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A basic principle ofBearingless Rotor-Hub System has decided at the l:egirming of study. The study ocnsists of3 phas=s, 
(1) Rerearch of each element. 
(2) Ground test 

(3) Flight test 
Specially the rerearch of element is the mast important Because many troubles have been =.rrred. 
At first torsion element which had function of fuathering and lead lag hinge was studied. To get a good ocmbination of 

torsion stiffness and bending stiffness, cress ooction of torsion element has been changed from original one to X shape and 
to asterisk shape again Aloo newly V beam ocnoept to fix a bending point was introduced to prevent S shape 
transfOrmation in lead-lag motion. 

Original pitch-housing equipped elastomeric damper in it was designed to get lead-lag damping by means of its 
transfOrmation.. But this shape showed ro poor lead-lag damping that shape was changed. In new shape open space to 
install a damper on the top and bcttom in pitch-housing was filled then elastomeric damper was installed outside of it 
Consequently good lead-lag damping was obtained. 

.t>Jro flapping plate which had a function of flapping hinge was studied. Cross ooction was changed from original one to 
new one. 

Anelastomericdamperwasstudied, too. 

During study, original principal was not changed. but shape of each element was changed drastically. 
On the ground test, retired OH-Eiinstalled new Bearingless Rotor-Hub System was used and vibration characterisl:ics 

test was done. 
In flight test, modified OH-6J installing new Bearingless Rotor-Hub System inatead of original one was used.Abcut 100 

hours flight ta;t was ocnducted. Ground and air reronance did not=urred. 

Finally tecbnology ofBearingless Rotor-Hub System has been establisbed befure the start of developmentofOHX 

1 Introduction 
After World War II, rewm:l:J. & development of aircraft was prohibited in Japan. It was opened in 1953, but the 

technology ocnceming with a helicopter had been progressed vezy much in these 8 years. As speciaiiy rotor system of 
heliocpter is very important part and a characterisl:ics of rotor systero decides characterisl:ics of entire heliocpter., many 
ocmpanies ocncentrated their power to rerearch. and development of rotor system. As a result, many patents using metal 
material were acquired concerning with rotor system, specially rotor hub system. Because rotor hub has very complicate 

mechanism to ro!ve technical problem,. At the l:egirming of 1960's rewmch of composite material appl;ying to aircraft was 
started in many countries and applied to seocndezy structure of aircraft gradually. At the beginning of 1980's, though 

many studies of rotor-hub using composite material had been started in the world, mesh of patent was ro large at that 
time that there was enough spare to enter, ro that start of the~ of rotor-hub was decided. 



2 D:raftofRewm:h 
It wasmnsidered that the retirement of OR-B which was u.'<O<:l by JSDG would be retired at the end oflroJ's .. 
Rerently impro' -ement of rnanem-erability was required, because, NOE flight was requil-ed to eg::ape from enemyDs fire. 

Research had to be finished before thestrutofdevelopmentOHXand there,-ultsofmwm:hhad to be applied toOHX. 
Then OHX wase,--timated thatweightwasalrnast7"-'S,CXXllbe .. ,may be, below lO,CXXllbe .. 
AL'D basicp1inciple of new technology was decided as following, 

(1) to u.oe a mm]X)Site material 
(2) to eliminate a beruing from each a "<is mrnpletely. 
(3) to be is::>lated each a "<is. 
(4) to u.oe a elastomericdamperfor getting lead-lagdamping. 
Resoarch s::hedule was decided ,too. It was shown in Table 1~ 

Table I Schedule of Research 
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Research of Elements 

()Torsion Element 
()Pi lch-Housing 
()Hub Plate 
() Lead-Lag Damper 

Resoarch was divided in 3 pha.oes, that is, 
(1) Resoarch of elements, 
(2) GroLmd test 
(3) F1ighttest 

87 88 89 90 I 91 92 93 94 

I 
Ground 

Test I 
Fl igh I Test 

I I 
Development OHX 

I I 

In Ol"(!er to 1.L'<' OH-B on the groLmd and in flight t&-t, each test model was designed to apply OH-6, and every step the 
p<BSibilit:y to e:q,and new technology to lO,CXXllbe. class helicopter was mn6rmed analytically .. 

3 Implementation ofResearch 
The s::heme of new rotor-hub system is shO\m in Fig. 1 and the first design is shown in Fig. 2. 
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Fig. 1 Image of 3 Hinges 
Fig. 2 First Design ofHingeless Rotor-Hub Svstem 
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3 .. 1 Resoarchofelements 
3.1.1 Torsion Element 

Torsion element has a function offeathering hin,oe and lead-lag hinge. 
As OHB equipped manual cnntrol system, torsion stiffness of torsion element was decided 0.2 kg-rn/deg. at the 

beginning of 1-erea.n::h. 
Chan,oe of torsion element is shmm in Fig. 3 
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Fig. 3 (2) 

Fig. 3 (4) 

Fig. 3 Change of Torsion Element 

At£rst trial, slits were designed in torsion element to achieve torsion stiffness. It!Js sho"n in Fig. 3(1) . As a result of test, 
0.23 was obtained and fu.ti,oue life was satisfied but crack was generated at the end of slit on neck portion. Carron fiber 
was wound up to protect generation of crack, therefore generation of crack was stopped though lateral bending stiffness 
(lead-lag direction) was not sufficient 

At the Ee(J)nd trial, material chan,oed from glass fii::er to IZ"evler to increase bending stiffness keeping torsion stiifness. 
Slits were adopted and treatment to protect generation of crack was done. It!Js shown in Fig. 3(2) . As a ,..,--u]t of test, 

torsion stiifnes3 and fu.ti,oue life were cleared, but bending stiffness was not increared 
Why lateral bendingstiffnessisproblem?ltissho,vninFig. 4. 
Basically transformation in (1) is e~-pectecl to obtain good lead-lad damping, but transformation became S shape in (2), 

therefore damping effect was reduced by reduction of damper[ls displacement and moment rum. Quantity of torsion 
stiifnes3 and bending stiffness were dis::u..o;seci a,oain. As a re,--ultofit it was cleared that torsion stiffness cnuld be iru::rea..offi 

for manual cnntroL new target of torsion stiffness was decided fur 0.38kg-rn/ deg .. 
Following this = rection of torsion element was entirely redesigned to X shape to pre,ent S shape tran.sfmmation 

and V beam cnnoept was introduced so as transformation =ured ru.uund fi"<ed point Also material was chan,oed from 
glass fiber to ]Z"evler. to improve bending stiffness. It!Jssho"nin Fig. 3(3). Butfu.ti,oue life was not satisfied 

Then lV!aterial was chan,oed to glass fiber again, but as using glass fiber toriion stiffuess was reduced, = section 
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redesigned a.."lerisk shape to increa.-e torsion stiffness. It is shown in Fig. 3( 4). As a result of r&,"t, torsion stiffness was 
0.36kg-m/deg., fati,oue life was cleared, !:ending stiffness was enough and di."fllacement to get lead-lag damping was 
sufficient All problems =utred dtning 1~ have been rolved. 

Damping 

Moment 

/' 
Damper Force · I 

~ ' 
\ Mo~entArm 
\_____ Damper Force ..... 

--,------;-. . -
W Deflection of Damper I I 

'"! Deflection of Damper 

(l) Original (2) Effect of S Shane Deflection 

Fig. 4 Transformation of Torsion Element 

3.12 Pitch-housing 

Pitch-housing has a function ofins<callation of lead-lag damper and pitch horn. 
Cha:n,ae ofPitch housing is shown in Fig. 5 
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Fig. 5 Change of Pitch Housing Fig. 5 (4) 
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.As shO\nl in figure 2, pitch housing had bridge part which supported nmmal load on pitch housing, !B::au.<e it was 
informed that this time elstomeric damper rould not support rompression load. Then eb-tomric damper was ilb-talled in 
open space at the top and bottom. As a re;ult, torsion stiifnes3 of pitch housing was not enough. the transformation of 
bridge part!B::ame parallelogram which was not expected. Also it was cleared thatrootportionofbrid,ae part yielded 
The ne~"t. trial, on the end of rcxJt part of pitch housing metal fitting was attached to reinforce it and b!id,ae prot was 
reinforced by glass fiber to ino-ea..ce torsion stiffness and to prevent parallelcgram transformation. !ills shown in Fig. 
5(2) .The problems were solved. but newly pn:blems that weight ino-ea..<ed attaching metal :fitting and aerodynamic drag 
in bridge part were inoeased were happened. During study, the news that elastomeric damper rould support 
oompression load was informed. later this is mentioned in Lead-lag Damper paragraph. So= Eection was chan,oed 
:fium 9:Juare to ellipse to reduce aemdynamic drag and position oflead-lag damper was ch.an,oed :fium open space ofbtidge 
part to outside of pitch housing, as a result of t&""t, open spare ~vas filled up. AL'D metal fitting was attached to increase 

torsion stiifuess, but other pmblems that weight inc-ea..<ed and fati,aue life was not sufficient =urred. rills shown in Fig. 
5(3). 

Finally metal fitting was ch.an,oed tooomposite one, then tlrcre were oolvecl. rills s!Jo,minFig. 5(4). 

3.1.3 HubPlate 
Hub plate has a function of flapping hinge. Target ofhub-plate h.as to have approptiate hin,ae off-s=tand enough fati,aue 

Jifu for bending load to ups and downsdirectioninoondition under 7 tons cent:rifu,oal.fm:e and ±15 deg. t\\ist 

Cha.n,ae of hub plate is shown in Fig. 6. 

Fig. 6 (1) 

Fig. 6 (2) 

Fig. 6 Change of Hub Plate 
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At the first trial, simple plate sptingtype with Sjuare = rect:ion was mrl rtis sho\\11 in Fig. 6(l) .• As are,-ultofte,""t, 
c-ack generated at the center portion of it, becaus= the "idth of hub plate was oo "ide oomproing to len,oth that 
u-ansformation of it became Eaddle shape. 

Crm; s=ction was chan,oed to prevent this transformation like H shape; :fiunt side and rear side was thick oenter prot 
was thin ThisisshmminFig. 6(2). 

3.1.4 Lead-lag Damper 
Targetwasthatsufficientlead-lagdampingwasobtainedand tan 6 wasshout0.6. 
Cha.n,aeofdamperissho"ninFig. 7. 
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Fig. 7(1) Fig. 7(3) 

Fig. 7 Change ofElastomeric Damper 

First one OJU!dnotsupportoompressionload and was ret inside of pitch housing. Fig. 7(l).As a .result of test, tan 6 was 
al:cut 0.4 and also tra.'1Sibrmafun of pitch ho\.lSi:ng was not go:xl. mentioned in pitch housing. During discussion, the 
solution was fuund thatelastnmericdamperwas able tosupponcompre;sionload by multi-layer, that was, increasing 

numl::er of metal plate. 

Then j)Olition of damper was chan,oed to outside pitc.l:t hosing. Itfls s.l:town in Fig. 7(2). lis a result of test, it was cleared 
that tan 15 was 0.62 and sufficient damping was obtained 

Final. one isiDminFig. 7 (3). 

3 . 2 Gtuund Test 
Af'..erfinishing of the element research, new rotor -hub system bas been testedoombiningwith each element tD omfirro the 

function as rotor-hub sy'Si:Em on the ground. RotDr-Hub System was newl;y manufactured. reflecting in the re."Ult of 
element test and ins'called retired OH-6J . Itfls shown in Fig. 8 and Photo 1. Be!Ore lo€ing =ied out ground test, stifii:Jels 
test, static stren,oth reo-,; and fati,oue test was a:md<.ld:ed. Itils shown that stiffness was almost as same as estimation, static 
st:ren,oth was cleared and futigue lifu was enough. Ground res:man<:B whl::h is the mcst important p..."'blem in helicopter 
was tested. The result isshov:ninF:.g. 9. The re,"UltiDVS that groundres:mance was stable with enough damping 

Elastomeric 

Fig. 8 Rotor-Hub System for Ground Test 
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Photo l New Rotor-Hub System 

Installed OH-6J 



(i) Roll Mode 
c2) Pitch Mode 
® Cyclic Regressive Mode 
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Fig. 9 Result of Ground Test 

3.3 Flight test 
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Photo. 2 One Scene of Flight Test 

Itikshmvn that the baaringlessrotor-hub system ured rompa;ite material is able toapplytoflighttestfrorn the results 
of grou:nd test Therefore flight test was carried out to ronfum impmvementof maneuverabilicy &-rl cha.racteri.<ticsof air 
res:>nanc;. Jn thate,"i:, mcxiified OH.Seqcipped new mtor-hub system l;elongiP_g to JSDGFwas ured Fmm the results of 
grou:nd test, the followings were chan,oed, 

1 pa;it:ion of <D!1r.€Ctingpointbetween pitch-housing and blade to fold a blade. 
2 toredure a gsp between pitch-housing and bladetopreventreductionofdempingellect. 
3 reduct:ionofweightofpitch-housing:. 
4 way bY.v to installed a demper. 
The new rotor zystem is shown in Fig. 10 and Picture of OH-6J installed it is shown Photo. 2. 

Fig. 10 Rotor-Hub System for Flight test 
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Befure·ca.'l)ini otrt flight test, stif!i1ess test, static streP.gth te,""t and :futi,cue test had bee,...., done. Stiffres; was alroo,""t as 
same as anticipated 'alue and static st:l:12r'4;ih and futi.,aue stren,oth Sltisiied target value. l'>S result. of flight test, this 
system bad enough ar-..enuation rate iOr air resonance in entitB speed ran,oe. Becaure result of ar.2)ysis was agreed ;,my 
much wit'> t&""tresult. Itis&'IDv.ninFig.ll. 
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Fig. ll Result of Flight Test 

Duri.ng study, beam theory to large transformation and vibration and FEJ.vl(Fmite Element Method) to stress 
clistribution and etc. wetB used. Thcee weJ.B tuned up in each step of rerearch to improve the ac:uracy of calculation 
mmparing testre.;ults "ith analysis. fume ofl'!'»-ultof analysis are shmmin Fig. 12. 
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Deflection of Hub Plate 

in Flap Direction (Analysis) 

Test Data 
Hub Plate 
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Fig. 12 Comparison of Test and Analysis 

5 Conclusion 
0 Technology fur bearinglessrotor-hub system usingocmposite material has been established. 
0 TillsJ:"eWU"Ch has been finished assohedule Wore the start of developmentofOHX. 
0 Each axis (feath€ring, lead-lag and flapping) was isolated as basicprinciple.(no coupling motion) (Fig. 13) 

It was very lucb.y that the solutions were found when many troubles were =rrred during element research. 
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Fig. 13 Effective Hinge 
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