Vet hod and Apparatus for reducing vibration of a helicopter fuselage TH S

| NVENTION rel at'es to a met hod and apparatus for reducing or elimnating
V|brat|on of. a helicopter fuselage Many sources of vibration exist in a
héfleopter but 5 t'he nost 'i nportant conmponent in forward flight is that
generated by the main rotor at the blade passing frequency. The bl ade
passi ng frequency is equal to the product of the nunmber of main :._.ea
bl ades and the rotor rotational speed, and forces and nonents a vuld
transmtted 10 usually through the gearbox and gearbox/fusel age attachnents
to produce vibration of the fuselage.' Ignoring |ocal nonments, each

gear box/ fusel age attachnent, whether it be rigid or flexible, transmts
three orthogonal shears ewcthogf anidi dppexetuesfarfoededing yiepamben o3t tthe
fusel age, which is a higlielicoptlesx thpedage structure. Thus, a nultiplicity
of | oad paths exist through which an exciting vibrating frequency is

transmtted to the fUsﬁ-h@q’mfhﬁﬁl@fﬁméhﬁteisntanai ﬁ&tﬁbha&h@naﬂs}pa&mé our
gear box/ fusel age attachpents,

t twelve ad t operative.
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considered as paljdeddidital speed, and forces and moments are transmitted

10 usually through the gearbox and gearbox/fuselage

attachments to produce vibration of the fuselage.'
Ignoring local moments, each gearbox/fuselage

attachmént, whether it be rigid or flexible, transmits
three orthogonal shears each of which excites a forced

15 response of the fuselage, which is a highly complex
dynamic structure. Thus, a multiplicity of load paths
exist through which an exciting vibrating frequency is
transmitted to the fuselage, for example, in an ' .
installation having“four gearbox/fuselage attachments,

20 at least twelve load paths are operative.

r The trend for increasing cruise speeds has
aggravated the problem since the vibratory rotor loads
increaée very rapidly as the forward speed of the
helicopter increaées.

25 Many prior proposals have been made addressing this
' problem. These include vibration absorbers of which the
most popular ére those mounted close to the source of

vibration on the rotor head itself such as are disclosed
for example in GB-A-1264637 and GB8-A-1528057. All

30 vibration absorbers and especially head mounted
absorbers involve some weight penalty and the latter
also result in increased aerodynamic drag. Such passive
absorbers can'at best only be considered as palliatives



2 and they are unlikely to produce overall fuselage vibration |evels'|ow,
enough to satisfy ever nore .stringent requirenents of operators. Fusel age
i sol ati on systens based on conplicated 5 anti-resonant principfes such ..as
are disclosed for exanple in GB-A-2004976, GB-A-2043574, EP-A-006088- anths
EP- A- 034092 nave been used with m xed succ2ss. Such systens are usually
nounted at the gearbox/fusel age i nterfrace and, being passive systens,
produce | oads 10 which are related only tpo t he di spl acenents at the
attachment poiamds theli §ref updikeéyneanBreause apvervhl | Euiehade path eg. of
the twel ve pathimpratfioheneedls low enoughh€desabid by cevadmitaed i Ng the rotor
to the fusel a gan.s rlousl ade_t he pe rmance. Sinple soft-nounting
15 systens. do%%olng Pé%ﬁ?ﬁﬁésp?gb?%ep%éép%n the other hand it is
extrenely difficul tfutselelgteaiiaotationi gystems chased orn Wwanmiicatsdg
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means t hat
seriously degrade the performance. Simple soft-mounting

15 systems do not suffer from this problem but on t&e other
hand it is extremely difficult to obtain sufficient
attenuation without using unacceptably soft springs.
Another problem with anti-resonant systems is the
detrimental effect on the resulting vibration

20 attenuation of variations in rotor speed.

GB-A-1182339 describes an active vibration reducing
system including an accelerometer to measure vibration
at a selected location on the fuselage, electronic means
to convert said signal into changes'in hydraulic

25 pressure and means for transmitting these signals to a
double-acting jack operative between a rotor support and
the fuselage to produce pulses céuntering the measured
vibration. This specification describes only the case
of reducing one measured vibration at one selected

30 location in the fuselage and takes no account of
vibration elsewhere: furthermore the method and device
described use a fixed gain and phasing of the electrical
signals to generate the jack commands, which means that
the system caters only for fixed fuselagé dynamic

35 characteristids and fixed rotor forcihg characteristics.
Many features, including the type of cargo being carried
or a changing fuel load, can significantly alter the



t'he syst.emcaters only for fixed fusel age dynami c 35 characteristics and
fixéd rotor forcing characteristics. Many features, including the type of
cargo being-.carried or a changing fuel |oad, "can significantly alter the
i dynam cs of a hel i copter fusel age which woul d therefore considerably
reéﬁ%e the effectiveness of this proposed systemsince it cannot guarantee,
due to such external disturbances, that the fordes produced by the jack
actually 5 correspond to the connand force due to the signal fromthe
accel eroneter. Accordingly, in one aspect, the invention provides a nethod
of reducing vibration of a helicopter fusel age, conprising connecting a
plurality of actuatdwnammﬁa%nﬂlﬂihelim@mmsrofushéagelwbbpheWOslducnenefore

capabl e of relative, c??ﬁéid)& :ft ot o iehe & frf?g%“%neggnéf““t'ﬁf'é'g?(ﬁ}:osed

oscillating each of e sai ors at a frequency substant

correspondi ng to theyese® t3iee ridgrarept guasrateRyg drgnhpssuerexetnal ve

of dynam c accel er adiofisrtdndesS thadl wnkl ifoyceb beeahbeaswnm@eﬁwamny

and feeding said signals tocﬁr\: bq: red coroce Si n? ?dagllg}ed to Hof/o

out put signal & cont TN T THP e prdie TRy °f e 58 FRe Bspettive o0

appl i ed actuator fotn@saamalémnmakﬁwwng the phase and magnit ude

characteristics of said fof é%ﬁ?é“ﬁ]ly"ﬁ% @%@n%%phgtcoﬂﬁén§ﬁ§@ni96nCﬁFHKEﬁ%s
wher

in fusel age dyn- am cs, e overall 1evel fuselage vibration is
reduced. In anot her2aBgkeed %ﬁnﬁﬂ%HQEFE(ﬁJQFé&d@Pn@frétBFliﬁGHE%H 738 R 8%n

of a helicopter fusgbigeisDiPrisffecting a Pluraliity eof aatuat@fg between
I nt erconnecti ng parts of %Ee haléimner %ﬁpture capabl S h lve
motion at an &%citi R T e FUgtyysprana 6e08 tFRtRLLYS

osq\glate each of thettamdhﬁuﬁnm&xnntuﬁgefﬁéqugmewqycontinuously oscillating
each of the said actuators at a frequency substantially
corresponding to the exciting frequency, generating
signals representative of dynamic accelerations at a

15 plurality of locations on the fuselage and feeding said
signals to on board processing means adapted to provide
output signals controlling the phase and magnitude of
the respective applied actuator forces and for varying
the phase and magnitude characteristics of said forces

20 in a manner to compensate for changes in fuselage dyn-
amics, whereby the overall level of fuselage vibration
is reduced.

In another aspect, apparatus for reducing rotor
] induced vibration of a helicopter fuselage comprises
25 a plurality of actuators interconnecting parts of the
helicopter structure capable of relative motion at an
exciting frequency, a power source adapted to continuously
oscillate each of the said actuators at a frequency
corresponding substantially to the exciting frequency,

30 @ plurality of accelerometers attached to the fuselage
for generating signals representative of fuseélage dynamic
accelerations, and processing means for processing said
signals and providing output signals for coﬁtrolling
the phase and magnitude of the actuator output forces

35 and for automatically adjusting the phase and magnitude
of said forces in a manner to compensate for changing
fuselage dynamic chaﬁacteristics.



correspondi ng substantially to the exciting frequency, 30 a plurality -of
accel eroneters attached to the fusel age for generating S|gnals
representative of fuselage dynaric accelerations, and processi ng nmeans thJ
processi ng said signals and providi ng out put S|gnals for controlling the
phase and magni tude of the actuator output forces 35 and for
automatical ly adjusting the phase and magnitkude of said forces in a manner
to conpensate for changi ng fusel age dynami c characteristics. In yet

anot her aspect, a helicopter having a main sustaining rotor supporting a

f usel age conprises a ghnuyelti apobheacaapeots zomnbitentdethaseimpats of the

structure Capamaqnofsursec'a%u\ag Fet:bensabpapiiﬁgusnﬁysélage Sfgrasandi ng
substantially wt Cy exciting use %ge to vibrate, power

source means fé&r R tallr’rt u8rﬁls?§tB§EPFFaFPﬂ@e%5%‘P1 tyeRr RAaF R @luators at a
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dom nant fYequency such Re' Fot assin quency: however, in
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sel ected from riyceaiieig meacsr a'egewbeexgihgngaid eﬂi@!ﬁ@1£é‘andﬁr}ﬂ~d\hﬁiﬂr@v
exciting frequengy #5894 iEhe' FoirS cbBtR81 T P! EHE U RES iU aeni tude
of the actuator output forces and for automatically

15 adjusting the phase and magnitude of the actuator output
forces in a manner to compensate for changing dynamic
characteristics of the helicopter fuselage.

In the simplest form of the invention the exciting
frequency may be a pre-selected dominant frequency such

20 as the rotor passing frequency: however, in another
form the exciting frequency may comprise an instantaneous
value selected from a predetermined range of exciting
frequencies, and the term exciting frequency used herein
is to be construed accordingly.

o5 Conveniently, one of the said relatively movable
parts comprises a raft structure carrying the gearbox
and engines and which is attached to the fuselage by
a plurality of resilient attachments. The resilient
attachments may comprise elastomeric units and, conven-

30 iently, an actuator such as an electro-hydraulic actuator
may'be located adjacent each unit. In preferred embod-
iments each resilient attachment is associated with
an actuator integrated in a single uhit therewith.

Thus, the present invention provides an active

35 system that does not attempt to isolate the fuselage .
from rotor induced forces but instead applies additionall
forces to the fuselage such that the forced response



25 _ ' Conveniently, one of the said relatively novable parts
conprises a raft structure carrying the gearbox and engi nes and which is
attached to the fuselage by a plurality of resilient attachnments. The
re§(;jent attachnments may conprise elastoneric units and, conven- 30
ientlTy, an actuator such as an el ectro-hydraulic actuator nmay be | ocated
adj acent each unit. In preferred enbod-' i nents geach resilient attachnent is
associated with an actuator integrated in a sih%?é unit therew th. Thus,
the present invention provides an active 35 system that does not attenpt
to isolate the fusel age from rofor,dndu fQr [ e L e
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I n,fusel age dynam cs and rotor forcing characteristics. Therefore in’ .
contrast with the prior art systemLO which is only effective at one

sel ected | ocation and which is capable of reducing vibration at the one -~ s
| ocation only as long as one very tightly controlled set of pre-conditi ogg
exi sts, our invention reduces vibration atga plurality of |ocations

si nul taneously and 15 automatically conpensates for changes in operating
conditions. This is achieved by incorporating a plurality of actuators each
i nputting a f@andemagndaruercbfi nhef feguescyenergted Hey rioragasstions

frequency, anqnieyyndntheiBPasgoaNd: "TBRLI ﬁﬂ@?a?ft%r@fffg&l%r?soo? gnal's_in
accordance with the " neasured inputs at the g*urall y. of accel eroneters. The

control forcesh®r GRCERETIRLGETSr 4ncEReHEUSPHRTR L 21t SR SRASAUSYD i n any
di rection but radsicele between parts of the helicopter structure capable of

25 relatiye nmotion _at . th It fr cy.._ln one enbodi nent_ the
act uat or svsar e mun?@&t%g??&g%'t h{é}gf nggglgg %%%é?’helﬁe% P55 %r%qtel wth
exi sting resilitedetermines dbst hwh gaéngand bphase sshiftconstitutes a nass

capabl e of reaghiragteh?eskesetaprhitelabych Iy 3ombdnel €8 Storl Hhatlgdd ness of
the nounting systemis not cri hat_stati c defl ection probl ens,

tical, _so t ) :
are avoi ded, Bt Ti9&lage SYPRRLFENRRY FOLPY ofQFFIRG rNBAISKLLIRYISA® het ween
the parts, e.g. thehemssocenshi totetady ¢itimsthe spoios st nystent he
fusel age, jaf %hfircﬁq'i@ngiﬁlgSeg@éEE%QQngﬁ n?né Ogd{Cctdd! 14Uk {dLQYRCY. The
invention w ||l now be descCri be y way of exanple only and W th ot ef er ence
to the acconp¥iyjichRgis carabPafi A§ FRAFERING WikFakimial thg @Rl evation of a

helicopter fitbedtdohhonilpraki 06ngEdsCong PoPAreiditly controlled set .
of pre-conditions exists, our invention reduces e
vibration at a plurality of locations simultaneously and
15 automatically compensates for changes in operating
conditions. This is achieved by incorporating a
plurality of actuators each inputting a force at an
exciting frequency, e.g. the rotor passing frequency,
and varying the phase and magnitude of the'forcing
20 signals in accordance with the measured inputs at the
plurality of accelerometers. .
The control forces from the actuators can be . .
applied at any point and in any direction but must be
between parts of the helicopter structure capable of
25 relétive motion at the exciting frequency. In one
embodiment the actuators are mounted between the
fuselage and the gearbox in parallel with existing
resilient mounts, so that the gearbox itself constitutes
a mass capable of reacting the force applied by the

30 actuators. The stiffness of the mounting system is not
critical, so that static deflection problems, are
avoided, but must be sufficiently low to allow relative
motion between the parts, e.g. the mass constituted by
transmission system and the fuselage, at a frequency

35 cdrresponding to-the exciting frequency. '

The invention will now be described by way of

example only and with reference to the accompanying



according to one erbodi nent of the invention. A helicopter, generally

i ndi cated at- 10, includes a 5 mai n sustaining rotor 11 supporting a
fysel age 12 having a rearwardly extending tai'l boom 13 carrying an
anfi;}orque rotor 14. The sustaining rotor 11 is driven through a gearbox"
15 by one or nore engines 16, the gearbox 15 agd 10 engine(s) being
supported on a raft structure 17. The raft is attached to the fusel age by
four resilient connections each conprising an elastoneric unit 18 (shown
schemati cal | y) thrarsginshivelichpésahi dmapméntaey aidetebereat idoredf reom t he

sustaining rotor Xleitiaddie 1%ikWa8l adenldivtaldys FoGuéiisg! dee@nd the
raft 17 conprise respecfive parts of the overall structure that are capable

. f |
of relative noti oSN fPeRRS EBPPEIBGREI R ERBsTANTRHPY with a
vibration exciting fregueraycopRer, gendritlyi tadiyatad eaeli 1Y, includes a

el ectro-hydrayl i ¢ actuatqr, N h .1he_fus, 1 he
raft 17 adj ac:agnt escn' gsfusttﬁé%ﬁgﬁr Qé}tggt ggefgﬁéyﬁagﬁégl% %{r?]%?a?e gilczlzag‘%g’cftn@
during operation téo rgarvwardlyeexiteadingr tailobeon lésermyping armat s

reacted by an eqwﬂngyuidﬁ$ﬂ§&kQ°@514torce on the raft 17. A supply 20 of

pressurised hydraulic fluid is connected to iach §f,the four actuators 19.
Twel ve accel eromet ers FPE FHGEIRIPILEPHET shIwWAF AF tVeR ( HrRgh @ BRATRAX

| ocations to the flody ene bg 3Jdreceahpnesand, cehengedrbasel igmdl2, ten
measuri ng vertjgal sy atd ol f F-Tale | {oudi

vi brati on. Thelcgtccee\géllr}%%)e%gq?% gpgpgégrggt ?ée%?%gﬁnsect edé'%?a%t’)éorrpqﬂeer 22
which in turn is diffediedttachadhtof thRefuseiage Bxtfepphreesidiant

operation, vibrat gyeadeytiemsacachr ednpedshiigt 88 ebastonet e Nk rxg or 11
due\_#for exanpl e, (ts%o%r%sgc termia%ically) through which operational fofces
are transmitted from the sustaining rotor 11 to the
15 fuselage 12. . N
Thus the fuselage 12 and the raft 17 éomprise
respective parts of the overall structure that are
capable of relative motion at a frequency corresponding
substantially with a vibration exciting frequency.
20 A vertically extending electro-hydraulic actuator
19 is attached between the fuselage 12 and the raft 17
adjacent each of the four elastomeric units 18 and is,
adapted during operation to apply a vertical force to
the fuselage 12 that is reacted by an equal and opposite
_ 25 forée on the raft 17. '
s ) A supply 20 of pressurised hydraulic fluid is
connected to each of the four actuators 19.
Twelve accelerometers 21 (four only being shown)
are attached at various locations to the floor of the
30 cockpit and cabin of fuselage 12, ten measuring vertical
vibration and one each for lateral and longitudinal
vibration.
The accelerometers 21 are operatively connected to
a computer 22 which in turn is connected to each of the
35 four actuators 19.
In operation, vibratory forces are produced by the
main sustaining rotor 11 due, for example, to assymetric



c

7 airflowin forward flight. Since a helicopter fuselage is dynamcally,
conplex with many nodes of wvibration, vibratory or oscillatory forces
applied to the fuselage 12 creat®e forced responses in all nodes. These .«
forces 5 . and related nonments are predom nantly at the bl ade passing "
frequency and harnonics thereof; the bl ade7passi ng frequency being a
product of the rotational speed of the rotor and the nunber of bl ades. For
exanple, in the particular four-bladed 10. helicopter described, the bl ade
passi ng frequergflioy dppriexwaadelf)ightz. PanchRed| helicenpter EyRkRI®eNt, the
vibration excijtd G, fanHuansy conplleaNwiitht AAnPYmba8s 851 visFdt fbmst omeri c
units 18 to the fuseI%ge 12 thrgggh t hree 15 orghogogal shear forces, at
each of the foUPHARRYsOF PFAddrEPEY ZOLREP 2BBLPPY FR tPant1i$138f by each
nmount, agai n iI2 tdweateorforagdnaiesgponeesi dnsallhmodes: eTkese ofdwyaesaul i C
actuators &9 aify G0lddol Ghuells! 108! B LashiAaRt £y S8t CEAS B EEL L1 N0 20
frequency to apply a set of controllable forces whi ¢ create responses of
the fusel age PRASSiNg f&fwensynpndr hagmpRricpctherees: tehe eladR or forces
and rmonents. $amh mgl fﬁrreqexeaequ;eﬁagba peadued ag?mstr@faifh&iéi? it is .
convenient, in. t [ strat e Lpen utklise.25 the raft 17 an
assenbl ed conﬁgﬁgh é”%g“EhQFﬁgthganggg éﬁﬁggs é#t%iﬂd?%é el ectro-hydraulic
actuators 19 to prd@¥cexampleecdssshg pantioculapl fovnrkladat ween t he

fusel age 12 angitikegeaft abbcrliBelifetdassialedpeab o nﬁ'f’éq\lé_}?c}{ rgguency of
30 oscillation of the actuatqQrs is selected to be substantially equal to
the bl ade pasSBRF ¥AIRIE Yy 2829 21Hz, and consi derably reduces the

vibration | evel s atin hdrer dipastiraeeioembodiment, t tive f wisiext sigfiort hat resul t
exciting frequency is transmitted by the resilient
elastomeric units 18 to the fuselage 12 through three

15 orthogonal shear forces, at each of the four mounts. 1In
addition a small couple is transmitted by each mount,
again in three orthogonal directions.

The four eiectro-hydraulic actuators 19 are
oscillated continuously at a pre-selected exciting

20 frequency to apply a set of controllable forces which
create responses of the fuselage 12 in a manner similar
to the responses to the rotor forces and moments. Since
a force needs to be reacted against an inertia it is
convenient, in the illustrated embodiment, to utilise

25 the' raft 17 and assembled components as an inertia mass
and to attach the electro-~hydraulic actuators 19 to
produce the necessary controllable force between the
fuselage 12 and the raft 17.

In the described embodiment the frequency of

30 oscillation of the actuators is selected to be
substantially equal to the blade passing frequency, e.g.
21Hz, and considerably reduces the vibration levels at
the respective locations in the fuselage that result
from that particular forcing frequency. In an

35 alternative embodiment, time-varying forces are
generated by the actuators and comprise any combination

of exciting frequencies from within a pre-selected range



fron1that partlcular forcing frequency. In an 35 alternative enbodi nent,
time-varying forces are generated by the actuators and conprise any

camhi nation of exciting frequencies fromw tHin a pre-selected range as
defi ed by the instantaneous value of the acceleration in time, whereby

vi bration levels resulting fromany forcing frgquency with the range of
frequencies is considerably reduced. 5 * An inportant feature of the
present invention is that accelerati.ons corresponding to actual vibration
| evel s at each of aselefigpsttbiweheeliosttesthoesusonaloé blethecel eroneters

21 in the fusel age, 12, ) &f £ G tht‘-::.%et_rohﬁxle‘%cew e%rmaal §ev@1§hr@£@mng

transmtted to the 0O conputer, . he conpiter 22 i s progranmed t
process the signal ¥ AR PRI fremeacy ZIthBhForBPgﬁlﬁé Qﬁﬁﬁﬂﬁﬁ?%&%

‘out put .signals to pgljaisiderqulaseedudedngni t ude of operation of the four
el ectro- hydraullc actu e netho? and ap aratus of

ors 19
this invention’inpose ?ﬁh ﬁ?é%u?ﬁﬁ%ﬁé? gﬁdt%ﬁepﬁﬁaﬁP uh%vﬁ? %% 18
exciting frequencytmﬁmIaqnekﬁﬁ;ﬂﬁbnﬁh@Oﬁaeﬁpohésngothyacauhlcvakrﬁerns 19

to simultaneously canepd £ SHBSIAEN N InespReUGQet BB1IEBYEE Dbcyilbmsiop at
each 20 of the respective |ocations qof the accgler nete

rs 21 thereb
provi ding a si gni fFRAMACTHFRREFETS 41 die theefyePe egﬁré?roﬂr?eﬁﬂﬁv%#tig
hel i copter fusel ageo dhectimuslt isdynalsawhichbazei tpahasiteedutedthen t he

fusel age and p{@dU&Sﬁ%&tOéxceng Mn%swlg%tte% tzaelge E&fgmaéderﬁéw@és

rather than in res eto ex0|t|ng uenci es may not_create
responses, and di f'?]é? SIFR HfLan h(?e\?lcé’é%e\KHPEﬁeFéan-rén‘a barge?yide nass
for their operati cipprsbrciat D Put gutodighalier cesadjusespnasphagetdwedr own

motion. magnitude of operation of the four electro-hydraulic
actuators 19.

15 Thus, the method and apparatus of this invegption
impose changes in the phase and the magnitude of the
exciting frequency osillations of the four -
electro-hydraulic actuators 19 to simultaneously cancel
or substantially reduce the level of vibration at each

20 of the respective locations of the accelerometers 21
thereby providing a significant improvement in the
overall vibration level of a helicopter fuselage.- .

The invention treats vibration "as measured" on the
fuselage and produces forces in response to the measured

25 vibrations rather than in response to exciting
frequencies which may or may not create responses, and
differs from passive devices which require a parasitic
mass for their operation and can only produce forces in
response to their own motion.

30 Furthermore the invention is capable of cancelling
vibration created by other mechanisms, e.g. the higher
harmonics of blade passing frequency and pressure
fluctuations on a large tail surface, which cannot be
treated by conventional isolation systems. The computer

35 appliés optimél control which allows to be minimised a
number of vibration measurements larger than the number
of control degrees of freedom available.



30, Furthernore the invention is capabl e of cancelllng vi bration
created by other nechanisns, - e.g. the higher harnonics of bl ade passi ng
frequency and pressure fluctuations on a large tail surface, which cannotw=s
be treated by conventional isolation systens. The conputer 35 applies %
optimal control which allows to be mnimsgd a nunber of vibration
nmeasurenents |arger than the nunber of control degrees of freedom

avai | abl e. 9 The vibration neasurenents nay be appropriately "wei ghted"
for relative inportragceipbtheicnnpeisar SnéweRinal by Lgmoptsiaelgscil |l ating

frequency rel at; gqghge hefgpegglg % gtgéﬁ‘?ﬁtof the rotor 5 so tnat rotor
e

speed variation e accomD an?esent i nvention which is not
possi bl e with nmassT8gr FREPEGHE paterayti¢ablyidemands aw |dsdid hadtiag al so

that the invertiegehs caea@kedotor@ﬂacsﬁaed@f%&&ﬂfnaﬁ WPy, ed nass
i tself, andthlsma rticular benefit in the escrlbe&:

e o
embodi ment® i nSRhite ¥tﬁ@tﬁﬁs§9f’gg‘c8ﬂ§{'??ﬂ?%ﬂ ?@“t?ﬁa§%£9WWQQﬁq3ﬁ Punt ed
gear box/ engi nehaspeaskent Anvéheionnpibid¢iants frest chmsﬂﬁpaemﬁﬂ y from

ai rwort hi ness | e y ctuators
19 are not Iocgtggzlsggaﬁh QgﬁengésgP@%dI%%f#a%% dﬁé VHt]'h'lt her e o%gahave to
cater for fli@hsol shas, thni énvenhiencigarpaiel ehirrduring vdbratdoni ed by
resilient el agleOHRr uficuAkt61Y8E Chads SDEPEDH] ind henifd Qiﬂ)blﬂé log of the mass

B0 g BB PphBBie T BT Tl e 4RI oS
nndlflcatlonsth&yMBSSnadecmnahDQ@tﬂéﬁ@YttM@ #eswﬁxén;kqugmnﬁEG:he i nvention
as defined bygbRenaRpendede assembly. _
Another important feature, especially from ~
airworthiness considerations, is that the
15 electro-hydraulic actuators 19 are not located in the
primary load path and do not therefore have to cater for
flight loads, which, in the described embodiment, are
carried by resilient elastomeric units which also
provide the flexibility of the mass essential to the
20 invention.
Whilst one embodiment of the invention has been
described and illustrated it will be understood that |,
many modifications may be made without departing from
the scopé of the invention as defined by the appended
25 Claims. For example, whilst in the described embodiment,
the resiliently mounted gearbox and engine provide a
convenient resiliently mounted mass to react the
controllted forces provided by the electro-hydraulic
actuators, the invention is not limited to such a
30. configuration and any other parts of the structure
capable of relative motion at a fregquency corresponding
to the vibration exciting fregquency and of reacting the
actuator forces can be used. Furthermore the invention
does not require a parasitic mass. From this it will be
35 understood thét the invention is also applicable to a
helicopter in which the gearbox etc is rigidly attached
to the fuselage.



75 Claims. For exanple, whilst in the described enbodiment, the resiliently

mount ed gear boxX and engi ne provide a
react the centrolled forces provided

thﬁnventlon is not limted to such
of e structure capable of relative
the vibration exciting frequency and
used. Furthernore the invention does

convenient resiliently nounted nass to
by the ‘el ectro-hydraulic actuators,
a 30 configuration and any other parts
notion ajga frequency corresponding to
of reacting the actuator forces can be
not require a parasitic nass. From

this it will be 35 underesthuoiterhaf aheuahoratcan be wasiedirid @l &< 0 a

helicopter in whighdheq08ar hey @keiksar bgi dbyvahiasteditdedivn f usel age.
10 The nunber of actuators can be varie can be oriented in any desired

or conveni ent di re@YIGTLYS; FPeapapP efhggnﬁ%E}eﬁ?m%E%E? SFHNRErRTEEE be
varied al though prefreiagl prieferavaigerhei himberneill ese Adianidde than ruhd)er
of actuators._In an_enbodi nent Elnilar to that herei nbefore described in

whi ch the eIébtrd“ﬂVﬁFé@ |€°§@P

&F8rs are | ocated adj acent the resilient

units, it is envisagedn kat embodiaepscsindlassti that chergotheiarainit and

the 10 el ectro- h)&&%&'ﬂn%da%u%%hweﬁbdebecw&egyaf@@l1@ FoBid\Bes ageenbl y.
-1 1- CLAI M 1. A net hod reduci ngFV|bra ion of a helicopter

fusel age, conpri s%‘?ﬁ;“t%lnﬁél@ﬁcﬁé‘t theuFg

tyeBF UBthEt ots 5° STViRAdRkn

parts of the hel ittt ehestriegplertd veapablidient elastomeric unit and the
10 electro-hydraulic actuator would be integrated in a

single assembly.



of relative notion at an exciting frequency, contin- uously oscillating .
each of the said actuators at a frequency substantially corresponding to
the exciting frequency, generatihg signals representative of dyndmc 10 #=7#
accelerations at a plurality of l|ocations on the fuse- |age and feedrng'\r
said signals to on board processi ng neans adapted to provi de output signals
controlling the phase and nmagni tude of-thqgi—espective applied actuator
forces and for varying the phase and magnitude characteristics of said
forces in a manner to conpensate for changes in fusel age dynam cs whereby
the overall | e@CRIAIMS fusel age vibration is reduced. 2. Appar atus for
reduci ng rotor induced vibration 20 of a helicopter fuselage, conprising
a plurality of actuatqrs intercqnnecti parts of the hellcopter structure-
capabl e of rel dtive mbt P&ANE 9h ES V?F%@ Y+ REREIRG of i cnhefe adapt ed
t o conti nuousl| Yusediaglegt eorpelisdhgt bensactiingtaap Dira Bty Jff epRatHrad
correspondi ng t ' r ral ity of .

accel eror?eters%é'?’t%acﬁ h%%ltg h? %use éﬂ%ggeéeﬁg&g&dnﬁegc na;hlgel
representativeodf riedasliagemdphani stagneere bt inpsireaurngioeeitigneans for
process- ing S%'o%salygaabana@1H§0¥aehn9foyﬁ9uga§d Wt Fafdrs 30 a

controlling the ase an gag e actuafor output forces and for

automati cal |y dd898€Nsy SHbs éagﬁﬁ fRGhPERRRAIE s St 8 nanner
to conpensate Equmhmmglngehasatagg dygnals c@prasé&ta&ﬁvexbf1ﬂynamﬁh A

hel i copt {;0 hawar&eq_erpgltq BSEQ' PQuPQi‘PE Ppgéééilﬂor?s f&?egna%
conprising a pI flafofs Connet efween parts o
structure * Se ﬂEd feﬁplngssald*31gna1§ teapribrea HQQQﬁSSRP&WDtlon t

a frequency conjean@ORdiapled to provide output signals controlling
the phase and magnitude of the respective applied
actuator forces and for varying the phase and magnitude
15 characteristics of said forces in a manner to compensate
for changes in fuselage dynamics whereby the overall
level of fuselage vibration is reduced,.

2. Apparatus for reducing rotor induced vibration

20 of a helicopter fuselage, comprising a plurality of
actuators interconnecting parts of the helicopter
structure capable of relative motion at an exciting
frequency, a power source adapted to continuously
oscillate each of the said actuators at a frequency U

25 corresponding substantially to the exciting frequency,
a plurality of accelerometers attached to the fuselage
for generating signals represéntative of fuselage
dynamic accelerations, and processing means for process-
ing said signals and providing output signals for

- 30 controlling the phase and magnitude of the actuator

output forces and for automatically adjusting the
phase and magnitude of said forces in a manner to
compensate for changing fuselage dynamie characteristics.

35 3. A helicopter having a main sustaining rotor

supporting a fuselage and comprising a plurality of
actuators connected between parts of the structure

* € L W S *




Substantially with a frequency exciting the fuselage to vibrate, power
source neans for continuously oscillating each of the said actuators at a
frequency correspondi ng 5 substantially"wi.th the exciting frequency a
p+uraI|ty of accel erometers$ attached to the fusel age at sel ected | ocations

“gener ating signal s representative of fusel age dynam c accel erations,
and on board processing neans for processimy'%aid signals and providing
out put 10 signals for controlllng t he phase and magni tude of the

f f | | dj h
magnitude of 't he SUETRGIOn AR 1 BOEIER A CnanhEPabEnth parear R bine

changi ng dynam c s¢b§tant&allxuwnﬂh af frriegueakiyceptétihgsthagusdbage
hel i copter as C'a%&“%hﬁﬁhégfﬂﬂﬂd%r‘Myﬂﬂﬂenm%%hg ?5?'Ebﬂgiﬁﬁ83§f903501llat%?g

corresponds substantial |y with the rotor bla assin requenc 20
A helicopter as c?%ﬁnmRF|§PQJ§ﬁ§ﬂ:?CQM%QQQSna§a?df§§8PgFﬁ§ ??Ekﬁgbﬂﬂﬂing
conpri ses af i nstsuihstewiia Mot e tdelthet edcfitdmgafpeqdeney i aepll usanbiet yof

exciting frequencygs cégﬁero ters H%Jyﬁedcggt%BeagFggfégEdatnsé{Q%Hg%(ﬁ

Claims 3 to 5, mhereln one Said e atrvel’y nova conpri ses
raft structure cal¢%hi9°nmef@;emaem@sersggneéi,Sangpaesaoh@ww ofe

fusel age by a pl Uf@ééié/gé)fdfrﬁh'idi'd %earetr%hm@tsuaooﬁ board ApFetéEHMiEr as
clained - in Caimbé6 ein each said 3 |I|ent att agchnent ri ses an

el astomeric unit. %% S EQ? procegsing oS 1g8alp,p dpFﬂV§§§n YR ai ns
3 to 7, whet@in eatgnals df arctamttorolddmy ithes pharsel entdr naghijtiude 6L

actuator. the actuator output forces and for automatically adjusting
\_) the phase and magnitude of the actuator output forces
in a manner to compensate for changing dynamic character-
istics of the helicopter fuselage.
15 '
y, A helicopter as claimed in Claim 3, wherein
said exciting frequency corresponds substantially
with the rotor blade passing frequency.

20 5. A helicopter as claimed in Claim 3, wherein
said exciting frequency comprises an instantaneous
value selected from a predetermined range of exciting
frequencies.

) 25 6. A helicopter as claimed in any. one of Claims
3 to 5, wherein one of said relatively movable parts
comprises a raft structure carrying the gearbox and
engines and attached to the fuselage by a plurality
of resilient attachments.

30
T. A helicopter as claimed in Claim 6, wherein
each said resilient attachment comprises an elastomeric
unit,

35 8. A helicopter as claimed in any one of Claims
3 to 7, wherein each said actuator comprises an electro-
hydraulic actuator.
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-13- 9. A helicopter as claimed in aim6, 7 or 8, wherein said -
resilient attachments and said actuators are equal in number. 5  10.
A helicopter as clainmed in Clainm9, wherein each said resilient attachmﬁﬁﬁf
is associated, with an actuator integrated in a single unit therewth. )
A helicopter as clainmed in any one of Clains 10 3 to 10, wherein the
nunber of accel eroneters is not less than~{#2 nunber of actuators. 12. A
nmet hod of reducing vibration of a helicopter fuselage, substantially as

described with geferen : t pasrelei aw ng. .13
Appar at us for rgauci pgﬁf%%ﬁo#c?pnﬁe%evcﬁ%ﬁat |_02¥10 gqh’e\léqfcgp?ér 81’ usel age,
substantial | y asheeetniseid el kieant afdaqhpentd andsgedd ratupsors

acconpanyi ng 20ape &4@¥1 N"th dymber. A helicopter having apparatus for
reduci ng rotor induced vibration, substantially as described with reference
to and as shown in the acconpanying 25 dr aw ng. _ :

) 5 10. A helicopter as claimed in Claim 9, wherein

each said resilient attachment is associated with
an actuator integrated in a single unit therewith.

11. A helicopter as claimed in any one of Claims
10 3 to 10, wherein the number of accelerometers is not
less than the number of actuators. . '
12. A method of reducing vibration of a helicopter
fuselage, substantially as described with.reference
15 . to the accompanying drawing. '

- 13. Apparatus for reducing rotor induced vibration
of a helicopter fuselage, substantiaily as described
with reference to and as shown in the accompanying

.20 drawing.

14, A helicopter having apparatus for reducing

rotor induced vibration, substantially as described '

Wwith reference to and as shown in the accompanying ._(~)
25 drawing.
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