rotaticn in the first and second pressure probes
25 are transmitted to a fourth pressure sensor that measures
a fourth differential pressure between said pressure
intake of the first pressure probe and said pressure
intake of the second pressure probe, said fourth pressure
sensor delivering an electric signal representative of
30 said fourth differential pressure.
Under such conditions, the following are obtained:
the signal representative of the first magnitude
by adding the signals representative of the second and
third differential pressures in a first summing circuit;
35 and
- the signal representative of the second magnitude

by adding the signals representative of the first and




sensor delivering an electric signal representative of
30 said fourth differential pressure. Under such
conditions, the followi ng are obt ai ned: the signa
representative of the first nmagnitude by adding the
signals representative of the second and third

di TESTe011 2l Biresstirasi n Grddsstesunmiing i redidond 3Summing
and” the signal representative of the second nagnitude
by @HEFWgtt he signals representative of the first and
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bet yeep: t he, or ohe fragink@ t herdhgectd Dibpdtide speedh&0 probe,
vector and the maxi num val ue of .the el.ectri.c signal d
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10conpessatedahy offsetddnignirhe velase off t hge electric signal
synchroni zation, si | ., Al'S, Ntagequside, tHhss effect is
phaE%pE%???£%gﬁv%eQHi5tggnﬁgﬁggﬁgd b%%using a rotatio e
mat coxpapphied to khe ©&fseFEAns suppPfed BO#F noniS ©

anaggﬁgﬁ oRuttheLADEegnhine invention also provides a
devi te ?or nmeasuri ng the three Cﬁggone ts u,

and
of the ALPght asHAN AT Ipsl TAS St EOfhat Tom Do

an HIGTT af
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directions, .in particul ar an [ at | ow
speﬁamp?ﬂgnaévF@Bpﬁ§eae§§rQggﬁgng% ?ﬁéﬁ&sq%f conpri ses ,
an arm oFtlmbpgemabrat itlse cdmventtionn adppvePshuifes a device
rot %EE”%&M%”&EPG&P&@ E8k@bheRtssaid v25 @dn w of the

carrying a respective pressure probe at each of its,
end§1igbacpastessif eSpreBe Ths Qfy Rt ALCAE AL AR 19 capable

2ot hege hovering or of moving in all directions, in particular
when maneuvering at low speed.
The device is remarkable in that:
it comprises an arm orthogonal at its center to a
drive shaft rotating a constant speed of rotation, said
25 arm carrying a respective pressure probe at each of its
ends;
each pressure probe is symmetrical relative to the
plane of rotation, having a streamlined anterior portion
situated on the advancing side of said arm, said anterior
30 portion having at least two pressure intakes disposed
symmetrically about said plane of rotation and lying in a
plane of symmetry of said pressure probe orthogonal to
said arm;
each pressure intake is connected to at least one
35 pressure sensor that converts the pressure measurement

inte an electric signal;




pl ane of rotation, having a streanlined anterior
portion situated on the advancing side of said arm
said anterior 30 portion havingiat |east two pressure
i nt akes di sposed synmetrically about said plane of
rotation and Iying in a plane of symmetry of said

pressure.phe &BIBPPQQQaltprto%es§%| d R @3Gh PFESSHELng said
intake is connected to at least_one 35 pressure
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15nakehefughoueetofspeedgapﬁgtm¢@@ cwlﬁdNEdﬁrcﬂﬁﬁt ashidraft, in
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The length of the rotating arm between its two ends
25 is advantagecusly short, preferably less than 0.2 m.
Furthermore, its speed of rotation maintained by a motor
is kept constant so that the driven speed of each
pressure probe is much greater than the greatest flight
path air speed to be measured, and is not less than

30 50 meters per second (m/s).

In addition, the angular position of the arm
relative to the rectangular frame of reference (x,y,z) is
known continuocusly because of the appropriate
synchronization signal given by a phonic wheel, an angle

35 encoder, or any other equivalent means.
In a first embodiment of the device, each pressure

probe has anterior and posterior end portions that are
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pressure probe is nuch greater than the greatest

flight path air speed to be neasured, and is not |ess

than 30 50 neters per second (3;s). In addition, the

angul ar position of the arm relative to the

rectangul ar frame of reference (x,y,z) is known
CO”K#P%PU%!al Se; Ynd e 2 EpéﬂﬁrLQESrconnected by a shell
synchroni zati'onm signal” given honi ¢ _wheel
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| s presubst aptobe| yaeu Aeowlear .arih %iﬂisﬁ-‘ref eRfegosédong that are

sf?ﬁgﬁt@ehlt he ey §e£AEH ProsSMEShREObedhasy a  shell
|nner and outer end portlons that are iubﬁéantl ally_gLts

herfilspher L6al SYREradnekted By éngﬁéflrﬁ Viid
SU%@EM@M@' ﬁthhndthﬁal davitmg | hsmaxdirsd 1@ontained in the
coinciding wth that of_the ar on edd

pl 85t§tlt@r¥loéhd %’f‘ds@%tlsoencr}t%hql &%{] 1 Niddeantially
sub:siaamlaﬂ y circular. In a third errbodl ment, each
pressur e; pr obe kﬁlraubaﬂaehh%m sphgihcalordfbure probe is
Natural Iy, t apeés given to each pressure probe in
eamwtam@@llﬂhr%@h%ﬁb%@inents are designed to avoid

an%/ EI st%@@pé:ﬂ)t,o t-he fg}gypé)sf Qh?eﬁa&tol td&chr ggsysmire probe
i nt ake rue i anuarsha r

to 1heS@SRdOL ZGhIer?eea@PF%ef PHRSELBABLTI AEft & ﬁ%’ne\é{s fo avoid
Sr essyr eliisthakes ceof teacﬂnhqar didevar eforaﬁennt gdhstn she pressure
|rect|on passing u ter

por% k%r%ﬁhﬁhtﬁéﬂggn er o? k ﬁ% glfrc ﬁonﬁlgél}ﬁ{e%@% nWere we
t hebplasedof symretry orthogonal to the arm at an

angl e a p{' g gl ther thBskheriRRggedR 5 t@e3§>ﬂe®@iﬁe/elntakes
to the plane of rotation, or else in the gpa55t
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the center of the anterior portion marking the center of

axis

the circle contained in the plane of symmetry orthogonal
to the arm, at an angle a lying either in the range 25°
to 35° relative to the plane of rotation, or else in the
range 55° to 70° relative to the plane of rotation.

An additional and substantial advantage of the
device of the invention consists in pneumatically
connecting each pressure intake to a miniature pressure
sensor disposed in the <corresponding pressure probke.
Fach sensor then delivers an electric signal in analog or
digital form that is representative of the measured
pressure. Under such circumstances, the pneumatic
connection is embodied in the form of a very short duct

or is even direct if the sensor 1is disposed at the

pressure intake itself.




An addi tional and substantial advantage of the device
of the invention consists in pneumatically connecting
each pressure intake to a mniatpure pressure 30 sensor
di sposed in the correspondi ng pressure probe. Each
sensor then delivers an electric signal in analog or

digital formth i S repr tatiye t eas uath es
ot assur ot Uuer 14 RF REPEERER, Bhat® eflen! SRAMADIARN measus
connect i bocak epbedsedei nante ftdam ofthd sverfi &ifor tdisposition

duct 35 90 i §seven, direet ifitbe sensorarts diogFposedeat method
the " pressure intake itself. 14 It should be observed
t hatmekehesesd dpy t fehd nd@¥trFes the | ocal pressure and

sthat thig firsbndi Speskibeniteor cespengsntis t e fiysing four
variant of the nethod  inplenented sal £h deyj ce Acentral
sed%ﬁ%sﬁ%%%ib?????r%or?%gg%ﬁ% t%lﬁgg%g gﬁr l%re%%%re entre
sensef 51 6h spasatheei t hisy althel n @tm cendr al thor dirgive shaft,
f or med he, ar m apd ri v@8 $hafdes subst anddah | Ypressure
at utsr et S hhbesaFr ok iBath oceanre®

r'stan .rom’both pressure probes, or else __ .
i n suches, mannelsehan GNeNpPeFANE L&l ftF jRressure °

1091 5pgsad SR eaCh Presshr prBbebee Whidie t hendl Berisimeher tuo
are 1 n sal

_ central portion. In addition, .each 0
i s agenhecPaddt 6°PkE gr ESLIMETint :9%%%¥%3ﬁ#\§§@§ Sensor is
measgffscBeddidd erant i ptepsessurimtdkess spdondhen measures a
i.tion _corresponds to the second 15 variant of

di spo
theghgfﬁﬁﬁnFﬁﬁ eﬁégfsafﬁy said device. Naturally, the 4
out put sTghal feomadach spawsdrorar Fesre§ePnes| | the secon
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device relative to the air, varies ver it ldd9naturall
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one revolution of said arm, which requires the arm to
rotate at a speed that is sufficiently fast.
The invention and its advantages appear in dreater
25 detail in the context of the following description of
preferred embodiments, given without any limiting
character, and described with reference to the
accompanying figures, in which:
Figure 1 is a face view of a first embodiment of
30 the device of the invention;
Figure 2 is a plan view of the device constituting
the first embodiment;
Figure 3 is a section view of a pressure probe on
line III-III in Figure 1;
35 - Figure 4 1s a face view of a second embodiment of

the device of the invention;




character, and described with reference to the
acconpanying figures, in which: Figure 1 is a face
view of a first enbodi nent of the device of the
invention; Figure 2 is a plan view of the device
constituting the first enmbodi ment; Figure 3is a

section view of a_pressure prabe on. I11-] b
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t hi i edbomm@m t@a\ﬁhfgl ot aEégvr@wlt Hape et | tan being

sto thaiipf rrguier oftbﬁgﬁggtu@n then being 5 on line
III-IIIof Figure 1); Figure |saset|ono

pressur e’ pFéBBIeaBcordi ng toSﬁF&&P&s r 8, %roﬁsure probe
hows EWerQLA§S WE F&gﬂ&@rss dareri ripl aehed;ngFﬂg&Wet‘Wq spressure
a diagram for desc _the 10 processing of the

el eCFFPRTEi Gh&l %mai |ve “from ressure JTeasur ement in

order to-obtginet e thsee xonpbl fpr adgswréPing the

Dthep965e§8§gg @%tﬂﬁéF@ﬁ@c@éléab@gﬂ@ibcﬁeﬂﬁﬂéﬁlﬂﬁomopressure
surroun alr, 1n a first varian

| npReABREElehY ¢ he oitc &0 PP stl?%eea ‘&‘P%?’%ﬁ?gs ur T
forsdgscyi hifng tze aprocepsieng of tthiee elpectlr i ©fsi grdlds device

derived Trom ssure nmeasuy errent in rde t
the@ﬁ?@é"@oﬂ%o Eﬁ‘?s SPrReR 7ot ! t%e a%rkggggd%grlant ot

t hethat ineoﬁoslanmpdiemermedr blyatihee dteaflme surroundi ng
1501, 1na %?1%8'2 ga“i‘gt °£ 28 dhes et g | "Hle%@&lm:ﬂdug the

by the devi ¢ ure isS a perspective view o
t hepveresstipg difagitam eé@gtrhg tSégPﬁéSdéiﬁ@éf%dfm% pressure

met hadsaf-oihBe+t hﬂv%&Hé¥1téadHEHﬂ§ iﬁ@sﬁmieencﬁmpenents u, v,
than one of the figures are iven the

ref @8rencE i P ali%f athFemSpleﬁqgeﬂ rarie Flpg%tr QIftoa'swLd device
showedbkegki Gid akes, sakgobunding air, in a second variant of

20 the method implemented by the device; and
Figure 9 is a perspective view of the velocity
diagram relating to the device and the method of the
invention.
Elements present in more than one of the figures are
25 given the same reference in all of them.

In general, Figures 1 to 5 show direction axes, alsoc
made explicit 1in Figure 9, so as to specify a non-
rotating rectangular frame of reference (X,y,z) and a
local rotating rectangular frame of reference (r,t,2).

30 Under such conditions, Figure 1 shows the mechanical
portion of the device 1 of the invention which is in the
form of an arm 2, orthogonally connected at its center C
to a drive shaft 3 extending along the z axis, and
rotating at a constant speed of rotation €.

35 The x and y axes are contained in the plane of

rotation PR of the rotary arm.



made explicit in Figure 9, so as to specify a non-
rotating rectangular frane of reference (x,y,z) and a
| ocal rotating rectangul ar franggof reference (r,t,z).
30 Under such conditions, Figure 1 shows the
mechani cal portion of the device 1 of the invention

which is,in ggﬁ oot pLof . an ag%zargrhgﬁggna%gsure probe Si,
connect e af *t's center €to a drive shaft 3. _
ext endragthborgdeie iz ki equahdtor ét & g id gldentifies each

Conékaﬂﬁesﬁﬁggsgger9E@Bb9nrgﬁa§5v$h€oxta@doYhéxes are
contained in the plane of é?tlon of .t he rotary

arm 16 Aﬂuéﬁcﬁ(ﬁhQW% Eﬁ&s ﬁ%c%rﬂfhaglﬁnprégiureand more

5properbicubbene the m@d%K1Wel$d§¥ﬂﬂods)dﬁcﬂhé amflerence axes
identifies each  of the press r Q&S v to L ated
t heXoffer ¥ FFSEPElgeshoms f% lfﬂag\‘?l&ce in pﬁa%h§|gﬁ/ ang crere
noreith phet prebankyg phebeel ative positions of the
referencﬁa@ﬁegi%?éﬂy$3®f§$@th%e5§hﬁé¥&i@§ﬁ|rélailhe to the
e

and t, associ wth the pressure probe qg 4
pr eB&@ne p?%béOtétéﬁﬁﬂe?$rchi#blétl% it d pegteTior en

100f petatban ARuadddh @nSttlh%arﬁtcﬂﬁ&dcﬂn@erllde enfl s2@d arm, as
or%hon srtugted on gdgancrng side of said arm as
sho#i°l'R Efgtr85T3%a da§ ifgure 3 in particul ar
i ndi cat esiyhat Bhiin QMEmlmmlaExunemeapeﬁtMM@ﬂuﬁbxﬁnanterlor

pre n e e d hadex
PocRRFEg ok Lor gt tpelsPhaads Shibiggendeeranges by ans
synﬁptﬂﬁéﬁkﬁy dbotifleRhécpl aned ofthet 4F1d6% PREantk) t hihat are

15aredgbﬁegéﬁdsyﬁmbﬂ%lgbim? A csytmeld Yo lend Jobfreasbion PR and
pressure probé pl ane natgrally belgglqﬁrhoggnal of each
thae & zilﬁptosresd Uritet Rt 0B42BEI & SHe
prepsaBEurentﬁkﬁ& Pisaintl flaacendicspedédd respectévehggonal to
abo and _20Q bel M/th tatl P, n
flrgﬁ Cerbdli fent o tﬁe evi ceso{?flgcgurggég% &ag t%gacﬁressure
pr esstunkepr obe SndlSQ§UE$Ean@1§PD§E@yIﬁ&ﬁﬁ@%%ﬂve¥¥u;above and
208hopa: b Ehgugqan% ard.3) .3yeh BRat it presents

anterior and posterior end portlons PA and PP thﬁg_are 1t
25 subst ARt il FYTRENSMRAIRENT | RfertdBhngEVégepy! itgures ©

cengfal esdiel brestibat growsibst anki aldystedtindriyxakbylindrical
it Its gx*g in Figures 2 and 3) such that it presents
anterior and posterior end portions PA and PP that are

25 substantially hemispherical interconnected by a central
shell CQ that is substantially cylindrical with its axis
of symmetry being orthogonal to said arm 2 and contained
in the plane of rotation PR, and with its section being
substantially circular.

30 In a second embodiment of the device (Figure 4),
each pressure probe S; presents inner and outer end
portions PI and PE that are substantially hemispherical
and interconnected by a substantially cylindrical shell
CQ having its axis of symmetry directed along the arm 2

35 and of section that is substantially circular. Relative
to the central shell CQ, the inner and outer end portions
PI and PE are disposed respectively towards the center C



of symmetry being orthogonal to said arm 2 and
contained in the plane of rotation PR, and with its
section being substantially ciffgular. 30 I n a second
enbodi nent of the device (Figure 4), each pressure
probe Si presents inner and outer end portions Pl and

PE éﬁét @6€?§%Q3téwg'urhy Qenls %m%ws the circular

i nt ér connec stantlally cyllndrlcal shel
CQ havtAgni t efaxtie of sSkedhetdy dY ed&d 18ong ke 5FEFIII of

2 Sﬁigﬁgeoﬁ_sectlon that is substantlally circul ar.

Rel ative_ to th ﬁgtra{) a W& i nner_and quter o .
end portiBns® B BECY émanpoé%ﬂc edF&ERTVE yP i
5t omaﬂﬂst‘ahelaemyersp(helrﬁcadnd outlsi deatthecrer mi@viEeglreis then

5 shous.Lhe ehr oyl arcs SRRl 10N 10f EBRSNElL,CQRD by rigure S

'ne II- igure 4
enbodlabave @achhpr§§§@ﬁ@npﬁéﬁelgﬁ ie Fgaggsstlantial |y

Spher'cakors%%ﬂﬂghék thecsleviceg b 'émEB@Dmeﬁ@Qreaﬂﬂgeﬁressure
by Flgure in face view and Fi gure relative .t

by
UhelBBeKFSn Fii- 181 I9f FigRf BTeer caBh ofifRbgd Calong a
lOthr@Eréﬁb@dhﬁEMmteﬁéﬁbﬁmm§sutEeIlﬁeﬂﬁﬁrFﬂpr wfe anterior

eac obe are oriented, alon e
mt@?gé&f’flhg L8k SIS %;y ?%e anﬁler}tidéo’{ %%rt%%e semicircle CC
replBsgntred By #he cent eondhiries sémi cthel @l@pe of symmetry

(F'%EEﬁéggnQﬂdﬁa fHH“é%ﬂedahH bQ%fEE%BQyOEdEﬂﬂﬁﬁréh angle a

orthogondl to the arm and preferably foining
a that Iiies aithar it tHee r 6ABES255 o '85 P aial e to the

15thep1§n§|@EerQﬁdﬂﬂdﬂldﬁlﬂﬁ tRet RAnGANGS °5%d 0700 relative to
relative pl ane of rotation. The | ength 2R of

t heSfbtaP aQPnP§ BerA&ERts two ends is
advant agebas|ersftar t 2Rpoef ertabl yokesy téran 0. 2emween its two

U RGO b SRR, L Sy {06 TBAgr 0.2 .

ve Spee each
pr egsutber@eﬁeor the weeledgodatiartatim (el (Fede¥sthej potor 1s

GSpeﬁgpﬁl Qthsd 1R t 581 ealQr Ytltaé’ *él‘?cl%aséﬁc@@d amd é§crﬁt pressure
| east n s. Furthernore, gular p03|t|on of th

ar rr?ePéPét iiPe MUER HEre3 ik B}f‘aF‘eit FefdEALESF ALY sSpeecl along
knovhe 25a9@&tb@youslwefmeaearedltahbelsyamhﬂemmtaﬁ&mm/s.
signal TFurthermore, the angular ©position of the arm
relative to the frame of reference (X,v,z) 1s known
25 continuously from a suitable synchronization signal T,
formed by a phonic wheel, an angle encoder, or any
egquivalent means.
As shown in Figure 6, each pressure intake P, and Q;
is connected pneumatically to a respective miniature
30 pressure sensor Cp and C, located in the corresponding
pressure probe 8;. Each sensor converts the measured
pressure into an electric signal which may be analog or
digital. Under such circumstances, the pneumatic
connection 1is obtained by means of a duct that 1is very

35 short, or indeed directly if the sensor is located at the

pressure intake itself.




formed by a phonic wheel, an angle encoder, or any
equi val ent neans. As shown in Figure 6, each pressure
intake Pi and Q is connected pgeumatically to a
respective mniature 30 pressure sensor Cp, and CQ
|l ocated in the corresponding pressure probe Si. Each
sensor copverts the nea ured r r fog

. d C..
electrlcgg %% (y%ﬁaﬁgégo%éék ?HFOIU Jer 21 e
sucmeasncaﬂsﬂannéb prheSpn@um@ﬂa§ tﬁmﬁ%c?p@ﬂltéons and that
obt@hggdﬂ%& a@§?855§t988td%@%%éﬁ%ﬁﬁ¥Yt§5t§@mfmr§H variant

indeed directly 1t the_sensor is [ocated at th

pr e8§urtehe ntugcdiqd sémplemgnted dpwulSdise g6¥&FFed t HAYS: the

5eaCf5r§§€§Qé CBJ;n@B&sCQtP{TeaS@g es tgcal qpessutputindeespective
hesz condi tions 2 2 thios fi rst di sposition
cor FESEEAAS BOSPRLSE FPSEFTRFEAnFe of e he et e

inplenenAedsbyoaaldptaﬂnnllfﬂnﬁ;cdﬂm&ipqn@&sut@ using four
Sen L $Eh%: @é@@éﬂéa& celectdic, ¢,
S|g§9%§ gg ergﬁée EQH%fgg A secong’’’ Tt TR
pos&n@i 1Ggige Gﬁ%ie@p@ﬁ@%e@oe&§bﬁg f ipr débeyreentral portion

1osen§85ﬁeﬁe%ﬁFCEh¥eﬁﬁxﬁeiﬁﬂeﬁ$@ﬂ &Eﬂ&@ sﬁBf@ﬂENQPEQBstantlally
CQLQY and di sposed either a

in
porFHBﬁll§HﬁEQHﬁf%nﬁ?%% %ﬁﬁwﬁﬁa Pﬁ?SEPF$e3ﬁ%Bﬁshxor else in
substiant ial kpnnequat hat sibarcesréssnréhesdngmpr éssutissposed in

probes, or_else | h n t ne. or g
sen§8Fhl?ﬁfsﬁﬂﬁﬁnprgggéag ggrgﬁﬁﬂéﬁﬁﬁngWngﬁﬁg s in sai
ot heentwelsgsorionn sdiudtheemorsl, peaehossnsor 1s COHHeCted

5Fur£Berq9&§t EQSh P %%%ﬁr's conesd £d Apgt o e t Wheasures a
a

pressure in es and thus neasures a, differentia
pr eddGferenhiis lsec BFESHSosi ti on Teb? respoRaedt o fhgposition

SﬁC@B%r‘éébgﬂﬂts Qﬁ)dithﬁ retbad. vk ithits afespecimedHod.an

t hus be un stood that: he sen or 1P 4

the diff&Pertid TFPESS et to6Fet %P e%pr g that:

i nt akes Pltaed sehstdratCy,s ewpwedutes tW@ @téﬁ@neetlal pressure

OneaﬁgE%g gytﬁﬂf g£g§§H£g H%E%K%sp%”néﬁ@ bhethg%e%§¥r§qual to

measure Fessure intak P2 n out put
an éh@cpma§&ﬂqyumeq§mm%? bxrﬁh%eﬁ§%ﬁSEF@C&“F@&@uFbsmlnus the

thepdikbaranthal sgregsye t22 bstueenréheimyessurg, and then
Int%ﬁ%gugé %%de ec%@%% gig% %al to,
Epip2

the sensor C,,, measures the differential pressure

25 Dbetween the pressure intakes P, and Q, that is equal to

the pressure measured by the pressure intake P; minus the

pressure measured by the pressure intake Q,, and then
outputs an electric signal Egp5;

the sensor Cp,, measures the differential pressure

30 between the pressure intakes P, and Q; that is equal to

the pressure measured by the pressure intake P, minus the

pressure measured by the pressure intake Q,, and then

cutputs an electric signal Epyq; )
the sensor Cy,, measures the differential pressure

35 between the pressure intakes Q; and Q, that is egqual to

the pressure measured by the pressure intake @, minus the




the pressure neasured by the pressure intake P1 m nus

the pressure neasured by the pressure intake QL, and

then outputs an electric signal, EP1QL; the sensor

CP202 neasures the differential pressure 30 between

the pressure intakes P2 and Q2 that is equal to the
pressure neasured by the pressure intake,P inus th

pr REYF B TR adifteP U8A t RE prae s i€ 5t ket éa@g %’hegrld then
out Pt Sued Shesleter St gadyn&P26R,, t he sensor CQLQR2

measures_the djfferenti al S 3 t -
pressuréﬂ?ﬁ?5ﬁ£g ggﬁdoaﬁgpﬁagggﬁa%qgggﬁ¥gﬁﬁﬂh f€hsor varies
pr esmlfcemshguwedhbymttlaélpmeﬁur’fé'lq M ERe2Ql apcndest e either

519 u d by the pressure intake @, and
heanrpéf ?p%t?s&gﬁ%%gctrl c signal EQLQ2 Naturall

, the ..
out put sFgrEneFPORFeadk stnddFStarids altlycP c&lkﬁy thf%dlments
rotai ohof ddiei & mi2, sandamay b£oel thﬁpleﬁeanahgg bhe first

digital. Furthernore i st

bR S0F of PEnECBoRd PO die fSOCfngp SR Thg e
thefcﬁrrsproc/aﬁmm ofhd heahmrtlmct(léllgmaéS?) defiived from the
proc](:egss ﬂ}% f QLR OEESRT Pt Re IR rdg S|Cgpnal €., and
derﬁ‘)ved Fom f(? ressure neasurements fromth
sen@@rgrePﬁpctiszaGQl and Cpl are such that: a

first combjner yQEl LUl esc EhlLshi1ABERI tudeir& omagnitude
el ectric signal S such_that + EP2 - Eat - Eat

15 $t°€aﬁl%%t65§eﬁ€rgﬂatlh§tSESPCEPQE ng a signal S of
equal absol ute val ue e Eq,ﬁ +SE g EﬂpesEdze to that

SQIVﬁEIE%QtQ$a agg%gvégr L3 da % . 1os¢hange d her equal

pri Prier c ates_a second
magabsotet® oerlekedtut cBi gan @Bgéhtﬁhép thetp gy by the

+ Eaj, veEggrmuggzdbEsCﬁBtﬁgﬁbnthcﬁﬁﬁééVQﬂet tinciple;
cal cur ati ng a sign D havi ng %gso ut e val Ue . ond
but of stgh op’iﬁ%‘i’fﬂ% t&onﬂ;réltergl v%ﬂ by Fe" Aboes
fOrﬁybﬁlehaegeso@%meagma smgham pl eucandhab: a
20 har moni ¢ anal yzer AH regeiye E %p%;nallE
It can again be observed that calculating a signal D
having the same absoclute value but of sign opposite to
that given by the above formula changes nothing 1in
principle; and
25 . a harmonic analyzer BAH receives the signals

representing the first and second magnitudes S and D and

analyzes said signals into harmonic components relative

to a synchronization signal T generated by suitable means

SY (phonic wheel, angle enceder, or any other equivalent
30 means) .

Preferably, the synchronization signal T corresponds
to the beginning of a revolution of the arm 2, identified
as being when the arm is in alignment with the reference
axis y, for example.

35 An element CM of the harmonic analyzer AH processes

the signal S so that the mean component M of this signal

as output provides the component w on the basis of




representing the first and second magni tudes S and D
and anal yzes said signhals into harnoni c conponents
relative to a synchronization gognal T generated by
suitabl e means SY (phonic wheel, angle encoder, or
any ot her equivalent 30 neans). Preferably, the

syngheenhgat tpa SbgaakoIoﬁ@rr@ém@aﬂansh@pthaebagennlmg and w
of a £evo tion of the ar entifie

wheRPERERGHM P¥ | REAPFgnieh FehEoRrEROb o Rgr ofBREESEEPE by am
y, é&bemewxanpwein3¥®idnrel @nent CM of the harnonic
anal yzer @H Q¥8¥E§§esma$# r§|ggﬁ£ _¢§ tggg they My o the

conponen IS si as ou rOV|des t he
SConb@ﬁTéﬁFlW oimqhezejasﬁél dfrws&néwengs%%@abnéltéoorré“at the

rel ai bRBghLPchet ween dWAnd ke bt INEdydlYe PAE OT output signals
callbratlon and represented by an elenent Ew in

FlgB? aBd PR-sinilar manner, el ements CDC and CDS of

the 5 hanewsai csagakyzer D&H mrrmtesstha:csﬁ:g@@oﬁsm to the
thal%at hCeJIllgl errggrtﬂéo =2 %gd .Irhesspee elD%h%enerlng%t order

outpu S|gnals
10cor cesponeinhg tont hehasmr rom c mnp@@@@t sguadrature for the

resglée&)hﬁeinxghh% HEr ¢, %rx%%rldelofég%&cm%ﬁﬂfh@hééﬁponents u

ase drature for the second magni t ude D,
pro@?@eVr@§p§B€w®ﬂ%}%lﬂ§(ﬁﬂﬂﬂﬁﬁﬂn g ORHACQ-BRSt helationship

baSbét@éeKn@wcnghbmoarie- tengRechel ad enshigs Hedweedbh of the
each har co onenH:DC and(&ﬁ and .each of tq onshins are
reshBeYFY lg% NERESNE ANOhieh FREEY T s P e P

1515 obtained Byy prepwroxalddiridiriadnicand aarce eepr eseptregented in
e y srEU d.Ev LY To do
S R X TN
i s givenT®o &OIoc%ml$ectaﬁ§ulaﬁiﬂ?anﬁeéﬁreﬁéﬁeréﬁbe Figure 9,

(r.toksi@ssQeiahed sM fhythe 4y ope 1 dha aﬁééténé@lﬁel NBrame of
t he tangent to the cifcle described Eyﬁié robe,
and*gbrseRuentfy Griin 2T TP IR ala t dfoReprthe axis t

20whi séinal shecaninajars tihe @MQScErpassdﬂchHBQWthth@ald probe,
L
i n @b@@scentains the axis r passing through the center C of
the circle. It is also considered that the amplitude of

the tangential speed TB of the air in register
25 with each pressure intake of a probe S; is associated

solely with the components of the air speed T,; relative

to said probe Sij, i.e., respectively v, along the t axis,
v, along the r axis, and w along the z axis, by a
relationship of the form:
W Vv
30 TB=v *ff————]
SVS

where * designates the multiplication sign.
It is important to note that TB is the local speed
of the air stream past each pressure intake, and thus

tangential to the corresponding prcbe wall.




25 wth each pressure intake of a probe Si is

associated solely with the conponents of the air

speed Ts relative to said probgSi, i.e.,

respectively vs along the t axi s yr along the r

axis, and w along the z axis, by a relationship of

t he for S_Vs .where * deS|

the nul ti p]?l ca%n%]?}es th\g %p?s |m§orJ‘I %h?o 5ot e %ﬁéﬁfy of a
TB $Beedell doal tspe‘efde epeeﬁe odi rrestataam a8t ofacthe probe S;
pre§§éﬁethQEaKﬁﬂxﬁnglih%%eeﬁaq9e9519£1§8 HQ? the pﬁ;be S; is

correspondi ng probe wal Furt her nor e,

Vs ?%u%eteunﬁQRémﬁrts# §e§Bé€éIYUaduEeFé°F‘h6 s‘-fsie%fd“ﬁ?ance Vi
5rotwiem OR @het beogreekteoa orsughe thatesai@nabf spegd the air

Urelat vet r obe equ to (-OR), and
SecTity Bnpditat B FSE G banBe At SNBNFERCEE (b the amm 2.
pr oI’recfcprDwm theet dvy ectU onw@f. U of the air speed on

the trajged orypIAqat Lhe genter, of Jhe gLmBaickiyy s tne

fol |l ows t V8 = U + e spee varil es

per@%ﬂ%ﬂcgmsmtﬁe tﬁleoj sediah ohmixeehion adiml axis) of the
10dirgeddonmr{r axis) of the 10 speed TA. The paraneters

Wand Y are representatjve of the Vs Vs angles

formed byhd heaspeeteTA respestli vél yanet bephesphaneivef cf the

rotation PR and vviththé’splane (Vtsz) Naturally, t he

co ent s a linke th_ .15 npanent

or BRRR Eyr e ForFBai rBSE Lo orshsbIoeiReraH the plane

desi fynadtes: 1anreeR \qrd wisttm@he/qmlsﬁie {t,z)

Vt =UCOsSgt -vsi I 1 Sgt The function f depends only on

t he shaﬁ‘@toiratltﬂahzotpeobmr@ormrdts)nut hend ogataom définked with

15 the eé%@néﬂﬁgk%s r thby Sﬁl’?&efghﬁo@gﬁ?ocyé:latlonshlps,

conponents vt “and yfF an al'so t he constant conponent
w PEifiS T detiaraiesnadieconpared with U, the speed
TB in register with a pnessw@@niak@sgt

v, =ucosQt—vsinQt

The function f depends only on the shape of the
20 probe S; and on the location of the pressure intakes P, or
Q-

Since the periodic components v, and v, and also the
constant component w remain relatively small compared
with U, the speed TB in register with a pressure intake

25 is approximately equal to:
TB=f, # (U+v,)+{f * v, )+(f, * w)

This expression is obtained by a Taylor/MacLaurin
series expansion of the function f and retains only the
first order terms.

30 Thereafter, given geometrical symmetries, the
tangential speeds TB at each of the pressure intakes Py,

0., P, and Q, are expressed respectively as follows:
TBpy=fy *(U+ v )+{f; v, )+(f, *w)

TBqy =1, *(U"'Vt)‘*'(frl *Vr)_(f; *W)
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25 is approximately equal to: TB =fo * (Utv,)+(f; *
v,)+(f." * w) This expression is obtained by a

Tayl or/ MacLaurin series expanzﬁ n of the function f
and retains only the first order terms. 30
Thereafter, given geonetrical synmmetries, the

tangential speeds TB.at_egag i nt akes
P1, Ql, PzZ, and CQ%QF% gxgpegééd gaqgfﬁﬁg y as

follows: TBP, =fu *.‘.é}+ V¥02§(U Tﬁgz( 8”7( ZUMQ_’) TB, , —r‘ O*

*(URVE) +(F; *v,)-(f~ v,)-(f;

v,)+(fz *W Q@=f0 * - (f,.* ) .
Cbns'der@%@s%%%fl?%etpﬁﬁwqg%(#I?%e}?n83n€%§%s%%ﬁ%@pr8531ble’
lrrQfﬁét@ﬁﬂbnaandaﬁﬂeadeaﬂypeypehet@eee@am&iam@ the pressure

gPressure 5 ar e ted b QL. nQul t he
RS REoBOLAL r dSLLPBLNP S ot Ro SOk T 1 BT At s Tovel

P. lanelséu)retl}pe zrsnt ake @amer §or Viihich pndakpgriat i wgd for the
the;d ?Qﬁ% % qﬂgﬂlptég%féﬁgﬁfhé”ﬁﬁénw@hSlt of air and
undi St ur by the presence of grobe 10 or h
t heF tégs@ﬁgtggﬂR;Q§pur¢mu the presence of the
PP, gfgbggp 2PQ +(2*TB al?2) mhere PPl = |l oca

pressure at the pressure intake Pl,, 15 PQL = |oca
pressure’ at°fhk! §r8§§aP&anP5ﬁ§ec§, for the second
pressure proge g; Pmﬁ =P+(R*Tsz2) 2 PP2 +(2 * TB2 2
=Poe +( Bits 7 Cﬁ ) ¥where: 20 PP2 = | ocal pressure at
the pressure intake P2, PQ = _|ocal ,pressure at t he

pressure intape | ~TET Palp +.E&T' n“pe deduced
t herefrom t hat” t&gaelectf%éysﬁanals S and D can be
exprﬁssed inthe form S =-4pfOoUf, ' wf,,|

whnere.

P,; = local pressure at the pressure intake Py,

P

o1 local pressure at the pressure intake Qy,

for the second pressure probe S;:

Piz =P+(£2)'*T922)
—2 —2
= F2+(%*TBP2 ):P02+(%*TBQ2 )

where:
P,, = local pressure at the pressure intake P,
Py, = local pressure at the pressure intake Q,.
Finally, it can be deduced therefrom that the

electric signals S and D can be expressed in the form:

S = - 4pf,Uf.w
D =—4pUffi- 2 v, —ffv, ]

since the pressures P,, Pp, Py, and Py are respectively
proportional to the electric signals Ep, Ep, Egp, and Eg.

From the first expression, the signal S does not
vary during rotation of the probe and 1is directly
proporticnal to the axial component W of the speed,

providing the coefficients f, and £f', are not zero. To




25 D =-4pUf (I -f2)v,-fo v since the pressures PP1, PP2,

PQ, and PQ2 are respectively proportional to the

electric signals EP1, EP2, EQL,>and EQ2. Fromthe

first expression, the signal S does not vary during

rotation of the probe and is directly 30 proportiona

to % €i§§%a£h§ggpe§8nEoWd9Ei%%%,SH%QQE i%@ﬁ%f&kér%b ensure
coeffrcrents fo and fl, are not zero. To 23 satlsfs

t hekkat wbheopBPLPoas 1 5i Nots tygprdpsaatt® th efs e @ pressure

thainthRean@1® @ i NBLchORtHAs€ah®@ @10Beantbh the flow stop
pressure intakes close to eglich ot her. a close. to t

e,
1 GRPLTEh: | pORRL FORTha LORS <0 (uady ' gt U A ERickness
5maxé fruratichi skoessn5 pinghe sectlose (angl 803) closeiled also be
09)25004Ld 20,88 QYOI dedhecaune the el fLeleiherein and
f IS zero therein and because the flow can begin to
sepheaseseheheaf lo¥roant hegsecbadsapavetexphessmdns,

the signal P M3 e SIAWISQRN Y hiphrict@ ilo@isdt | @ReOf signal D
the probe in the 10 _sanme nanner as the spee% be in th
conPoRERE s SHUgRd AL L SR EhEPE BB EE dFfRcPEpPe tn the
1oTh]§s§@§pmaaﬁte$ \As ambyﬁpie@dt kempbokarty fwammdfv, from which
reference (r,t, are.the pr.gject the -
conp necﬁetpse(rl?sanél\r/%ﬁtlg'the&ﬁ%n-?%ﬁéﬁ@&;?%n&ofand Ve the
refeceace Exapezof IefEnsncandras, expkaengdicaii@ections of

t hep gl ectdd Cosd gnal §; SanandyD akes analyze@n-MRary frame of
har noni ¢ conponents,” thus =enabling the three

conbdheresca, (¥, YaAl-w of the air speed on the

15traj ectorjudA hAdt Be esbeneneel fande ,ofthd efsencie: signals S
(X’%@é) to be obtai ned. nmul ae .l i nki the

d 0 The fo n
speRcofporfdift s 4 Wee‘;haiLﬁgﬂi caégw&ﬁé:nt sco({%xflheents’ thllls
si gembdisl SnandH2 shawethatompdmeaspheni,c eondirtd ons dfivahe air

an j enge ne rough e of
o LBLLHEnS? SRCTREEMETEDLy 0¥ YN ADe NSRS Okrane o
f orpefarens By, Way! ofceRanpbeainpdspeed val ues were

ooto be cahgul @ a6 1de t Na9& ey Muhae gﬁyeé@kidwn ifs ato the
reference, arbitrary, and constant, value for gnsny

(e. BETTRRIBeANRPIN tkba OfevEne| P i3I8 SypaNdt dhdzFgY that
at nespbepRe equakenti22onki Irogransn pehfdukneeneirermeasurement,

(kgég§%&qh the presence of the density p of the air as a
factor in those formulae.

25 By way of example, 1if speed values were to be
caiculated in those formulae by making use of a
reference, arbitrary, and constant value for density
(e.g. the density at sea level in an ISA type standard
atmosphere equals 1.225 kilograms per cubic meter (kg/m3))

30 would not be reail speeds, but equivalent speeds

satisfying the relationship:

P
U, =4——*U
* {pref}

and the same would apply to the components v and w. It
should be observed that this equivalence relationship is
35 different form the well-known relationship for




30 woul d not be real speeds, but equival ent speeds
satisfying the relationship: Ueq u Pref and the sane
woul d apply to the conponents v,and w. It should be
observed that this equival ence %%Iationship is 35
different formthe well-known rel ationship for 24
conventional Pitot probes, because the Pressur

i ntaResenBienabt HidOH RFIRCS, s PEGTAr y© %?o@gegﬁure intakes
an aren g allloﬁglt@at:i C@ﬂStaantst&ma@dlaﬂ\lat prabky,bthe on an arm

formul ae, can d wth at i 1
caIE%F%féﬁgoﬁttﬁgqéiﬁiiEf%)ereal gﬁ%é%g?urgéiwformu ae can
DfeBsu&ppﬁmﬁdIWRGhsa Uenﬁstal§@ahnyﬂtQﬁhCQkﬁQﬁﬁmﬁ@ethe basis

stha | L¥at BeeGagee tBBddeYbea.is on
“ho aé% 93m%§raHé gv%%d ?g?ors rotatin 2 gonstant
e

speed, tﬁb cycl péap M%RQ%ﬁﬁ%mstPn Press pghen, as 1is
surfiagges19f e bhades Kt i aduced b;yst e sipeedd a helicopter

conponents and the_anplitudes of th yc
moveABAREE ﬁP‘iﬂ?%hrSﬁ tf‘Pﬁppﬁgcﬁ’é‘é%@&%f o‘%’bg%af athe cyclical

t hesgrvatiahkonsn argerdsrensel ves phepostibmesst ot tﬁ@e blades

1OeqUI ¥ {’Jigmsr %ge%ﬁil% r%%%rddlc% oq{eﬁg éi’ﬁ:psﬁﬂé/ é’xfxpi:h@udes of the

sur e- dirst ur ba e mechani sm on t he d £
rotaYchgca5 bmaﬁe@en§8eniprepyt§halégéusf%BPPﬁ@g neede or

mecB%ﬁ]!aﬁ@lﬁBS@h\é%@ %rltaliﬁo@fse%sﬂg ethélﬁ@skBﬁe:ﬁl]bﬂapedtlonal to
on the rotar robes. nse en%/lé/%%lt C

advﬁh?a@ﬂtﬂs"aﬁo@%képﬁg SdiYy d go %/ antsi]‘ity of the
equh!@'entrﬁ@epﬁesQﬁﬁénaisﬁnrbahbeembhﬁb@ssm|dn|th$sr0tatlng

nece t.o obtain.the re: e 20t S LBSBrved
Eﬁﬁaﬁéelglﬁngﬁﬁéﬁty corré%i|oﬁg%ggh%gﬁggerﬁorne rvec on
S|ngenea$eseneet5l0takhe peésgatedand@nt héhe rOtarY prObeS

tenﬁ%ﬁ@%gﬁ%n%& h%tatc‘é‘?ls%ef véﬁté&{é@is%dﬁak@ndse directly

out” ‘goi n é ond the anbit he i nvention e .
thré@dconpgh@th wWiv, HiRl weskite e¥5 a@Pe§Eeed18E8rmatlon
obt gipedtor1tRe ,t ria QQIQM#’ﬂ&bé&éé&ynﬁoembh&Intbhe real speed

20, SR gebta a2 e hlh 1D SheageRy e rebBcssh can be
Con@bkﬁam&ed1WWHﬂhlhbem@amﬂngmamtarmiathe|@ressure and the

S?L %h%%%%turet%% hagl S ahsledle conditions of
In other words, and without going beyond the ambit
of the invention, the three components u, v, and w of the
25 zir speed are obtained on the trajectory TA relating
either to reference conditions for which the air density
is set at a reference value, or relating to real
atmospheric conditions in which the density of the air 1is
calculated on the basis of local conditions of pressure

30 and temperature.

Selecting a probe that is cylindrical in shape in
the vicinity of its pressure intakes is advantageous

since that ensures that the component f',  1is zero or

practically zero, such that the signal D varies in phase
35 with the component v, and its harmonic analysis
synchronized on the rotation of the probe then provides

the components u and v directly, and without coupling, to




30 and tenperature. Selecting a probe that is

cylindrical in shape in the vicinity of its pressure

i ntakes i s advantageous since Egat ensures that the

conmponent f'r is zero or practicCally zero, such that

the signal D varies in phase 35 wth the conmponent vt

and its harnonic an dont

r ot Wt FBAN R trﬁ‘elﬁ%ﬁje ‘i“ﬁJeYre p¥89 8e;¥aqecr? rrgélnenl}ls context,

andiy dsr;hice@ldiy baandabmetrlveult tbhapl i tige tsracz&d weetthiog iglent, in

nul%% Lgailve S%gh egQuEg'Sn%egkgét lob%ted in the
b&"6BSer Ve tha secon I ment

partidplanewiath the ewésglelr-’eceﬁt aest i oeat e@rFﬁSPﬁ@dS to the

Sn]dPEQBQ OElE@@IBth@drbgaltﬁ@rtéQBroQﬁﬂﬁﬁépoﬁﬂi t8low, thus
th [ east di sturbance %éthe surroundi n

thu§nseﬁé99|ﬁBthEPetﬁéeg FEPRFeht f 1P P aﬁ#ég?rgﬁlFﬁro It
Zer@rebbntﬁre&ﬂﬂis bhﬁaﬁd&@étagﬁfofreddu¢ngg titee transverse
transverse onent of r fl O\&l, t robe

e“CPRe™ eBSn’pS en?h%ar alr# %owtheloe\gr mvcglnd %em% t.e. the
|nccdmpbnéhbwpﬂlaﬁi&kutbptbbeanmeﬁn®eﬂp§nmhﬁﬂ%ﬁc%@ﬁnt flow

Otheoﬁ‘r a @' gob%rObﬁeeha éf%éﬂﬁ%ﬂﬂﬂ%ﬂ' kB shape a0m.of For a

ome ot er S coefficient f'r is not
nocBEShP rt§/1aie|r1cs3 S GR | 10 gPDRPP §>§ o SUkGtafher shape,

anoppt Hoddrass it f £1 NYi betnwreme t@es aBX1 ueird, t hehich will

S|gnal D and the probe facing the 15 dlrectlo 0
speBdVGedtc® Thi g &4t HHe cé%%‘ﬁyét &8 PS% Et{y& between
shi £hei mdhansyndr obhe atsigmadi ghalamd e uBrrngea facing the

rOt%%kgEtggaﬂd% 'S eeg %Qﬁt%ﬁnponﬁﬂﬁ§ dgﬂ'ﬂ@regmpensated

arnoni ¢ ana where the ase shif needs
to bg det @rimslﬁedsbmftnglltaltrh@raﬁh’@ﬁhéﬂnﬁﬁétﬁapabe&l@f@ai or by

For .khggsi gnal L1 4101 e umablex 'bpb&l@@ﬁeﬁﬁﬁFYtﬁ@f components
t he coe?f|0|ent fo to be neither gua to nor too0

cl oS8liBereAeValthe PETINE A e SETOTE ( 55¢ ophase shift
doesecB@b takbeadevakm&nbﬁaﬂumingoaaiﬂhkbt1Emabfi$hﬂnprobe

20' tis ap@r Op“ al esl \ZIQI %ﬁeoe an?glsll bging { or?ecessary for

close to hce 1 r v over
cylthdecosﬁéwslehatfbhéOIb@amesbeea eneaeqUQlﬂPé VPO close to

WheE‘ 8 has khe % Uf.g”ré"@ thd @xﬁ?@@ggoﬁarﬂﬁm) Adoddenot take a
enbo Iments of t evice 1 enabling a second vari ant
of VAdUReithgd tis pgoo small. That Is why it is appropriate

to avoid the angle a being too close to 45°, since the
25 theory of flow over a cylinder shows that the local speed
is equal to v, when a has the value 45°.
In a second variant of the embodiments of the device
1 enabling a second variant of the method to be
implemented (Figure 8), second processor means ©6 for
30 processing the electric signals derived from the
differential pressure measurements from the sensors Cgjpyy
Cpigrr Cpagzr @nd Cpoy comprise the following:
a first summing circuit S01 calculates the first
magnitude (or electric signal S) such that:
35 § = Epig1 + Epza2

where

Er1a1 = Ept1 — Eq1




i npl enented (Figure 8), second processor neans 6 for
30 processing the electric signals derived fromthe
differential pressure neasur ement s fromthe sensors
CP1P21 CP1QV Cp2@’' and CQLQZ conprise the fol | ow ng:
a first summng circuit SO cal cuI ates the first
magni tude (or electric S|qin that: 35 S
EplQl + EP2Q2 where Epi Q F‘szb, Pz” 226 EP202 EP2

- EQ a sesondcsudmisngmdinge wiitr c802 G ak@slatres the second

sec Cc i gha t hat:
g A T 2 L ﬂﬁp‘fu?%%%@%q @ -
EQ, - EQ the harnonic an® yzerirAHEabe synchroni zer
5SY, yRPde.the calibration elenents Ew, E ,, and E,
remain identical 10 to those described above for the
first variant. The method FmPaTESt damfée with the
invention is aI so shown dagy amgrt-iEad | y by Figures
7, 8, and n txhod e
t hree oﬁe firmmal i ghals(%eﬁe Ho e;%e%b%%?&ggﬁﬁ SY, and
tratket @la)llmat];@mfehérm%\ﬂt%r Bf t Emr aaRen-Frotgmain identical

10rec£ﬁ”9Hb§é hrameigbqr ebeyenegr(Xn¥, £k rke &@E&@h@ble
It conprises the follow

ng.s
measur i n§h8i fﬂeﬁﬂ’]@éﬂsmresa%:%r%@n%awtﬁﬁo&?} ﬁfé%ﬂeon is also
|nt§t§§nP%lagﬁamﬂatl@ﬁ@lﬁﬂbyaFﬁgﬁsbsgﬁQPB ,ofanal 9. 20
i nt akes second, gr.ou t ake
P2 and QE beﬁjgs se%hFesIB%g?lg?}elg on ]tr[hrﬂ% The three
secoodpoperssune p:r,obesof:‘,lt]aadaSz |spte@|dcmme*@h@dt:@§,jgcﬁtory TA
lSarnbfrogﬁtlggFéfaPtc Nt ant %BQ%%t%EyrOE%E%%%g%l%QOUErame of

its “center and ort ogona y about "a drive shaf
suchefhaengs tie Yprzdssii er et Bk P11BndheE oft t%%mprlses the
fi r%lpg@%ﬁr gtgbgbe S1 and the pressure intakes P2
and 2 of e second pressure grobe S2 ar.e at equj?éast
di stance8) R fISGH & Cerft ¥y Pressures  via

pressure intakes Py, Q,, P,, and Q,, & first group of air

20 intakes P, and Q;, and a second group of air intakes P,

four

and 0, being disposed respectively on first and second
pressure probes S, and 8, interconnected by an arm
rotating at a constant speed of rotation € about its
center C and orthogonally about a drive shaft such that
25 the pressure intakes P, and Q, of the first pressure probe
S, and the pressure intakes P, and Q, of the second
pressure probe S, are at equal distances R from the center
of rotation C of the rotary arm, and furthermore the
pressure intakes P, and P, are respectively symmetrical
30 with the pressure intakes Q, and Q, relative to the plane
of rotation PR of said arm;
b) converting the four pressure measurements intc
four electric signals;
c) establishing a first magnitude S by adding the
35 electric signals obtained from the two pressure intakes P,
and P, disposed above the plane of rotation PR and

subtracting the electric signals obtained from the two



of rotation C of the rotary arm and furthernore the

pressure intakes Pl and P2 are respectively

symmetrical 30 with the pressurg;intakes QL and Q2

relative to the plane of rotation PR of said arm b)
converting the four pressure neasurenents into four

ele gnal st st

by é éé§U§% Q%t%g eléar%%&5| nggsgo glﬁé ro%?qe §ﬂane of
tmorgtétsgme intakes P1 and P2 di sposed above the

pl ane ofg OE%EbQﬂlgal%ﬁdaasﬂébbﬁ@thﬁ@nhﬁ%d% aDtbyCaddlng the
signal s obtained fromthe tmg %_ ressure Iﬂﬁ %
andekzcﬁ%g@o§é@nﬂ£%ww§5?ans &8t OFBt &5 oh™ )~V Fpressure

sestpbbbehi agda isecenptiagnihydecH2 byladding tdigimals obtained

electric gngl s obtained_f ne of the two pressure
5p 5%%st}§%d gbegugfﬁgc{‘ll ngggﬁ}égél ectric signals

obt ai nede) f mmntche aot Reylpr ddsuhaupibbecrieysidgyedopment of

Tay{ﬂé/@ﬁ&g@HEaeaie@k$§e@%xghoaggnkwg tdhential speed T8 of
t heoretical expression for the tangentl aI %ﬂg%ed TB. o

t hetBer RARTredist ELISER Teadt Hir eSS M 5hd i%take and
10retﬁéﬂaﬂ@11@@| Yorihe fthiest £orger delds s@ras t soobdsi mo obtain

fir Irs ressi on representativ f.. the first
ﬁ %EigySaan%l@goned}f%/reasSSJECrbnaeg’)%ﬁrsgsga%lve of!feile rirst
repmagnntad:leve 6f thedecondcomghyt ude D rerdangl t heexpression

fo'%f%ﬁ@?e&?égﬁv%eSBfCtkﬂslyse&éné lgaéﬁigﬁﬁe WbD hatﬁng the

wher e: sity of air
= tﬁ@lblwvé% Speed éﬁSPﬁétbF@%s in the rotary 20
15nmovenent Sof -t4pf Wk -QR, vs = U+ vt; Vr = the
conmponent of TA fong an axis r passi ng through the
probes abd_t—htaalct[ém@SVCfQE Jvt = the conponent of TA
al ong an axis orthogonal to the axis r and in the
pl ange PR:

p = density of air;
U = the driven speed of the probes in the rotary
20 movement of the arm;
= -QR;

s = U + vis

v
v the component of TA along an axis r passing

through the probes and the center C;

25 V. the component of TA along an axis t orthogonal

to the axis r and in the plane PR

w Vv
TB = V *f(——}
V, v

f, = the first term of the Taylor/MacLaurin series
development of the function £;
30 f', = the partial derivative of f relative to x;
f', = the partial derivative of f relative to z;

f) since the first expression $§ is proportional to
w, and since the other terms are known, deducing w

therefrom by identifying said first expression S with the




B =Vs *f wVr (/ Vs' Vsp fo =the first term of
the Tayl or/ MacLaurin series devel opnent of the
function f; 30 f'r = the parti derivative of f
relative tor; f'1l = the partlaﬁ3 derivative of f
relative to z; f) since the first expreSS|on SIS

proportional to . and since the other t
knoghrshled%grﬁg L\’/\‘}\{\ét r efSPa b)?peﬁé%ﬁp Slggl dp?r ggmed by
expmes:smﬂc Sawiatllystike 2pnclirost zedgont utdm Sspseild of rotation

operatipgn bein rfor Si n that th
sync rléﬁl zeg oh%rltocﬁn gzr‘ijcll?%‘onf? ?P Sggﬁg er'[zrsrhlcfroma °
a syazhr cninpancof $f gcmél tmesdew&tha!aqwu%aﬁ provides w on
SConPH@erHaMsOf oehexhbfskagBING £ U@ eS prEvEEdesnw Ofebationship
the basis of know edge of he one t 0- one reloraF | onsh&pb

y prior

bet AREfCRR;] aahéaﬁleééhr%%‘m nd W As¥oBfai
pri@é}_llﬁﬂé{;b@ﬂfi@ﬂd and g) si nce the second expreSS| on

Dis a periodic ctlonof i e, L he cqnst gnt

speed of9 [otsa%n%% (5 90 oefccfrhe ar %3 g)epeﬁ)dsggn ? periodic

perfmﬂctlcnnpcﬁnenme wuearitb yehefcohetant speed slforgptation Q
10t he krahect ddy &Qogﬁn%ho @@%&odﬁﬁﬂ%@ﬁ?&ﬁeﬂté v, and
nd with a probe

r I'i nke containéd, in said

oL ih IR A8 PRIV YORBr T TS € TERIA 17 oF 4| "ggthogonal

to sakd, apasppERUUENL RO Bwasal d iadgwniichl % apablys) scontained
synchronl zedﬁgn the peed&% “rotati,on of t

first ciddet R&PAGNI e cdiditets BCaff S l‘{%fey dotfial and
secwdlarhgmeﬂadeva mnoba:mlseqmenph:ydutzengommgd vyharmonic

5aNd.pY1 9852 THACHOM Ofe T Y 0Ll Y 2Pl bENetbtation of the
corresp ndi ng rati on urt ernore, in a first
varaani bhet Rerast hader( Fgmeais) cosmope)s R anpMdPS of the

d) arecrerfopneduas of olanesiorare éﬁﬂﬂﬁ‘tﬁéﬁﬁ@ﬁp@ﬁﬂnts u and
gener at ed b%upﬁgressure sensor 1 ass

t he¥ pAdsstr [essure Sensol Th1 assogiated WLAN, o oponding
conbanepraepbers OCL and OC2 and is given a positive
sign;

20 Furthermore, in a first variant of the method
(Figure 6), steps b), <¢), and d} are performed as
follows:

an electric signal E,, generated by a pressure
sensor Cp; associated with the pressure intake P; is
25 transmitted to two combiner members OCl and OCZ and 1is
given a positive sign;
an electric signal E,, generated by a pressure
sensor C,, associated with the pressure sensor P, is
transmitted firstly to the combiner member OCl and
30 associated with a positive sign, and secondly to the
combiner member OCZ2 and associated with a negative sign;
an electric signal E_, generated by a pressure
sensor C, associated with the pressure intake Q, is
transmitted firstly to the combiner member OCl and is
35 associated with a negative sign, and secondly to the
combiner member OC2 and is associated with a positive

sign;



an electric signal EP2 generated by a pressure sensor
CP2 associated with the pressure sensor P2 is
transmtted firstly to the conbbger nenmber OCl1 and 30
associated with a positive sign, and secondly to the
conbi ner nmenber OC2 and associated with a negative

sign, an ehectd le%tsfdlgﬂ“aéh@%lgﬁner Led-by.a %@95‘% €pressure

sensor CQl associ ate e pP%s ure intake .
t r afiS§APPEedCsi r $6FPPCiatede ¥oRBI neRe nevRY SO alrféltﬁ‘]se Q; is

35 assﬁgm@teedwa& @omgabmenatgmenw&:ssmpdbmt @C2 and 1is
t he conbi n is associated with a

posfEFyE*2 EFGnWIEg atﬂggéFég?rF&ggrgnal EQR gener at ed
Shy the presbar €isetsoradiX s oEi aseadswiabl itihed by the first

t t
renporbEped 808 Sihing' FABRLEEER LB SRS RER e
sign; 5 "thbéefipscondgnnegdét8des Bst abl i shedbbyshhd by the

firstcor@NDiBAbiREE SHRWIRG t e el et rigush a0l sih@ndelectric
t he second magni tude D is established by the ~ second

conBiABRLAenber OC2 by summing the electric signals.
1010 I n a 3ecaendsgabhantvafidde &t hodk &bxaoﬂhomalby shown by

Fi gur te b d e_for fal l.ous: )
Chattfale TecBEePliafhy sleupld Bl arel’ BE¥uRR B3 gRdious:
transn1ttedhEOpaepsessarefsehgopreﬁﬁpzethamameasdﬁegnd P, are
g'féﬁéﬁﬁﬁiﬁkeQrQ§§uEe SHHQEuEQ tg@hégfsﬁyre NBASUr §hasures a

15 the pressure i ntake P. minus pfesdsure
rrea%?é%f%vt%ﬁé PEeSSce $Htake tP2, t%dpégﬁwrfﬂedneasured by

151 nt@h@”p@é@@hféclﬁt@ﬂl@' P, EmPHEZ; th%h%r@s%‘iﬁtlér eseDfutd® by the

t t tte
P REHF S b RN OF AkP1Be { ARE MERYGFBETa TS0 i feraRTHF Sianal

preBswe equal to the pressure neasured by the

pressure, 'Qﬁé‘t;g %S{HCQ th%hBrggé%ﬁrg‘e%‘EF?{%s%tQ%d Q, are

pressure i nta convert Into an el ect
si grERnSERIERd  theaprRESSR RS ofSarti® or Bsgur €halt akegsures a

20P2 @nrEPe@f £a1 2prkblcansd tdQeh1 0t8 RIRSSYFEs§8PEOeasured by

szcgetggésgggguigga%e P, minus the pressure measured by the

pressure intake Q,, and converted into an electric signal

Epig17

* the pressures of the pressure intakes P, and Q, are

25 transmitted to a pressure sensor Cp,, that measures a

differential pressure equal to the pressure measured by

the pressure intake P, minus the pressure measured by the

pressure intake Q,, and converted into an electric signal
Epsgp7 and

30 * the pressures of the pressure intakes Q, and Q, are

transmitted to a pressure sensor Cg, that measures a

differential pressure equal to the pressure measured by

the pressure intake Q; minus the pressure measured by the

pressure intake Q,, and converted into an electric signal
35 Egg2-
Under such conditicns, the following are obtained:




differential pressure equal to the pressure neasured
by the pressure intake P2 m nus the pressure neasured
by the pressure intake @, and3gonverted into an
electric signal EP2Q2; and 30 the pressures of the
pressure intakes QL and @ are transmtted to a

pressure. seRgok s GRAGR Hhathdreasar esrat diabhetentl & by adding

pressure equal to the pressure neasured b t he , , ]
pr e8BAr E1PRBARe EQinPhbs Fete pPeds drd Ste Pycthguit SOL;

preggdre intake @2, and converted into an electric

signal 35 . _Under such .caonditians, the i ddi
are obt ai nggg%gnﬁﬂeggivdﬁ‘gl t%‘éevisr?gc%rh% r?a}i}gtg@&é%mﬁg adaing
5maghheudégBaby Bedi rand héysi gmalas sERIOH avirEPEQC i realt S02.

first supm Preuit SO a0l 4R8 3 088 A4 8 fr, as
second rraﬂg]nin%%ee%lég;t ag ing 5 the sni%jgnalis( P1P2 and

EQLdet pAmANSEC o BRI i Hduian 502, 2| PRIRE ev&Eveen  the

of Lhere beidiqpnyhPhasecshiifdn &5 dekersperedl decitog and the
cali1bration of a

probe, between the ,pro facin h .
di rBEEFBH o7 e s%geah%&l&“ dh‘ﬂ%gg n'gilermsrﬁ %‘%T%eﬁagmtude
100f bhe tHignaéfhavt nd st heospensated gyt uskel A0 My  thies phase of
effect Ls ¢ . 2d_by.shi.fting the phase of the
syngﬁ?oﬁﬁgﬁ%ﬁgé%gg %}%Fﬁﬁl :TRevvi se advant ageous ,
manner, Thi slpbrisksshigdvardagasecoRpeisar edtibys ufihfpe Shift

a raLat ben dRiddns AR i19f t9inghe coRenemt maetivespglied to
by the harnonic analﬁiSIS' 15 In hl?} Wam?éf .the device 1
andthRecq¥BERraRt 80 ReE K6 S RY] §§5¢ ReREes 30F v = -

15user, inipathiieulaly bythaviegical apsindcorist am¢sociated method
sensitivity regardl ess he speed o [ :
rel ﬁtafl“%éf?’o tthheg AFT9aEn Otih%kéerélg%rrdl e{c,% gggtg%}ﬁéggpe%% having
of thmoatr crafstdnt t egnsheraith, remardhess ¢ appri expeed of
to ahl t&&??%g?oqggg%@%% Uy o Ver@nds e Ehey deMiise degardless of

a

al so_remar y Si ngle since it requires onlé four d thi
presbiife Heerdr ©f i Rhegratsr 3t clfdddedast poEsybiR  f0E thiS

20thea? e3$sur ol RhakesreCakivhipahicdt si &1, Shiyplainki ed si nce

t he ree _conponents .25 u,. v, and w are feparaﬁfg, since it

such t hatPfi nG&YiCs! i bsat idysS remarkabl Sim

requires only four pressure sensors, integrated as close
as possible to the pressure intakes.

Calibration is simplified since the three components

25 u, v, and w are separated, such that linear calibration
will usually suffice.

Naturally, the present invention can be varied in
numerous ways as to its implementation. Although several
embodiments are described above, 1t will readily be

30 understood that it 1s not conceivable to identify
exhaustively all possible embodiments. It is naturally
possible to envisage replacing any of the means described

by equivalent means without going beyond the ambit of the

present invention.




will usually suffice. Naturally, the present invention

can be varied in nunerous ways as to its

i mpl enmentati on. Although severag enbodi nents are

descri bed above, it wll readlly be 30 understood that

it is not conceivable to identify exhaustively al

possi bl e enbodi nents. It is naturally possible to

envi-5&4¥Sr epl aci ng any of the means described by
eqU&VaheﬂztatlBibaln%)f\Moﬂdt@litnlg@l nohebeytorek thenpoment ®fut he, and w

pres i nventi on 1. CLA od. ,of [
t he® hF@@ (ﬁﬁ§ﬁ§ Frole 4 ang%a]eCE%%% Cy ofmgﬁ-QiPSraft in

V3 e alr speed
al ong aohrap@etgryr?ﬁt@ﬁgahaa|rérgmp iaf arﬁgﬁrpapgry(x YeZ)y

sreciangul.a @'ﬁeb%f t;qsf 2LENGH 10 Ytlbs :

characterlze [owi ng steps: a) neasurlng air
pressure§)VH¥%ﬂsqﬁﬁﬁﬁ fbF BF@%%HFﬁsan&@esﬁil Bgast four

Pzapéﬁng%eerftld’}@s ]%IleU@ 0f tPgll,(r anlgntggkesx Bl rartd gioup of air
and’a_second. grou ai r i ntakes e

dlsb8§8§eFe§ﬁeé?F€e y offi PstSHi se ongpcﬁﬁgréggu%gtakes P2
probes S1, andisg iditsgrosemheceepdebyigalyr mry 2first and second
rOth%g%uand ?Qgéagt %@EﬁdSOf159%§Ebﬁﬁegt@QOQS | &% arm (2)

cen ogonal I'y abolt rive shaft ugh .
thaﬁfOttIaélplges%‘ar@ "APARESNPL WRFGL Ol FRBSFEPE @ about its

Pressuker RE OQﬁdSJOﬁﬂQ)gtd'!%]pI}eS&dbﬁtl i afesvP2 smadtQ@(3) such
of the second 15 pressure prob at_e uaI

i SERRCOSTR GTTHE cEf Bhos of: rASt Por C Bioy irst pressure
r ot @h-ysbar rg; a&@'WMHtpﬂdﬁﬁmréhent@kessageam@t@gesfpmhe second

?2?§5é§aé%e;§§ ctivel S¥€“§&ph§ah s@%kge%hﬁ RLERSYhe center

rélalveto ane rotation
PR of saptahiem(Z); oZ0 ble cormierty nglftnhe fogr Prddwpere the

I S oyl el RCtpi CaskinAd SHedivel trical
est%%ﬁ%gﬁ?% iﬁ#?%%% ﬁ% E%tude Sab add ?%? he ¥ FYmEe

of BRI 1R SS BB HEEE KFBnRt A d s %%%‘Eﬁr‘ée to the plane
i nt akesoRht iamd pR2 o %ra%e@mbowa ithe pI ane of

el 9o OMLPX g 25, BT T9El | Mg hey b ghile A Shenca into
dlSﬁﬁﬁHdeﬁ@thﬂEﬂﬂiqM%mw of rotation;

c) establishing a first magnitude S by adding the
electric signals obtained from the two pressure intakes P,
and P, disposed above the plane of rotation PR and

25 subtracting the electric signals obtained from the two
pressure intakes Q, and Q, disposed below said plane of
roctation;

d) establishing a second magnitude D by adding the
electric signals obtained from one of the twe pressure

30 probes and by subtracting the electric signals obtained
from the other pressure probe;

e) using a Taylor/MacLaurin series development of
the theoretical expression for the tangential speed TB of
the air in register with each pressure intake and

35 retaining only the first order terms so as to cbtain
firstly a first expression representative of the first

magnitude 3 and secondly a second expression
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d) establishing a second magni tude D by adding the

el ectric signals obtained fromone of the two pressure
30 probes and by subtracting thgyelectric signals
obtained fromthe other pressure probe; e) using a

Tayl or/ MacLaurin series devel opnent of the

t hegretical ,expressi@n t genti.al edTB ;
thergPFeFﬁanégg ero&At%géacgggpggsuﬁébﬁggggg aRd %%Elng the
ret achilngiogl Yorhs ftesvectidedyterns so as to obtain
firstly g Lirspi @KW ession representative of the first
magni tude S and secondly a second expression 32
represencHELv¢p0KLtﬁév§e§§md magni t ude D having the
follow ng forns respectively: S = -4pfoUf~"w D =
-4plhEtefto )vt -fof,v, 5 where: p = density of air; U

= the driven speed of the probes in the rotary
moverent Pof BRBSAFH P3) 1FIOR. 10 vs = U + vt; yr =

t he conpunenthef dfAvehosgead afi $he pasbesgin mheudetary

t he probes a ent-e ; =~k he conponent of TA
al ong an axi@gygggP%og%n%Fg ?%htﬁg)axis r and in the

pl ane PR 15 T8R v$ fl Wv' J vs us fo = the first
term of the_Tgykoy/MacLaurin series devel opnent of

the functfon f; f'F = the partial derivative,of f :
reIativtho=r?hef@%mEp?ﬁ%tp%ft?gla BPPvAR| 9éiof L Passing
relative to zth20ugh shecerobesf ianst téxproesgiconC3 is

proportignal to w.__an LN e r.re are
nown,  ddaeci Hae v oTREPeTt oot i achier ohng Es & FrrapIone
expressi on S wot frhehaxifsi psandagmi thide pP3ansaikR

operation being peg;feryed by harnonic analysis

synchr oniBedl viffhersb ed of rotation 25 of the arm

(2) froma synchidni¥%ation signal T such that

f, = the first term of the Taylor/MacLaurin series
developrment of the function £;

f', = the partial derivative of relative to r;

r

f
f', = the partial derivative of f relative to z;

f) since the first expression S 1is proportional to
w, and since the other terms are known, deducing w
therefrom by identifying said first expression S with the
first magnitude 8, said operation being performed by
harmonic analysis synchronized on the speed of rotation
of the arm (2) from a synchronization signal T such that
the mean component M of the first magnitude S provides w
on the basis of knowledge of the one-to-one relationship
between said mean component M and w as obtained by prior
calibration; and

g) since the second expression D is a periodic
function of time due to the constant speed of rotation 0
of the arm and depends on two periocdic components v, and

v, of the air speed along the trajectory in two orthogonal

axes, respectively t and r linked with a probe, contained




t he nean conponent Mof the first magnitude S provides
w on the basis of know edge of the one-to-one

rel ati onship between said nmeans gonponent M and w as
obtained by prior calibration; and 30 g) since the
second expression Dis a periodic function of tine

due, to the constant spee f, rotati,on U_ of, the ar

and Uepehids Bridf%o P rirggia%lg&p%ﬂgnt%ewe%%ﬂ‘pew ?Prmal al?d

t heradliaspeedlatbng tthe tgajcectaamy i(2)twopoethegogal by said

axe ctiveal y. .t a j WiLth r d of tati
?arﬁgﬁfgsaﬁ%?leij%?néhfb?ffgd o Eh@dQB@e of rotation

cont al ne sai'd pltane of rotation an
respBctheckymorthd BT reeiler reraePve €6MBargn&SmPe and Ds

5(2) o£ Pr QAUCi Ngecbyasaimhgriaiumni cpanal 8ds consequently  the

synchroni zed on the speed of rotatio of .the ar the. .
firSPBPABRtfar dbni 82Condonefts Bc aﬁﬂnfil%nof<¥£L previously
secogtaphgphtddecbreapdndongequenblkyttibe. conponents u

and v as a function of previously established

correspondi ng calibration. 2. A method according to

cl abm A, melfdcattaetording thatclaim stepshpypacgprigsg in that

109) éﬁs?ggsgw ped asdf ah ! gve: pedBoehest bisC reilgeals :E21

15associ at eda}q/i th

20

gener a y a pressure sensor Cpl associated with
the pressufB i Ataker P i 903 andm t BT 1M SohbiPnePressure
mﬁblgﬁgo@(ilcgnda@@acaadeas witNentlee postéésersi gmtdlle P; is
an electric, si.gnal EP2 gener.ated e re e r .
022° 5EE5R EE U W nF Ve (RBee LUNGSFe Pty and “BRE and 1o
trapsment edpbeistivg sagnhe conbi ner nmenber OCL and

LUiygy sl gng andysecondly 1R the pressure
conbi ner nenber %ngd %Jg%ogj?at éd \?\%th a negat}:%ve P .
Si gRENPOT afrzel BEEPFEasEENaVIEDL HoRerRERITBYS g SENSOr Py 1S

PressyfSmi 8€880r rfQRLktasS0GiAt atheM tdbridlieng) esttil®er OC1  and
intake QL is . transmitfed firstly to the c

(?”bi N&ndly to the
menBeFOBEItEAd Y5 adsofPEtEd VWi t itd negdP T v TP Y
andcseoondrymenbebeoCeomhidnessperhéedO@2 thna inegative sign;

associ ated_wit L.tiye I gn; ctd) C
si gnal EQZaaeng%%?gﬁ%y %/%%ngp]?es%é’br egei%%s%&&# @ pressul,‘e
assoenaved Wt haskecprésdureitht aklee p¥essyranstaedl @1 1S

to ppthsmoubipers empey s +QClRRd adb Bk | fember ©C1 and is

associated with a negative sign, and secondly to the
combiner member O0OC2 and is associated with a positive
sign;

the electric signal E,, generated by the pressure
sensor C,, associated with the pressure dintake Q, 1is
transmitted to both combiner members OCl and 0OC2 and 1Iis
associated with a negative sign;

the first magnitude S is established by the first
combiner OCl summing the electric signals; and

the second magnitude D 1is established by the
second combiner member OC2 by summing the electric

signals.

3. A method according to claim 1, characterized in that

the steps b), ¢), and d), are performed as follows:



associated with a negative sign; 30 the first
magni tude S is established by the first conbiner OCl
summ ng the electric signals; amg the second nagnitude
Dis established by the second conbi ner nmenber OC2 by
summ ng the electric signals. 35 3. A nethod

accordi ng c har-a r t hat ;&ﬁpgstggg P
o) "R bRk SR gl b s e v are

or 65547881 bESBhet Pr G5SBFES PREAKES TP AN 2 4HAC measures a
transarétedt L 81a gHeRssIHe @@@@pr tEPLfI% t paksER@sUmEs sured by

dlf erential pres equal .to th pressure nmeasure ed

?RePp P§§§EFe P%P%ﬁe%blmﬁpﬁﬁs e resiihe Medelred by the
5by phes5upee$smakelmgakenBZQOaN@r¢@dveHﬁEﬁ amt@l@mtrlc signal
elegtric signal EP122 the pressures of the pressure
intakés Pl and QL are transnitted to a pressure
sensor CPlthet RAESHEASHr 84 AhedPrresdds dntgrkessdheand Q; are

equalah Ont PEcRr esSULE prasyhed enldbt h@ ?r | ESEHHtE measures a
i nt ake _P1 n1nui t he pressure asure

ress
| AEE AN b NaL c SRR | SE0E En il dors | BEEEgHER. Hedsured by
10EP1€Ae pbespﬁessumask@fEthm1p065$ueepnﬁsﬂ&fﬁFﬁbamwr@ﬁ by the

ﬁ;:%u%éggsm LLe ngépr Go> Woh 2R3 tﬁ%r‘i h?%ectrlc signal

ntial "pressure equa
pr eBsyr e neasured by the pressure intake P2 m nus the

pressure. ”@ﬁ‘éuﬁggsg}zﬁrggeofpr{:ﬁésbﬁr@sbﬁtr%k%.n%ke’%ﬂq?z and Q, are
converted into an electric signal EP2g2; and

pre’é%‘ﬁ’é@lB’Fe@he’C%ré‘ssBF%sﬁﬁfﬁke%?r(?P%n&p@z a’?f@t @easures a

15t ragsattiedtt 81 a gHeRsRifeL @@@&pr teA QR t pabsBRAsUMEs fured by
dlf erenti al Eress%ﬁgﬁe%ya to ths pressure neasured
e

}llﬂe ?ggg Pe 1 mr]hnHﬁs pﬁessurree mrreeasurec(ij by the

su asur

by phesspressutakent@keaﬁﬁ candectrderitrad iant oebdctric signal
elegtrlc nal EQLQ2 ; 25 the signal for the first
magniftide S is obtained by a first sunn1n circuit

S01 addi hgthherspgharssEPfQEhangreppprae; iadgkes @, and Q, are

20 transmitted to a pressure sensor C,, that measures a
differential pressure equal to the pressure measured by
the pressure intake Q, minus the pressure measured by the
pressure intake Q,, and converted into an electric signal
Bgige’

25 - the signal for the first magnitude S is obtained
by a first summing circuit 801 adding the signals E;q and
Epagpi and

the signal for the second magnitude D is obtained
by a second summing circuit S02 adding the signals Ep;,

30 and Egjq;-

4. A method according to any one of claims 1 to 3,

characterized in that the electric signals are analog

signals.




the signal for the second magnitude D is obtained by
a second summ ng circuit S02 adding the signals E91P2
30 and EQLQ2 4. A nethod accorging to any one of
claims 1 to 3, characterized in that the electric
S|gnals are analog signals. 35 35 5. A nethod

acogr dhng,d 0,20y 2, of LAl 1oko ne charactenized o s,

BctFic signal s are si gnal’'s
6 Ahﬁeahbaracedrdnmgthatan*yh@n@l@ttglla:l nsignagssare digital
chagaghgitzed in that the synchronization signal Tis
generated by a phonic wheel. 7. A nethod according to
any one of claims 1 to 5, 10 characterized in that

st heessyncnﬁ@mg@tiam—a@fm dEd‘ sang@enenat edr byc Bniegllie to 5,

enco t hp to any one of .clains

fo $hehagtentelh 0 i athat e patdeiiefhifhociiatal T is

maxgenaratiédvialue phonhe whgral for the second

magni tude and a probe facing the speed direction, as

determ ned during calibration of a probe, is
conpenBateRt YA sHIFI YL e tHhase oPneheof claims 1 to 5,

1osyn@héeatzéu@@d8|grmalthEt 20n8. #ymet horli 2S€0pHI NEidial T is
any one of characterized in that a

ns 7
o aShEr et ed By el aRERERT el ueof  the i gnal

for the second magnitude and a probe facing the speed

or b, 2y e BRdP B ad 9angd! SBESISET aths 1 to 7,
appthedacberheedomsonems prégﬁﬁéﬁ Pyl fhebehyeppnithe maximum

15analy$is- o%Oth/é %q\ar%el(é&rf@ﬁel gehsﬂanha@%lttn@mmda probe
speC|f ed by one of c¢lains, 1 to 9, devi ce

bei ﬁ@%lﬁ%\r a&hﬁl zé&ee§o |ﬁl¥ﬁ‘éFl?’E"cor13p9r| s@'? ergiingd, during

(2)coaribegeonah aif i&s preesr Ost eochpdriseeedshait F)fcing the
directed a ogﬁ?the axis otatin constant
t

poRiegs Srotle naenRthearkRbR i 8aRk Fon SR o

pressure probes S1 and S2 di sposed, one at one
20 2. A method according‘ to any one of claims 1 to 7,
characterized in that a phase shift between the maximum
value of the signal for the second magnitude and a probe
facing the speed direction, as determined during
calibration of a probe, is compensated by using =&
25 rotation matrix applied to the components provided by the

harmonic analysis.

10. A device (1) for implementing the method specified by
any one of claims 1 to 9, the device being characterized
30 in that it comprises:
an arm (2) orthogonal at its center C to a drive
shaft (3) directed along the =z axis, rotating at a
constant speed of rotation £ in a plane of rotation PR;
two pressure probes S; and S, disposed, one at one
35 end of the arm (2) and the other at the oppecsite end of

sald arm (2);



35 end of the arm (2) and the other at the opposite
end of said arm(2); 36 four pressure intakes Pl and
Q such that two pressure intakeg P1 and QL are

di sposed on the pressure probe gl and two pressure

i ntakes P2 and @ are disposed on the pressure probe

S2, the pressure probes Pl and Q 5 any one probe

bei ng syhnEPPfca?r%%%ﬁfetr&ﬁ?ﬁ%é% g% 7B atbn%ﬁ?1 that  two
bei pgekeapectirtealiyesabbyeandd helaaw sdisbopédnenofthe pressure
el PR cBrPa T CDuSE eRs L5® “CRTeBF S 22 St i dwur L oposed
sensor thei pgeassoei atredhe B, withe agresease erebhmedsupad Q; of

5'nt9h§3 5have %588 PLESRYN EsyMBRASHEEARNt §pbAt0 the plane of
electric signals; processor neans (5, 6) for .
proEe5athgnt hBRel 2 }PE EGIPRfA sl Hoher &Y Dy e P&dPw sald
pregsHhe sensetstien establish a first magnitude S and

itude D; 15 a harno & ana&yzercAH

a second n [

coupl ed t'g?g%yr?crﬁrsoiﬂrzeerse%?oﬁgl ir}v(eﬂ’ng gpr Corr Cozls (_CPlPZ’

synChi,oni 2gbi onCgipgnial dachi psekbguse ﬁh@monrheing associated
lopro%fﬁﬁlngo&eggﬁ %hQQaE Q@A NGriRet he driveStting pressure

magni tude by an el enent &n provi des an output signa

M rapgdusemendbfylinke precEsicn§ioRadfé signal relating

to the 20 seeendsBRIpichude (B,by el e soddXsang €S electric
provi des_  respectively two og&gut si gnal. s DC and

t e e [E%nsors to
t heSiPBRLFs FENSBELSEhd 15 cbRFesp8Hdi ng 5 THE
har epabbleenpanéntrst magpectuideely aofl theempan magnitude D;

conponent of .the fi.rst Lpude; S hefirs h -
15order conp%n&%%?qq%%w%ggggaéyi%ﬂﬂ%ﬁégméé gga ra% Fg ronizer
of Eledsédumdimggri tsuehBordrrd t iprc & idsrant i on fhrstg so that

ena@hiang)fi%]@ewn%'ﬁstkie ¥ grad \Eof:e_:[ﬁ\t‘iﬁ?beto the first

obt al ne a non-rotary rectangular, frane o
ref BREREBUER, PY7)an t ReePaPte M RIRYATY @rf otheut signal M,
knowhadgecehdt e tare pireaeiss irg) aif anshi i died heealdtand to the
20t B FAdEee Doty (IS 0 ol Ve sgrovices
v onethecthasly ofvok owiredge igmadme-Dd-aonk DS, the signals M,
relﬁ&ionﬁﬁhpsD%thBQEQ BngﬁﬁortSal£QéathQEmQﬁﬁﬁeeEompOHents
DC anfl u, and bet ween BE-and °v. ,
respectively of the mean component of the first magnitude
S, and the first order components in phase and in phase
25 guadrature of the second magnitude D; and
a calibration unit UE enabling the components u,
v, and w of TA to be cbtained in a non-rotary rectangular
frame of reference (x,y,z), the value M providing w from
knowledge of the one-to-one relationship between M and w
30 as obtained by prior calibration, and the wvalues DC and
DS respectively providing the components u and ¥ on the
basis of knowledge of one-to-one relationships obtained
by prior calibration between DC and u, and between DS and
V.
35
11. A device (1) according to claim 10, characterized in

that each pressure probe S5, and S, is symmetrical about




35 11. A device (1) according to claim 10,
characterized in that each pressure probe S1 and S2
is symetrical about 37 the plape of rotation PR of
said arm (2) with a streamined anterior end portion
situated on the advance side of the arm(2). 5 12. A
deV|ce (1 accordin 0,c¢lai 1, Gharg ri |
Yh%acﬂ Probe® gl gﬁéagioﬁsngébstgnt %ﬁkﬁ A o) with a
cyI$mdeambinedsannedevmc@qﬂanﬁkxﬂwlﬁgtvétéﬁapﬁ:EPe advance
chagragterkzed.i Dyt hgy each pressure probe S1 and S2
presents anterior and 10 posterior end portions PA
and PP that are substantially hem spherical and

5'nt§209ﬂn§§bﬁéebwla5%&Eﬁﬁﬂﬂﬂ@1t& cayhmndﬂlcwhaxﬁuveﬁlzed in
having its, axis synne rt

salﬁh%Pn??§9 %\ ﬂb%oﬁtéFH% 2|ﬁ ﬁ% ﬁ% 5 Sh4 'gy éﬁ%lcal

PR, and having a section that |s substantlally 15

cireyla ! ofdi pgatip qlai 'Eﬁa? t d

cha?gctérgégace qﬁx g?:eaéﬁgﬁfeéguggaprobe rac Srize 12

pre@bﬁtseﬁﬁﬁemnﬂﬁﬁuﬁﬁnﬁﬁo%ﬁdSpoﬁﬂﬁoﬁé PFeéﬁ@tﬁEﬁqﬁﬁrlor an

10grep§§ﬁé%?8%£§hﬁy;%Qﬁhﬁﬂ&ipbﬁr@®§ “@@dthﬁtgﬁﬂﬁﬂPEﬁbeﬂantlally
Yy sne t hat substanti a nari ca
havh#HlFPReRkFeL of a@gﬁmm%f? ‘aﬁ’?fé%ff%%‘g %Hg the apRptantially

(2)cyvihbribeli neatrand stieler @@dhapmnglmmS RIX igndo PEsymmetry

ne DL ERRR BT tPna a1 D) (Al ekt decrh e Eo En, i gy ene of

t he® € arm Ive to the centra
sherbt€Qiod5PRA duvd cba(fi)lga@co%@hgom otbp&i msi1substantially
5cha&9g&giéged in that each pressure probe S1 and S2

is substantially spherical. 30 16. A device (1)

according to claim15, characterized in that the

pre§$urg H@Q@%@S (&)} a&@b&}@&ﬁgotheﬂﬂedmauﬂng @haracterized in
i on 7079 40 0ol B.1V10 LA RS Aonr anc
deVOGEe(:l)eadcmcdrmgoms) =i rarkb, Bhatheter bzed Bhbstantially
thaﬁe&?@pﬁé?%égie drY akgsPeofildcBhadn®y, Ol &l akb@ndhat is
2 substantially cylindrical, having 1its axis of symmetry
directed along the arm (2), with the inner and ocuter end
portions PI and PE being disposed respectively towards
the center C and the ocutside of the arm (2) relative to
25 the central shell CQ.

15. A device (1) according to claim 11, characterized in

that each pressure probe S; and S, is substantially

spherical.

30
16. A device (1) according to claim 15, characterized in
that the pressure intakes P, and Q;, are oriented along a
direction making an angle a lying in the range 25° to 35°
relative to the plane of rotation PR.

35

17. A device (1) according to claim 15, characterized in

that the pressure intakes P; and Q; are oriented along a




38 direction naking an angle a lying in the range 550

to 700 relative to the plane of rotation PR 18. A

device (1) according to any one,of claims 10 to 17, 5
characterized in that each pressure sensor CPl1l, CP21

CQL, A42is drsposed drrectly at a respectrve

pregsure, i nt ake neasur.es teco o
pr eSshret lﬁﬂdmanggePg g%ngéeéﬁuvé'e |?R§?%%a$5 £o 70
EPlre ERRivEQLy EXR pmanerefanotanabogP§|gnal or a

digital signal. 10 19. A device (1) according to any

one of clains 10 to 17, <characterized in that_ each

pres8urd demice CPl, acPRTIEAT, tco@ny Lhetimetiadmnsyl0 to 17,

5Coneﬁgksetéelaeaes_@leorﬂa/@ @aeasrgﬁessuzteakeeﬁslorqu,l,Qacpz, Cotr
@, measures absol ute pressure,

r espectised eFEE??@cdsFﬁﬁﬁ YEAT EPfesﬁﬁf%lgﬁZPE?F?ure intake
maypbe BY) @nal g, shep@kres amda@smhmtergna$su2@. And delivers

O St T AN N E S B a1 o

each pressuré’sendor
CP16121080s02062, oc:ncﬁlgsteénﬁeened to two pressure
1pi ntakes, respectively P1 & P21 P1 & @, P2 & Ql, QL &
@, neasures a drfferentral pressure, and deljvers

Cesplet hvECRIEE! e SEGRAVIESIZP, ALORe OErptpins 10 to 17,

Elql-@aggcgérﬁéede;ﬂrﬁetrﬂéﬁ @&?ﬁrcbmﬁsdure:laemds @, Conr Cour
clarm1 char act.er.l LN a C

(5) Caon? | S BorbP BT CHEHDG ol SIS Ve pressure
cal tutakes Elhe Py sth,rra:gzm tudessréel edhsdutse gigessure, and

153UC.1 0pLL S = BaL o cERS.- Faloc Fat AQand g secand ey, Ey

conbi nér - renber ates the second
naghhetideap bel et aneleggﬁagne)l suich fhgital signal.
D:Eai+EQ Eat- EO2 22. A device (1) according to claim

characterlzed in 35 that the processor
conﬁpls% derirsr (dnFiche T it did %&ﬁ.?%%to%a?gﬁf%% Lo o 17,
thecﬁaksttﬁagﬁéﬂudﬁn Sthael eetche pranalrsS) ssucon h@t;m, Coip17

o o ket B2 cond, suppLNg Gidedlide SO2ntakes,
tha?ﬂ@é1cu a1%8s the c8fieBr 88 =

respectively P, & P,, Py & Q,, P, & Q;, Q; & Q,, measures a
differential pressure, and delivers a respective electric

signal Episz, Ep]_Q}_f r Ep2o2r EQ]_Qz-

21. A device (1) according to c¢laim 18 or cilaim 19,
characterized in that the processor means (5) comprise a
first combiner member OC1 that calculates the first
magnitude S (electric signal S} such that:

S = Epy + Ep2 — Eqy1 — Eq2
and a second combiner member OC2 that calculates the
second magnitude D (electric signal D} such that:

D = Epq1 + Eq1 — Ep2 — Eqe

22. A device (1) according to claim 20, characterized in
that the processor means {(5) comprise a £first summing
circuit SOl that calculates the first magnitude 5

(electric signal S) such that:
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second magnitude D (electric signal D) such that: D =
EP1P2 + EQLQ2 5 23. A device (1) according to any one
of clains 10 to 22, characterized in that the length
2R of the arm (2) is preferably shorter than 0.2 m
10 24. A device (1) accordingdgo any one of clains 10
to 23, <characterized in that the synchronization
signal T is generated by a phonic wheel. 25. A device
(1) according to any one of clains 10 to 23, 15
characterized in that éh_e Synchr ni zation signal T is
generated by an angl e &ncode?. '267*“An aircraft,

shar act evdczed | Bulhahgi tcischiitt esbaM tdhatt headeviaees the

éé%or?gcn%gljlfgléeo Danelel%rg:?:r%fc Csliégljlna %? tSLolcl?_lsthat:

D = Epi1pz + Egige

23. A device (1) according to any one of claims 10 to 22,
characterized in that the 1length 2R of the arm (2) 1is

preferably shorter than 0.2 m.

24, A device (1) according to any one of claims 10 to 23,
characterirzed in that the synchronization signal T 1is

generated by a phonic wheel.

25. A device (1) according to any one of claims 10 to 23,
characterized in that the synchronization signal T 1is

generated by an angle encoder.

26. An aircraft, characterized in that it is fitted with

the device (1) according to any one of claims 10 to 25.



