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1- ABSTRACT 

During the last few years detailed studies have been conducted on several configurations of classical tail rotors in order to 
improve their general behaviour with reduced-weight and production cost. 

The paper presented will cover the conceptual design qf several versions of two bladed and four bladed classical tail rotors. 
Flexbeam types, teetered, cantilevered or semi-rigid two bladed rotors have been studied, manufactured and tested. Flex
beams and soft in plane «Triflex» types have been studied for four bladed classical tail rotors. 

After a brief review of the theoretical tools available for performance, loads, strength and dynamic behaviour predictions, 
the presentation covers the test conducted on whirl test stand and in flight. 

Problems encountered are briefly analyzed and solutions are presented. Some noise measurements, made during the whirl 
stand test have been processed and their results are presented. 

2- INTRODUCTION 

The qualities requested for present and future helicopters, 
from an operator point of view, are essentially 

Better efficiency 

Improved Security and reliability 

and, last but not least, excellent cost effectiveness. 

The civil operator, will normally, be well satisfied if the 
manufacturer could prove that his helicopter is indeed 
outstanding on the three above qualities. At the utmost, 
he may also request a high level of availability, but more or 
less this fourth request is imbedded in the previous three. 

The military operators have their own special requests, de
pending on the type of missions that they have to fulfill 
and so they have to accept various types of trade:aff. At 
least, they will request in addition, a loW vulnerability and 
a good crashworthiness behaviour. 

One question remains in mind, when one speaks of tail 
rotors in this general context : 

Is it worth to spend time and money on this «small 
item» of the helicopter, to improve its general beha
viour? 

A brief set of data can easily illustrate that the answer is 
yes : 

The number of helicopters crashed due to a failed or im· 
pacted (tail rotor) is about 0.15 per 10,000 hours of 
flight in the accident log book, as compared to a registe· 
red total number of .71 per 10,000 hours of flight. 

A tail rotor of improved design can, on a given aircraft 
(AS 332 for example) reduce, by 36% the power needed 
for maximurrl tail rotOr thruSt;· whiie -inlprOY(ng the 
maximum thrust by 35 % and cutting the component 

weight to thrust ratio by 20 %. If no other constraints 
are encountered (power available, gear box limitation, 
structural strength of the aircraft), this tail rotor impro
vement can allow for a substantial increase of the heli-
copter payl6ad. · 
The tail rotor noise represents a significant part in the 
helicopter acoustic signature at least in one flight path 
retained by ICAO as a noise certification procedure: the 
take·off. 

During the past five years, Aerospatiale has studied several 
types of «free» tail rotors which could be fitted on Aircraft 
of the two-ton and eight-ton categories while concurrently, 
research has been pursued on the ((fan in fin» type tail 
rotor. This paper presents a limited survey of the work 
conducted on the «free» tail rotor type. In order to remain 
in the limited space and time allowed to this lecture the 
general trends are first of all specified in each chapter and 
then one or two examples are briefly developed under the 
following headings : 
(a) Two·Biaded (Two· Ton Category) and Four/Five Bladed 

(Eight· Ton Category) Concept Studies for free type tail 
rotors. 

{b) Aerodynamico and Performance 

The five Bladed composite tail rotor for the AS 332 is 
taken as an example to illustrate the general trend folio· 
wed by Aerospatiale in order to increase the figure of 
merit, and to make good use of the freedom that com
posite materials offer to the engineer in designing blades 
with tapered, variable airfoil sections and twist. 

(c) Dynamic behaviour 

The most important problems to be solved are : a 
good positioning of the natural frequencies over the 
complete pitch range, acceptable stability margin and 
acceptable stress level . 
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Prediction methods and ground test facilities have been 
developed to provide a tool to the designer. The ex
amples shown deal with the AS 332 composite rotor 
blades for which a good compromise had to be obtained 
on pitch-flap coupling effect while taking into account 
the blade twist, the hub stiffness and the large pitch ex
cursion. A second example is given for the two bladed 
flexbeam. 

(d) Tail Rotor strength- Material selection 

Three types of rotor are reviewed under this heading 

The flexbeam four bladed rotor using glass fiber 
roving laminates for the spar of two opposite blades 

The Triflex hub made of glass filament thread em
bedded in an elastomeric matrix, which needed the 
development of special tool to predict its behaviour 
under flexural and torsional deformations 

The flexbeam two bladed rotor, for which several 
hub fixtures were studied in order to reduce the 
critical stress levels. 

{e) Control forces 

For the small size helicopter, the control forces must 
be low enough to guarantee an acceptable pilotability 
in case of failure of the single body servo-control unit. 
For large helicopters one tries also to achieve low 
control forces during the design phase in order to reduce 
weight. On the two bladed flexbeam tail rotor, shown 
as an example, hub tuning weights (Chinese Weights) 
have been used to reduce these control forces. 

(f) Design 

The six types of tail rotors are briefly reviewed as re
gards their main technological features. The philosophy 
followed is to reduce as much as possible the number 
of parts, to use (wherever possible on a cost effectiveness 
basis) composite materials and to obtain the best com
promise on weight and cost with acceptable strength 
margin. 

(g) Noise 

Tail rotor noise is shown to be an important part of the 
overall helicopter noise radiated externally, specifically 
in the ICAO take-off flight procedure. A brief survey 
of the work undertaken to better understand the 
important parameters is given with some preliminary 
test results on the effect of fin and tail/rotor interaction. 

{h) Comparisons and Conclusions 

The several types of rotors surveyed, are compared in 
thi~ final section which emphasized the progress also 
fnade concurrently, on «Fan in Fin» type tail rotor. 
There is some evidence that the «Fan in Fin» type may 
be preferable for medium size helicopters, let us say, 
up to a maximum take-off weight of about six tons. 

3- CONCEPT STUDIES 

The tail rotors which will be dealt with in this paper are 

presented on Figure 1. Studies of the two bladed flexbeam 
which could fit the «two tons» gross weight class were ini
tiated in 1972. The three types of concept developed for 
this category differed only by the mode of attachment of 
the flexbeam on the rotor mast. One of them (teetered 
rotor) was developed for concrete application to the «Astan> 
helicopter, the two others for research purposes ,using the 
same flexbeam and blades in order to reduce the research 
investment cost. 

The most simple of them is the cantilever type, with no 
pitch hinge and no Chinese Weights. But as one can expect 
it may suffer three types of problems : High stress level in 
the beam (1 PL stability (occurring out of harmonic fre
quencies) due to the very close coupling between the 
structure and the tail rotor and high control forces. A pitch 
hinge (laminated bearing) can relieve the stability problem, 
a teetered hinge with low spring effect (laminated bearing) 
can reduce the stress level. Tuning weights (Chinese Weights) 
as explained in ref. 1, can help decreasing the level of the 
control forces. If Qne wants to minimize the difficulties 
during the development of such a concept with a view to 
application to a production aircraft, these choices must be 
made from the beginning. This was the case for the AS 350 
helicopter which needed only, during development, a correct 
adjustment of the pitch flap coupling, of the height of the 
teetering hinge and a reasonable selection for the two types 
of hinges (laminated bearings). A limited number of ex
periments was nevertheless made for research purposes 
with the two other types and they are briefly covered in 
the following chapters. 

For the «eight tonS>) gross weight class helicopter, three 
types of rotor (fig. 1) have also been studied from 1976. 
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Fig. 1 FREE TYPES TAIL ROTORS 

One of them, the five bladed composite tail rotor with 
conventional hub, has been selected from the start, to be 
production fitted on the AS 332 Super-Puma helicopter. 
The two others-four bladed flexbeam and four bladed Tri
flex - are research topics, one of them the Triflex still being 
in course of research. 

The objectives set for the «8 tons» category were essential
ly : 

To improve the performance of the SA 330 tail rotor 
while keeping the same rotor diameter. 

To use wherever possible, on a cost effective, basis 
composite materials in order to increase life time.· 

To look for a solution which could be fitted to the SA 
330 tail structure with minimum parts change. 

On the five bladed tail rotor, the main problems encounte
red from the design stage were linked to a good positioning 
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of the blade natural frequencies and stability. 

Natural frequencies are very sensitive to the hub stiffness, 
the large pitch excursion and the twist of the blade set up 
for performance purpose. A reduced pitch-flap coupling 
compatible with the stress level was found, together with a 
correct hub stiffness to solve the dynamic problems. 

The research work on the four bladed flex beam was aimed 
at simplifying the design {reduced number of parts), relie
ving the maintenance cost of the hub, and reducing the 
component weight. The problem encountered is mainly 
linked to the stress level in the beam. 

Two types of beam were evaluated and flown : a simple, 
rectangular beam in R glass fiber roving with constant 
section, to provide through flight measurements the data 
needed for correlation with developed theories. An im
proved geometry for the beam was then developed and con
currently the influence of the resin impregnation percentage 
on the beam fatigue behaviour was studied. The stress level 
was significantly reduced in flight, while the optimized 
resin impregnation percentage found guarantees a better life 
time for the beam, but probably not an infinite service life. 

The Triflex four bladed tail rotor is a soft in plane rotor, 
strikingly different from the two pre~J\ous «8 tons category» 
tail rotors. The four Triflex «arms» integrated with the four 
blade spars through splicing of the spar ravings with the 
glass filament threads of the Triflex make a very simple 
component with a largely reduced number of parts. Strength 
of the arms and stability of the rotor were the main 
problems to be solved. A better understanding of the stresses 
developed through torsional and flexural motions of the 
Triflex arm was the main effort exercised. As a soft in 
plane rotor, it needed sufficient structural damping to gua
rantee a fair stability margin when the rotor is speeding up 
to its nominal R.P.M. 

These prob\ems are now solved and a tun scale rotor is 
presently built for flight tests at the beginning of 1982. 

As a summary, for these «8 tons class» tail rotors one can 
say that the main problems encountered are : stresses,sta
bility, control forces. 

They can be classified in the following decreasing order of 
importance : 

5 Bladed classical Hub: 
Stability, Strength, Control forces 

4 Bladed flexbeam 
Strength, Control forces, Stability 

4 Bladed Triflex 
Strength, Stability, Control forces. 

4·- AERODYNAMICS AND PERFORMANCE 

Aerodynamics and performance of tail rotors have been 
presented elsewhere in outstanding articles (see ref. 1, 2). 
We will underline here only a few features and illustrate 
how they were applied and with what success to the 5 
bladed composite tail rotor of the AS 332. 

In addition to its function of providing equilibrium in yaw 
of the main rotor maximum torque, the tail rotor has to 

counteract lateral wind speeds of 17 kts tor civil applica
tion and up to 50 kts, on some requirement, for military 
applications. This demand for 30 % to sometimes 100 % 
more thrust than that just needed to equilibrate maximum 
main rotor torque. Reverse thrust is also needed for ma
noeuvre sometimes reaching up to 30 or 50% of the maxi· 
mum tail rotor thrust. In addition the tail rotor participates 
to the yaw stability of the aircraft, which would be very 
poor without this device. 

Most of the manufacturers have used «Pushers)) type rotor 
for many years, in order to prevent the accelerated air· 
flow to blow on the tail fin. Once these specifications 
have been set up, it remains to design a rotor which will be 
as efficient and as light as possible. This means, for a given 
rotor diameter, a low solidity, a high mean lift coefficient 
in order to reduce the blade chord and to decrease blade 
weight. For external noise limitation, the tip speed must at 
the same time be limited to a maximum value of 200 to 
220 m/sec. One understands, then, that all the effort will 
be exercised on the airfoil sections characteristics and on 
the blade twist in order to obtain a rotor figure of merit 
as high as possible. 

Airfoil sections aerodynamic characteristics are presented 
on Fig. 2. As for the main rotor, it is of paramount im
portance to have a high CL max tor the inboard airfoil sec· 
tions up to a Mach Number of 0.5 and a high drag diver· 
gence Mach Number for the outboard airfoil sections with 
a reduced relative thickness for noise control. 

Fig. 2 shows that large increase on these two items have 
already been obtained by using a new airfoil family. Pro
gress is still possible and new airfoils are being developed 
(see research goals - Fig. 2) at present with the CL max and 
Moo shown. 
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Fig. 2 : AIRFOIL SECTION AERODYNAMIC 
CHARACTERISTICS 

Blade twist has a large influence on rotor performance as 
shown on Fig. 3. The maximum thrust has been increased 
by 3 % and the power needed decreased by 10 % with a 
- 10.9 degree twist. The combined effect of airfoil sections 
and twist introduced on the AS 332 provides a large increase 
in figure of merit as shown on Fig. 4 which compares SA 
330 and AS 332 tail rotors. 

It should also be noted that the maximum value of the 
mean lift rotor coefficient has been largely increased, at the 
same time, with a much higher figure of merit. The general 
performance of the AS 332 Helicopter tail rotor is compared 
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on Fig. 5 to the SA 330 performance. A very large improve
ment has been obtained both on maximum thrust and on 
needed power. 

GEO~IIETRICAL DEFINITION THRUST :1 :--
lth!NI I~ AS 332 

330 332 
1000 / t;! COMPOSITE 

BLADES Tis MAx/ 
DIAMETER lml 3.04 3.04 
CHORD lml .186 2 MAKILA / rei sA 330 u, (m/s) 204 204 Tis MA~ 
BLADES 5 5 TriVC AIRFOIL NACA 0012 NACA 23012 

soo/ HAS 1010 
TWIST (dO) 0 -10.9 l 
ROTOR PERFORMANCE 

330 332 IMPROVEMENTS 
332 f 330 

MAX THRUST /daN) 900 1220 35% POWER 

MAX POWER {kWJ "' 460 "' 
(I< WI 

ClmMAX ·" .93 24% 100 300 500 700 
FIG. OF MERIT .55 .765 39% 

Fig. 5 TAIL ROTOR PERFORMANCE SA 330 I 
AS332 

5- DYNAMIC BEHAVIOUR 

The dynamic behaviour of rotors has been studied theore· 
tically and experimentally for many years at Aerospatiale. 
General methods have been developed to predict coupled 
natural frequencies and mode shapes taking into account all 
the technological details of the blades, control system and 
hub characteristics. 

Quasi steady Aerodynamic forces have also been introduced 
in order to take into account the modal aerodynamic dam
ping. The steady state blade and hub deformations are 
computed by a non linearized theory which can cope with 
large deformations. The natural modes, shapes and frequen* 
cies are computed by a linear theory, where the variables 
(deflections, forces and moments ... ) are only linearized 
around their steady state values. 

Paper No 8 presented at this forum gives a broad outline of 
the general approach to solve the complete set of partial 
differential equations which governs the rotor behaviour. 
The method is of sufficient general nature to address the 
three types of problems : Natural frequencies and mode 
shapes, stability in hover conditions, rotor responses to 
airloads. 

In order to compare these theoretical results with experi· 
mental data, whirl test stands have been especially equipped 
with hydraulic exciters (Fig. 6) to shake the rotor blades at 
the correct phase, with a numerical data processing and 
control unit which allows for real time data processing 
using «Fast Fourier Transformations}) of the strain gauges 
located on the blades. Blades coupled natural frequencies 
and even mode shapes if the blades are correctly equipped, 
can be obtained from this procedure. Micro-sweeping the 
excitation frequency around a natural frequency, can also 
provide a fair idea of the mode damping. Reference 3 pro
vides much deeper information on this general experimental 
approach. 

Fig. 6 DYNAMIC TESTS ON WHIRL TEST STAND 

To illustrate the applications of theory and experiments to 
the tail rotor problems. two examples are given hereunder 
for the AS 332 tail rotor. fig. 7 presents the evolution of 
blade natural frequencies versus pitch, and hub stiffness. 
One can see that large variations of mode frequencies are 
experienced both as a function of pitch and hub stiffness. 
This can easily place a natural mode frequency coincident 
on a rotor R.P.M. harmonic or very close to an other mode 
frequency thus creating a difficult situation. Fig. 8 shows 
the influence of twist and pitch flap coupling on the second 
mode natural frequency and damping. The twist and the 
coupling effect both have a tendency to destabilize the 
blade. 

The AS 332 tail rotor solution was found by decreasing the 
coupling effect K from 1 to about 0.7, while keeping the 
same twist set up for performance purposes. Fig. 9 shows 
the final solution retained. A good correlation is obtained 
between measurements and computations (better than 
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2 Hz). The second made (lead lag type) has a measured cri· 
tical damping of 12 %o, about the same as for the SA 330 
metal blades. The third mode which cut through the 3 !1 
frequency at reduced pitch has sufficient damping not to 
raise any problem. 

The second example concerns the two bladed flexbeam 
rotor. Fig. 10 illustrates the effect of the fixture spring 
constant between beam and rotor mast on the natural mode 
frequencies {symmetrical and anti symmetrical modes). 
Pitch effect introduces large variations in natural frequencies 
especially on the symmetrical lead lag mode which can be 
stror>JIY excited by the 1 P loading. 

One must set this mode as far away as possible to the one 
per rev. excitation frequency, which is the case for the three 
type of beam-to-mast attachment. The torsion mode and 
the second flap (symmetrical and anti symmetrical) are 
located between 2 and 3 per rev and create no problem. 

Many studies have been conducted on the dynamic beha· 
viour of the Triflex tail rotor. They are given as examples 
in paper No 8, presented at this forum (ref. 4). 
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6- TAIL ROTOR STRENGTH
MATERIAL SELECTION 

The life time of the tail rotor component is very important 
from the operational point of view, since it has direct impact 
on the maintenance cost and on the availability of the heli· 
copter for the operator. Aerospatiale tries to design for infi
nite life time in order to decrease the maintenance burden 
and cost of operations of its helicopters. The effort made 
on tail rotor will be illustrated by the research studies con
ducted on the four bladed flexbeam and Triflex and on the 
two bladed flex beam tail rotor. 

6.1 - Four bladed flexbeam 

On the four bladed flexbeam rotor, the most important 
item as regards strength is the beam. After a few flight tests 
of a rotor fitted with a constant, rectangular section R glass 
Roving beam, conducted in order to get the loading data 
and to adapt theoretical prediction methods to this parti· 
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cular concept, Aerospatiale engaged a research study to 
design a beam which could withstand the flexural and tor~ 
sional moment distributions with an improved stress distri~ 
bution and an improved fatigue behaviOur of the flexbeam 
material. 

The constraints set were essentially 

Ease of production (simple design) 

Flexural stiffness lin flap and lead lag) set by a good 
positioning of the mode natural frequencies 

Maximum level of dynamic stresses set between one half 
and one third of the mean fatigue limit for the material 

Fibers continuity to be ensured from beam to blade 
which imposes geometrical limitations on the beam 
section size. 

Length of torsible beam element limited to .37R to pro
vide a sufficient aerodynamic efficiency. 

Low torsion stiffness to reduce rotor control forces. 

The parametric studies engaged showed that a rectangular 
cross-section beam of constant width, with local reinforce
ment in flap toward the rotor axis as shown in Fig. 11, 
achieved the best compromise. Laboratory tests conducted 
on a full size beam loaded in flexion with centrifugal forces 
applied showed that the normal stress distribution in the 
reinforcement area was approximately uniform. 

From the point of view of the material choice, three 
criteria are to be used : 

High fatigue resistance characteristics 

High ~ to reduce the rotor control forces 

Correct choice of E and f (mean material fatigue life) 
to obtain the best life time. 

A brief study showed that the weight and torsional stiffness 
of the beam have negligible effect on the dynamic characte
ristics of the blade in flexion and on the loads. Therefore 
the normal stresses on the beam are to a first order inde
pendant of both the torsional characteristics and the weight 
of the beam. «Equivalent» beams can then be defined, with 
different materials, providing the same flexural rigidities in 
flap and lead lag and they can be compared on the basis of 
fatigue life time. It turns out that this approach leads to 
defining a criterion for the beam material choice : The 
E3/4 value must be as low as possible in order to obtain 

thJ best fatigue behaviour. 

~ Fig. 11 shows the variation of f as a function of 
the unidirectional composite material type and of the% of 
resin impregnation for the test coupon. The choice made 
for the second beam production was « R glass» material with 
a larger impregnation rate than currently used. About, 15% 
improvement in the ~~~ has been obtained by this 
procedure, most of this gain resulting from the elasticity 
modulus drop. 

The stresses reduction obtained in flight by this new beam 
are presented on figure 12. A 30 % stress level reduction 
was obtained in the flight envelope tested up to 240 km/h. 
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6.2 - Trlflex tail rotor 

The rotor arms are made of deformable elements which 
allow to fix the blades on the hub and to provide motion of 
the blade in flap, lead lag and pitch. The deformable element 
is made of a bundle of roving threads, in R glass and epoxy 
resin, of small cross-section (Fig. 13), with a cantilever at
tachment on hub side and a spliced attachment, with the 
blade spar on the outer part. To provide damping the roving 
thread bundle is embedded in an elastomeric matrix which 
can be cast in a mold, after fabrication of the R roving 
threads structure. 

The separation of the strength element in multiple threads 
of small cross-section provides a low torsional rigidity which 
allows using conventional servo control unit for pitch con
trol of the blade. The flexural rigidity in flap places the 
Triflex rotor in the category of articulated rotor with spring 
constant in flap (first flapping mode between 1.06and 1.1!1) 
The natural frequency in lead lag characterizes a stiff but 
subcritical rotor (wr > 0.5 ,0.). Taking into account the 
coupling effects, the lead lag damping is sufficient to pro
vide a good behaviour when running up the rotor to its 
nominal A.P.M. 

The following phenomena characterizes the sizing of the 
Triflex deformable elements : 

- Static strength when the rotor is at stop (The critical 
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part is the elastomeric matrix) 

Fatigue strength of the roving threads subjected to 
variations of the axial loads and of the flexural and 
torsional loads. 

••••••• • • • • •I• • • • • ••••••••••• • •••••••••••••••••••••••• .·.·.·.·.·.·.···-·.·.·.·.·.·. 
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UNIDIRECTIONAL 
.K.GLASS-
EPOXY RESIN THREAD 

ELASTOMERE 

Fig. 73 : TRIFLEX ELEMENT 

The stress computations under load, when one neglects 
the elastomer , can be made exactly by classical material 
strength theory. When the flexural loads are large, these 
computations show that some of the threads are under 
crushing (compression) loads and the thread deforma
tions, similar to buckling deformations, can be important. 

The elastomere is then strongly strained. Sizing must be 
made to withstand this type of loading. In order to correlate 
theory with experiment a Triflex has been equipped with 
strain gauges located on the threads, before applying the 
elastomere casting process. 

The type of correlation obtained is illustrated in Fig. 14 
which shows axial stresses under application of a flexural 
moment and the centrifugal force on a cantilever circular 
cross-section Triflex arm, where roving threads are equip
ped with three gauges per thread in order to provide the 
axial stress and the flexural stress. A fair ~orrelation is ob
tained in axial stresses when the flexural moment applied 
(Mol is not too high. Under the 3 Mo loading the tension 
part of the beam is slightly under predicted by the theory 
and compression stresses appear. In the computation, the 

COMPRESSION- I 
THREAD B ·

1 

THREAD A. 

POSITIONING 
PARAMETER 

THREAD A Bo~ 
FLAP· DRAG EXCITATION 

- THREAD 8 !l1 LEVEL Mo 

AXIAl STRAIN~ LEVEL 3 Mo "'·-----·-
-\,'·~RACTION 

~ -CALCULATED 
- '· ~.oMEASURED 

I ~ 
\Ill 

Fig. 14 NORMAL STRESSES GENERATED BY 
FLEXURE 

elastomere strength is neglected in this theory so that the 
thread are supposed to buckle when a small compression 
load is applied. The experiment shows, that it is not the 
case when the elastomere is taken into account so that the 
element behaves better than the theory predicts. Fig. 15 
provides the correlation in both normal and flexural stresses 
on the thread when the element is subjected to a torsional 
deformation. 

To conclude on this Triflex element strength chapter, one 
has to point out that the philosophy of running fatigue 
test on this type of component had to be reviewed. When a 
part is designed to withstand the loading from the blade at 
rest and the dynamic loading in flight, with the necessary 
safety margins, it is not possible to run the fatigue test at 
much higher loading to obtain fatigue data within a short 
time because these out·of·design loadings can damage the 
component. The fatigue test will then have to last longer. 

(h bars) 
\" 

5 

4 

3 

2 

Fig. 15 

THREAD B o 
THREAD AO 

I 

I 

- CALCULATED 
o MEASURED 

THREAD B9 
NORMAL STRESS THREAD A 

TORSION 
5 10 15 20° IJ ANGLE 

NORMAL STRESSES GENERATED BY 
TORSION 

6.3 - Two bladed flexbeam strength 

As pointed out previously, three types of beam attachment 
to the rotor mast have been evaluated. Flight tests have 
been conducted on the three types in order to evaluate the 
relief that can be obtained from the cantilever type to the 
semi-cantilever type and finally to the teetered rotor with 
low spring constant (laminated bearing). Fig. 16 presents 
the data obtained in flight for flapping flexural moments on 
the beam at the critical section, as a function of test speeds. 

BEAM FLAPPING 
MOMENT 

±mN 

20 

15 

10 

5 

CANTILEVER 
FIXI!JAE 

200 

I 
I 

I 
I 

I 
I 

~VER FIXTURE 

TEETERED FIXTURE 
;.;;=--

300 SPEED (Km/h) 

Fig. 76 TWD BLADED-FLEXBEAM FLAPPING 
MOMENT. 
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Stresses experienced by the beam lead to an infinite lifetime 
on the teetered version to a limited life time on the semi 
cantilever type and to limit severely the flight envelope on 
the cantilever version. 

7- CONTROL FORCES 

The control forces problem is illustrated on Fig. 17 for the 
two bladed flex beam rotor. 

The pitch link force needed to balance the blade in pitch is 
broken down into four terms· 

Blade zero-pitch return 

2 Beam torsional stiffness and centrifugal return 

3 Aerodynamic moment 

4 Laminated bearing spring effect. 

In order to reduce the individual contribution of these 
moments to the pitch link force, the following design steps 
were taken : 

CD ZERO PITCH RETURN 
MOMENT 

® STRAP RESTORING 
MOMENT 

@ AERODYNAMIC 
RESTORING 
MOMENT 

@LAMINATED BEARING 
MOMENT 

PITCH ROD FORCE 

N'o WEIGHT 

PEDAL LIMIT 
-------·i WITH WEIGHT 

Fig. 17 CONTROL FORCES ON THE TWO B,LADED 

FLEXBEAM ROTOR 

HAS A 1010 
AIRf_QJb~SWl:IOJII 

I 

- The beam has a built·in linear twist of about 10o bet
ween mast attachment and .29 R. 

- The laminated pitch bearing is set at a 10 degree pitch. 

- The pitch axis was located at 20 % of the blade chord 
which represented the best compromise between aero
dynamic moment, inertia moment (CG at ~ 30 %) and 
technological constraints. 

The resulting pitch link force as a function of pitch setting 
is presented on the bottom of Fig. 17. In spite of the 
previous design choices, the certification requirement of 
maximum control force on the pedal of 360 Newtons (case 
of single body servo-control failure) could not be met in 
the full pitch range of the flexbeam rotor. 

«Chinese Weights» located at the pitch link rod level, 
were then used to provide through their centrifugal forces 
a torque component in pitch which decreased the pitch link 
forces as shown on Fig. 17. The localisation and weight ad
justment of these «Chinese Weights» were optimized in 
flight, in such a way that a sufficient margin would be 
provided for pedal force. In addition they were set to nulli
fy the pedal force in fly over at the refuge speed. 

8- TECHNOLOGY 

The technological objectives set for the «two-tons» and for 
the «eight tons» tail rotor categories tail rotors (are essen
tially different : Economy for the first category and high 
overall performance for the second. 

The ceight tonu category tail rotors (Fig. 18 · 19 . 20) 
make use of the most recent technology for the th~ee types 
of rotors : 

( 1) The skins are made of high modulus carbon and high 
tensile strength carbon where needed, using ± 450 
and oo oriented plies. The outer skin is made of glass 
fiber to improve impact resistance. 

200 CHO~O ___ ___..; 

MAIN BLADE SECTION 

Fig. 18 : AS 332 COMPOSITE BLADE TECHNOLOGY 
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(2) The spar is in R fiber glass roving. 

(3) The filling consists of low density foams of 50 to 
80 kg/m3. 

This technology provides a correct dynamic behaviour, re· 
duced pitch control forces and good strength characteristics 
because it leads to very good stiffness to weight ratio. 

Particular features of the three types of blades are essen· 
tially : 

(1) A titanium erosion strip on the five composite blade 
rotor (Fig. 18) with an additional polyurethane treat
ment on the blade lower surface at the tip. 

The leading edge erosion strip is connected to the 
metallic hub in order to provide good electrical bonding 
to prevent static charges build-up. 

(2) The cuff, which is attached to the pitch rod and imparts 
the pitch motion to the blade, is a stiff structure inte· 
grally linked to the blade skin on the flexbeam four 
bladed rotor (Fig.19) and on the Triflex rotor (Fig. 20). 

(3) The spar of the flexbeam rotor is made integral with 
the beam (Fig. 19). 

For the Triflex rotor the junction between the arm and 
the beam is provided by a spliced attachment (Fig. 20). 

A 108 

SLEEVE ~G, • 
s\";~~p.. I E GLASS + H.M. CARBON 

PITCH LEVER ~ ~ 
ATTACHING FLANGE ~F'-

TITANIUM 'R:GLASS FOAM 

Fig. 19 FOUR BLADED FLEXBEAM ROTOR 
TECHNOLOGY 

SECTIONA~····· 
-~ 

SLEEVE 

PITCH CHANGE ROO 

~ -_l_ 

+I i [ 
SPLICING 1~ 0 

.... I 
TO SPAR_\. TORStBLE. SECTION .\. \ 

i+-"'-=''+J-c-'-::CC:C=:_=:.:.:.c__,.j• [DRY 
T~~M E GLASS + HT.S CARBON BEARING 

~~ 
'A. GLASS FOAM 

Fig. 20 TRIFLEX ROTOR TECHNOLOGY 

In the (<two tons>) category tail rotors ,the materials used are 
essentially R glass ravings for the beam and spar and E glass 
fabric for the skins, with a low density foam filler. 

Fig. 21 shows the principles of two types of beam to mast 
attachment. The see-saw version (teetered version) presented 
on the right hand side has four laminated bearings : two 
conical for the teetering hinge and two cylindrical or 
spherical {most recent version) for the pitch hinges of the 
blades. The life time of these bearings being still limited, 
some research is presently made to improve their fatigue 
behaviour. 

VERSION II VERSION I 

SEMI CANTILEVER FIXTURE<)(> TEETERED ROTOR 
~~--··r 

MAST ' 

£ 

DRY BEARING 

Fig. 21 TWO BLADED FLEXBEAM. 
HUB PRINCIPLES 

The semi cantilever version which was a research topic pre· 
sented on the left hand side of Fig. 21, uses four conical 
laminated bearings and two dry bearings for the pitch hinges. 

Fig. 22 illustrates the technology used for the blades and 
beam. The cuff, integral part with the blade skin, is stabili· 
zed by composite stiffeners and low density foam. The 
beam which is integrally produced with the blade spar is 
coupled to the blade skin by a glass fabric packer and a 
wrapping of E glass fabric. Two devices have been developed 
for tuning the blades chordwise and spanwise. One on the 
center Part of the hub al)d the second (span) on the tip of 
the blades. 

9- NOISE 

This topic has been a specific subject for several conferences 
on tail rotors (ref. 5, 6). The authors would only like to 
underline that careful choices should be made at the design 
stage of a tail rotor, bearing the external noise problem in 
mind. 

Shown on Fig. 23 is a narrow band analysis of a helicopter 
external noise recording taken during a take-off which follow 
the I CAO recommended procedure (Annex 16 ·Chapter 9). 
It does show that tail rotor noise has a significant influence 
on the overall noise of the helicopter. Let us say, to be spe· 
cific,that if one\/Vants to reduce the overall noise by two or 
three decibels, this would be possible onlY if the tail rotor 
noise is first decreased. 

Aerospatiale has recently built a simple and low cost free 
field test facility to obtain some data on interaction effects 
of the tail unit on the tail rotor noise. Calibration of this 
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I 
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~ 
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Fig. 22 TWO BLAOEO FLEXBEAM TECHNOLOGY 
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IMPORTANCE OF TAIL ROTOR NOISE IN 
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test facility has been completed (ground effects as shown 
on Fig. 24). Preliminary results are presented on Fig. 25, 
where the spacing between rotor and tail unit has been 
varied. One can notice that significant improvements can be 
obtained if noise is indeed taken into account from the start 
of the design. 

Fig. 24 TAIL ROTOR TEST FACILITY 

RADIATION PATTERN 

1 ; ACTUAL SPACING (AS) 

2:AS+250mm 
3 : FREE ROTOR 90 

80 

70 

60 

50 

~~~-.:-~······· 

"' L--,--.---;~-.,._ 
500 1500 2500 

Fig. 25 TAIL BOOM ANO FIN INTERACTION 
EFFECT ON NOISE 

10- COMPARISONS AND CONCLUDING REMARKS 

Fig. 26 and 27 provides comparisons between several types 
of conventional tail rotors surveyed in the «two tons» and 
«eight tons» helicopter categories. In the «two tons class», 
the Alouette type tail rotor, fully articulated in flap and 
pitch and fitted with metallic blades, has been selected for 
comparison. The new technology rotors are able to reduce, 
the number of parts to a large extent. The see-saw type of 
attachment allows for an infinite life span for blades and 
beam, a highly reduced manufacturing cost , it also cuts the 
maintenance burden by more than a factor of two. 

TAll, ROTOR DLAOE LIFE NUMBER Of 
W£1GitT 

MANUFACTURING 
MAlNT~NAN<:E 

I~ OLADES! TIME PARTS COST 
~ "' 

,., 
"' '" 

CONVENTIONAL 
- ALOUEnE TYPE 2500 100 100 100 100 

NEW TECHNOLOGY 
-TEETERED 

AnACHMENT - 35 75 30 45 
IAS:l!iO! ------- ----

- CANTILEVER 
LIMIT£0' 30 75 ATTACHMENT 

TO SE DEFINED 

-SEMI 
LIMITED' " 75 CANTILEVER 

• WITH SAME ACTOR AS FOR AS 350 

Fig. 26 COMPARISON FLEXBEAM T.R. I 
ARTICULATED TAIL ROTOR 
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The cantilever and semi cantilever attachment types, which 
had to use, for research cost limitation reasons, the same 
beam and blades as in the see-saw version, have a limited 
life time on the beam. If new beam and blades were to be 
defined for the semi cantilever attachment type there are 
good chances that an infinite life time could be obtained at 
the expense of a slight weight increase. The cantilever at· 
tachment type presented problems of high flexural stresses 
on the beam which did not allow coverage of the AS 350 
entire flight envelope. A better design would allow for some 
improvement, taking· into account the work already done 
on the four-blade flexbeam, but with smaller chances to 
reach an infinite life time for the blades and beam assembly, 
unless larger weight penalities are accepted. 

i I ULADE LIFIO ! PUSH ROO Nu,..•EH OF wEIGHT IM.>.NuFACTUHINO \"''"'NTENANe~ 
TAIL ROTOR I TI"E I FORCE PARTS MAX"""YiUWST COH "' ,.,.,, '"' , .. , '"' ! 1111 ' 

CONVH/1/0!IAL l I I 
I 

iS BL.>.(}(SI 

I " .... lJO 

i 
""' "' '"' '"' '"' 

,., 
• ASJJ1 - I "' '"' " '"' " I 

~EW TECHNOLOGV ! I 
I 

' 
(4BlAOUI I 
-HEXQEAAI I li"'>TED. ~ 440 I " " " i " • rAIFUX AI~ AT "' " " "" " 

Fig. 27 «8 TON CLASS» HELICOPTER TAIL 
ROTOR COMPARISON 

The comparisons for the «eight tons)) helicopter category 
tail rotors (Fig. 27) show the large improvements achieved 
on the AS 332 composite blades concerning lifetime, weight 
to maximum thrust and maintenance. The new technology 
hub and blades present larger improvements in reduction 
of the number of parts, weight to maximum thrust and 
manufacturing costs. 

But these improvements are at the expense of larger control 
forces and limited life time for the flexbeam. They remain 
to be test proved in flight for the Triflex rotor. 

Before closing this paper on tail rotors, it is important to 
underline that progress has also been made on the «fan in 
fin)) tail rotor version, as pointed out in a recent paper given 
in May 1981 at the AHS manufacturer's panel (ret. 7 ). 
The use of better airfoil sections, improved duct geometry 
new technology based upon extensive application of com
posite materials, allowed for improvements in rotor efficien~ 
cy, weight and cost. This makes the above concept parti· 
cularly attractive for small or medium size helicopters, let 
Ut say up to 6 tons gross weight. 

When one adds other operational advantages as : 

reduced accident rate resulting from protection of the 
rotor by the fin. 

better availability. 

less vulnerability resulting from a larger number of blades. 

reduced external noise (Fig. 28 and 29) compared to the 
classical tail rotors, one thinks that this particular con· 
cept of the «fan in fin)) tail rotor has again a very good 
future. 
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Fig. 29 : EXTERNAL NOISE COMPARISON 
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