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The tail rotor blade represents a very important component in the structure of any helicopter, being subjected
to many aerodynamic loads. The integrity of this component is essential for maintaining flight safety and
improving its characteristics can increase the overall performance of the helicopter. Thus, in some cases,
some improvements can be made to the structure, in order to reduce the weight of the component and to
improve its mechanical properties and its reliability in flight. The current paper presents a comparative result
analysis in the study of the tail rotor blade of the IAR 330 helicopter, where the honeycomb hexagonal core
made of aluminum alloy is replaced with a full structural core made of polyurethane foam. The result of the
analysis is of practical importance, because it shows the benefits of using polymers in the construction of

helicopter rotor blades and similar structures.
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Despite numerous advantages that composite materials
exhibit over metallic structures, some aircrafts haven’t yet
made the full transition towards imbedding composite
structures in key areas. One of these aircrafts is the
multipurpose IAR330 helicopter, currently used by the
Romanian Air Force, which is equipped with composite
main rotor blades and metal tail rotor blades. Some of the
advantages of composite materials, in comparison to
traditional ones are: better dimensional stability, a decrease
in the mass of the structure, and improved mechanical
properties, such as resistance to static and dynamic loads
[1].
The tail rotor blade of a helicopter is the main
component of the tail rotor, which has the purpose of
maintaining the directional stability of the helicopter by
countering the torque effect created by the main rotor [2].

The internal structure of the studied blade is composed
of a metallic spar which runs across the whole length of
the blade and a honeycomb core, incorporating numerous
hexagonal cells. Due to this fact, the geometrical
complexity of the structure increases and consequently
the number of contact areas between structural
components, also leading to a significantly larger
processing time for the numerical simulation.

Honeycomb structures used in engineering applications
are structures inspired from the natural environment,
allowing a very large reduction in the amount of materials
used, in order to achieve a structure with minimal weight
and/or minimal cost. A wide variety of cell shapes can be
used, depending on the purpose of the whole structure
and depending on the requirements which must be met.

In aerospace industry, honeycomb structures are used
for a very wide variety of applications in the form of
sandwich panels, thanks to their high specific strength.
They can be used in structural assemblies such as wings,
rudders, vertical and horizontal stabilizers, elevators,
spoilers and fuselage.

The mechanical properties of hexagonal cell
honeycombs vary with the direction of the applied load
(orthotropic behavior). These aluminum alloy structures
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have a high compression strength, generally higher than
that of other inner core materials such as foams, due to
the ability of the cell walls to support each other [3].

The mechanical behavior of these materials has been
studied by different authors, using as well numerical
simulations as experimental methods, with the purpose of
improving their properties [4-6]. Also, a very important
issue regarding the maintenance process of helicopter
blades is the possibility of increasing the life cycle of tail
rotor blades [7].

Taking into account the numerous processing hours
necessary to complete a numerical simulation analysis
for a 1:1 scale ratio of the tail rotor blade, it would be the
best to consider an alternative approach to the analysis,
which requires less processing time and leading to
satisfying results.

The main purpose of this study is to analyze the possibility
of replacing the aluminum alloy honeycomb inner core of
the tail rotor blade with a polyurethane foam core and to
analyze the impact of this modification on the numerical
simulation results. This modification allows a simpler
approach in manufacturing the blade and also in realizing
the numerical simulation.

The current study is based on the sandwich structure of
a full metallic aluminum alloy tail rotor blade of the IAR
330 helicopter currently in use by the Romanian Air Force,
and can provide certain advantages regarding the use of
composite materials in studying the mechanical behavior
of metallic tail rotor blades.

Experimental part
Materials and methods
Blade structure and materials

The major structural components of the tail rotor blade
of the IAR330 helicopter are presented in figure 1.

The spar is the primary structural element of the blade,
which gives most of its stiffness and starts from the open
end of the blade, where it is attached on the helicopter,
and runs across the entire length of the blade, through the
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Fig. 1. Inner structure of the IAR330 tail rotor blade

NACA0012 symmetric airfoil. The material used for the spar
is6061-T6511 aluminium alloy, manufactured by extrusion.

The honeycomb core of the blade is located inside the
NACAOQ012 airfoil skin, in the remaining space created by
the skin and the spar of the blade. It is defined by the
following NIDA specification: NIDA 2.3-3/8-.0015 P(5052),
where the material used for manufacturing the honeycomb
is a 5052 aluminium alloy, a material with high corossion
resistance.

The blade skin incorporates two major inner structural
components, giving the blade its aerodynamic shape. It is
manufactured from a 0.5 mm 6061-T4 aluminum alloy
metal sheet.

The main elastic and mechanical properties of the
materials used in the construction of the blade are
presented in table 1 [8-10].

Although metal blades were an innovation at their time
providing a more reliable structure, especially with the
embedding of honeycomb cores, today composites are
the predominant materials used for blade manufacturing,
due to their superior structural properties and to the

multitude of possibilities of combining them, with the
purpose of obtaining the most suitable structure for a certain
application. Therefore, improving the current structure of

# the blade by replacing one of its components with a

polymer based structure can provide a more reliable
structure with a longer lifespan.

3D Modelling

The tail rotor blade was designed in Ansys Workbench
using the NACA0012 aerodynamic airfoil developed by the
National Advisory Committee for Aeronautics. It is
characterized by a symmetric shape along the chord line
and has the maximum thickness located at 12% of its
chord. The blade has a length of approximately 1244.3 mm
and the chord of the airfoil measures approximately 185.5
mm. The total mass of the real blade as stated by the
manufacturer is approximately 2.680 kg.

The tail rotor blade with a diameter of 3.042 m uses four
blades and rotates at a speed of approximately 1278 rpm,
in normal flight conditions.

In realizing this comparison two geometrical models of
the inner core are taken into account. The first model,
presented in figure 2, is made of an aluminum alloy
honeycomb core.

This version of the model uses hexagonal cells, with
NIDA 2.3-3/8-.0015 P(5052) specifications, and is
characterized by a material density of 36.842 kg/m?®, with
the dimensions presented in figure 2.

In figure 3, the simplified version of the model is
depicted, with a full polyurethane foam inner core replacing
the honeycomb core shown in figure 2.

The material used to replace the honeycomb core is the
Rohacell WF structural foam, which has been designed
for use primarily in aerospace and aeronautical
applications. Itis used frequently in the main and tail rotor
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Fig. 2. Actual honeycomb inner core design of
the tail rotor blade

Bl o
. 6061-T6511 aluminium . .
Material 1 5052 aluminium alloy 6061-T4 aluminum alloy
o (Honeycomb) (Skin)
Property Gpa) Table 1
ELASTIC AND
DEIJSI[‘}-‘ 2700 kg."mj 2680 kg."mj 2T kg."mj MECHANICAL
Ultimate Tensile Strength 310 MPa 228 MPa 241 MPa PROPERTIES OF THE
Temsile Vield Stength TTE TPs 107 MPa P2 MATERIALS USED FOR
THE IAR330 TAIL
Meodulus of Elasticity 689 GPa 703 GPa 689 GPa ROTOR BLADE
Poisson's Hatio 0.33 033 EE]
Fafigue Strength 96.5 MPa 117 hPa 06.3 MPa
Shear Modulus 26 GPa 159 GPa 26 GPa
Shear Strength 207 MPa 138 MPa 165 MPa
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blades, as well as fuselage panels by various aircraft
manufacturers such as Airbus or Boeing [11].

The main elastic and mechanical properties of three
different polyurethane rigid foams produced by Rohacell
for aerospace applications are presented in table 2.

The material used to replace the honeycomb core is the
Rohacell WF structural foam, which has been designed
for use primarily in aerospace and aeronautical
applications. Itis used frequently in the main and tail rotor
blades, as well as fuselage panels by various aircraft
manufacturers such as Airbus or Boeing [11].

The main elastic and mechanical properties of three
different polyurethane rigid foams produced by Rohacell
for aerospace applications are presented in table 2.

Numerical analysis

In order to study the two designed models under a
specific load and to draw a conclusion regarding their
behavior, they are modeled within a static structural
analysis, where the surfaces of the two separate blade
models are loaded with an aerodynamic pressure generated
by the air flowing around the blade, at a speed of 206.5 m/
s, equivalent to the blade tip speed rotating at 1278 rpm.

The fluid flow analysis of the studied blade reveals
pressures of about 26.46 kPa on the leading edge of the
blade, and of approximately 13.08 kPa at the trailing edge.
The highest values of these pressures are obtained on the

Fig. 3. Simplified full inner core version of
the tail rotor blade

leading edge and on the lower part of the spar of the blade,
due to low aerodynamic properties of the area.

The key variable element of the analysis is the incidence
angle of the blade. Its importance is given by the fact that
the change of incidence angle results in a change in the
pressure distribution on the inner and outer faces of the
blade. During flight, this parameter varies in the following
interval: +2.5° + -15.5°, The most important incidence
values are:

- 0° - the value where the pressure distribution is
symmetrical on both sides of the blade;

- -6.5° - the value where helicopters maintain their stable
position around their vertical axis;

- -15.5° - the maximum negative incidence to be
achieved.

The value of the incidence angle chosen to be studied in
the numerical analysis comparison is 0°.

The pressure distribution obtained in the fluid flow
analysis can be observed in figure 4. They are identical for
eachincidence angle, regardless of the design of the inner
core of the blade.

Results and discussions

The equivalent stress distribution depicted in figure 5
reveals that the areas with stress concentrators are located
at the foot of the blade and inside the honeycomb core,
where the hexagonal cells are attached to the skin of the
blade (fig. 6).

faterial ROHACELL | ROHACELL | ROHACELL
71 WF 110 WF 200 WF
Property Table 2
Compressive Strength 1.7 MFa 3.6 MPa 9 MPa ROHACELL WF STRUCTURAL
Tenzile Strenzth TIMPa I ThPa F 8 NPa FOAMS
Tenzile Modulus 105 MFa T80 NFa 330 MFa
Elongation at Break 0% 0% 5%
Shear Modulus IINFa T0 Pz 150 0Fa
Shear Strensth 13 MPa 24 0Fa 5 MFPa

Pressure distribution on the outer surface of the blade

Pressure distribution on the inner surface of the blade

Fig. 4. Pressure distribution on

the blade surfaces for different
incidence angles
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Fig. 5. Equivalent stress
distribution on the spar of the blade

Fig. 6. Equivalent stress distribution on the
honeycomb core
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Fig. 7. Deformation distribution of the
— blade with an aluminum alloy honeycomb
core

The deformed shape of the blade is presented in figure 7
and the maximum deformation occurs at the tip of the
blade, regardless of the incidence angle of the blade.

The maximum deformation of the blade with a
polyurethane foam core is presented in figure 8. A slight
increase can be observed in the total deformation of the
blade, which occurs at the tip of the blade, but it does not
overcome the elasticity limit of the blade.

The total deformations obtained from the static
structural analysis for the same pressure distribution on
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the blade, are presented in table 3, for the three different
types of polyurethane foam cores.

The results presented in table 3 reveal an increase in the
maximum total deformation of the blade of approximately
2.2 mm. Although it might seem as a large increase
compared to the 1.418 mm deformation obtained for the
aluminum honeycomb core blade, taking into account that
the simulation has been realized for the maximum
aerodynamic load which occurs during flight, it is safe to
say that the polyurethane foam core is a viable solution for
replacing the honeycomb core of the blade.

Fig. 8. Maximum deformation of the blade with
a Rohacell 71 WF foam
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Fohacell 110 WF | Rohacell 200 WF
core type Aluminum | Rohacell 71 WF | Polywethane | polyurethane foam Table 3
) honeycomb | polyurethane foam core core COMPARISON OF THE
Fezults inner core foam core DEFORMATIONS OBTAINED
FROM THE NUMERICAL
Maximum total deformation 1 415 3.699 679 363 ANALYSIS
of the blade [mm] i i - :

Although it is exposed to a slightly higher deformation
and stress, the polyurethane foam core possesses many
of the advantages that composite materials have over
traditional materials, such as: a decrease in the total mass
of the blade, which reduces the stress on the entire tail
rotor assembly, a higher lifespan of the blade and the
absence of corrosion.

For the three studied polyurethane foams, the results
show very little differences between the materials, making
the Rohacell 71 WF polyurethane foam the most cost-
efficient material which can be used to substitute the
traditional aluminum honeycomb core.

Conclusions

The analysis is performed at a constant wind speed of
206.5 m/s, due to the intention of comparing the pressure
load obtained from the fluid flow analysis to the data
obtained by studying the flow around the blade inside the
aerodynamic tunnel.

As expected, the analysis shows comparable values for
all the studied cases, but with more advantages being
obtained from the usage of polyurethane foams, which
are described by a smaller mass and a higher life span
than the aluminum core.

The dimensions of the tail rotor blade are an
approximation of the realistic model and in the modelling
process only the major structural components were taken
into account.

Although the aluminum honeycomb core is
characterized by a higher resistance to deformation, the
foam core possesses humerous other advantages which
makes it a more desirable material and structure to replace
the already existing one. Some of these advantages are: a
simpler manufacturing complexity, faster calculation times
for numerical analysis used to study the mechanical
behavior of the tail rotor blade, decrease in the total mass
of the blade, a higher lifespan of the blade and the absence
of corrosion.
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