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Abstract
A basic principle of Bearingless Rotor-Hub System has decided at the beginning of study. The study consists of 3 phases,
() Ressarchofeachelement.
@  Ground test
@ Fhghttest

Specially the research of element is the most important. Because many troubles have been ocowrred.

At first torsion element which had function of feathering and lead lag hinge was studied. To get a good combination of
torsion stifiness and bending stiffness, aross section of torsion element has been changed from original one to X shape and
to asterisk shape again. Also newly V beam ooncept to fix a bending point was infroduced to prevent S shape
transformation in lead-lag motion.

Original pitch-housing equipped. elastomeric damper in # was desioned to get lead-lag damping by means of its
transformation.. But this shape showed g0 poor lead-lag damping that shape was changed. In new shape open space to
install a damper on the fop and bottorn in pitch-housing was filled, then elastorneric damper was installed outside of it
Consequently good Jead-lag damping was obtained. :

Aleo flapping plate which had a function of flapping hinge was studied. Cross section was changed from original one to
new one.

An elastormeric damper was studied, toa.

Dhuring study, original principal was not changed, but shape of each element was changed drastically.

On the ground test, retived OH-Ginstalled new Bearingless Rotor-Hub Systern was used and vibration characteristies
test was done.

In flight test, modified OH-6] installing new Bearingless Rotor-Hub System instead of ariginal one was used. About 100
hours flight test was conducted. Ground and air resonsnee did not oocurred.

Finally technology of Bearingless Rotor-Hub System has been established before the start of development of OHK.

1 Introduction

After World War |, research & development of aireraft was prohibited in Japan. It was opened in 1953, but the
technology eoncerning with a helicopter had been progressed very much in these 8 years. As specially rotor system of
helicopter is very Important part and a characteristics of rotor system decides charactaristics of enfire helicopter., many
companies concentrated their power to research and development of rotor system. As a result, many patents using metal
material were acquired concerning with rotor system, spedally rotor hub system. Because rotor hub has very complicate
mechanism to solve technical problem,. At the beginning of 1960's research of cornposite material applying to aireraft was
started in many countries and applied to seoondary structure of arcvaft pradually. At the beginning of 19805, though
many studies of rotor-hub using composite material had been started in the werld, mesh of patent was o large at that
time that there was enough space to enter, so that start of the research af rotor-hub was decided .
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2 Draftof Research
It was consdered that the retirement of OH-6 which was used by JSDG would be retived &t the end of 1990s..
Recently improvement of maneuverability was required, because, NOE flicht was requived to escape from enemyls fire,
Research had to be fimished before the start of development OHX and the results of research had to be applied to OHX.
Then OHX was estimated that weight was almoest 7~8,000[bs...may be, below 10,0001bs..
Also bagic prindple of new technology was decided as following,
(1) touseacomposite material.
@ toeiiminate a bearing from each axis completely.
(3) tobeixolated each axds.
() touse aelastomeric damper for getting lead-lag damping.
Research schedule was decided too. It was shown in Table 1

Table ) Scheduie of Research
83 54 35 36 87 38 89 90 9] 52 23 94

——d

Research of Elements

O Torsion Elemenl Ground
O Pitch-Housing Test
{O Hub Plale Flight Test

O Lecad~Lag Damper |
Developmeni QHX

Research was divided in 3 phases, that is,
(I} Hesearchofelements,
(@ Groundtest
() Fighttest
In arder touse OH-8 on the ground and in flight test, each test model was designed to apply OH-6, and every step the
possibility to expand new techniolegy to 10,0001bs. class helicopter was confirmed analytically. .

3 Implementation of Resezrch
The scheme of new rotor-hub systen: is shown in Fig. 1 and the first designisshown in Fig. 2.

A

- Pitch Horn

Torsilon Element

l Lead-Lag Hinge

Fla g Hing 8 Q
pping Hinge J\\

1 Feathering Hinge

Fig. 1 Image of 3 Hinges

Fig. 2 First Design of Hingeless Rotor-Hub System
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3.1 Researchofelements
3.1.1 Torsion Element
Torsion element has a function of feathering hinge and lead-lag hinge.
As OH-6 equipped manual control system, torsion stifiness of torsion element was decided 0.2 ko-m./deg. at the

beginning of research,
Change of torsion element 1s shown in Fig, 3

s
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r/_’_\w\ Fig. 3 (4)

Fig. 3 (3)

Fig. 3 Change of Torsion Element

At fivst trial, slits were designed in torsion element to achieve torsion stffness. Ik shownin Fig. 3(1) . As aresult of test,
023 was obtained and fatigue life was satisfied, but crack was generated at the end of dlit on neck pertion. Carben fiber
was wound up to protect generation of crack, thereftre generation of crack was stopped, though lateral bending stiffness
{lead Jag direction) was not sufhaent.

At the second trial, material changed from glass fiber to Kevler to increase bending stifiness keeping torsion stiffness.
Slits were adcpted and freatment to protect generation of aack was done. s shovnin F ig. 3(2) . As a result of test,
torsion stiffness and fatigue hfe were deared, but bending stifiness was not increased.

Why lateral bending stiffness is problem? It is shown in Fig. 4,

Basically transformation in (1) is expected to obtain good lead-lad damping, but transformation became S shape in (),
therefore damping effect was reduced by reduction of damper{ks displacement and moment arm. Quantty of torsion
stiffness and bending stiffness were discussed again. Asa result of it, it was deared that torsion stiffness could be increased
for manual control, new target of torsion stiffness was decided for 0.38ke-m.deg. .

Following this cross ssction of torsion element was entirely redesizned to X shape to prevent S shape transformation
and V beam concept was introduced so as transformation oourred around fixed point. Also material was changed from
glass fiber to Kevier. toimprove bending stiffness. Ik shownin Fig. 3(3). Butfatiguelife was not saisfled.

Then Material was changed to glass fiber again, but as using glass fiber tordon stiffness was reduced, cress section
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redesigned asterick shape o increase torsion stiffness. It is shown in Fiz. 3(4). As a result of test, torsion stiffness was
0.36kg-m.”deg,, fatigue life was deared, bending stiffiess was enough and displacement to get lead-lag damping was
sutfident All problems oooored during research have been solved.

/\k Off-Set by S Shape

S shape Deflection
Deflection
| / Motion of Blade . Motion of Blade
Damping l v
Moment

Damper Force
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Damper Force ==
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| " Moment Arm
AM s .
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:"‘——?1["' Deflection of Damper r-——f— Deflection of Damper
(1) Original . (2) Effect of S Shave Deflection
Fig. 4 Transformation of Torsion Element
312 Pitch-housine
Pitch-housing has a function of installation of lead-lag damper and pitch homn.
Change of Pitch housing is shown in Fig, 5
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Fig. 5 (3)

5 (4
Fig. 3 Change of Pitch Housing Fig. 5 (4)
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As shown in figuwe 2, pitch housing had bridge part which supported normal laad on pitch housing, because it was
informned that this Sme elstomeric damper could not support compression lead. Then elstorrdc damper’ was installed in
open space at the top and bottom. As & result, torsion stiffness of pitch housing was not enough, the transformation of
bridge part became parallelogram which was not expected. Alsoit was deared that oot portion of bridge part yielded
The next tral, on the end of root part of pitch housing metal fitting was attached to reinforce it and bridge part was
reinforced by glass fiber to increase torsion stiffness and to prevent parallelogram transformation:. Itlls shown in Fig,
5(2) The problems were solved, but newly problems that weight increased attaching metal fitting and aerodynamic drag
in bridge part were increased were happened Dhiring study, the news that elastomenc damper could support
cormpression load was informed. Later this is mentioned in Lead-lag Damper paragraph. So cross secion was changed
from square to eliinee to reduce aerodynamic drag and position of lead-lag damper was changed from open space of bridee
part to outside of pitch housing, as a result of test, open space was filled up. Also metzl fitting was attached to ncrease
torsion stiffness, but other problems that weight increased and fatigue Jife was not sufficient coounred. Itk shown in Fig.
5(3).

Finally metal fitting was changed to compesite one, then those were solved. Itlls shown in Fig. 5(4).

313 HubPlate

Hub plate has a function of fiapping hinge. Target of hub-plate has to have appropriate hinge off-set and encugh faticue
Jife for bending load to ups and downs direction In condition under 7 tons centrifugal force and 15 deg. twist

Change ofhub plate is shown in Fig. 6.

Fig. 6 (2}

Fig. 6 Change of Hub Plate

At the first trial, simple plate spring type with square cross section was used. It is shown in Fig. §(1). As aresult of test,
arack generated at the center portion of it, because the width of hub plate was so wide comparing to length that
ransformation of it became saddle shape.

Cress section was changed to prevent this ransformation like H shape; front side and rear side was thick, center part
was thin. This s shown in Fig. 6(2).

314 leadlagDamper

Target was that sufficient lead-lag damping was cbtained and tan. § was about 0.6.
Change of damperisshown in Fig. 7. )
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Fig. 7(1) Fi%. T(2) Fig. 7(3)

Fig. 7 Change of Elastomeric Damper

First one aiid not support compresson load and was set instde of piteh hovaing, Fig 7(1). As a regult of test, tan & was
about 0.4 and also transformasian of pitch howsne was not gred mentioned in pitch housing. During discussion, the ¢
sohution was ound that elastomeric damper wes able to suppart eompression load by rudti-laver, that was, increasing s

number of metal plate.

Then position of dasnper was chaneed to outside pitch hosing. Tk shown in Fig. 7(2). As a result of test, it was deared
thattan § was 042 and sufficlent damping was ohtzined.

Final ane isshovnin Fig. 7 3.

3.2 CGoound Test

After finishing of the element research, new rotor -hub systern has been tested cornbining with each elemnent to confirm the
function as rotor-hub system on the ground. Roter-Hub System was newly manufachured reflecting in the result of
elernent test and installed retived OH-67 . [k shown in Fig. 8 and Photo. 1. Before being carrisd out ground test, stiffness
test, static strength test and fatiszue test was conducted. Il shown that stiffoess was almost as same as estimation, static
strength wes deared and fatigue bife was enough. Groumd resonance which is the most Important problem in helicopter
was tested. The result is shown in Fig, 9. The result shows that ground resonance was stable with encugh damping,

Elastomeric

Damper(Upper)

.
.

T

i

Photo 1 New Retor-u
Installed OH-6J

&"v‘/ Hub Plate .

i

Elastomeric Damper{Lower)

Fig.8 Rotor-Hub System for Ground Test
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Fig. 9 Result of Ground Test

%3 Flghttest

Itk shown that the bearingless Totor-hub syster vsed composite material is able to apply to fight test from the results
dground test. Therefore fight test was carried out to confirm improvernent of marsuverability and characteristics of adr
resonance, In the test, modified OH-6 equipped new rotor-hub system belonging to JSDGE was ussd. From the resddis of
ground test, the fllowings were changed,

1 position of conrecting point between pitch-housing and blade to fold a blade.

2 toredue 2 gap between piich-housing and blade to prevent reduction of damping effect.

3 peduction of weight of pitch-housdrg.

4 way how toinstalied a damper. .

The new rotor gystemn s shown in Fig. 10 and Pichwe of OH-8 instalied itis shown Photo. 2,
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Fig. 10 Rotor-Hub System for Flight test



Peforecanying out flight test, stiffiess test, static strength test and fatigue test had been done, Stiffness was almost as
same as anticpated value and static srensth and faticve strength satishied target value. As result of fight test, this
svstemn had enough attenuation ratz fr alr resonence in entire speed range. Because vesulf of anslysis was agwed very
much with test resudt. tis shown in Fie, 1L
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Fig. 11 Result of Flight Test
4 Apnalyss Method

Dhring study, beam theory to large transformation and vibration and FEM(Finite Element Method) to stress
distribution and et were used Theee were tuned 1 in each stop of research {0 Improve the acowracy of caloalation
comparing test results with analvsis, Some of result of analysis ave showninFig. 12,
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Deflection of Hub Plate
in Flap Direction { Analysis)

Test Data
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\ Spanwise Station

Effective
Lead-Lag Hinge

Hub Plate
S
f Spanwise Station/
Fig. 12 Comparison of.Test and Analysis
5 Conduson

O Technology for bearingless rotor-hub system using composite material has been established.

(O Thisresearch has been finished as schedule before the start of development of OHX.

(O Eachaxs(feathering, lead-lag and fiapping ) was jsolated as basic prindple.(no coupling motion) ( Fig. 13)
It was very Jucky that the solutions were found when many troubles were occtared during element ressarch.
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Fig. 13 Effective Hinge
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