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 a nethod and to a device
for determning the speed of anlaircraft relative 5
to the surrounding air, and in particular the speed of
a rotorcraft such as a helicogter, for exanple, havin

at | cAsSYEBREDnBNR RoPBVICE, EORQMERPUBING| 3d8s SPEED OF AN
rotati ngraBentT, ans upskantiahRyaveotorekaaxi a1f 0bw SPEED

roviding said helicgopter with Iift and propul
h0 Mor e eech‘éF?nttﬁé‘Q’eH\Féﬁﬂ e lAtsmebe 5 Mt ngne to 2
in&kﬁUHRﬂtfoﬂ|thEBmmnlﬁ$ aMeaHQK&ﬁEedfladleatama@@ﬂgelatlve
5SUIttoabtl_ eefgur éi? gga‘i'}_l b%%rdd Irpiééltlﬁ?&ﬁf’aw I:?Ae speed of a
i e arrcraft, Bnd

i nfOr Mt T oR- About erf orvence
specitfanzta it | sgchpesd, a|heélﬁanh§r,trf@tr iexample, having at

va%gﬁﬁféﬁEEﬁbP@S§b@&§; inspapt kedl a wheRdsh&otating about
aircraft is traveling at |ow speed. To _do this h

the
i nvlent SERSARSS 1pAdVi de¥SRtHefhod B12S pr 58535|R§°V1d1n9 said

I nfryIneddpode of rvmmrsamfm”&ﬂswrpf@ummmnent enabl i ng
t he spe of the air raft_relative to the air to 20

be
1Oobtaine,°EﬁSBrEﬁ6ﬁﬁ §S'Q§§cﬂ9H§ﬂF&° pEdFPOSGT |8 FiFasuring
spdm&trumeﬂWMeedsbﬂkqunpthanraspea¢eedtlnglcator (AST)

recs‘?d ltea% téﬁat e}y AS| r| NG gle.lhr}ggr al | o aqch f erﬁ'ﬂstﬂﬁiments with

pressure gauge neas di fference between
st aitTH o fFradsisiy eap@ﬂtaﬂ%?%npeﬁrf@g@wﬁ@)e t@ht Ghe ogircraft, and

'nQﬁﬁﬁﬁ%ﬂHaEﬂ SP€§dsp@@@trﬁhpéeﬁéﬂh%ﬂfﬁﬂaﬂslgl&%naccurate

an int for total sure
15 2 gl bt ke o pibei ChyaPheheh: EbR SRERrEq Y & Heraveling
artat llnow prpewd pl e, the static pressure intake and the

total pge égrghﬁgta%%eaa%ﬁgw%ﬁgﬁi§ﬂ9§tgf$$ﬁ? ? a method of

singl e pressure , A1"50 "KNowh as
pr ghes'casrs ing' Putrtﬁortm:dion theam | sagfd saisstsamding | yinstrument

Str, 1R i‘F}‘f@ %é@défC@he §Eee§afw th1argsaeral 't)ﬁe air to -

hem spherical anteri or t1on aced on the ai r'cre}' t
20§ n by @bt gtherat pat klfva%tP9 ﬁ@rofiéfflarﬂlﬁr §8§Ge , "true air

| Ntegetad's, dat Luatc@eoat"ﬂ@remtgﬁfe apstsweea 85 poi nt of
the cylindrical body (knpwn_as the stagpati on paint
when t het axi $5of rteh%a § nabRare 5t al R8P | 0§ podenerally o
differential pressure gauge measuring the difference
between static pressure (or ambient pressure) that 1is
25 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 tcgether in a single pressure
30 probe, also known as a "Pitot probe" or a "Pitot head",
that 1s of substantially streamlined and cylindrical
shape, with a generally hemispherical anterior portion
placed on the alrcraft in such a manner that firstly the
total pressure intake 1s situated at the extreme upstream
35 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),
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incident air streamupstreamfrom said stagnation

point), 2 and secondly the static intake is radial

and behind the total pressure intake. Thus, and in
application of Bernoulli's t heof em (whi ch hol ds good

up to about 300 kilonmeters per hours 5 (knih), beyond

whi ch Sai nt-Venant's equations apply, or indeed Lord

Rayrsl (peeongly hehsupdedddl cineaie) 1 st Fadial and behind the

abq&aqe@;féygeﬂ:eorle&%(@ difference is equal to the
essure from which the .ndic air

dynam CTE{ gt % 'th rerm
of the EYor afih 3y ARG 1A0 ¢ ST co
bocky\rtﬁ_fcthhSBdsl prcahe ups d:eﬁu&hdutTfB@Opr}@ﬂ@mesters per hours

connec dt n rd nsir L. €.
CoaR (Ba PRl uriRt (AR YTRIb L Galllions opmly, or
speemiece@tré@mndsaylemghhe gioundhet cuprrspeed ofandg) , the

?I GRS -ménedﬁtrie\eﬁ t;%é%%eé"r@ﬁﬁ@éﬁ@n@émgheeeuaqnd to the

inthe air (In to the equival ent  speed,
éiyftaﬁécerbT’cRﬁ)‘-’tUJEﬁ th@nstﬁeéehnﬁhel prAdgappc Re-TsgiRged Vi of
rOchegfaLh@réﬁt:atall}é@xgﬂeﬂgétﬁx@_fs tde ﬁhé, dytisieldr espal body of
t utlent t he ensj, t e alr _at t
L AHE TIPS GhesRPUHCHRY: dah Sy HIRE dEhsreonsrra, tg, an on-
grdm:sd:d emtstrméﬁ)ta "Istandar diatifospber efonafigmititey an ASI

f |
%Fln%?hggs %téﬁ&%l erﬁjeaé/ q dd ]_Ileé’ Slgni ficantly

a corre tlon IS
|ncI uded t“;msedlf‘tm qaclqurt de taderdie yshaest mded thet e rcraft

des@nifiad heffLithe HWBNRING MY fAGosdierd Ndikat ed

speed Vi dlffers from 25 the e ui val ent speed, because d,
the instTdifenthes aidt e lﬂ&hf ctb9 G ?ﬂ%ﬁt pnt spee
er riare .asspei atrediuct paft ithel adpead t hultekpddgetiheoist ahkec square

i nt ake) d. beca h e does n ke

exagty Thetts arpiipt 08, BpBsaEy Ik e PEL MbpdtEe eaual o
apm’r@prqlmtetermt@fstme cdemeststarefi t;hsoattheat;r dbsuad titude in
that,mqul g, b;ﬁhe ! tgar e 2305 9Py W Ehgut ae%r%eeed level in

relative to IS a SO necessary

di $ti ng?tﬁaétﬁiqré%alatéﬁ%ﬂf@r@r essur &g filifct |36|*'1“Qﬁprt9rﬁ,§ on a

f| @urafi Rilarar gdpd dherai 4 craafdn i d@rﬁt&%ﬂr Qrfatne| @l&e argtandard
the static pressure of the surroun

d I "
SoTEE PR .oy COREEFRCEronL® kiBR ast (Re 5] app, "altitude
pre@mme:yat that need not be described herein.

However, in fact, the indicated speed V, differs from
the equivalent speed because the instrument 1is 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
the pressure that would be measured by a probe without
any speed relative to the air, and it is also 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
of any interaction, known as the "static pressure at
infinity", it being understood that this is the pressure
that ought to be measured by the ASI installation.
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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 ASF is difficult,

requiring special corrections and calibrations

Furthernore, it is inportant to observe that

traditi gial CaRvitders (Aspdilih b= t yndegséoand fsftl%&tu geveloping

pressur eps Nt@kehnhaves sensit i Witpf jthate t endeqh 0r PR§OMEpecial
zero when the speed of the aircraft relative to the

ai COFECHHEN S AT Copudd i, and as nenti oned
above, the t¢aidrarrad,i onit 10 iaf sumpodeahtestkeadsbserae that

S| n% dl%peed lhVal e%lbceelc.lsgg é’% ven 1t|9 i Pltt%ec SQ%%% ala%@ static

t hé &4 15 % he cyli ot” probe.
CO@ste@wemel yinthke}pdeicof sehelawctatf tthats assgwedteobecome

be 33l vﬁ&é}g' gyl 5eedn%@0fﬁélnglh_»erseleerfelraedl%ert@f the air
t he exact val ue of "the nodulus of the air 15 speed

vebeser@Sofdalde flight path, nor of its direction in

thr ee-diﬁfﬁ&l%ﬁeqmiresnaﬁﬁi ﬂ,maézhwloxa@ai kbol’Be $h%Cioa1|11bration
ci rcunst a ce of . rotoI such airc

iaft can exe%[ b
thPde pUSSi bie71¢§pes ot ?Ilﬁﬂn oBIngle;  BFed | i yue being
uDg‘i“’ed’O"‘m e st aheospepd ldlghty othéoweisnm L when t:brélnder of

alr af 0] no, to e d ;
fli %h E|IlrJ1cotdcr ?rs{kg%l ond&v&g%lﬁ%ﬂﬁyﬁ%rl E%%t a?%éd 8%the aircraft
|neﬁnﬁ§ﬁum§ﬁlhotﬁe|ﬁﬁkﬁa%#n@l$gﬁﬁlé?®s@q(ﬁ?@@@??ﬂ@s taken

theei@xest epee ofe Vekhieal vange | afrer ehecqmmfm SJifN the air
the fljght path alr sgeed can_ i nduc aqgles ?
i nEPE&ERc &SP T ot lendetEri B8Nt 9% gt p&Fhdirection

ai&nSQ&Q@@HaﬂMEhSﬂMhaHfkpdmﬂorcraft that can reach
| arge v maki n the 30 air. sp i cate
&P@I&ﬁal dgalce§ub %he gﬁgc1€g é f%&ﬁétance of

such tr adly ™ wo
r otrorteraina f t,he swadh fadomrEdfd r cor ( §)><e@|1-1§@ dirgtag bpossible

[ n@@%%%iQH§:éf1&Hﬁzs portion of the flight envel ope.
» vertical flight, up or down;
stationary flight or hovering, when the aircraft
does not move relative to the air; and
flight in translaticn, whether horizontally or
inclined.

In the range of flight <c¢lose 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 values, making the
alr speed indicated by such traditional devices badly
wrong.

With rotorcraft, the wash from the rotor(s) also
disturbs indications in this portion o©f the flight
envelope.

Because of these phenomena, limitations are put on
the use of roteorcraft in order to guarantee safety, with
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35 Because of these phenonena, limtations are put on

the use of rotorcraft in order to guarantee safety,

with 4 the correspondi ng reduc%ion in the utilization

and the performance of such aitfcraft. Consequently,

in order to avoid loss of sensitivity, certain

hel i copters are fitted with two Pitot tubes_ 5 placed

on thfo SPPESFPRNAERE e RGIdY y1Bntidhaltéhiepéd opn and the

t h@edtiocrmehdeotcat iserrtofaitfdear.n rotor, above the
pl ane of, the bl ades. That device is
'e'Lry’d

kn as a e
ormi i 1 SEPGRITT Y daitn, A et nd? P LLLeRS B Semsitivity,
ex ampita inon helliidcartye deel iagept drig teuch washt hewBel [PiUHB0 tubes

hel i r ' n | ' '
ISR sy % SOHEEE o208 2808 LEF Bicsnps, centere
deval oped WMritheofApmtaaien PHe WML28 Medn cspter -usdRove the

Pi ot nleubes phaeed dizRet.! Y  ahatthe RRA%eOf ithe known as an
bl ades. .15 Those .t wo, devi ces present sensitivit %hat

i s el rgrtrenale gkt afe e r%smﬁ%ga FSw dfehngrarple
t hey cdilitroyikelibeptaps cenphnent sciof Bell spEéd hrelicopter
the plane of, rotation of said device,_ ta e

oxOrs B8R ¢ RE ¢ R PHod LB hmotens t nat® | SliEnsRteg on the
t o Deaipd ip™ane Cobsitot afhand 2Mhdld cwaitarast devhdoped by  the
d$¥%§ﬁﬁc%%Qq°t be used on civilian rotorcraft because

0

elr corg&l exity and their cost. Under such ,
condi ti ghe, MIgShdiehtcapten wyss gbbtohr BuBRAEsPE2§EF Sdrectly
MRt edhcORnAy JfNthatblRfeat.es at 25 constant speed,
thus constitutin rotating antenna, and,fitted.at_ .
cach - olhane U BENECRredhRiE it SRBEOFLBIES Cidlpeis more
Thatr dbwvs<ecenalbhes,t hen@bsbing eavallusy ofpeetiat iared they can
sp .0y b a ed . I r Lon . of e
an?gﬁﬁggges%ggnégéigggggbggtgn th%I?ngpg%ﬁtqé}rtﬁg plane‘Of
st Feamt 130 amtl shdd rkekcet POsiN eexeludasir ©f hehe third

di egiloRRnef +rahat AidriHdRMR k@l PlARhe W rotation.
pressure difference between the two total pressure
i nt akes s £Pdridthic FUAREi ofSHAFRRg &AM UdePEhattSed  ©on
i S cprApAEhn andlodar e bemdidaisobf th@id eempliexéty and their
speed., In practice, the

COSst.,

Under such c¢onditions, US patent No. 3 373 605
presents a device mounted on an arm that rotates at
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 saild device and the incident air stream,
and alsoc makes it possible to measure the direction of
that air stream in said plane. The pressure difference
between the two total pressure intakes 1s a periodic
function having amplitude that is proportional to the
modulus of said relative speed. In practice, the
relative speed 1s obtained directly from the maximum
value of the pressure difference. Side-slip 1is

calculated from pressure difference values measured at

B L T e L
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35 relative speed is obtained directly fromthe

maxi mum val ue of the pressure difference. Side-slip

is calculated frompressure difference val ues

nmeasured at 5 "points" that are spaced apart

orthogonally. No information on a possible relative

speed conponent normal to the plane of rotation of

t hé FPevitEe cahhdle dewsr er%CEQJs PREERt NF TP EIEhls No

r ell@ﬁf@ﬁ:ﬂt&&]ﬁ)lrfj%q C ;B@?sﬂ@@eﬁéyétﬂﬁet Bpeége@@n@@%eﬁﬂf normal
ClIl na on o a ans o a
odior e g U St il R, Yok i WWrerninea.

| nt akes Usnd pplteced to.t Be3gar f;Lacée pélatespheoe an gevice for

Sp?fﬁa'a%lu% {:h?he p%erc?sghh E ﬂﬁ‘i‘ Ci%feQ?l%llﬁ.%attQ%n of a

numer’® o be ‘obt &
wi ti awnfley naesba edncerpralget hévamgerﬁtatl%%f fiyge orifices,

speeq 1YeCt ﬂébﬁ?fé'ﬁ&‘tl@]’ée@yaxﬁ@kﬂaﬁgcé§eoﬁf the surface of a

experi ment al curves nsequently, that e ui pent
cafPerE T Ssat sy ?Pi%ch%%d Sn ai A aft Sr“‘&étpl efihat device

I Nn@ingatless, |tmle paathcuhambebenothetiaer cfpdw itsoabe obtained

rotorcraft ng at 15 Iow speed, 1t. |s r.ecal
eSO ehrhedptriha D heotseebit] GTnpEfghtation of
di wihged dpeade sgeédrof 3uun@artﬂ¢ellﬁ1eedoxof salkhdgi suse of

h |
pr ré{ure(%f)é4$?§%uar@0ﬁg &ugéfl§ etﬁgﬁoeﬁhgpq$nt cannot

terrp speci |ca fealr
pr S9e. i sfy tiHe uBeeDf TPRe aale\ﬁlcrecnqwftq@@f i BRepdkégdigator, in

868%8Ab wheheadle |£‘19§£&f’§u'1%f,at GHIEAHRFL flying at

ad i tional robe to, neasure.t e .and
OB pr ookt ebanted ety MEJf cgupger corresponds
ned:e:ssa'ra Isyp@e(qbensl we vearid leotd isuifdactilgnt tiyer epeall @f sound.

be%lés rnge%cthfCQHB Hng E;Srt :ﬁﬁ?ﬁlotﬁ%labc?vet}qgnghﬁggg root of

means a e use O 2 r esul
(etper igpantlalt < urarzgratyre aefli @i Shpidi hepseadiicadilyy the air

of Jtchathdeyigge t efds thaWRlisds Zerhasqdhece SEﬁeg{u@fsttﬂa)% makes
alrcraft ecreases In an attenpt to rOVl

soliift i FEFSSTHEY pr oBfem 1S5S obt 4t ni ﬁ’@rFHé:uéﬁéed ofcq use an

he|alcE:Kil’tt1anald0§b|ﬁBét thR-mS8sdr 282 i rdesd besda appropriate
devi ce for_ determnm ni ng sgeeddizonponents in
pF

pafai 1 E°%d (He ot or Y TTyR ﬁgegfggégy expensive
cl ese t oohovenfhpctenmdiyi onslidkiat deviacee peff ot coupling

Sa%%é%&&ﬁiC%hgiaabwgeﬁﬁé%%&%%%%t SIS and  the wuse of
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 sclution to the problem
of obtaining the speed of a helicopter, document FR-—
2 282 644 describes a device for determining speed
components in a plane parallel to the rotor plane during
fiying stages close to hovering conditions. That device
performs said function via two measurement systems
associated with the pitch cyclic control system of the
rotor under the control of a control stick, having a
first detector for detecting the position of the rotor
pitch c¢yclic 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 detecting the position of the

rotor pitch cyclic control alofig the transverse axis,

and a 6 second detector for detecting the conponent

of acceleration along the |ongitudinal axis, together

wi tsecandl culdmtiast AreangOassEEREA NG t h tée d component  of

detRCllehatli®n | Ql@ﬂgatﬂlé h@oﬂbﬂ@@&ﬂh&lsﬁnﬁ; th@gether with
val ues asur ed t c rres

WO ondi n te
! GICR I g e o0 S e 3s 86046 LRt FohBd 4, detectors, to
DommﬁﬂgréﬁéZjﬁﬁ&ﬂ&ﬁbraﬂatsmmtofaﬂhenpamuesemEaMhred by the

bove docunent. that, differs by fact .that
5. i nglw%des orres&agﬁ} tl%ieec{[ector}:esasurreelr?en v% oerrseaéh d)f the
S|m@qyahm&nnxﬂnqu&XﬂélcalIy an acceleroneter) for

det ecti ng, hhe ROSERLONSBE bhe ntort A teh %M’)Clh.ﬁprovement of
control relative to the axis in question and the

ac&di%er 3PPBR  EBRPBARAL BPdRg e e Paki §het oaé%erthat it

W tithQaldad at iien eaennsOsewh@g two | Hieutandi® systems, a
out det ect or of

ut S|g fromth S ach
10 e 1985t RA so (G550 ELBFaIVae The SpEBACIOmeter)  for
cOMQMaﬂuxngﬁtumepbehtmoptei neleattoecor tpitch agdlic control

reI 14 L ?heﬂ%(g SAULSTI Qo NG, dE¥KCesye acceleration

dISC ose ove docunents do not ena
al Icwnmrﬂo@mt ‘Sh@f sgfe fa4ight pegether withsgedgulation

Vegldind oshevohbained s nhlyrarley the |c9ﬂ'g:!dﬁ»'d|s& dhalanflrom the
transverse conponents Document FR-2 688 314 descri bes

15 detfemiils ngtetie %o%ko Oéonﬁéﬁ@ntge%?uFﬁ%eﬁFr IpeEE nS°  as  to
th@HMWmae(ﬁhéhepeeﬁommmponﬁnxsdaﬁc&hmtheﬁbcupeet relative

270 a es ce taln NAY.E
dISpOSqT Shs tﬁ? %%%Fé t e fE{ %5 ca (ﬁld%%onent of
the spedtheofdehiecere| dtoplesedelat itVe e habove documents do
Suwgungﬁggwa%alofuﬂfé%t Sofgofehesmigedomere Salt pach aix
spee 'S smal one sol ely by u3|n

20 | ns@ees  VAERQE! dfenbe mdlieinede. PWe 98t i BRS of! Oﬂ%tudmal
|IE&KIQh@méﬂbﬂggﬂddﬁﬁbﬁgﬁﬂg@ acceleroneters) t he

specd oLty B8 5P 0lpe2itle diES ning the uo
di spogicncons are ‘aIp)@I bibd tpeedrtiam the plane of 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 ¢f air tc be determined when said speed

is small, with this being done solely by using internal
measurement means, 1i.e. the position of the 1lift rotor

30 contrels (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-prcduced “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 (according to document FR—2 282 644 only}) and the

I TPy - TP T S T P T I T T



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 thé fact that the

accuracy of the pendular system (according to

docunent FR-2 282 644 only) and the 7 actua

priatdiysles psédcipiedet armfichi nfospesdtEesmaniducungnesd  (see

FRd%c%ﬁ?en%ﬂf rER22,8656240, @00 FR2 688 3144 ‘Fr—2 688 314):

di rect aerodynam ¢ neasurenent is not i nvol ved, rath
i nGIREQL | AERPAVNERLLOMMSA SUFHBSR s dohsBObf tHRECLVed, " rather

ai rigicfdedx tﬂ:l@@tﬂfﬁ@@eﬂoxbas@d @hed Mokl GENtARY aircraft
nodel i copter fli en if_the

| f
 moddl FaRts TREGRuReTI ciidngls TREne KONRIBUT L[ icnanical
ofnmmel heffi clopt eropti¢ri didrge t he Evéhudfcetbe model takes

par.amnet h th on Ly th
T T
t h&IHARPHT t helthl akEROTeMe Kihfemain&sUsRcehe Bifb, numerous
parahltdse-s Sdudh | f¥i Eﬁea%%mﬁltnll@'dﬁ‘rﬂlﬁﬁd d© ﬁlﬁé OFSow of air

ébncernl the cal cul ated val ues speed
10 Compodin LIRTRroB 1 bhe Mo G e vo Gia ghAse of the
bemdmmaﬁﬂy tmegeklhbmaeh¢s15dﬁrﬁthag e, ... Those

r eRf; %ﬁ?F H%%C EF@%&%% ggeggurEQerQPfg Jgﬁcernlng the

devi'c 4) reqU|res the 'z
settd oy layrstcenve bude ol i Hreat eaeﬁdeqmnﬁqrygentsﬁm@hlch errors

ot herv 38 t BghE1 hE1 Fedafioer Qn | BébB&eaC%E?Cnﬁgé OWthereby
sp eed Consequently, that type of sgsten1 oes not_ mak

15 30 Limigdag hiee toeRie §¢ 1 hotit - ano Ask et TefBlESual Ft%éﬂermorer
Si Rc&t ldexﬁlaimtsé)@ eadtibeat eBrfor 2bpgb4speedguiargd ithe zero

does nake possible to ¢ the entire fljght .
PRIl S TRESRT T Bt 1Be Tt Rras gt CrRESRRGIRY):  since
di sypdsirtWicres tpheowi dle% a s:mn@élacbcﬁryl@@imm accurache at low

ne%g:rge%is A”cghgsgwg eﬁpé n}S?ntéﬂ'ﬁe‘ﬁrﬁ <§c9es not make

't hos ose t
20 dewtc@osceatﬁalm éicbfdfrre\&%ﬁm@lh@ ghelBhr eé @bﬁp@ﬁ@ﬁtls tafpe, since

tha o ldgor Peé hcal ineReed ebramigjy pddad) haénﬁaﬂt does not
hover or, nove in _any direction, in partldylar

rraﬁ@uk\?erlr"ngPSFSPB\}x/e §@s‘b‘é’%‘?ﬂr J&Eeoreamgret tHeht enV@lOPe of
I nwert | anrcriag tnet hodhot, obhah&i Nngf the known dispositions

provides a satisfactory sclution to the need.

25 An object of the present invention is 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 mcve in
any direction, in particular when maneuvering at Llow

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 (x,y,z) has the fcllowing steps:

35 * measuring air pressure via at least four pressure
intakes, comprising first and second groups of two
pressure intakes each, disposed respectively at each of
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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 reference (x,y,z) has the

followi ng steps: 35 neasuring &ir pressure via at

| east four pressure intakes, conprising first and

second groups of two pressure intakes each, disposed

r edpaEt Y secen@hrbesgure psebaadistespanpeessdgr &y an arm

Df%%ﬂiﬂgef(é@nn@ck%%&\ér@n 3pBrdr at Rgadtich Q about its
const ant sgeed of rot?tlon n about_its center such

t h&CYGT edbfilprdid, fRAE SRSt oPFeRBondify TPPeSQfkesponding
i Nipaleasss \aree fatt dles sare g sthaceaheodithaneentfanb tife center
rotation of.the ar nd_di s d,s [

e ol SRt S0 (R op PHORARC TR Bl FRBHI Ly apou
on thehe lahaaref ngetd teonf of headdnprmeonvept begrgheituated on

f OWh PrLRSE RS L BN S d Qy; four corresponding
i I 0

electric signals; 1 establishing a first magnitude ,

by addi ng IR eHIEE r iTd % ditls HEETEE f MERATHERSHS  1nto
pr gf%gw %dbﬁéﬁ@&ﬁrxdid{gsﬁmséifiiﬁbﬂYﬁéﬁhﬁlﬁl anebof_ rogagi on

an ys.utratl.n , the electric signal talne m

the two prReSelie THifGhked df Shted"Berbhaai a0yl add gy  che
r otedtdadm,iclS5sigsaabl iodhtiaiges stoondtimgriivaiderbysure intakes
ad%fi%gaotéle% SLEGLT geS! e 8 t%‘o‘&%.‘%ifo"norﬁﬂ’&‘ebgf dff racting
two pressure probes a y subtracting the pressure

si gl s Sdecdimiad  Figralishe Bttiedmest edgie gisbe two pressure
USiing & eEA 1 VRG] MUl dYy S8i e dawel opEestaofothe 20

theoretical expression for the tan entLaIcggeﬁg of(iye
air in refis VitiNeadh FEEA e MaAHKIdng Oy adding  the
r etedigditng ¢ oniynéilsstoargdered erpem tdey eby aldieai bvag pressure

R o Yar SRenthy S8BT Wiy csiphfirs oprained
r eiregerithet iotdhayf RS VBCOMKOES magni tude;  since the
(LrL SOl 1 PLODMLLOTON S Opl b REchBRE ot cno
idé@ﬁqﬁﬁQkf%%ﬂ@XPF?§§1@§pﬁ@§%i@ﬁ%M?QPQ¢H¢¥¢¥S@pGEd of the
magnirt uge, reghdtrepenationeHehngreesleemechtyxdapABniretaining
30 Al YAl SIS PN 280 O ALESPe88 81n LA 90Ty & £ivst
expression representative of the first magnitude and
secondly a second expression representative of the second
magnitude;
since the first expression 1is proportional to w,
and the other terms are known, w can be deduced therefrom
by identifying said first expression with the first
magnitude, sald operation being performed by harmonic
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;
- the second expression 1is a time periodic function
of angular frequency corresponding to the constant speed

of rotation Q of the arm and it depends linearly on two
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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-one_ relationship between
said mean value and w as obt ai fied by prior
calibration; 35 the second expression is a tine

peri odic functlon of angul ar fr%ﬂlency correspondi ng

topﬁéoédﬁst%ﬁftpw the ot SPpEh t fkr apREEAIV: and v,

ItLanl ﬂfwé negrt¥o§Bnk o ?xe@erlq@@&ﬁwt stpf and r,
e | alr peed_Vv an n

o G hrse, “Paifocbiatey Tf Hardt O @ nagsmpetively

saineg roladneand lratiaallonr@mitiwespeotlseal@ anng neducndthat from

ra@'aqld r%l Ho\fﬁ_ctoa%%'lﬁfs%rm I?ﬂtzefur O? 5 S':%'ed speed of

harnmoni ¢ analysi's syncnroni ze e spee

r otr&xtiadii ovf Q etlaﬁ n@rmhetb@nﬁ@mw@@%rm a/ncérg are obtained

obtzai ngd féﬁcﬁl&HnCéforbfgvﬁL?é’J.fU%s"ta%?tl%}?'!éoﬁh%@rrespondlng
corriﬁgpndl calibration. Furthernopre, in a first

varQ, met hod, the 10 signal of the first
nagnltu¢mnu&aﬂmdﬂduth3afdﬂﬂﬁmsvafh@neleﬁtMHesmgﬂhbd the
fron1th R ure..intake ah Ve sald Iane tion

[ rgf%%re§§5F§ &ﬁ%ﬁ% ® thanrs éﬁlows

conblner m@wba&ﬁqnniquamgn&ﬂpimmm|WEe srgﬁsuls 1nheke above
el ealily Cpshgoal, r ?Hté’&? Rr &SSULRel TRAKE: aBOUG 3R Ghrobe is

pl ane of rotation Fom t he secon ressure_probe is
t r afSRisfEéd e thet YowceBRbBIAES ml%\%ﬁérss il givem g positive
posiilgnye sign by the first conbiner menber and a

negative ign b the seco conbi ner nenber
ol ctric SPENALH G e Brs LT E | HheBr SREHER: Anbakg above
pl @aedofplraoteatoDnrdtamibhe frbmstther esstorel preobgurs probe is

tr%QﬁE@h&%%ebo Qgtht gnbt@gr #ﬁ?ﬁ%ﬁé& ﬁﬁ%réﬂ\% agiven a

negative sig t he r st conbl ner er and a
poPPLBilEd Ve @ﬁg@y ktvh e T clobies e opriipepe renber aagd28 negative

theigheehs itheSis@Rdnd omihe PrRey e i ntake Dbeneath
sai d 'plane_of raqtation of the second pressure probe

i s transnittfed *IEVYF comfififey nbrfer stigPveRrgssure intake
negahiewe hsi g d Vbeseky, ot heokktsbncofbmetheaf f£fst pressure

S“g@%@%’ dell%?%é%mltted to both combiner members and is
given a negative sign by the first combiner member and a
positive sign by the second combiner member; and

the electric signal from the pressure intake
beneath said plane of rotation of the second pressure
probe 1is transmitted to both combiner members given a
negative sign.

Whereby, the first combiner, after summing, delivers
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
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
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30 the signal representative of the first nmagnitude.

I n anal ogous manner, the second conbiner, after

summ ng, delivers t he signal representative of the

second nmagnitude. A second vari%nt of the nethod

enables the first and 35 second magnitude signals to

be obtained as set out bel ow the pressures at the

pr &5 Ss i nRER e raAPERE t4&idd 1P afle T STotREEDIULE nSERSOr that

fi rn%asﬁi’%§ecapndfpf§§sU&Efi@reﬁszBQS pak8stiransBdthetn said
to a first press %nsor that neasures a firs

di SISl 1p- bethee Js‘%ﬁfol PEFESSITe Pﬁf’%iﬁe ppd said
th@ﬁﬁd&ﬁrqwﬁﬁswk@ pfomaeamécﬁndip:m@ggneeprnbakesﬁid first

rseescsco}lﬁd pre%%i%r§ prObc? lls‘?églel rst a% preéw{:g ic signal
se sor "delivering an el ectric srghal "repreSentative
of rginkddntsatidid fef esnidl fqotr%tssm%feretm@@k eBEGP ST at

the pressyng iﬁ‘f@é‘&ﬁéé‘ iPecfilr8lesPHBESYRE aREQDE rAlthe Ffirst
transmtted to second pressure sensor that measures

a FEERTHEA ffFé’rCé?ﬁ | B Sr AN G5ht iden & hS PR g urRFessure
WEMEQﬂ: bycHdte pPrhESSUFEsI ntaakeecahave d9&ife raravie 10f pressure

&)tlon an% t he pressure neasur g g %ﬁ pressure ntak

Eai §XFEEHE Sof "PELRE TN, “Eai We sdtohgr e 1ntake
preﬂsunf $£m$cplam¢|gérrngaamos!eodrmhespg@abure measured by
rlgpcrrﬁg&éfsEM?eOfirgc?AﬁS%?BQ ds!affaerﬁﬂéhé' cPEe?]éHEl@aon, said

essures e pressure I N
SeE R em@waabes%@rtr%quwwaentrﬁlr%:trlc signal

Pr e i e rQIS0fe tdats IRAS4H & @ di‘fféiré%tf:feﬂ e@fé@éurer
pressure et ween the pressure neasured

pressure imtaker Saitf pldife é?rersosc‘%ftyer orf“%ﬁ?d‘?%e in the
pr@%ﬁﬂnﬂrpﬁéﬂumxbk@méﬁbtQEeptessamEtteﬂake keltdwi rshipgkessure

pl ane of . éﬁé O”me% d.Lhe thi{ﬁlféesﬁHg%Fﬁgggﬁ%l pressure

dellvers a represgnta ive 0 sai .
di ffedivensn alth@r e@geﬁeurandmeaherpdeslsure‘sh@t R¥rssure intake

Pr &3/ éﬂ@kﬁfa&?' St §9’cQt18haQﬁd°fthEa0b%‘e's%'ﬂu‘en dd¥sured by

first and second pressure probes 25 are transmtted
t o e d?ﬁ%%ﬁ‘-b?%s%%?%k%elﬁ%b@wtﬁa%dnﬁééi}ﬁ'e§ a os@tifen, and the

di ftfrﬁ.rﬁltp@sﬁi:@@syé@s@ﬁt weeiveakdapkegaune rdpisenteftive of
the f| ﬁﬂaﬁﬁf3§§ﬁﬁap 1§§EPQ§§§§5%5 r%ﬁ§ re intake of
It ressure
* the pressures at the pressure intakes below said
plane of rotation in the first and second pressure probes
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
said fourth differential pressure.
Under such conditions, the following are obtained:
the signal representative ¢f the first magnitude
by adding the signals representative o©f the second and
third differential pressures in a first summing circuit;
and
* the signal representative of the second magnitude

by adding the signals representative of the first and

e e e i e s ez an el R i i e
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sensor delivering an electric signal representative of
30 said fourth differential pressure. Under such
conditions, the followi ng are obtained: the signal
representative of the first magHitude by addi ng the
signals representative of the second and third
differential pressures in a first summng circuit; 35
andounter si ghafereprésént RNASWE helecdnd rE§AREudesumming
by sdeiia the signals representative of the first and
11 fourl\}h di fferential pressures in a second su g(

circui t NaBHAERYy, TR VAR eleelﬁcﬁ’i?csl g ls
( siapnalweed deu:bmeobzfemmﬁ,sslerle&trelloecistgnasisgrradpsresentative

repr% r}]tat'fllerst C}he f|r

Cctric" si gnals aredqn ana og or d| glt
f oramgn@mmtaag@m yin |analmg everdigital pbsyibl e phase

shift, agAgleIdadet duriing eaki Malion OF LheypEoPEle phase
bet ween t he probe faci na the direction of the speed 10
a

vedtort tandatshed%%%ﬁ? |19 t 1fe I @i sPgnafhe probe,
remeewarat itk ofpridhe s€aeddgnagnet uderetbisnefdéectthe speed
sat ed b %i]]f settin theggtgase 0
n

x1i % thﬁ ctric signal
syncehcr o% z &% gnlcr\lfEt Hhit a% ou% ?/ ?]h? S ¢
phasasalsdﬁefntajarvd)eofl&hmnpen@&ﬂed'n@gnu‘sﬁl@g, a ttatsat e6fiect 1is

%‘ﬂ t opt,he su | ed r non
ana fsijls uefc?herrrg 8 fe@?ggg%?l pagiéso p?g)ﬁv:g es abf the
de\ﬁ%é?hrfcﬁ?lﬁmlfrﬂgﬁt%ﬂe t hree conponents u, v, and w

Of the #Aldght apabhtabboapedd T&rg,]‘s anpﬁ!aééraféhif@t can be
capabl e 20 of hovering or of povi n\g}%alrn al

RORESh pXr t1eti%r 2 wheh@hraRRuvt S g at-"f’lp&\?ved to the
speﬁﬂnpoﬂmqtchevsmmﬂjsad enpricaenia dielysist conpri ses

an arm Qg q%?g at E%% Co$€ %i%ﬁ af@g Vgr%ggdes a device

rotati ng a cons Sp eed 1 on, sal
carfrod ngeasrespectihe phessur@nmmtai vaclv,of ahtls w of the

ene i gHRACH, PR €8S Yr § ULRPErA So 8Y AP I 1:Cala fel BhLhVeil0 capable

of hovering or of moving in all directions, in particular

signals

?lectrlc

when maneuvering at low speed.
The device is remarkable in that:

it comprises an arm crthogonal at its center to a
drive shaft rotating a constant speed of rotation, said
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 antericr portion
situated on the advancing side of said arm, said anterior
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 1is connected to at least one
pressure sensor that converts the pressure measurement

into an electric signal;

g It e T
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pl ane of rotation, having a streanlined anterior

portion situated on the advancing side of said arm

said anterior 30 portion having at |east two pressure

i nt akes di sposed synmetricall Zabout sai d pl ane of

rotation and lying in a plane of symetry of said

pressure probe orthogonal to said arm each pressure .

i nt ake i's idonhe®PEHSES MracefsOroneeans FogsspFecessing said

serRS@ctiial earvRNntS the BEESBULShNEERYl efBNbesi 4O AN first
electri.c sjgnal; 12 it conprises processor neans for

or SEALHES AT Sl I TAR Gt 2519 sh ¢ he

val ues of ia fickeiprimegni tudeaandndt aaserpndr coupled to a

magnl {448 13, irélggﬁ%i el %h'%arg'g@é{i Y l¥6%’ét&on of the
coupled to™a 5 synchroni zer relative to the speed of .
r ottami, ongeie rdeinar fi rgéasr dtiengnéanscopponenteant the first

compeRgnt, ta[}‘?dfﬂ:fé{rid@?nithléd%m@%_e%@%} dbRdthBepasis of
conpaonent w on the basis o prior calibratTon, and
se®A@Ly t Felfbratisfder 2BBnpofRFPRI Bspelhtf velltyHt  order

phasapan@nts phaseedtee By uie Phask tdinl sEgopHase quadrature
ma 'tgﬂf S0_as H@ provi de %he t wo resgective 4 th fw
comfonénts FHMPY, PRI Ny Accotnt dF “°  Proviae ¢ ©
pr enispesityi-vest abbmpdweentcal i br ataroh. Updertasucly account  of
condi.ti.ans, | i vty qof vice renmains

prg)g}telt‘)clz%l lYE:%%st%g{}lts%gﬂl?\r?cllcf&ﬁr?ggﬁeo%e'trz_;\vgel ing at 15 .
the slo rspaeds eRndidutong ndtled seesiiivihyt ofj fhe device

parddeulal f-heliGoptereoddidht 5 Way¥1udbggPivheh €2aveling at
mak full 'use of the ca acbtles of the aircgraft while ,

stithe  B5ePHGSkar ABESHF ang Qehi ngte yi‘?@ i Gifgatt, in
t hpla roightl arpreedesiti dostkes; . sulih Asisfeayexahpl eilot can make

speehal uhsate th%éjoﬁgip%ic? igé“%ﬁ; a%{léh%ii@%tfa%"cee%i% still
I ndee Vortex sStaté or arbul ent "ring™), in

pabeiity aratrerhusé ebprrhehiogalflehiaractend st iess ofhat might
lthE‘)r\@is%‘iiltt Or%ik%n a_su'?:ﬂ i %%p,t erf giyS %'i%]m?ﬁ'ée,d 5?%%331_ unsafe
ength of the rotating armbetween its Two eng 25 13

ad loust y s3idr t ,2%r ef e bihy-$R88AY hafir 0. 2nAeed "vortex
Furttherenor eori s siradf EQhgl) On i phakned1BY aecause of
Lo TRKSP SONPLaR 0108t Lo dHven, 3RFedst tnien -
helicopter is subjected.

The length of the rotating arm between its two ends
is advantageously 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 1is much greater than the greatest flight
path air speed to be measured, and 1is not less than
50 meters per second (m/s).

In addition, the angular position of the arm
relative to the rectangular frame of reference (x,y,z) 1is
known continuously because of the appropriate
synchronization signal given by a phonic wheel, an angle
encoder, or any other equivalent means.

In a first embodiment o¢f the device, each pressure

procbe 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 (ms). In addition, the
angul ar position of the arm r Iative to the

rectangul ar frame of reference (x,y,z) is known

conti nuously because of the appropriate

sy SeREdRntdEldy diaHsIPhRRAGh byand phoheECORBeFtegdnby a shell

anghet 35sen§@§l§ﬁan@1a1any Qiyiein B 28| emavrm@nsltbn #&xis of
first enbodi ne e device, ,each pressure

S REAor CERIOFESET i b7 el borifbng EharCaraLagd in the
sulpdtzaat | abfy hemasmbem candandvehhgr cofnecdssek byn a that is

Sh%'bst%@%ﬁalﬁgs Ally cylindrical, having its
r ogonal to said arm and cont ai ned

|n the Ipl a?nepl?ﬁ em%&hwom@mem:p%gm@mts@ét tbe deatice, each

r%s%W%ﬂfﬁﬁdBE|Hé§'EﬁHE@ranhnd%dgf#éﬁde§o§€£8ﬂg that are
i ment of the device, each pressure probe has

i nﬁ S&Ad Cddtldry eﬁ’@"ﬁoﬁpt}ﬁe&ﬁscatlhatméreécoﬁ’@ﬁt&rﬂl Ay ya shell

hegm&mhermal smmats%mrira&ﬁtyed bylinghetdl tmtv:jns; its axis
subst.ant.i ndr.i ca Y its ax

ol BTG AL FRac AL RE aFRPati R ofPH nea FRLPRE in the
pI@d@mﬁ qbtabtan;oandaﬂdsnitsentnhatuhat is substantially
substantial Iy circular. In a third enbodi nent, each
pressure probe is substantjally spherical. 15 .
Nat ur al I, the WHedises YRR TN bachedFesspFesSpusBe bitpbe  is

ea@@b@&ahhngl@hr e@ﬂh@anents are designed to avoid
any dls&urban ow of airrgagt t he pressure

i nt ake, |ucFﬁ‘ ul d“h%t aPPPud i eThngll &2 ShapESSTRFE Probe
toinb@aﬁnxbfZﬂhéﬂeeahheefthmdamaﬂmxhaEHndesi@med to avoid

pr g%li/urg ég&gﬁgﬁceo.ftoea%ﬁeprﬁf)gw Orl ntﬁgs{in tafle Ipressure

tion passing thr e Center %o e anterio
porlflﬂié\r]fenarwlhm‘@ Mmzlcsﬂemcécr ¥ true tfrengutent ahapdsi were to
t hgeplaag of synnetry orthogonal to the arm at an
angle a_lying either in the range 25 25 to 35 relative
to the pRarRPdt Pt dNGE SFoefiBeRhSt héhe pERsSBregintakes

700releatchy @ tabd herl drieerdfed 0@t 4 OBirection passing through
the center of the anterior portion marking the center of
the circle contained in the plane ¢f 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 o©of the invention <consists in pneumatically
connecting each pressure intake to a miniature pressure
sensor disposed in the corresponding pressure probe.
Each sensor then delivers an electric signal in analog or
digital form that is representative o¢f the measured
pressure. Under such circumstances, the pneumatic
connection 1is embodied in the form of a very short duct
or 1is even direct if the sensor is disposed at the
pressure intake itself.

P R L
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An addi tional and substantial advantage of the device

of the invention consists in pneumatically connecting

each pressure intake to a mniature pressure 30 sensor

di sposed in the correspondi ng pressure probe. Each

sensor then delivers an electric signal in analog or

digital formthat is representative of the neasured
pressuré“luﬁ@%wl%u%ﬁ ebpennetahbes, ceRE FeeGeqm ithen measures

CONNACt i Di-d B eppodigfel nahhe taeM ofnd sversi riior taisposition
duct 35 or i even di rect Elthe sensar_is di %posed at

t hEOTTIRNRE i ntke FPSel 1A% | V3HARY b8TobsERGeq Method
t haitmpelaate rstess dsy tdeeid mbasides the | ocal pressure and

h his f Lfion. f ,
vari ant o 1R BEee LRBTehEin E8BYRERr e oe JEng  four
seduTRE PSS bidrisgrcordiegpomd toltsing a‘Jolur itpr égwur ecentral

sensors SH spesefledi t haf akhei n dhe Csﬁﬁrmth§0r8k90e shaft,
formed by the armand the drive shaft, substantiall

at B st Bhtes?$ r oRIB®E h BFéE%HF@S pEokEs, tthel @ressure
in ;ﬁttﬂ:tb@, N Nel sé hah @a@hpaeﬁauhersma@r oh@ IpEressure sensor

di h b h
ar & rabap 8o SAnePaI St (P BRCSTRE aldPPEen, M EBRegERer two

[ s amomecs@bldtoemv\nabrpesmem nt aheadalndmhen each sensor is

e *kd d‘tEfeE%‘“éﬁ‘ Uiﬁtaﬁggslagﬁcso%en measures  a

d|s osition corresponds to secon ariant o
t hé It RN G il SR Dy sal d device. Naturally, the

out put spirgnal sfe"c%ﬂtiea&!?sﬁ@é@@;[oﬂafdoecsré“éﬁdﬂd‘éﬂ lk¥s the second
because of(%ge rotation . of the arm _ The use.o

deVidd I tHe TR ARTA iRRIIITRF AR RRLE h‘g‘fv‘c‘ﬁ%
urrounmaupﬁﬂrlyﬁstHEfQMﬂpmﬂ tbensbaffkom2@avhl wEmsor varies

ratl and_t . t he e f t he
deV| & rea] h‘ltl Ve c?a eoa%ingtharrcfé;agglv%$yof f'ﬁt‘? Hring
one revdh i UﬁeofOQaltdlear dgevihecho ¥ edbier esnyémet apm trpturally
“ﬁégéﬁﬁgsEEﬁQSGQhEhQErk§u§HEB ma'Flﬁ%fﬁﬁifoEHe%g the small

invention and I1ts a vanta es appear I n greater
0 detv@iume ENePEoRYexthof rpﬁétﬁam mnhga@@sachaﬁu%eoﬁpeed of

pr eftey resk erdode 1BP Se govemaMdinoWadiys | {8kl Ndttle during
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 greater
detail in the context of the feollowing 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
the device of the invention;

Figure 2 i1s 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;

Figure 4 is a face view of a second embodiment of

the device of the invention:
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character, and described with reference to the

acconpanying figures, in which: Figure 1 is a face

view of a first enbodi ment of 30 the device of the
invention; Figure 2 is a plan 1A ew of the device
constituting the first enbodinent; Figure 3 is a

section view of a pressure probe on Iline [Il-11l in

Figure 1; E35uns qurésq 3 ssgctaee wWidk opfa asepspgsure probe,

en’&ﬁ.&'éﬂ@ ofn theidevirgg-afrit heyf NVeNgELLE; 415 ahiOUrdecondly
a secti.,on vi ew, of aé)res ure‘ﬁrobe first

|1 S
iyt T Ve by dm*fleanal%%@?nglsw that
t hiirsd Je:té:rmﬁcrmhtthavhag aff aiggureel t higlte Escident ité@n being

hat. t ctiyon then being 5 on line
IIItnIej1ln @gure ]til( Et}ﬁusrﬁre 6is a section of a
pressure pgrighge dcotdi n@ tsFgieres gfor &, phewsnge probe
howy dosrargssupe F§cﬁ'ﬂ§é’§ Sy akg 1 P! afffing Fhayr et\Zo' $ressure
a di agram for describi the 10 processi ng of the
el E&SOL Ssidfifal SR from pressure neasurenent in
order to qmgajm the tﬁreﬁaC?W@Dﬂ@ﬁézﬁ u, fdx ailﬂsl cvuﬁmg the
the air eed 0 th, of sai relative
e BT of oFPE Bl eRic i, Sor L Fofe ShBmpessuze
|mmaaﬂunamtdn/ﬂﬂmDIEWEcEQ dstafFiguhe 8hirseacdimagnamts u, v,
forydesgri BEng.fbe pro J9o8 thE ogragﬁfx“&fs'&[]iad S device

derlved—fron1pressure asurenent In er to obt
t h& elifitddec obpotdft ssurreunding wish tHe ai rfigitedveniant of

t he heatda tofods ainth 1¢MERRd N8} ale/eidw ddre surroundi ng
air, in a_second vari,ant o %O the nethod i | enent ed

by the defité<afd BEfgur® 9 L& HBrs i vESAYW g the
th@rmdamsumg alf aghamelekatring stigridies déyitecdndrbhe pressure

Toniod Qg VAN Orko ELGIEIY ScpLeseilel ofiBkGencs u, v,

t han “one or ures are
reﬁ@ﬁenﬁe h athe ofaltmempelaqi g@nerahe F]P@tﬁnesOﬁL tamigl device

shew1ditrige! I« 8XESsu@r®@nding air, in a second variant of
the method implemented by the device; and
Figure 9 1is 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
given the same reference in all ¢of them.

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

Under such conditiocons, 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 2z axis, and
rotating at a constant speed of rotation Q.

The x and y axes are contained in the plane of
rotation PR of the rotary arm.
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made explicit in Figure 9, so as to specify a non-

rotating rectangular frane of reference (x,y,z) and a

| ocal rotating rectangular frame of reference (r,t,z).

30 Under such conditions, Figul® 1 shows the

mechani cal portion of the device 1 of the invention

which is in the formof an arm 2, orthogonally

connect &¢ ®adh ofcdmserends t ¢he duwdiaha tomessure probe S,

exteRHg 1 ongadpe; z 1§Xb%ua§n¢o'¥né¥|@9aﬁ8 ddentifies each
constant speed of rdotation 35 The x and axes are

coftfaithéd BEE S SIRRRP S5 rer]tﬁtdt‘i%ﬁ%ﬁklﬁ M Trotary
arm 16 riAiureach shoiks tﬂi@sdetv’ri@earmmhqsla prégsyr eand more

probe . Si, where the jndex.i i 0
aSat il eh i 19 e FpEftonacof fhe, y3tRgence axes
t het cadr y Rieguatd v showshehel ol cexéa pl aimd/l ew, a@spciated

MOLA + 12 A ?Mﬂﬂé’éﬂ%é el ati ve positions of the

reference a X an relatlvetothelocal axes r
and t, %.@f%ﬁsuwﬁrpﬁ@ pressifBepréopal Eriptive to the

pr%&&‘alﬂee afomaaﬂétw@uarl cat th elat ls\ieetamllihéd pduam@nor end
rotati on PR a stream i ned.anteri

POFEES o6)  ToRat e e IR aRETAG e THo%aPh AME a87mr a3
shanowm iF g‘urges:ez?s anagri® Figure 3 in particular

| ndi cat g§ L 4h$ égkﬁﬁbgﬁgreﬁ%ngaﬂ%gt%ﬁ%&heﬁlngwmerlor

pressure it akes T eference
| denttizsale ertHen ddex ofo Firgssultatirdrakeas thEposeesd P; and

Symret {{63éky. labquientth%aal ape ofn&otaldon RR agd), thatat are
are .di sposed i the plane of s

P S SRS GBS 4 rwy%b%pﬁgosrerﬁsaaﬁap PR and
totmdﬁaéﬁdnéhs¢¢s$6 mndeh&t@aéﬂ%ﬂan$§mmethp of each

ressur es Pi d ar e C

oSt TR el ptand el SRIRS BERRETY Mﬁo&omal to
firtste eabodident ¥ tise dederet¢Figursioml cbatg)‘;h@amessure
preﬁstlérk%sorgbe alg | ghz%bs% apg | f:b%lédc?’iéé‘ﬂébﬁﬂre1§/asabove and

hown in Figures 2 such present s

antb@r%%’r ayed rd@tee @ iorr &t 458y tFons PA and PP that are
25 SUbStI&ﬂtéaaEilM:sfteﬁézﬁl@@@irh@ﬂt igH et gonRRGHe®E byFagures 1 to

ral hel | ntiall lindri
3f ’?t S e recgure prgbgugSt%; gﬁbgtg tiafiyc%yllndrlcal

{as shown in Figures 2 and 3} such that it presents
anterior and posterior end portions PA and PP that are
substantially hemispherical interconnected by a central
shell CQ that 1s substantially cylindrical with its axis
of symmetry being orthogonal tc said arm 2 and contained
in the plane of rotation PR, and with its section being
substantially circular.

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
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
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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

embodi ment of the device (Figurd 4), each pressure

probe Si presents inner and outer end portions Pl and

PE that are substantially hem spherical and .

i ntésykopnéctiele bfha sapst aht i al F}98yRi Adr Peaysshelr¢ circular
CQ framiingh | ¥ axing okneyNetpy ghreséedighongidde BfMIIT of
2 35 and of section that is substantially circular.

Rel*2t9%W¢ %0 the central shell CQ the inner and outer

end portirona £hiadd dbatienatitsposadhr espessuvel yorobe S; 1is
towards the center 17 nd outside th r . Fi gur

5 S e S arafetealt o ir it nEnE G %' s cthen
sectaporedanieed | byl | FighreFilguie #£adem aiewi rdnd by Figure 5
emhogi r r Pher S 4 sfantially

spher ichngq%e sﬁ%ﬁg}%{at t%e&agu ce 11% iisﬁt%%&%)eip'r esent ed

by Fi gur®r PAChacRf vitBRS&nd-bieEi PO mend syt j faet pressure
tﬂqmésag_éil,l-ldil Em Fegehe brober aa@hP@fritgmfe?i along a
t hr ee emnbodi nent t he pressyre intakes Pi

cah 0 hr o1 BEFEREEH BPong F 1681 FRct (%~ Che
i ntperrseictri ngrépeesented ofy tttee aneeteor gforthensemicircle CC
rep, y e nt ; 1 Ghr.Cl

(Fi%ﬁ%@gk%géﬁda%% cgﬁtdsﬁggé}% hégg}gﬁg o?légﬁné??y symmetry
or t¥dgwresinalo thethe mprand sprdefeli salor nf agdndangl éngle a
a dhat 1ies either iR the rnangr 26t ocd53kel akilveike to the
the 15 plape of rotation,or inthe range, 55 t

€0 :
r elPdE0 e b rebRbtprane oft &Eathiagie T IEﬂg?H oRedptive to
t heaiat arlyaray o2 hetaeieshits two ends is

advant aggous r pr ef bly .l han 0. ,
Further%%F%,i¥ﬁ§P§pE%h o ?é?af%ﬁﬁiﬁfiégﬁ gylﬁﬁe Hotof £ tWO
i s 20ikeipt adrstagesesihashohe, dpkefespbél dessadhan 0.2 m.
pr or gL ea e I '

Spgﬁg%e gférn&?ﬂést,hetlgersa%& 5 e I«SEaH]@H khevgney thelidotor is

ong jectory to be neasured, and is a
| edSPBoCHNStaryr tSifer B, thie ANGIR afPEEYi t9onedFht RFessure

ar MerRJati yemtioht Bechtame tofan efiey enefat&sy, dlri $peed along
kna 25,cont|nuousHy froma §¥|tab e.synch{onlzagbon
gﬂ% tﬁajectory tO be measured, and 1s’at least m/s.

anterior

Si
Furthermore, the angular position of the arm

relative to the frame of reference (x,v,z) 1is known
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
pressure sensor C, and Cy located in the corresponding
pressure probe 8S;. Each sensor converts the measured
pressure into an electric signal which may be analog or
digital. Under such circumstances, the pneumatic
connection is cbtained by means of a duct that 1is very
short, or indeed directly if the sensor is lccated at the
pressure intake itself.

v e R T T - P T T LT A T P S e T T L T A A
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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 _pneunatically to a
respective mniature 30 press&ﬁ% sensor Cei and CQL
| ocated in the corresponding pressure probe Si. Each
sensor converts the nmeasured pressure into an

el ectri dtsi gharldhibeh dagepecandhéd oraclli §oACr Uneerand Co
Sg?iega@%@ﬁsiaaéﬁspf&@%g&@?uﬁa%ﬁ tﬁ@eee%dmhﬂﬁc;ns and that
0 I.ne ns Oor ,a .duc al 1S er sSNno r .

Cnadud of Phal T Septed 1t o nds chontt ot it variant
pr essutbei nﬁ@tk}_eodtstedpﬁ._errﬂs&teld bhousalide dabsieraved thats, the
Sﬁ%@ess%nusr [ g:gnsacﬂds Ot(%féfnea§ur es d ocal c B e%%ttl{;p%tunq:%spective

se condi ti'ons and Fi's fi%'st d¥*spadsition
corerlesiorids tignadle fiafsaranggdibe: - ofpatr hEoretiipd

| mpl enmenf eds Yo FR %‘%@:ﬂ}&ﬂi{r UScokPESPORABSSEBE using four
sensors CP1, (CB2, , C42 output r sgectlve el ectric

si gH&ASS WS et E‘Q%S,P%F??%V%%i,rﬁgﬁ.e%\%@cgmzf Ceigir Cragar
possichiti,Ly &odrasppndedt eitidyy ADUr inprigdssucentral portion
sensaors spectively referenced CP1P2, CR1Q1,, CP2 .

and ARG Bha e RSB TS aPTLYR 1HE entFalsiostant ially
portgued  distfanemsl Byomheher rwandadrswhd vierehest ar else in
sulsfant L alpnHauah adi ﬁ&r?\@ﬁ%?eggﬂ@et NGed WOr PLESSYE Eposed in

probes, or else In suc nner that one pressure

sefSeh i RrF BPR_ eBrPRE e TpreRB uPERBFoB®C WERSeRe in said

ot RNty SEASOLSni N SAikth&@dF&l BEEhRI Wensor is connected
Furt her nor each sensor is cognect ed 15 to .the two

e,
pr éSsur&§ nt fK8s &FESTHIE nelRtféSSa 205 f 7lLHi | aficasures 2
pr esdifiearenthiad seqarekglisposi ti onTheerresponads t o ditsposition

se variant .of .the . . this it,can
t h%g’ r}%ee 3 r? él ?rgs ttgoo& k{%was{gﬁé t ocg vsée%saogry %%P%%Eﬂr%% t he
di f f er edin &hipy esspact 20 thatate dhush @ pruydanst ¢od didest

Pl and R2 dhatsdssSaual I Qned 1\er 5 CERYT 1 FRaSHNRT allY pressure
the pressure intake P1 M nus the pressure neasured b

t hOSWESSUrehe nPaARESPSS At akfeh Pouptit S2até@lectti e‘\éual to

si gl ERERire thea Sensdrb 2404 peasdines tihtake P, minus the
di fferential pressure et ween t he pressure |Ent akes
2r

P1 PEFF SIL S h% afsgrgauakf’;_tsa: € pressure’ 1ntak and then
outputs an electric signal Egpss

the sensor C,, measures the differential pressure
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
outputs an electric signal Epg;

the sensor C;,, measures the differential pressure
between the pressure intakes P, and Q; that is egqual to
the pressure measured by the pressure intake P, minus the
pressure measured by the pressure intake Q,, and then
outputs an electric signal Ep,q,;

the sensor Cg,,, measures the differential pressure
between the pressure intakes Q; and Q, that is equal to

the pressure measured by the pressure intake Q; minus the
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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

CP2Q2 neasures the differentiallPressure 30 between

the pressure intakes P2 and Q2 that is equal to the
pressure nmeasured by the pressure intake P2 mnus the

pr RERFFIRRa PSR uSE t BE pike s PresiswrakeiopakgndR4-hepnd then

outHUSu B Bh e1Eb€r B 98PnEP202; . the sensor CQLQR
measures the djfferential I1[)>ress e .35 between the

pr essur 893 i EkESY QI BRAOBPPhaf 18 24qd &M FaGheensor varies
pr esgel ecaEbg Uk ethbyothe iphesfurtthd ndake2 Qlanbdnusyt e either

19 ressur sured by the pressure intake @, and
theanrpa]g%‘fp% Sggﬁl e?gttri c signal EQLQ2. Naturally, the

out put siupriahefmene eadh senfbrsvamagsandychf calbiey sikediments

rotad i Ghdf dhs & M2, sAREapaY Decgl Fﬂﬁ%leﬁeﬁ‘@?h@g Phe first
digital. Furthernore, in a first variant of the
DR FsHE sOF of e heeBBfcd Fig8grt dbk e HHES Y I RSRIhgreans >

therdi r droodiand ahd heleethod (Eiguees?)debit8ll from the
processor means 5 for grﬁﬁgssin@ the electric si nalé and
derf Vet T o EREVEEMBPES s e heidRir EREREOS Sf r'oar t frézr o
senkprer€PipcktP2ha@l, and CQR are such that: a

first comhin 1 l.at a fi I tu :

el ectri cms)‘:'lll g?}gf% g&c qt egt eC%S-L :é%[:’él&%'rg%%g 5 g%fé g&gnltude
15 J tox ol eret bbs ey varp t hatsealr ctraki ng a signal S of

equal absol ute val ue kut gof +#,gn eppos e to that

given by the above fornula does nothing to change _the
o Fci phe; be ED onbR heFoees LeSLEE] & o3l GhabeSn@E equal

maghdadecd valebebliti ofsigral dpsacht ¢ had: tRAtDgR viERL by the
+ - 2 - EQR. .1t C I n_be V. t . ]
ot el i ogs BRORROR, Ce O RaRRReL VEhe PRl et 6
but of sigh opposince toombhaergi V@YY by celeudledes a  second

f OB COROGFSoNALIUOG 18 s DERLET Bl SuciaiEh2B: 2
harmoni ¢ anal yzer AH receives the signals
D =Epy + Egi — Ep2 — Eq2
It can again be observed that calculating a signal D
having the same absclute wvalue but of sign opposite to
that given by the above formula changes nothing in
principle; and
a harmonic analyzer BAH receives the signals
representing the first and second magnitudes S and D and
analyzes saild signals into harmonic components relative
to a synchronization signal T generated by suitable means
SY (phonic wheel, angle encoder, or any other equivalent
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.

An element CM of the harmonic analyzer AH processes
the signal S so that the mean component M c¢f this signal
as output provides the component w on the basis of

T il T o Eo S . n R G T st
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representing the first and second magni tudes S and D

and anal yzes said signhals into harnoni c conponents

relative to a synchronization S|gnal T generated by
suitabl e means SY (phonic wheel0, angl e encoder, or

any ot her equivalent 30 neans). Preferably, the
synchronlzatlon signal T corresponds to the beginning

of K&OomWawd uttihen @Fierﬁé"éﬂﬁ 2 relgddqonshdg detwsEery M and w

Wh%%tbﬁ%é@”“HyS idd greEnb ratibnt Nanef PN edd by an
for exa 5 An elenent CM of the harnonic

an&ﬂf?@ﬁ Aﬁppﬁ6b ST e signal S so that the mean
conponemntn Msafmitlhirs magnak aslemépus p@D@Id&ﬁdtf@DS of the

Cgﬁggﬂﬁyhxylgﬁe% Sepa rocQoBta nedgﬁéhgloqg s& 0fat the

I onsh
cakillsfrgniten Cem?d arrsbr(“e&%nr@@lp@qtawelm gapAratEw patput signals
Fi @dr @né psn simlar manner, elenents CDC and CDS of
the 5 harnDnlc anal yzer AH process the signal D so
that thdhegfensitdadisc difd GBS r e3pect FREF§SHERELABe tO  the

ouhpucniignal aompsnanﬂsDS fbepecsigeals Dhand fiSst  order
correspondi har noni ¢, conponent s

CoERTRRAGENG: 18 [ PRastor ARy i GhvnediedtatitRe for the
andennnpha&anmﬂnﬁaﬂ&uwpﬁmn1dmerssp@mdlmegp|thdecamponents u

Prayiyde o‘EiSpﬁfe“B’ i’sté‘f 1‘2195‘{991‘?&?%& on@ng 8% trrlggatlonshlp

basis of know n one- one ations
eabRtHEERD FieEc C DO B @aféhD%f apfleeach of the

re&@%@bb‘t@v‘éon@&ﬂﬁ&ﬁén@s and ¥pdwhi Chwh@bﬁt'ﬁlﬁe{‘ﬁ%éﬂﬁps are
prior callﬁhbtlon ~and e represented

al ned .
noBRRGRRE Dby BF S S BLRLEY Ueheis ey OrRGFed  in
t hiFd guaed 7wityh ellefreneisc €ut ankd @ur ee%,pemlqm ation

s give e |l o rectan ular frane reference
(r,t, z)%asso(%ol at ggl\%ﬁthaﬁcg pro eg)?lncet 2B°be|Fﬁ8ure 2
th@onangl@matn@nt hes cioiykee descri kﬂecd:ény gectlapgoder frame of

ange%e%ﬁ%enwt'zﬂ ngﬁgacweea' MNerOf Ot p&bee F’Fﬁhe axis t

SO contains the axis r passing th gb
ceRBéRICtER Ganuent cre. the Fér§I1§o d&ﬁ?é—'l%% Yhaﬁld probe,

thanarrwdntswdﬁxe@ftly heytrengent tak pheed TF ofotdei@hl PR which
'n &eglcontalns 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

with each pressure intake of a probe S; 1s associated
solely with the components of the air speed T_; relative
to said probe Si, i.e., respectively v, along the t axis,
v, along the r axis, and w along the 2z axis, by a
relationship of the form:

TB=v *f(ﬂ"—J
V. V

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 probe wall.

L e o pmnet e wrg g T et Lt e e



25 wth each pressure intake of a probe Si is

associated solely with the conponents of the air

speed Tsi relative to said probe Si, i.e.,

respectively vg along the t axish yr along the r

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

t he form 30 TB=vs f~WW vS vs |) where * designates

t he mul tHFptihenniviesi §he |grged | Kpoitarthe oSHBY efltlffa'%ly of a

TB sp%e.tdﬂeul agal tepeat Sbeddeoal ﬁ:o%tal‘t@.@ﬁil E@ﬁt ogathe probe S;
ressure j ntake, and, thus tangent

corsr owa‘?ﬁg Sﬁllgbeajvﬁl Fresd Uit %*fh‘ﬁ‘?etot hteh%pBESbe Si 1is
vs dagudlhetsum-QRRr st | ywnaf ses@edly Uadusetbodbhe siiesddrifance vt

t at. th t d
s LN, Ehe HESRERREGR croh oS e 3088 o
seGmRHdy anpehﬁoch@:cﬁ@wxbaﬁhe aft tthewhiehtes tfe the arm 2.

Pr qj+eGld 10n,n gmq}rgcful qnyof U of the air speed on
the trajectory TA at® t he centter of the arm 2.

fol | ows ¥¥at §8eedU ¥:\vt thehe SPed®syr 1?%%0%?%%3/ is the

perdrediccalilon | ontthe theoj e£difD Aitxedtiod adiral axis) of the
dlrecte\?o (r axis) of the 10 speed TA. The paraneters
4te representative of the vg v6 angles

f or med EM’F%R ﬁﬁi%r@ ¥spechi Vel y, i‘\é}\g % F?h%ﬁ%ﬁvgf of the

rotatio the plane (M,
conmponents u and v are | i nked vvlth 15 the conponents
yr svedaa fyrmd Bl towi pgeeel Ehi sASREpSiveliend th the plane

de 85 it gpisg .= U cos Q@ -

% 3%% eI{TEPuRncaﬂd(;n SlJ'rg(ezpeé/n I?E}y onzt'he shape of

the 20 ebeSy,andnen ddpdmaatd of And e RIRSSWUifked with
i ntakes Pi or . Since the per| odi” gﬁﬁaﬁﬁnents vt

15 andhf GOIPAPRREEnE: 8BAstantYcdrion tBfaiGelationships,
reluaidx\éﬁlty Ewidnooraiate: Wwth U the speed TB in

register with a pressurg intake~t . .osnt

v, =ucos Qt—vsinQt

10

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 1is obtained by a Taylor/MacLaurin
series expansion of the function f and retains only the
first order terms.

30 Thereafter, given gecmetrical symmetries, the
tangential speeds TB at each of the pressure intakes P,,

Q,, P;, and Q, are expressed respectively as follows:
TB,, =f, #(U+v, )+(f *v }+(f, *w)

TBg =f, *(U+v, )+(f:: *V, )—(f; *W)
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25 is approximately equal to: TB=fo * (UWtvt)+(f *
vr)+(f=* w) This expression is obtained by a

Tayl or/ MacLaurin series expansion of the function f
and retains only the first ordér terns. 30
Thereafter, given geonetrical synmetries, the

tangenti al speeds at ea t i nt akes
P1, Ql, P2, and eys)soﬁ e‘géé Iy as

follows: TBP,=fo * fro* =fo

KU, ) +H(F: * Vr)- %'%a VTisFé U@M%t)

*v,)+(fz *w) TBQZ =f0 *(U—vt) f;
ConS|deﬂqm§Mﬂ%ﬁlW9m¥H¢%mﬁh§ éﬂOWh@S ﬁ@bnbh@sQM@p@PreSSlble,

ir &th%tt'aQﬁ%'n’alan@rﬁi %@add\)’p@ypé hetl§@e§}9eéﬂdaﬁﬁethe pressure
pressure arechSOCIate by ‘Ber noul S theorem

Th6§eiﬂﬁPQQﬁ%ﬁe r@gs@ﬁéﬁﬂu¥¥%tqmﬁgﬁﬁﬁﬁmor tHe1gnt hRe total
P paﬁdisfu(irl‘e tﬂﬁle iknttadee Qﬁ.melh for vheh inwdasd grat ad@ for the
ns, |r an P the.sta p

unarSE0PH oy Fre AFERcRcaSat hft RaTbEacHEGg ity pr aix ana
th@ prres sifrat bt opee S3ure PupdiPE(2b®d, D)y the presence of the
PP#(25EBP, 2) =PQ +(2*TBQ 2) where: PPL = | ocal
pressure at the pressure intake P1, 15 PQlL = |ocal
pressuré &t ﬁé‘%@é@@@ﬂéel peglee G1: for the second

pressur pro€$__w 9}2 =P+(2*Ts, 2) PP2 +(2 * TBP2
2)=PQ ¥ (E é 21 ‘where: 20 PP2 | ocal pressure at
t he pressure intake P2 qu ~local pressure at the
pressure intgke, (%, * Ay be deduced

t her ef rom t haf’ e %c rl% al¥ S and D can be
expressed in the form S —-4pfOUfZW 25 D
=-4pefel-fo)v,-faf,v,j since the pressures PP1, PP2,
PQ, angplpdﬁ—z H&T %ﬂf’eelayt the pressure intake P,

P

o1 = local pressure at the pressure intake Q,,

for the second pressure probe 3,:

P =P+(EATT)

—2 =2
=Poo +(5* By, )=Po +(5+TBe; )

Pp; = 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 = —4pfUf,w

D= —4pUl(1—f02 )Vt _fofr'VrJ

since the pressures P,, P,, P,, and P, are respectively
proportional to the electric signals Ep, Ep,, Ey, and Eg.

From the first expression, the signal S does not
vary during rotation of the probe and 1is directly
proportional to the axial component w of the speed,
providing the coefficients f, and f', are not zeroc. To



proportional to the electric signals EPlI, EP2, EQL,

and EQ2. Fromthe first expression, the signal S does

not vary during rotation of the probe and is directly

30 proportional to the axial cd%gonent w of the speed,
providing the coefficients fo and f', are not zero. To

23 satisfy these two conditions, it is appropriate to
enstg@eisihathehe angl ecadisipos t 8¢ dlsoserue@U e diel ensure

Q prigssuiRe LpLakes ¢Losstt @ 8ach Qkher; gy Fﬁcgﬁﬂtf pressure
the flow stop “point). The zone situated close to the

maxt A hi EkRESs B oP2Ehe EEH AN} afgP&a @ o5Bet oW stop
90)pshey) d atse Beneavoidadecbeeadse tthe tipefddcimnt fhickness

| Z is zero thetein and . becausg the flow.ean hegin,ta
5‘sep%\#att eth@?‘égf.c’nl:r Hfe &c%ﬁ%s%bg\?e g&p?essg?o d-also be
t heasogiad DPecwasieestIst nosefdaktliynturfi'ng irot aékon tdferein and
th [ h 0 n p

corpiRte | the DE1od cdRBaRRTES, B8 Re SPPRrear,

The conpdfent stha #@fFand | gboye espappgsiprage ofhe signal D

refesrence Ghnhisdkdane yt R PR esbt 9980Af oft hehe probe in the
conponents u and v1§ggb t he non-rotargﬁfrane

of .
101 ofeARAcBATREY, 25 Y TRRISS aht™RE"ERbFained holee, from Which
t hei el elepeinelssi ghaést Sy . andTRearcomnpietztesl wpt and v, in the

har oni ¢, COURADER(ES . LAWS,  81aPLi NG, {hELNCRR projections of
conmponents~u, Vv, and W0 e alr ' 'speed on th
trajleet oromppadnt s hat r ehdr eNceotitamehsf npefepgagy frame of

(X, Yo ZdrdQcbe(Qbyaiped. 20 The fornul ae Iinking the
speed conponents®to the _harnonic¢c conponents of the

15si gnal s Brahd Shd% EKRL21BERDSPREEI c LA Tl hatrgnals S
aﬂ éﬂétﬂl ugncar@nf @@W@wntintéprﬁugﬁome ﬁkﬁﬁ@ﬂﬁ'ﬁérﬂfs, thus
t he densit 0 e air_as a factor in thaos .
f or B S5t WBITEF SOTRARETT Specl vARIbstuds the air
t o fgeeecalcrul dhed traidwsery oMiul a8 byherakiafgneseef faame of
r ef rpitr , c val ue for density
(e.lgéﬁ?rfcw%q%%ng(ﬁ/' a%/ %‘22’9 e\%ﬁgﬁé%h | SA type standard

20 at nospheflee ediprimyi le e 28 ipkiiogr abie patbassfbi €ompo@ents to the

(KPR In B0 Wl ite Peckread hspasimalRut sedshyalenkhow that
Spgggﬁosgggéféygggdgggoggl%Qv%pig%pinfluence on measurement
’
through the presence of the density p of the air as a
factor in those formulae.

25 By way of example, 1if speed wvalues were to be
calculated in those formulae by making wuse 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/m?))

30 would not be real speeds, but equivalent speeds

satisfying the relationship:

P
U, =y—t*Uu
™ {praf}

and the same would apply to the components v and w. It
should be ocbserved that this equivalence relationship is
35 different form the well-known relationship for
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Ueq = I-rll u Pef and the same would apply to the
conponents v and w. It should be observed that this
equi val ence relationship is 35 different formthe

wel | - known rel ationship for 2424%0nventional Pitot

probes, because the pressure intakes are not |ocated

on a stationary probe but on an arm rotating at _
covsrFentdsead. REEQE aldnpPeshe Pocaufae tégn Ppessure intakes

appldeedn¥tt M Gcslessi ton t Bat st st cahgd at@ebian lbhﬁ b@ﬁl San arm
5 of real tenperature and gﬁéssu con itions,

al S0 AP 4t FOPBb3BFVEP 1% BEaaFPﬁmulae can
t h@ecagel ildte wieth ce dsnoht poanat alhebad:opiletedhaw nge basis

OLY § Lt QU Al Gonstant sneed.. e gyaldeal

variations i pr éssure “on the sur Saces .
10 i ndudéd by tHesaspéBBOLOAPONIT SORAGIVEe WM i Whiges as is

of utsﬁh%ll%yc£héa| JEVenmenLs deﬂupié CEsa%fb%BI%ldnga helicopter
needed for bal anci n these variations are thensel ves

pr SFOI%nEPLPES t%aédtﬂ%aﬁéntc@&‘é%}%tréﬁﬁﬁﬁifes’é Bf Tyclical
t hera&aras:lltoylsof 1hhepr@séuréf hespr essur eudlifatusbasée the blades

h 15 bl ad
A Ol &Y (e ekt comenRervecetd ChheofPbisrse of the
mmtoéscseﬂi uatoezwn@rmttshe imot @iy gir obesl  fCeppdquentiggded for
Fﬁﬁ. Q?'?ﬂe s fﬂéﬁgeayéetﬂéﬁ§€1b¥s Mportional to

nt speed 1 nf or mat
Nextél:et h%%ls%alemt.tspie§cﬁ$ec?é%%¥91%80@tfau ’Flh?héier”@d{‘ly of the

speqd .20 @@@pQﬂéﬁbﬁretﬁggt@rb%h@bl%%dﬁdhﬂﬁmséﬁythe rotatlng
co rectlon can be perfor usi ng neasgrenents

hblefest S At ARt S of PenBear RBSpRepbserved on
| N tolehepravisdse aridzw]ddmou@;g&nlam@cbemnd thiee amdtiatry ofprobes.

th vent i three_ co a f t

255 P e ot R oRTRE 19asna oy AR e’ Mrecely
r elaad ngseleber tofref‘eln@nceeqmﬁchltems fscneami chnflepgmation.

al yedenti edsS S& At :?sfﬁé@é@@&PyV@bUSthEnf%h@t iRG1 speed
to real atnospheric conditions | n which the density

of COR® &S tSy t&ﬂrbm kP ohV? hel padpasbiy| gearection can be
Cop@irificatteOfbPr agsHEe meddb athdraipes ot the. [Sadaaitddand the

a @re?n%eertaq:%trel > %lhlen%rtlm%aslpﬂel} shape in

In other words, and without going beyond the ambit
of the invention, the three components u, v, and w of the
air 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 conditicons in which the density of the air is
calculated on the basis of local conditions of pressure
and temperature.

Selecting a probe that is c¢ylindrical in shape in
the wvicinity of its pressure intakes 1is advantageous
since that ensures that the component f', is zero or
practically zero, such that the signal D varies in phase
with the component v, and 1ts Tharmonic analysis
synchronized on the rotation of the prcbe then provides

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



10

15

20

25

30

35

the vicinity of its pressure intakes is advantageous

since that ensures that the conponent f'r is zero or
practically zero, such that the signal D varies in

phase 35 with the conponent vt %hd its har monic

anal ysis synchroni zed on the rotation of the probe

then provides _the conmponents u and v directly, and

wi tHddti e o pMudg ipdd cat ivg t3Fhia FAFEPEHI cal véhdSaleontext,

f actior shbii1lhi peCopb£xtvedi terOUtBebesebspavesmbbaiment, in
enbodi nent, in articular with t

t he secon ,
e ot oy P ket agated in the
cyhmiimprliazad por tohen, cebin@spoals pbattiba,5 deasésponds to the
di st urhance hy t.h ur r.qundi ' I . us, .
enéuerai M gt las‘tbc% beE{%cheef fblcg}éi génr{gg f %rdﬁéo%\r,&alcrwcgﬁlﬁl z%lr%v.” thus
| t ensruasiarg s-hdfe Wy amalel ofentedici A traatigmher gero. It

components Of the aidafdpwpyerckhe fuaRkend - echkhe transverse
conmponent parallel to the armand not the 1 ncident

f1 GRTRPTSH s ai o prtdie, atre. Tp8FpeRlfEul BRet PIPREarm-©- the

Forcompditeitie phaklislspherdtzal atm shaperar ohesameident flow
ot her shape, _the cqefficient f't ii nottonﬁt%)%ssari ly
£ anol

zer® GATEh RETYS gitvé ri REEPB A ERIPAI A §t oym:  For a
phaseshi thangi bespbenicehe imaxdhape ior t hé spgealotber shape,
a”‘tﬁé“ec%?f’fci@ﬁ%”@f't he ¢l5, 8 I Gelle@R 201 1 ezif €dyhich will
vector. This can be cdnpensated by a phase shift in

t h&lisiinchi 9ni £&t ionceThbr emoppt f nehase ofldifédng between
matdHeX ABRKEGA tDht R&cCosPORENt © dabi weied pipehefacing the
har noni ¢ .anal |sh wher e e ghase shj.ft need% to_be ted
detdéoﬁﬁ%rhu ng€al 5Tt | BRASLPT t he ProbeSaRoPRoCTRENSate
si gnal aD ploabe udlite, int tlse negestaronifaatidrhesignal or by
coeff.icjent f nei_t . .eq 0_por _too.¢close

thglfsvléﬁje % sgofgggggflhelm&%%{lexssiLg(aygrPJ;]le-#wo)téoegaﬁot Céﬁ%onents
t akield varsididoy hehe | karmonsaagnalyhas, i wheky ithe phase shift

APRIRRd Al bd QAN A ANH fy LRI A8 COSEné Oprobe.
45, since the 25 theory of flow over _a cylinder shows

that th&qbchrespéanali P cefuabPet §s@Plinentta hasneressary for
valire: 4veflfi @ acond tvabedfe idhetrthe @ilodioerd:ss tfo close to

haydeae B oRabLDD Brsecond uaant ol EoTeed e
6 fl3) phacessi ngot hemal ect r Thasi grsalwhyeitved fammmopriate
th%o avoid the angle a being too close to 45°, since the
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
processing the electric signals derived <from the
differential pressure measurements from the sensors Ciip,,
Cpigir Cpager and Cg o, comprise the following:
 a first summing circuit S01 calculates the first
magnitude (or electric signal S) such that:
S = Epia1 * Ep2az
where

Eria1 = Ep1 — Eq1




differential pressure neasurenents fromthe sensors
CP1P21 CP1Q1, Ce2@2, and cQL@ conprise the
following: a first sumring circuit SO1 cal cul ates the
first nmagnitude (or electric st§nal S) such that: 35
S = EPlal + EP2Q2 where EPial = EP, - Eat 26 EP2Q2 =
EP2 - EQ2 a second sunmm ngEeci rcuit SO2 cal cul ates the
second magnitude D (or elfeedrT Ersicrml D) such that:

D = EP1P2 & Egﬁgﬁd uMhehs: c&%&ﬁ%t-é@%lcaﬁ%ﬁié%@éﬁkhe second
t he harnmonic analy é’f‘ he sxncgronl zer

Eat

sy, m%%lt‘t“ﬁ% 'Bal(%r%%?%ré?eﬁéﬂ? 150

remain identical 10 to tboseEdes€Ehed above for the

f|r t variant. The nmethod in accordance with the

| nvENTToh is also shown di agrammatically by Figures

7, 8, and 9. To this end, Behe TEehedERor obtaining the

three conponents u, v, wgf the airgspeed on the

trajectory TA 15 of an aircraft din a non- rotary

rect angul aFn¢r BAETEPLFePBRENERT( Ry, DY sswréwafr%%r SY, and

in that chll ieeERibse e IdteendHl EOW By, s?ﬁas E,)remain identical
ou ressure

asurjing air pressures vi a
10PN LR, o BESSHLet 8 Byl PR clOUL (BLESRY S,
i nt akes ™e amdt@fbd dmd sceotaTtgreliph othai dnvetrakiesy is also

P2 é‘i’i‘gwrQZdPgéPgmﬁé@Pgéf?g Pg Eg@ii‘ééy?o” gf I Lk 3”0' an

econd ressur e nt ef cohnéecte
arm rotré@lrfdﬂeﬁ @n@bnsthﬁt IB‘?J’é‘é@doffCr%t th@ﬂ@n@oo@be three

It Scomeat&it & andyor thagonald ya #poy e@ddth%Hﬂuﬁﬁajectory TA
such_that 25 t e &e%ure i ntakes P1 and

15¢i et s 5s 1057 & anaopﬁéoﬁﬁéé’suF%%ﬁPHR‘ﬁ:@rPZframG of
andréZeoéntde (xeopad ipr esswrkgulobeiS2thne dtt empmpdrises the
di st aness; Rfrg@J %he center of rotation C of the
rota y arJfﬁ‘gaTc"] ¥Utthernore the pressure intakes Pl
and P2 amk rmepeorivgl y ssymmmréssures via at least four

pressure intakes P, Q,, P,, and Q,, a first group of air
20 intakes P; and Q;, and a second group of air intakes P,
and @, being disposed respectively on first and second
pressure probes S, and S, interconnected by an arm
rotating at a constant speed of rotation Q 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 egual distances R from the center
of rotation C cof 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 into
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
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30 with the pressure intakes QL and 2 relative to the

pl ane of rotation PR of said arm b) converting the

four pressure neasurenents into_four electric

signals; c) establishing a firs’ magnitude S by addi ng

the 35 electric signals obtained fromthe two

pressure intakes P1 and P2 disposed above the plane

of RTESAUSh PREakes Subtangkct@ngdiseosedcbeilevsi gl splane of

obtrythed df;om the two 27 pressure |ntakes QL and @

di sposed bel ow s | ane of rotation;

establ i <Hi n%s’éalgg }ﬁgnﬁaémsﬁf‘c@cb IB?/Q%HPH@ thePy adding the

eI mterdtcrm ghabsadbt abted Hgdnreor afnd heft whepr egsurressure
es. an subtractln th ele tr|c S|gnals

ob bl ‘?‘9% es%’?%r?“pﬁ"e%sgh &TiS TgiPRgly oprained

Tayrgm Wxﬂ_aurher mamlrcm\l:eiahm'ent of "the

theor eticgal yexpEessi el ol AherAngent bak: speede el nent o

the air in regisSter w ressure |nta e and
reﬁQQMqﬂfQﬁﬁEFQ%ke?#H%ﬁs%#%%r @%rﬁﬁeséaageﬂélé%tépﬁed TB of

finsd y sidirst eﬁ‘élﬁﬁé?ﬁé@n wepheseatnt | peegkutrbe fimkslke and
magni.tude S and.sec Iy a econﬂﬁexpre55|o

r epredentad verdY tHeS sdddit Fudes B havichg2fhete obtain
folflla\mtdg/farrﬁnﬂspeapmebyonl&@mﬂq&iwmDoi -the first

4p , & Vv, r p = den f air.
U yb%%% é#lven speeaggf tﬁ§%%§%§3% iﬁatheE%%¥3§y 7l pression
nmoverses egft atiarear gt véhe Useopnd ymagnifadsonponéd@ving the

OffE&y@wq%@-@@fﬁgf%ééﬂgﬁﬁﬁ y:t hrough the probes and
t he cent ﬁ@f t he conponent of TA al ong an
fhoéB fz

axis t to the axis r and in(VS the plane
PR TB =y$ *4Vbu1\? 3 %?% ]fo = the first termof the

Tayl or/ MacLaur R sér’i' es
where:
p = density of air;
U = the driven speed of the probes in the rotary
movement of the arm;
= -QR;
vy, = U + v;

v, the component of TA along an axis r passing

through the probes and the center C;

vy = the component of TA along an axis t orthogonal
to the axis r and in the plane PR
w Vv,
re = v *f(—— __J
E VS
fo = the first term of the Taylor/MacLaurin series

development of the function f;

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

f
f', = the partial derivative of £

z relative to z;

f) since the first expression S is proportional to
w, and since the other terms are known, deducing w
therefrom by identifying said first expression $§ with the
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devel opment of the function f; 30 f'r = the partia
derivative of f relative to r; fI = the partia

derivative of f relative to z; since the first

expression S is proportional t@ w, and since the

other terms are known, deducing w therefrom by

identifying said flrst expression Swth the 28 first
nmadhitsiide MIrddideopSr at F8AIbePREE PRI PO Nl By Performed Dby

hamﬁcﬁu@?bﬁél§s§¥n;‘d§fr@ﬁr&ﬁmt@@ speedsied lof rotation

r ot 0 the arm romas ronlzatlonsgna

Coat e frn' PRl B R A S P kO BRep  gbat the

S pre;an desmpenend Mh@foatshls 6 r khowlagrge uale theprovides w on

°”§He° Qae ;e 8%' cfeet%'%e” fal 4 ean, &H?Orkeé“faﬂ\ﬂonsmp
y prlo

W as obtalned call rati on; and g si nc
t heafewnid 2xbd eB8abnCEMPONgNSeM Gdid wfancebsaiped by prior

ti ey 0us-410 drhe sonpstant speed of rotation O 10 of
t he arm and depends on two ﬁerlodlc coggonents vt and

yr of tiE aifiT&Feed sl oRGCPRE t PEPEEPSIYNI nPrwb® & Periodic
or thoganialn @Xesimeedpectiovelhe tcamtant i skeed woEhratation Q

proke, . ¢ Contalneggafﬂghgmp planfw$2 a?&%&i?o Sa%gments v, and

respectively "ner
pr oqucnufnghebwsaus@eleair ooy IHeartalaysiot ogyhdhr gy ecd:thogonal

on Lhe speed,of+ {4 Qnal‘?cﬁ Eh§lnﬁém wilh® & o, d&%ontained

harnnnlc corfponent s second “magni't ude
D, %hdsééﬁse!alﬁefi*ﬁl?ft héoééﬁﬁ@ﬂerﬁ%d LTRRBECHixely normal and

f uncddien OEePé@ywus.by saiaalamshqdr@mm&@pnsyngald harmonic
cal i br.ati.on. gurther

] af t t
e Y g6BBY naPeRe B BF SROSH) o o pEAROARGO the
as arfrgl |Wves: £i st ebeder i bashgnat Ephpgeaetat ¢ bayda DS of the

|n?§§£ﬁgariﬁﬂ§§gﬂg?l aséﬁ&' ﬁge Egtigbtﬁge%%%%%nents u and

transn1tte I ner
Qv apdl @Cxt et ien @fvm@ww vestpghishgfd corresponding
el eriv-=H:gal Ep2 generated by a pressure sensor
Cpl associated wth the pressure sensor P2 is
transm tHEETTIS t o' he? cohbfikr HBRbEPtocPfandigo method

ass@uiaied it h stgmsi thyve sépgp, and sagondlye t @ddfedrmed as

follows:

an electric signal E, generated by a pressure
sensor Cp; associated with the pressure intake P, is
transmitted to two combiner members OCl and 0OCZ and 1is
given a positive sign;

an electric signal E;, generated by a pressure
sensor C,, assoclated with the pressure sensor P, 1is
transmitted firstly to the combiner member OCl and
associated with a positive sign, and secondly to the
combiner member OC2 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
associated with a negative sign, and secondly to the

combiner member C©CC2 and 1is associated with a positive

sign;
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conbi ner nenber OC2 and associated with a negative

sign; an electric signal EQL generated by a pressure

sensor CQl associated with thﬁﬁfressure intake QL is
transmtted firstly to the co er menber OCl and is

35 associated with a negative sign, and secondly to

the conbiner nenber OC2 and is associated wth a

positive Wigneleotrife séoaedr ify.sioghairate® Jenekhtedressure

by sté?eoerees r%%@tmrﬁ&wcwbedpwegau&ee intake Q, is
pressure .in

transnrtted to bot o] e
et e&ﬁdtecéoaﬁd dEi et cerioeon DR 1o Ai0F3eand is
si@msdtlaﬁuﬂfwrﬁﬁ amaggdtides Signest abl i shed by the

oL SO 65 MITLOGATS, LSSl 900 5y 20 cice

t he secon nagni Ude I's”es SeC
corsimpameareier souRning slhﬁnerﬂgsqthelcelmrralcs sAnmal s.

10 In a Secq{énd Mld ANt ngdie et hod,; Al %%t%'m%}‘@ﬂ by the
Figure 7 steps b), c), and d) are forned as foll

t h&SHESE UrGEIN Y he THER&Tr 0F At ak¥s Pﬁmﬁﬁangtgﬁe electric

tr@m@ngngﬂito a pressure sensor CP1P2 that neasures a
differeﬁrlal pressu ress re.measured

by 15 LHE PR nPAREPE UL Bnd ey iedir £18e ‘shoun by
medsigued: by tST@pSprbE*ssure |ancak:le) R e dimekroah\vass tEell lows::

t |6 RLE f
into an.e hs %1 o £ e reéé‘@r@rfﬁégﬁgé 9 ihe P, are

pressure |nta Pifansmtted t
pr &SisEiddiesor tEPI HRSS URSasBPBECA  Qrdi FhéFerﬁl@%’Fures a

Pr eSsWea-eauall t ré@%?ée%%%%q neasHhed gheddifre measured by
prei ure intake nus the pressure neasured by the

95t J@ta fdfc % '§ b B SRV ER BER Bred by the
s|gnassdﬂéumhtakée&pramﬂncﬁnwﬁrﬁéw pnessHneciletakds signal
Pziend_cp are 25 transmtted to a pressure sensor

2fhat neasures a differential pressure equal to
the pressihe memsgsehyt thHe pressinee i mbkkeP2Priand Q, are

the RressWedreasured Ay ddhg e PLeasyre ¢ qglakehgé Asures a
converted intQ an elecCtric si P22
differential pressure equa to the pressure measured by

the pressure intake P, minus the pressure measured by the
pressure intake Q,, and converted intc an electric signal
Epigii

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

the pressures of the pressure intakes Q;, and Q, are
transmitted to a pressure sensor Cy,, that measures a
differential pressure equal to the pressure measured by
the pressure intake @, minus the pressure measured by the
pressure intake Q,, and converted into an electric signal
E

Qlpz -
Under such conditions, the following are obtained:




30 the pressures of the pressure intakes QL and

are transmtted to a pressure sensor CQLQ2 that

neasures a differential pressure equal to the

pressure neasured by the presé%?e intake QL m nus the

pressure neasured by the pressure intake Q, and

converted into an electric signal 35 EQLQ2 Under

such conditt®nsigphé heNieg rfdicarklbdt anaguitade Shdy adding

Si ofved  bayhayst he Léﬁ&l ABRYNI 4de §1Q)éta@@1'1rﬁﬁntgheclrcult S01;

Si nals EP1QL and® P2Q2 in~a first summ ng circu

5079 and the signal having the second nagnltude D by

adding 5 the signal sh&EPiRg ahd Eé&@?diﬁa@mﬁfumaiD by adding

su £ i tp 502. the.even e_hei ng.any..
5ph2§%§s #4§Pas %%%erﬁ#%@&”dﬁglgggggpPé nggﬁngf% it s02.

pr obe, b@tmé@@ t Agenpr oble fracineg baéndi raxyt i ghaske t Bbift, as

Specfé?\:é/ﬁﬁ g ang rihey Eﬁ%hﬂk‘@c‘i@hueo@f éh?rﬁo%nal between the
avin second magni tude 10 D, iIs e [
ﬁﬁ§%§h gaCBQQSmﬁﬁlﬂbr?ﬁElﬁﬂaééfo¥hetﬁ@eed vector and the
symﬂmiaﬁamne&oqna&hér sh@nla[tk@wv&&lgadt/t@élt @%@@%@ magnitude
thi s _phase sh can e a
10 rdtth%ﬁ appl iCEFEES S AR %%‘ Gélf@%rg&ase of
by'ﬁﬁﬁaSynthnnizamdqmlsngmﬁlITlthls way, the device 1
and the]§§sqgk@bﬁ neégﬁgntﬁgébﬁ% 4H5Jped% ?f tBﬁase shift

user articu avi n corfst an
serfsin Wﬁtyom@gaﬁaregsbw Ui s peetobitienemgéviige applied to

reladd orgbidie: Qi de Binfk AdWIH ¥ egad di £5809f ¢ Aﬁ§y§p§ed
of the rcraft fitted th%{ewﬁth and thls 20 app

to all tHt e tHnPorentbeydayicsd wpngnth @e@ﬁéQQ%ﬁted method
al satrienfar kabky reicia eosi e Iﬁsefﬁthr q_mﬂnlcyulfawr by having
pr S in 2 € 4123 POS

o S5 SER0t e VAR GASS SO US e o
théhﬂw@@VGIﬁpmmﬂﬂE;VQSt@ the apd rw ane @ﬂm&aredardless of

suah jthatpbbReas s Calhr 8t | op, £ 'ém“:‘%%:?' kheSULLLRE: and this
Naturally, the present 1nvention ca e varied in
20 nuﬁap&usem g (59 SRRt oY, Athdigh

sevgrlal THebhativieid s Bs e §es6ri beflaakasey | kiwblle since it
reqd dﬁres only four pressure sensors, integrated as close

15

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 1in
numerous ways as to its implementation. Although several
embodiments are described above, it will readily be

30 understood that it is 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,

B ST LT T = T T S L P P
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30 understood that it is not conceivable to identify
exhaustively all possible enbodinents. It is naturally
possi bl e to envi sage repl aci ng any of the neans

descri bed by equival ent neans 3 t hout goi ng beyond
the anbit of the present invention. 31 CLAIMS 1. A
nmet hod of obtaining the three conponents u, v, and w
of GIFelMd r speed along a trajectory TA of an aircraft

inga m%t{m@rafr@ﬁt@ﬂﬂyﬁ%rtﬁéaﬁreé EehebaBees u, v, and w
(x%ﬁuze, 5.characterized by the follow n}g s%eps: "a) )

meddurtty aiF PesduPdsnd & fraiemtorhutt pfegfuadreraft in
i ntakemRlot@ry PeatuwhdPam ffinste gradup reffeignce  (x,y,2),

i nt akes P1 and d ond gr f air intakes
P2 ca}laanrd?l C(f%lezlen ol 3&%?&81512%%% is\?tue é)’on' first and
second X0 preszsuelpyobed rSl raedsSTast erbonnett edelgypt four

an L ngpat copst eed, Of; at,l Oof ai
gl LMAEIER, & honald oot b g, geove of aix
shafttqkps shichandh&y - t RE@dpressBFentnChee® Ml apdroirakes P,

theirdd rgf PeesguUr&ispsobe ShksprdtiR@1pr essurfd gy akRd second
P2 and of thg second 1% gr ess%re(&Jf%robe S2 a{)e at

eqPHIC R SRNRESPRST rom THE Cent &S IPGHADAPE gt arm (2)
t heatottaimg aem anddnstidngr mepeetiheof pregsurien nflakesout its

Pl and 2 ar %r£3g€ﬂé%8glf%”%bhitcaé AR T8 er (3) such
pressure intakes an relative to the plane of

rottdtdtortIPR pfesanbe aiit s 2o dpdcOnveft ﬁgg ttha sfrorressure
Pr §50HL STEGHIH it sre8tQref QHEaRbECH I Endl @Pabg; the second
establishing a first rmgnltudeaigiy, addi ng thé n
el SHGIIE GHARE ot Ffed t FoMALH &SRS durfgom the center

I ntcakegoPitiand @2 off sphsedraboye tdren,pl ane ofurthermore the
rotation PR an sybtracting the e ric.signal .
ORI oM A n: A ELshre A akeeb Tt ifigolp Symmetrical

wo ! Ssufe i N
di syidsedlivel presande piinheket Of otadi Qp; rdlative to the plane
eSIADLIANGA fecond MRgnlode; B by adding the
electric signals obtained fromone of the two pressure
30 probdd aR@NEPrEdPer aEh® nd e BFBEEHIE SIQmapsements into

obtmiuted 1ddand hei gidiay; pressure probe;

¢) 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
subtracting the electric signals obtained from the two
pressure intakes Q; and Q, disposed below said plane of
rotation;

d) establishing a second magnitude D by adding the
electric signals obtained from one of the two pressure
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
retaining only the first order terms so as to obtain
firstly a first expression representative of the first
magnitude S and secondly a second expression




e) using a Taylor/MacLaurin series devel opnent 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 ¥%rns so as to obtain
firstly a first expression representative of the first
magni tude S and secondly a second expression 32

r epregERettatel W tie ddvondaruid t WRITD thedd nd t Heeving  the
foldcomidig dPritriesnegidmel 1y =- 4pfolf Zw D = _
-4m1(L§Q WTUfﬁﬂV” 5 where: p = density of air;

U= the dFTveHCSSEed of the probes in the rotary

novenentn of r FvP2R, 10 vs = U + vt; yr =

t he conp%n%n?ggli(?Tng{l%%;\g’Va axis r passing through
the,probes and the center C vt = the conponent of TA
along™an axis t orthogonal to the axis r and in the

pl ane PR 5 dEBsitys*fWaM2\/S) fo = the first term of

the Tayhotl Ml apile Uy ACHOMEHBLlid e rotary
function f; f'r = the rtial derivdtive of relative

tor; fl, BOVeEeRdr Qfalthderdnmatidle of f relative to

z, 20 f) snggrfhe first expression S is proportiona

to w, and_sbnce the other ternms are known, deducing w

t heref r om by"i defiti fying said first expression S with

the fiwst=nmabai totpobensabd TRerabhgnaherrdsper parsagcg

by harnonic | ySi .S aoni t he eed. of
rotation 25 o? tﬁ%ﬁgﬁﬁF% %Q?¥%%$§Q§§%E Eﬁﬁﬁ%ﬁ?%&h
si gnal Testichhehaempphenteali €8npodnvat aM ekishg birtdogonal
magni tude S pIPWHESWs AN e Bpsik Q1 knowedge of

t he one-to-one Telatlénsth bet ween sai d nean

10

15 conmponefrg M @anek M, r Obt ai ned by prior calibration;
and 30 g) sincelwhevsgcond expression Dis a periodic

fy, = the first term cof the Taylor/MaclLaurin series
development of the function f;

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

f
', = the partial derivative of f relative to z;
f) since the first expression S is proportional to
w, and since the other terms are known, deducing w
therefrom by identifying said first expression S with the
first magnitude S, said operation being performed by
harmonic analysis synchronized on the speed of rotation
cf 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
of the arm and depends on two pericdic components v, and
v, of the air speed along the trajectory in two orthogonal
axes, respectively t and r linked with a probe, contained
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function of time due to the constant speed of rotation
Q of the arm and depends on two periodi c conponents
vt and yr of the air speed al\%gqg the trajectory in
two orthogonal axes, respecti y t and r linked with
a probe, contained 33 in said plane of rotation and
respectively normal and radial relative to said arm
(217 pfaddci PRy fai 8otAbiABnianhnaPyPestively normal and
synciiili zed 1o itke spReeda@ll ratati omy, ofpidb@uaimy, they said
first order harggni.c conponent,s Dc and

I

. 5 of th .
SeCOTT TRighi TOALY B S a RO CRhr | 5t hBe cifheriEs Gptation

ancdiv s aafmpcthenfafspr evideuslharmestiabl¢af@gshents D, and Dy
glororfstQHg' ngsé:c%ﬂ&)ra 'a%ﬂitt gteA ;‘fg,t ho%n%lccoégf&ggqg%atly the

alm 1, characterized i’n steps b), '
d) AP g med afrfdl | Bws:as andel domndtd ogi gnaf ERreviously

genaytaiad hedf dy $ha SRNSY1 PP a@sseci ated with
the pressure intake Pl is transmtted to two conbi ner

menbers OCl and OC2 and is given a positive sign; 15
an 2el ectmechsd gaakorBangernsy atedihy 13 pfessdEer 58H30Gn that

CP2 .assogiated with,the pressure sensor P .
tr isr%:ge Mt ?) e2d fclcir’stalnyd t td’r;ree cpoe%iﬁ Here neansoerojlc%iwsahd
associ at'edi'wi eRegtpasi t Bvegnsilgnk,.andesecahndfly by tdhe pressure

corgdy er ; S hat Wi at i :
Si @%ﬁ% nggpeIae%l%(gnzﬁ%é%l%ggnngsgaﬂgg alﬂ{%aﬂ(e Fi 18

pr &<SESE L t&k oF 0 COIYCasSIR bRl WEmkerFe YPresande OC2 and is
I NigakerQk ips;sitt_riamsrg'itgrﬁ;d firstly to the conbiner

menber OCL and.is. associated w,th a negative sign,
and second'y F&ef:ﬁ§lccoﬁ’b?’ﬂ@? n%wbege?f:ga%\ﬁé iRy~ @ pressure
assecisatred Oy t rssqudsittdad/e wi2h sithe; prhesekect seasor P, 1is

SiQQ%hsﬁ t%%ﬂeﬁﬁhﬁﬂﬂﬂy HH? PLE, Su&SEE§SQ§ormg§%er qgl and
associat éd With the pressire intake I'S” transmtte
t 0 ASGOF ledest nEi thenderim OC1L whd sd@n .andnds secondly to the

asRMANRG Wdnbed RRIALINE Wbi 3%d WhieH id Hegative sign;
magni tude S is_established bX the first conbiner OCl
sunmi ng 't R ePEBEFTdCsi §hAN8L dhd FRBSERESAJ PY 2@ pressure

nageiisede BD,] s sastcafildtsfed wiynt heheseposgsaeabi Detake @, is
we%?%%sml t%%.sggggggyt %)ek%%trégmbiner member OCl and is
associated with a negative sign, and secondly to the
combiner member OC2 and is associated with a positive
sign;
the electric signal Eg, generated by the pressure
senscr C,, associated with the pressure intake Q, is
transmitted to both combiner members 0OCl and 0C2 and is
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), c¢), and d), are performed as follows:




signals. 35 3. A nethod according to claim1,

characterized in that the steps b), c), and d), are
performed as follows: 34 the pressures of the

pressure intakes P1 and P2 are tansnitted to a

pressure sensor CP1P2 that neasures a differentia

pressure equal to the pressure neasured by the

pressure’ i MakerFAswiaasCt hehprBssEFerfeabtrkgsby 1t ard P, are

5 piessitiectdd ake P2, pidksorverdedGdmt 0, 3N @lRet rneasures a
si gpa EP1P2 _the pressures of the pressure intakes
P1 ?ﬁe%"rjealt%ﬁgﬁﬁr?ec?%%%a b e $OFr PEERHIBFE cPEAPUred by

t hatherepses esra idtéker entmahupr ehsupeeceguake teddheed by the
b 0 L ke P1 , .
SFL?fégﬁlf@afﬁﬁgge ¥ b@ﬁ{fﬁggﬁgérﬂ:’és Eﬂﬁ:gt gﬁe]eé%&ﬁldc signal

1
pressur e neasur etf ressuré in
corfeest ed into an electric signal EP1QL the

pressures 6Het§¥%§%@§§§r§fiBﬁék§§e53u§8di§¥a§5§ P, and Q, are
transmtted to a pressure sensor CP2QR that measufes a

15 i FH kAl Lo e@s RETHIE BENERE p?sssurtélat measures a
rreasmﬁi:jirégytiim pressure iemmﬁ £2 Mh@ufjpfé@s@f@sg@@%ured by
nme ure t he , essure | nt ake , _an converte

10T A S et LB SRS BT b Db s ol oBRS PR Bsrhrgd by the
t hoerssse einhd bkeq, QlamddcRvarted2@nt pamsialtesrt i signal
a pFressure sensor COLQ2 that neasures a differentia

presdiire equal to the pressure measured by the
pressure iFAKRrASH RO hehpresssFerfeaBtipkgshy.taed Q, are

Pr essH i tiake t@, a ath LoMeS t @dniskl0 @l el @Gkl Cmeasures a
153 Welpe EAE 7 oo Llie el Tor Lhe T IO LGS oo oy

t heclsd gmed ssiERd Qlnaakde BP2tPnuanthet peessgral nieasurieel by the

CESOL IR AERD b5 B8 D8RR SRS UIIAS s siona

A methodaaccording to any one of clains 1 to 3,

characteriggd dreddiated Nor el RCt piEs S BB 5L 2kEs2RAI 884 @, 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
Eo102/

25 + the signal for the first magnitude S is obtained
by a first summing circuit SOl adding the signals E;y and
Epages and

* the signal for the second magnitude D is obtained
by a second summing circuit S$02 adding the signals Epj;

30 and Egqp-

4. A method according to any one of <¢laims 1 to 3,

characterized in that the electric signals are analog

signals.
35
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signals. 35 35 5. A nethod according to any one of

claims 1 to 3, characterized in that the electric

signals are digital signals. 5 6. A nethod according

to any one of clainms 1 to 5, characterized in that

t he synchroni zation signal T is generated by a phonic
wheel . 7. A nethod according to any one of clains 1 to

5, 5.1 cR&taeCer pgegrddnghatot NSy et ofifzacleams 1 to 3,

Si Hirabderiganerat ethdy apeang] EcPLOUQigrdl1A are digital
met hod according to any one of clains 1 to 7,

char@t%rized in that a phase shift between the

maxi rum 15 val ue of the signal for the second

magni tudg and A BESB%FEg@ ng,the spegd diecthgn,as; o s,
deter m ned during —cali atron otY a probe,” is
comperrsattet imecshitft | Agathethphsyachfroigation signal T is

Sy R Zat ilgp Signal i d wigdk®. A method according to
any one of clainms™l to 7, characterized in that a
phase shift between the maxi num value of the signal

for7.the mecoRd magibtudagandoa ipbend agifngctbémspeed to 5,
directio asdteerﬁgtd ring calibratig:n of

a. .
pr 6b&.* 4% Forfiséhs af'ed usitffy &YP5TFSP4resn St Pignat T 1S
apglared dated ey conponed erpraddded by the harnonic
anal ysis. 10. A device (1) for inplenenting the nethod
specified by any one of claims 1 to 9, the device
beifng Fch@ra @ri§§gorgengn FRatany (Qﬂﬁprp§esplaéwsarh1 to 7,
( 2crerdragonaleAt iht $he@NtLrpkas® andiitVeretshddd €BE maximum
directed alo the z ﬁXIS, gﬁégthg %% a constant
spdEUST ot T oR L PR 4Op) GTETBI QT PRIdet @gd @ probe
pr €axiimey pr ohes Sdpewdl S2idiesndsed, oae atdenermBdeénd during
of ¢ : dth her .at th it.e.end_pof ...
b L L LR R S L e S ESTAE ST
t hathatsgo gft ddsurseyrigitrakeis 3l cands i@hadr € di sposed on
the pressure

9. 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 o¢f a probe, 1s compensated by using a
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 2, the device being characterized
in that it comprises:

an arm (2) orthogonal at its center C to a drive
shaft (3) directed along the 2z axis, rotating at a
constant speed of rotation Q in a plane of rotation PR;

two pressure probes S; and S, disposed, one at one
end of the arm (2) and the other at the opposite end of
said arm (2);:
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probe S1 and two pressure intakes P2 and @ are

di sposed on the pressure probe S21 the pressure
probes Pi and Q of 5 any one probe bei ng symmetri cal
about the plane of rotation PR® bei ng respectively
above and bel ow said plane of rotation PR, four

pressure sensors [ (Cpl, CP2, CQlL, CQ) (Cplp2
CP1QL, CPZPNr CRKEHSYre dadiksdesSur 2Réndar BBFhg that two

assoed s etk 10twkkB at, |@astQonerer eSS dditdkethe pressure
Convert | n p%lgésgap rreasur ements jnto_electric

s s, %r}t?]f)?s pFoclYi g e disposed
e' em””@e ISI@ﬂﬂﬂlsegﬁnﬁbat B4, byn¢ heréssmrerpssbee P; and Q; of

I r e Cc
'Eﬁﬂ{ déa i Eé 4 har:ﬁltéw ana yzeéréllg\H %‘ﬁ%?jegt‘?ee g&ja of
syrittcmramczrer PR3Y @@IllnxgerIﬁgpéC§9ﬂﬁ@ﬁﬁfonﬁbatfﬁonaéﬂgn}aﬁilow said

T, didd 10 st d@fon thie; processing of the signal S
relating a'%’the first magnitude b&an el emrent CM

provi des’ %tBE?S§P§ﬁaIS%S°%d pondteyrt frer Co2) v (Cerrar

pr aGess| rmg,zé;f tdg%zs;l]gnaadrﬁlmtemﬁ@ saasae b%&@@d associated
ma nItUde P as?tl_ egents ress e CD% ﬁ( CO rtin ressure
respeck} [ veI y outnputpsn gn%’f DC ENi§ ! DS ?H% §i gﬁalp

M meRGu ramkiS cmtrcespbermnmwgcmalgrtmmlar nmoni ¢
conmponent g, -4 'ﬁ(@écf)[t he5t hg) ”?89 %‘f%‘é@%q_ gOftl‘FePﬁelectric

first magnitude first ord
phaSOTEE i ng?m%@,@te@s &Madrté’t%ref%#rth@r%%é%ﬁ@l sensors to

magiH tarde I &ﬁ‘rﬂr.ﬁ:‘}@d rbmldeprs WY AJEs@éabdilxﬂ&gﬁD@ude D;

conponents u to be obtained in
non- r ot ar y* r%@?lﬁﬂﬁbFaranagTyﬁ ogHrgf’é‘Pé'ﬁée %, ¢, ﬁynChronlzer
théSXVade.ﬂaMJprrwlailslgna\hfmmﬂzakﬂow sdlgeadf Tt,hélrstly so that

g”etgﬁrel ) %E%T’n‘ I"gﬁ?' pcr%et %g%ﬂaﬁ”ues [%1%(?:&% obtai ped £irst
remmwey lpyoandued@ntem; coMponentdes @ cvubWt heignal M,

ba%ﬂﬁ‘Heé@H&Mﬁ*EE%(%ré%@%éPn@nSfrgh@tngﬁQUp§elatlng to the
obt ai ned. by prior calibratioh between u

bet f&T s 1tpde35 Dy 1bya gesreRt§1)CRecARA nij?% provides
cl ma@p&tlmrpmwld@@bmm si@@él§apb PhES SN € theORd gnals M,

rotD%{ll or‘—fmlsiR g%ygg%t&rrgr:s% ?wl'g t %7 thee plh%I}?noglc compeonents
respectively of the mean component of the first magnitude
S, and the first order compconents in phase and in phase
quadrature of the second magnitude D; and
a calibration unit UE enabling the components u,
v, and w of TA to be obtained 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
as obtained by prior calibration, and the wvalues DC and
DS respectively providing the components u and v on the
basis of knowledge of one-toc-one relationships obtained
by prior calibration between DC and u, and between DS and
V.
11. A device (1) according to claim 10, characterized in
that each pressure probe S; and S, is symmetrical about



stream i ned anterior end portion situated on the

advance side of the arm(2). 5 12. A device (1)

according to claim 11, characterized in that each

probe S1 and S2 is substantial I3/ cylindrical. 13. A

device (1) according to claim12, characterized in

t hat each pressure probe S1 and 82 presents anterior

andhe0 postng | otf endoparivonsPPA aAd PPithagrare (2) with a
SUQ&E@@MBﬂﬁéH erd spher baal RN iioat & 0anNesd ednb¥hd advance
subst ant i al i ndr| cal céntral shell CQ having its

ax s 95F rﬁ%r‘vy m o4 hrogonal to said arm (2) and

-contalned |n the pl ane of rotatlon PR, and having a
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se St ant| rcular. 14. A . .

device y b, B houRRoERanl, £ Chilofhr  fBarfrerized in

t hathadachaglr essuree E]qr ebd S1 aﬂdsmspaeseal$yi opéindmndcal.

outer end portions Pl and PE that are substantially 20

hem spherical and interconnected by a shell CQthat is
subst-adt iVicey(1 hdereardingvitey $aimxi 3, ofhayaréeryzed in

dl ft@ﬁéttecl?a’ii@nggabgugég\g&%be Vet haridhes) rwﬁés@xﬁ}tesouheérlor and
ort.il ons an e respecti ve
end. o RO ons, Bl and e belng 0l apgset [ copect Sprantially
r elhatriivsghteori <28 t hm@entnalersbehlec@@d 1%y A devisobstBntially
ac i .t Q.cl ai ) ct-ari a ac
%gggﬁggld%} ég. dlsgﬁggﬁsgﬁspgﬁlﬂﬁnlg§ éﬁerlgflsymmetry
001:61’10,430@@\24 d@(aiyl%ce@mdu Ry ta@dclcmnﬁallsled ln the plane of

charagkenZ etk | Nanbhafaihey Psesseechniaas Pk ads@antially
are orbﬁhted along a direction nmaking an angle a

| yichgSG9téthe range 25 to 35 relative to the plane of
rotation PR 35 17. A device (1) according to claim

15, ,chara terlze that,.the pressure takes _Pi_,and .
Q 1§reﬁbffen “ g}tnacgo§§ln8|F@bff&ﬁj%aL$hg gﬁrgﬁﬁﬁngEd in
a lyiang eachheresmers5ptrobe0 Sy ekatli v, t preBenpbaninner and
Ofoﬁe%ﬁt'gﬁnggoigloﬁgde%ara.A&) ﬁECQﬂgﬁpg E% a%%b%@%ntially

clains cterized In
pr§§§@ﬁ@h§§ﬁ§@ﬁ pri @pgpnggpnectaj by a shell CQ that is

substantially c¢ylindrical, having its axis of symmetry
directed along the arm (2), with the inner and outer end
portions PI and PE being disposed respectively towards
the center C and the outside of the arm (2} relative to
the central shell CQ.

15. A device (1) according to claim 11, characterized in
that each pressure probe S5, and 5, 1is substantially
spherical.

l6é. A device (1) according to c¢laim 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,

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

that the pressure intakes P, and Q; are oriented along a
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CQ2 is disposed directly at a respective pressure

intake Pl, P2, Ql, @, neasures an absol ute pressure,

and delivers a respective electric signal EPl, EP2,

EQL, EQ that is an analog siéﬁ%l or a digital

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

clains 10 to 17, characterlzed in that each pressure .
serfSigie RPN @Biingyan WPle saphBinat isalthy cemeecttdd to 70

t 0 R IASPRCIIY & HY @SIHE of Ntk fIn BR, Ql, Q2
nmeasures absolute pressure, and 15 delivers a

respective electric signal E21, EP2, EQ, EQ that
mayl he Pardeaniadg({ B) gnatoopdimg dtgi &aly sngnatf c2@im&d 10 to 17,

deyiy %era(c]t)eﬁ?oc[ d%ﬁg t%%ta”é’acci{‘e L5l ALy, ]n%r_:;lrpz o1» Cezr Cois

characterize at each res ure sensor
CPIA, 1§oddmecb@@e¢%ly:oﬁﬁe@t ere st Wovpr pssgsere intake

'nﬁﬂke®h @eSRfCthﬁﬁgﬁra% %np%%sgﬁd%égérég%dgéyﬂaﬁgld@llvers

Q, nmeadures. a_ differenti al pressure, and_del ivers a

resapele%%c@%%t?iectgﬂ-gnﬁm@pﬂpﬁmgﬁ@m EqEp¥ge, that is an

EQE@2102p 2hynaA daviLealidgitAcardgtam. to claim 18 or
claim19, characterized in that the processor neans

(5) conmprise a first conbiner nenber OCl that
cal1(9uI &t elevive fil)stacngdlimgjd’eoga(lpl ever b€ silgdals 30 to 17,

Q:l?xtrlﬁ%te odfPip at Caﬁlgrgggugg @%%s%rse@gzr)d Cpzr Cpir

conblner er CI2 t tes t second
madnk t d&e wwn%%walelxu Gramnegesuchot Rat regprecEpye + pressure

EQi rrt a2 P, E@TP 22. QIA d@ ) Cenelablur@GCOREERA LR Cﬂ)ﬁé@éure, and
20 haracterlzed in 35 thit t he processor neans

WELE Pr KCRARFTE & PEGFPCSOSPWH%} @aluculEaves Eqrr Eq
t hethfaltr staymagnidrudmaS od edieptall ersigralgiFals ucigidag
39 S=EPiQ + EP2Q2 and a second summing circuit S02
that cal culates the second magnitude D (el ectric
si gfal ADdesticte t Halt (agrerdRIP2te @ @nes5023clAaidevilée to 17,

(1eraceending do apy ong: ofs gl ﬁ?e%g},ﬂ:t hgg%?srr?]f )Cpiu,g, Cpigir
Cr2g2r Coigz 1s connected” toc two pressurée intakes,

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

signal EPIPZI Epj_er rEPZQZr EQ1Q2-

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

S = Ep1 + Ep2 — Eq1 — Eq2
and a second combiner member OC2 that calculates the
second magnitude D (electric signaqu) such that:

D = Epy + Eq1 — Epz — Eq2

22. A device (1) according to claim 20, characterized in
that the processor means (5) comprise a first summing
circuit 801 that <calculates the first magnitude S
(electric signal S) such that:

T T e e Tt e bt i et o e gntie o
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15

preferably shorter than 0.2 m 10 24. A device (1)
according to any one of clains 10 to 23,
characterized in that the synchroni zation signal T is
generated by a phonic wheel . 259 A device (1)
according to any one of clainms 10 to 23, 15
characterized in that the synchroni zation signal T is
generated by an angl e enc8deFr1a26.Esrzaircraft,

C?erﬁpt ari 2edohd thatmidgi Tifddfigd wobh thhe deyi&@iates the
)Second magnitude D (electric signal D) such that:

D = Epip2 + Eqia2

23. A device (1) according to any one of claims 10 to 22,
characterized in that the length 2R of the arm (2) is
preferably shorter than 0.2 m.

24. A device (1) according te¢ any one of claims 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 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).
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