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SUMr1ARY 

A Fixed Freaue:<:cy Rota~ "eQd Vibration 
Absorber based upon G."·."" .P •. Snrin;::s 

R~W- ffnite 
Westland l!e1icopters :Simited' 

Rotor indu:ced! vibration. is· a n;ajor- eZlvironmental factor· in 
helicopter operations. Whilst efforts ere. made at the design_ 
stage· to· ov:ercome the _?roblem. •o:ith careful desig!L or· rotor· and: 
fuselage' it is some-times· necessary to fit parasitic: devices such 
as, vibration abaorbe-ra .. 

JLYL attra:ctiv:e· place· to fit a vi:Orat.ion absorber· is the main 
rotor head. There .. are no C: of G FOblems: arrd the absorber· is 
virtually tat source•·. The most: po]JU].ar form of roto.r. head 
vibrat:!.o:J.: absorber is the bif"ilar "tlut wD..ilst such devices are­
effective they have disadvantage :i2:c that a large pro port ion of' 
installed weight. is ineffective-. ?u=thermoo:e operation relies 
on sliding or rolling of metal sur:Caces ;;hich is particularly 
unacceptable ~<here maintainability and reliability are paramount 
consideratio~s~ What is re~QireQ is a device with no maintenance 
requirement. 

Vlestland have taclded the problem. ~~;i-c-h a spr.ii1g mass 
abGo.eber possessing polar symmetry, tb.e spring arms of' which 
consict of spirally-~<rapped G.F.R.?. erms. The :njor factors 
in the design were i.11stalled ~<eight, absorber bandtddth, spring 
strength, extraneous motions and lcaC. linits set by exiGting 
fatigue data. The absorber has unC:ergoGe a.'l extensive fl i.gl.'lt 
test evaluation on a Lynx and !us te:b..aved !fell through the flight 
e'welope. Significant vibration redu:::tio:J. has been obtained 
throu~1out the airframe (mld on e~er2al stores) ~~d spring 
life should be such that the ahzorter <~ill be ,.,: 'fit a.11J :':orget' 
item. 

Plans are ~<ell adva."lced to pc-odc:cctionise the device. 
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1 • INTRODUCTION 

It is an unfortunate fact of life that parasitic devices 
are still, in general, required to co,1trol helicopter vibration 
Ln spite of advances made in rotor system ~nd fuselage design. 
The choice of the controlling ne.ohanism depends ·c1p0:1 the details 
of the problems at hand and upon the degree of control built ir_to 
the initial design. 

Apart from the fundame.ntal areas of design such as rotor 
system and fuselage the most obvious ;;ays to coi1trbl vibration 
are by isolation or absorption. 

It may well be that when all things are considered that 
the total effect in terms of vibration control is similar 
regardless of ·,rhat system is chose:1; the major decision is 
<rhether vibration control is built in to existing structural 
design (isolation) or -,rhether soille limited coillpromise is made 
at the outset in that fixing places for absorbers are added 
to be used as and 1;c1en required. 

This paper is concerned with the design ~nd evaluation 
of a vibration absorber \•rhich C2ll be mo;mted at the main ro';or. 

2. BASIS OF DESIGN 

An especially attractive place to cit a vibration 
absorber is at the main rotor head. T;·ro IEajor advantages are 
proximity to source and minimal C of G effeet. The most 
interesting choice is whether it should be self-tuning or 
fixed freque-ncy. The use of self-tuning centrifugal types 
of absorbers such as the bifilar is w-ell established. More 
recent devices cope 1-rith bob (n + 1) and (n - 1) rotating 
co-ordinate vibrations although this increases the mainten~nce 
requirement •..rhici1 appears in any case to be a disadvantage. 

lvestl~nd first looked at a fixed-frequeclCy absorber as 
a means of overcoming any potential reliability ~nd maintenance 
problems. This •;as for use in Lynx •..rhich has a particularly 
s::.:nple rotor system ;;hich requires little rudnten~nce. 

What was sought was a device that \;as relatively light, 
co:"2pact, no maintenance requirer:.ent and capable of dealing 
;;i th both (n + 1 ) and ( n - 1) vi bra. t.Lons. 

The general case of a vibre.tion abso,ber attached to a 
structure is shmm in figure 1. The respoClse at a point X3 is 
given by 

XJ - F. A,, + ( ;:: __ D-,,0 ', 'O' 

f .. 7 P.~:-_ / 
\-/here F is the externally applied 1 force 1 21dci ": is the respo:1se 
at x due to the fo.rce at y. For the absorber to have any effect 
it is necessa~J for there to be finite recepta.nces bet 1.-Ieen the 
point of force application and ;~hso2:'ber atte.ch:nen t and bet>;·reen 
absorber attachment and the point of interest. 
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The predominant 4R forces exciting the Lynx fuselage are 
pitch and roll moment excitations. Clearly, to have any effect 
it is necessa~J for these moments to ind~ce in-plane movements 
which are in tur.o. nullified by the absorber, which is simply an 
'in plane' device. 

It vras assumed that the forces required to mlllify these 
displacements would be arou..'ld 1400 lbf and it was decided to 
design a device generating 20g, giving an absorbing mass of 
70 lb. and a total spring stiffness of around 3500 lb/in to 
tune the absorber to around 22Hz (4R on Lynx). 

At first sight it was not clear on what basis the absorber 
tuning should be based. A comprehensive analysis o:f the general 
problem of a spring-mass absorber rotating with the rotor show·ed 
t::J.at the fixed-frequency t"Ctn.ing should indeed be n/rev. The 
analysis also shovred that the motion of the absorber vrould be 
very complicated and the first attempt to deal with these 
motions, based upon the use of crc1de coil springs, whilst 
effective, did not meet the 1 fit e..'"ld forget' requirement so 
fllrther investigations based ·.1p0::1 1·rrapped springs 'tras under­
taken. 

Figure 2 sho;,s the motion to be catered for, in the 
rotati~'lg axes .. 

OVerall Geometrv 

An envelope and primary structural coLlcepl; 1vas established 
1-ri thin 1·rhich the absorber 1·ras to be designed (Figllre 3). Centre­
line height. was fixed by maxi.:num permissible bendi·1g moments at 
the rotor head attachment. The aim was to clear the attachment 
using existing fatiglle test data. lhnimum height >ras fixed 'by 
maximum absorber excursions under heavy landing conditions Hhilst 
outer diameter Has fixed by minimum 1-rall thiclmess considerations. 

Spring Desia;:1 

A most important consideration in spring design, once the 
geometry is chosen, is wei;oht and m~terial. Relative vreight can 
be estimated from the equation I...Jo> pE/c-~ vrhere p is material 
density, E is Elastic Nodulus and o- is allo>rable stresSo· 

From a consideration of sil:lple bending we find for tb.e 
'Jresent application the foll01rL1g tJaterial vreights: 

Steel 

Tita.'lium 

G.F.R.P. ('E' Glass) 

59 lb. 

24 lb. 

8 lb. 

and no E Glnss 1·ras chosen as the best material. 

A finite-element analysis of the bending stresses' and 
stiffness of 2. spi!'ally-wrapped s:;;ring taking the formf?-:. c._o­
HaS performed, and from this an initial sizing 1<as carried out. 
At the same t i.1le uet-~ods of ~lab/sprl.ng attachment 1·rere being 
considered and that initially ado,? ted is shmrn in figure 4, 
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together with the spring geometries required to give a stiffness 
of 1750 lb/L~ch per layer of sprL<gs ~<d an unfactored bending 
stress of 17000 lb./square in~~. It is seen that the spring 
arms are ;<rapped to give a continuous lay-up through the hub, 
this being a particularly attractive concept. 

Spring manufacture is covered in a later section. 

Preliminary Experiments and Refinena~t of Design 

Initial experi~ents were designed to establish the natural 
frequencies of the absorber and its behaviour at maximum vibration 
amplitude. The device as originally conceived had the whole of 
the effective mass on the outer rL<g and in this condition it 
was fo<md that whilst the in-plane natural frequencies were nearly 
equal and similar to that predicted, the natural frequencies in 
pitch/roll vrere very near 2R and to avoid the possibility of 
sub-harJJonic excitation it was decided to re-distribute the mass 
so as to significantly lo;,er pitch/roll inertia and therefore 
increase the relevant natural frequencies. This 'daS done by 
creating a 'top cover' which ";·las also ased to introduae a positive 
snubbir1g arrangement. Further trials showed that <·rhilst the 
freque"cies were moved significa-"ltly the re-distrLlbuted mass 
caused the absorber to pitch as well as translate and so to bring 
be C of G back to the centre of action of the springs a bottom 
cover Has devised. 

These steps are shoun in figLlre 5 together with the final 
arrangeme,lt which has been largely unchanc,"Sd through subsequent 
develop::1ent. It is noted that fine-tuning iD achieved by the 
addition of weights to top and/or bottom of absorber, as required. 

The absorber hub is mounted on a steel spigot 'A' which is, 
in turn, attached to the main rotor head via existing lifting-eye 
attachme:J.t holes. Ti:le absorber is located in the radial sense 
by spacer plates B ;rhilst rotational location of the absorber 
relatiYe to the spigot is by a small dowel. 

At the top of the spigot is assembled a ~nubbing and 
capti_ye arrangement 'C'. The idea here is that should catastrophic 
failure of the springs occur, (Q~likely as there are 8 independent 
load paths from hub to absorber body), the main body of the 
absorber •·rill not leave the rotor. Snubbing is arranged by 
impact of top and bottom covers on rubber sleeYes. This 1<ould 
happen l~der only the ~ost extreme conditions. 

The absorber mass is distributed broadly as follous: 

Outer ring D 38% 
Top Cover E 21% 
Bottom Cover F 21% 
Tu:.'ling Weights G 16% 
Effective mass of arms 4-% 

It is noted that there are 2 layers of springs, giving 8 indepedeat 
load paths from absorber boct'" to hub. 



3. SPRING DEVELOPMENT 

The .;nitial spring design 11as --rery attre.cti-:re from the 
point of vie>~ of hub fixing althougl:! the stress a."lalyses under­
taken ;;ere ver-:1 very sinple in natu:::-e and did not take into 
account the complicated stress fields >rithin t..~e hub. 

Jn the e-.rent it lfaS found that after l; rri ted endurance 
testing at the design al!lplitude of ± 0.4" del~-nination of 
several springs at the hub centre occurred. Crack propagation 
was very slov1 and change in natural freque.n.cy minimal. 

Because flight clearance of the sprin59 was based upon the 
'fail-safe' pri.:J.ciple, i.e. if all the sprhgs broke the absorber 
would not leave the rotor, it 1ras decided to carry out initial 
flight eval-uation wit?t the dela.J!linated sprin59. This was done 
successfully and initial flight experiments '"ere concluded after 
basic t·ming investigations had take::J. place. 

In the meantime a more thoroug!J. a."lalysis of hub attachment 
stresses had been undertaken and this bdicated that the problems 
Here originating llithin the hub cel'ltre itself causing failure b 
transverse shear. A re-designed cec""ltre, based upon the individual 
attachment of each arm was put in hand, the outcone of \·rhich is 
shown in figure 5. This has formed the basis of all further 
developnent testing a_nd is a feature of the C.esign shown in figure 
5. Fatigue testing of hub attackrrents inciic:ate i."lfinite mean 
spring life. It is noted that the stiffness of the 'bolted' 
springs trere some:vhat hit'7ter th:;tn anticipated, resulting in an 
absorber 1rith an effective mass of arOlL"'ld 100 lb. 

Figure 6 sho·~rs the tooling for t·"-e 'bolted' springs. 
Each spring is manufactured from pre-impregDzted 0.25 mm 'E' 
glass. Strips of the material 2" wiC.e are s'lccessively vacuum 
consolidated onto a slave lay-up tool and the fi.nished preform 
is then placed into a press tool for consolidation and curing. 
The volume fraction finally arriYed at is (no:rti.nally) 52--Wo. 
Small vari2tions in volume fraction (and ~ence 3tiffnesa) can 
be catered for by small tuning weights atta6ed to the top of 
the absorber. 

4. FLIGHT TESTL~G 

Exhaustive flight tests have been cond'-teted on the 
Flexispri.ag vibration absorber over ::~e '?·~St; ye-:;.r. 

Exam:.nation of equation 1 't·roulC.. ir:.dice.te the.t there is no 
obvious reason Hhy a vibratio!l abso?.:"'ter sho~d. :-ro~k at all and 
it .rill be i.nteresting to see the effect at a !:Ueber of airframe 
stations. The other GlfO Ullknmms ;re-::::e absoroer bs""!d;ridth and 
total a8sorber excursion. 

The basic tuning pro:perties of an abso:::-be-r c.re sho~·r!l in 
figure 7. ~he location and number of resone.~t pes~s in close 
proximity to a..11tiresonance depends :1;on the '??:"O:t.:'i"'lity and number 
of norn~tl r:.odes in relation to the e:zcite..tion fre~uency. Except 
for the particular case of a resonance, the e.bsorber at frequencies 
around the excitation frequency ;;ill drive b.to arc impedance that 
looks like .;. mass or a spring.. T!le 'Ca:".!.d~·iidth =.s defined as 
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) 
1'::. 

..rhere t:- is the band,ridth, X is dis"olacem<BG (absorber fitted)/ 
displacement (no absorbe.r) and r is the effective mass ratio 
~·1/rr,, or spring ratio iZ /1<, • 

Figure 8 sho;rs, at o:1e for>·rard flight speed, the effect 
of varying rotor speed at a number of locations. It can be 
seen that optimum tuning is a compromise. In the case of the 
Lynx trials it was decided to optimise the effectiveness at 
mximum fonrard speed a_nd figures 9, 10 a2'd 11 sh01r the effect 
of the absorber, at optimum tuning, at a number of stations. 

It is noted that whilst in general t:ne absorber is very 
effective, at 0:1e location there is no improvement at all. 
It is believed that the assymmetry of absorber behaviour is 
due primarily to Sllperposition of vertical/pitch loads >rith 
lateral/roll loads. · 

Figure 12 sh01-lS absorber displaceme:I.t (measured using a 
piezo-electric accelerometer mounted on the 'body of the 
abso.eber) as a function of for·,rard speed and it is seen that 
the maximum design amplitude of :I; 0.4" 1·ras not exceeded during 
the trials in question. Interpretation of accelerometer response 
1·ras, in itsel:.:, an interesting mathematical ezerciGe. 

Over 50 or 60 hours of flight testing, pilots have reported 
no adverse handling behaviour at all; on t,_,e contrary, reduced 
vibration in turns, max. po;~er climbs etc. e:L1ance the overall 
feel of the helicopter. 

5. CONCLUSIONS 

( 1) A fixed-frequency cnain rotor head VJ.8re.n.o:l absorber 
based upon GFRP springs capable of absorbing around 
2000 lb. shear force, has proved to be effective 
througho:.>t the flight envelope of a Lyn:r helicopter. 

( 2) A fixed-frequency absorber is most e:C'fective <rhen 
:.>sed l·rith a rotor system having minir~J droop 
characteristics. 
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