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1.ABSTRACT

During the first fiight of PZL-Sokot helicopler equipped with a main rotor composed of 4 epoxy-glass
lades, it was found out that the tevel of loads on the rotor head arms, as well as the leve! of vibration inside the
helicopter cabin, were alarmingly high. Modification made in the blade construction Aunning natural frequency
reduced the loads on the rotor head arms but the vibration level inskde cabin remained exceptionally too high
and Increased with flying speed,

Throtugh analyslis it was found that use of a dynamic vibration absorber in the rotor head should reduce the
vibfation to the level not exceeding the relevant standards and regulations. it was decided 10 add to the main
rotor head a dynamic rofter vibration absorber of the Solomon type so far it seems fo be the only construction of
this type which woiks succesfully on the serial helicopter. The absorber works successfully within entive range
of operaling conditions. This paper covers the progress in developmeni of absorber. The attention is peid
maindy to tests and measurements.

2.NOTATION

- distance from center of rotation to center of arm bushing, m}.
- diameter of am bushing, [ml.

diameter of toliet, {m].

- mass of rofler, tkal.

- hub rotatfonal angle, {rad).

- roller degree of freedom, jrad).

rofier moment of inertia, [kgm?}.

Xp¥h-  fub coordinates jm).

- rotor angular speed, fradfsec).

- measured angle of rofler position, [rad).
- rofler spin, [rad].

{D-d)y/2imj.

- number of rotor blades.

- per one revolution,
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3. INTRODUCTION

In Poland, the first dynamic wibration absorber was installed on the helicopter main rotor hub in 1850, it
was of bifilar type and fulfilied s role successfully,
This paper relatas to PZL-Sokol helicopter equipped with one 4-blade fully articulated maln rolor with biades
made enfirely of epoxy-giass composites.



The maximum helicopter take-off is 6400 kg. The hellcopier is designed, constructed and tested In
Transportation Equipment Faclory PZL-Swidnik.

During the first flight of the heticopter, it was found out, that in hovering, vibration level inside cabin as wall
as In other points of the fuselage was within expecialions. Vibration started however 1o increasing with forward
speed and reached hazardous fevet at high speed. The diagram in /Fig.1/ itiustrates the problem.

One the baslc of numerical analysis it was found that vibrations were excited by forces perpendlcuiar to
the rotor shaft axis. The results of the computation were verified by means of straln gauge measurement of
share forces and bending moments along the rotor shaft lenght. Special attention was paid to the delermination
of natural frequencles and the coresponding modes of helicopter vibration. One frequancy was almost equal fo
the /4P/. The resonanse of the frequancy /AP/ appeared. The change of rofor shaft angular speed gave positive
but st} insufficient results. However, such a change may cause the worsening of the helicopter charactenistic.
Tharfore, most atention was devoted o the application of the rotor head vibration absorber. To solva the
problem, it was decided to use the absorber of the roller type, /Fig.2/ so far never used on the other helicopters.

it was proved, quite properly. it has a number of advantages when comparing it to absorbers of the bifllar type
used commonly.
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4. MATHEMATICAL MODEL OF ROLLER ABSORBER

Fig.3a Hlustrates scheme of the dynarmic mode) thal was applied lo describe the roller diceplacement. it is
convenient to describe the roller movement using the Lagrange's secund order equations. When the roller
rotates withaut slip, position of the roller center Inertia coordinate system (x,y) is determined by the relations:
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The roller kinelic energy for the inertial system (x,y) is expraﬁsed as
F=1m[‘-'2+y3+11 r¢ 22 of1
i 2 T T -] R : T 2
By substituting {2) to Lagrange s equat!on the equat:on decnbmg movement of the roller and rotor hub
cenler, is oblined.
ra 10 (832 4 &1 &+ Re ¢° sine - Roe sindgre) * |
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Assuming constant angular velocity of the rolor shaft:
simpiified finear equation of the roller movement Is oblained:
{4 %D (3)2 + 271 a R e W o= O {5}
Hance, natural frequency of the rofler movement is: o
0= w ? : 1 T
= 1 + 4 = (6)

m dz
In the equations (3) and (5), damping Is neglected. it may have essential influance on the roller movement,
and hance, efficiancy of the absorber. In Ref.[1,2,34} one can find more information about mathematical
models of absorbers both roller and bifilar type. The nature of the damping forces is difficuli fo evaluate in
‘theoretical way, especially for the absorber of such type. Therefore the atlention-was paid mainly to taboratory
experiments and flight tests.
G4-2



5. DETERMINING OF THE ABSORBER DIMENSIONS.

The main dimensions of the absorber were determined on the basis of the formuia (6). assuming that the
natural frequency equals to (3P).The inertia force produced by roflers must compensate the harmful force that
excites vibration. The maximum value of this force was determined during fight with V., and during landing
approach. During the absorber work, the roller must rolt without sfipping Inside the crank bushing. The rofler
rotation was detsrmined by value of o /Fig.3a/,

The force produced by the absorber increasas with angle a..However, the angle o cannot exceed some
value because stipping appears between the roller and bushing and the absorber loses ils features. By means
of many exspetriments it was determined, that the angle o should nol exceed 30°.

6.MEASUREMENT OF KINEMATIC PARAMETERS

Measurement of the roller disptecement was carried out by means of the system whose simpiified scheme
Is Hlustrated In Fig.3b. By means of two micropotentiometers- A and-B connecled together with telescopic am,
the rofler spin angle v,,,,s and the roller displacement angle 8 were measured. With maintaining the condition
where no slip occurs during rolling, the angle v, .., and & are related to each other, according to geometrical
relation
Tineor ~ Bl(2e/d}+1] + (2e/d)arcsini{2r/d)sini} N
The theoretical angle of the roller's spin vy,.., can be determined measuring the tme history of 8. The y angle Is
rmeasured by potenciometer B. Formula (8) exspress the

SHp = Yineor = Tmeas ®)
value and sign of roiler slip.

7.ABSORBER TUNNING

Four sets of various diameter roflers were made. They ensured the absorber resonanse frequency within
the fimits of (3P)* 1%, As a criterion for tunning the absorber, the amplitude of vertical acceleration in the cockpit
of the /4P/ frequency was assumed. Additional criterion was the phase shifting between the rotor shaft bending
moment {3P) and angle of roller displacement a.. Fig 4. shows the measurement resulis for the sets used. On
the basis of this and simlar diagrams, the best roller set was selacted. During fiight tests, it seemed that at
strong excltating force, when helicopter was approaching landing, the angle of roller displacement o exceeded
30° which resulted In roller slip. Fig.5 shows the diagram which lilustrates the rofler slip. To Increase the
absorber reaction force white maintaining smail angle «, the absorber construction was changed by increasing
length of iis arms R. Respectively, other dimensions of the absorber ware changed. The absorber having the
following main dimensions R = 450 mm..d = 108.5 mm.m = 7.89 kg.,D = 168 mm. |, =0.139 kgm?2 worked
withaut slip in all the flight conditions, which was confirmed by experiments. Fig.% illustrates baslc quantities
characterising absorber gfficiency.

8 FUNCTIONAL TESTS

The aim of the tesis was examining the vibration damper for Its race wear interwity and thate wear effect
on the vibration damper operation efficiency. The wear measure were differences in the race geometry from the
drawing dimensions and ithe efficlency operation measure were vibrations and loads in a selected helicopter
places measured on the heficopter in flight affer the determined vibration damper operation duration on a
special stand, The stand driven with elec.motor was designed to simulate the vibration damper operation
{rpm,vibration amplitude in the plane of revoluions, angular displacement of the rollars). Measuremeants of the
vibration damper for effectiveness have bean carmied out for the same helicopter. The tests for thiee plecas of
the vibration dampers were carried out. Each of the vibration dampers was operated on the test stand for 1500
tours and every 500 hours has been tested for appropriate operation in flighl. The test resuils were pasitive.



9. FATIGUE TESTS

The purpose of the fatigue tests was establishing the fatigue life of the vibration damper components and
the attachment of the vibration damper o the main rotor hub. Three types of the samples were used for the
tesis. The samples consisied of the original vibration damper components, Tolally nine samples (three samples
of each type) hare been tests. Loading spectrum was established baving on the inflight test results. Component
of the lowest fatigue fife was the disc (Fig.6). ‘

10.PROPERTIES OF THE ROLLER ABSORBER

For compartason within the scope of research program, similar test were cared out for the bifilar
absorber. Theoretical comparison of both types Is described in Ref{3]. Maln dimensions of the both types
difiered slightly - weight of the roller type was 50 kg., and the bifilar one 56 kg. Operaling efficiency of the either
absorber was similar. However, production cost of the roller absorber was four times smoller then this for the
" bifitar one. The overall-weight of the toller—absorber; including covering elements; Is less than 0.8% of the’
heficopler take-off weight.

The separate problem o be solved, was theseleclion of materials for the absorber rollers and crank
bushing. By experiments the steel ensuring assumed fatigue iifa of this parts, was chosen. Proper operation of
the absorber Is influenced by some construction details of the rollers and crank bushing. These detalls are
unique design which Is patented.

The roller absorber Is sensitive 1o the external conditions, particulary to water,ofl etc. Thetefore, the rollers
and crank bushing shoutd be well protected from the envirohement,

11.CONCLUSIONS

1. According o experience gathered for several years, the roller absorber can be used on helicopter.

2. Production and repair costs of the roller absorber are lover then analogous ¢osts refated to the bifilar
absorber one.

3. The rofler absorber proves iis efficiency comparable to that of bifilar absorber,

4, Welght of the roller absorber should not exceed 1% of helicopter iake-off welght.

5. The funclional and fatigue tests have confimed the usefulness of the vibration damper choice for vibrations
damping in the plane of rotation on the PZ1.-Sokot hellcopter main rotor installed.
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Fig.2 Roller type absorber of PZL-Sokol rotor hub.
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b). |

Fig.3 a) Dvynamic model of absorber.

b) Scheme of system for measurement of

croller displacement.

—
e
L 4

d=0. 1092}
F 3

N

-
o
.

{gl

o~
a
.k
'a‘ 4 / o
s] > I’!/n s
o3 p” s :
f et P
g " | am0.1085 m
-3

0 - .
80 100 120 140 160__ 180 200 220 240 260.
dw_-}g:-ya.ro! speed [kmin]

“%igiéiig;é} Qﬁ“cockpit vertical acceleration (4P)

for variocus reller set vs_ forward speed.

G4-6



M

¥}

.1

Fa

|

LERR ALK

155

120

e K
- 0~

{1 nﬁuib

7
: Go

iime £s]

Fig.5 Fragment of record of the roller measured rotation

the slip.-

illustrating

meas .’

angle »

Vibration absorber wmodel used

Jor stress

calenla tion.

Fig. 6.



8 | !
B 40 80 . 120 160 200 240 280

— |

» of (AR} withaut absorb.
tal ampld with absofb. i
£

» total ampl withl:ut. abeorb,
o ampl
o tota

1 (AR) with h. Va

o»
»
\
L
a

- /./7
L el LA |
e =SS

vert. accel. [g)

Jorward speed [km}h]

Fig % Amplitudes of vertical cockpit

acceleration with and without
absorher vas forward speed.



