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Abstract: The research presented in this paper focuses anuastigation of helicopter composite blade. Thgot of tests
is a blade from main rotor of the 1S-2 helicoptEne author describes briefly basic elements of amite blade manufac-
tured at the Institute of Aviation in Warsaw. Themposite blade was investigated by the Experimévitadial Analysis
(EMA) to evaluate dynamic properties of tested cttrice. Based on the experimental data collectionadyc properties
of a research object were estimated. The modahpaeas have been estimated using PolyMAX — modulevis Test.Lab

software.

1. INTRODUCTION

The helicopter blade is a very important part ofmra-
tor. It is a light weight construction but has ts&in heavy
loads and harsh environment conditions. There eed
to improve the characteristics of helicopter bladexom-
panied by dynamic loads. Application of new methémts
testing the dynamic susceptibility can divide a pter
system into simpler components, allowing to analyze
the impact of changes in susceptibility of indiadlitems
on the general characteristics of complex vibraggatem
and the selection parameters of the system duisriigrima-
tion.

Modal analysis is a widely used technique in pcagti
the study of dynamic properties of the structure.aAresult
of modal analysis the modal model is obtained aseta
of frequencies own form of vibration and dampinggftie
cients. Knowing these parameters allows the priedict
of the behaviour of an object due to any imbalarf{Eegns,
2000; Heylen et al., 1998).

Modes are used as a simple and efficient meankaof ¢
acterizing resonant vibration. Resonant vibratiortaused
by an interaction between the inertial and elgstaperties
of the materials within a structure (Ewins, 200Gyten
et al., 1998).

The research presented in this paper focuses opazm
ite structure tests. The basic methodology whiclused
is the Experimental Modal Analysis (EMA). The EMA
technique is an established tool for the identifiza
of dynamic properties of structures (Luczak et2010).

As in most practical applications of modal analysis
is required for multi-channel experiment and thenptex
calculations associated with the processing of oreas
signals and estimation of model parameters. Tisé djppli-
cation of the method of modal analysis has alrelagign
documented in the late 40's, and their rapid dewaetnt
occurred in the 80's, due to the development ofprder
techniques (Ewins, 2000; Heylen et al., 1998; Kearozyk
et al., 2008).

In the present study performed a computer-aidedsmea
urement and subsequent analysis were used LMSL@bst.
software. LMS Test.Lab offers a complete portfolio
for noise and vibration testing, including soluton
for acoustic, rotating machinery, structural tegtirenvi-
ronmental testing, vibration control, reporting addta
management (LMS Company — marketing materials).

The software naturally follows the test campaigacpr
ess, guiding for measurement and analysis parasneter
Its includes a lot of different modulus, which arseful
in a computer-aided design (CAD), like, LMS TeshlLa
Geometry and LMS Test.Lab Modification Prediction.
LMS Test.Lab Geometry provides fast wireframe ganer
tion and full 3D visualization of test and analységsults.
Point coordinates are defined in Excel-like tablesile
connections and surfaces are graphically definedha
display. The geometry can be copy/pasted. LMS Iaist.
Modification Prediction evaluates structural mochtions
(mass, stiffness and damping). Based on the moddem
and on the modification element definition, a modfthe
structure can be calculated. The effect of suchef s
of modifications on a modal model can be calculated
and compared to the original situation (LMS Company
marketing materials).

2. RESEARCH OBJECT

The object of the investigation is a blade from mmia-
tor of the 1S-2 helicopter presented in a work dtéfig. 1).
Dimensions of the investigated object are: leng@b3m,
width 0,20 m. Approximate weight of the structure
is 12,60 kg.

The tested blade was manufactured at the Institute
of Aviation. The production process is very comaled.
Blades are formed by combining two halves into one
whole, which is followed is annealed in the oveig(Pb).

The basic instrumentation used in the manufacture
of rotor blades are moulds (Fig. 2): a upper mopédt
and a lower mould part. Both moulds have a sinstanc-
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ture. A working surface of moulds is made of a ritidhi-
nar coating of fibeepoxy composite covered with gelcc
The high rigidty of the surface of moulds ensures prc
representation of the external geometry of bladeshe
cross-section (Fig. 6).

Composite blade base on carbfiber ccmposites, rov-
ing, epoxy and lead (Fig. 3), (Fig. 4).

Fig. 1.Blade mounted in a test stand

[

Ea |

Fig. 2. Moulds of blade

S

Fig. 6. Cross-section of aompositeblade

Performed helicopter blade controlled by thermogra-
phy system to detect defects such as a delaminadio
bubbles Kaczmarczyk et al., 2008; Meinlschmidt and-
erhold, 2006 Swiderski, 200). Proven blade structure
is released for vibration testing, so as to excludedfiec
of defects on the vibration tests. Thermographyrg

- of the most common nodestructive testing methc
Fig. 3. Mould with fiber composite of composites. It is used tietect material defects a
evaluate the structure of materials without hatimghange
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their performance (Kaczmarczgt al., 2008; Meinlschmic
and Aderhold, 2006Swiderski and Vavilov, 201). A re-
sult sample of the experiment with a thermograpduyera
is presented in Fig. 7.

Fig. 7. Thermal image taken frothermograph measurement

In a vibration test campaign tli@lowing measuremer

and analysis tools were used (Fig. 8):

— 1 electromagnetic shaker, with impedance headsr-
porating acceleration and force sensor in the daons-
ing to measure reference point FRF's

— 4triaxial modal piezoelectric accelerometers I

- 16 channels in fronted LMS SCADAS Mob
with computer a Test.Lab acquisition and analysis ;

— bandwidth 128 Hz, resolution 0,05 .

A4
Fig. 8.Vibration test setup of a blade from main ro
of the IS-2 helicopter

Fig. 9. Cartesian coordinate system for piezoelectric ser
in LMS Test.Lab Geometry

The shaker was attached to the structure usinmges
(long slender rod), so that the shaker will only#&ut force

to the structure along the axis of the ster, the axis

of force measurement.

A dense grid of measurement points is defined \adr
the blade surface, in order to successfully idegrttie cy-
namic properties of this structurdleasurement poini
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areset with distance of 0,20 one from each other
in thespanwise (X) direction a1 0,20 m in the edgewise
direction (Z). Geometry definitionfor blade is presented
on Fig. 9 It consists of 39 points, 38 of which are aci-
tion locations and the remaining 1 is the refergrmiat.

3. EXPERIMENTAL RESULTS AND ANALYSIS

The measurement was done in “sets” which mean:
all the points were measured at the same 1
As aconsequence a number of partial modal models
estimated for each of the sNext the partial models were
merged ito a global model by means of m-run modal
synthesis l(uczak et al., 201). Modal models have to be
validated to prode confident information abol
the structural dynamics of eesearch object (Fig. 10).

e

Fig. 10.View of measured blade in LMTest.Lab Geometry

Due to a high number of measurement pc
andlimited number of piezoelectric sensors appliedh®
structure (in order to reduce the mass loading pimema),
a large number of test was carried (Random signal were
applied.

Based on the experimental data collection, m
models were estimated. The modal parameters hame
estimated using PolyMAX (Polyreference Modal Anédy
eXtended) algorithm providi by LMS software. Fig. 11
presents a window of PolyMAX in LMS Test.L (LMS
Company -marketing material.

Fig. 11.Stabilization diagram obtaine
by LMS PolyMAX methot

PolyMAX is an advanced modal parameter estime
technique that offers superior identification of dab fa-
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rameters. Its main advantagensists in damped structt
identification, where more modes can be identifiatb
a higher frequency rangéLMS Company— marketing
materials).

During results analysis, the experimental naturaties
and damping were estimated: flapwise - frequency
7,0 Hz and damping 1,54 %; flapwise 4— frequency
19,0 Hz and damping 0,54 %; ardwise 1< — frequency
34,4 Hz and damping 0,4%; torsion 1¢ — frequency
43,0 Hz and damping 0,60 %.

Visual inspection of the mode shapes presented
on Fig. 12, Fig, 13, Fig. 14.

Fig. 12.Identified flapwise %

Fig. 14.Identified torsion T

Fig. 15. Mass modification of blade in LMS Test.L
Modification Prediction
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Using LMS Test.LabModification Prediction we ca
change i.e. a mass of the blade in this case. \&rgehthe
mass and we change the modal moA comparison be-
tween blade with additional mass and regullade mass
is presented on Fig. 15.

4. CONCLUSIONS

This paper presentsome aspects of the multidisd-
nary and interdisciplinary research oriented for bt date
variability. It was presented a test campaign leadthe
composite material main rotor helicopter blade.t Betup
include measurement technique of contape. Experimen-
tal test data examples are shown and used for nmooidéls
estimation.

Experimental Modal Analysis (EMA) is currently o
of the key technologies in structural dynamics wsial
Based on the academic fundaments of system ideattdi,
it has evolved to become a “standard” approach e-
chanical product developmentThe PolyMAX method
brings arevolutionary modal parameter estimation h-
nigue that is easy to use, quick to perform, surbistiy
reduces operatatependent judgment, and thdelivers
high quality modal parameter estimation, even ommex
data.

Varying mass loading or constraint effects betweer-
tial measurements may determine several errorbefirtal
conclusionsMass loading effect from adding piezoelec
acceleromters and instrumentation should be analy
In next tests, thought a comparison between the nmead
contact and nogentact measurement techniques (i.e. |
vibrometer).

REFERENCES

1. Ewins D. J. (2000), Modal testing: theory, practise, and
application, Baldock, Research Studies Press, pp. xiii,

2. Heylen W., Lammens S., Sas (1998), Modal analysis
theory and testing, Katholieke Universiteit Leueven, Dett-
ment Werktuigkunde.

3. Kaczmarczyk J., Rojek M., Wrébel G., Stabik J (2008),

A model of heat trarier in composites subjected to thiwo-

graphic testingArchives of Materials Science and Engineer-

ing, Vol. 31, Isssue 2, 10508

LMS Company —marketing material

Luczak M., Dziedziech K., Vivolo M., Desmet W., Pets

B. (2010), Contact versus naontact of a helicopter main ro-

tor composite bladéIP Conf. Proc., Vol. 1253, 352-360.

6. Meinlschmidt P., Aderhold J. (2006), Thermographic in-
spection of rotor bladeECNDT, Tu. 1.5.3, 1-9.

7. Swiderski W. (2009), Nondestructive testing methc
and techniques of oaposite materials by IR thermograpl
Problemy Techniki Uzbrojenia (in polish), Z. 112, nr 8, 75-92.

8. Swiderski W., Vavilov V. (2010), Characterization of defes
in composite materials by IR thermography -destructive
testing methodsProblemy Techniki Uzbrojenia (in polish),
Z.114, nr 4, 33-56.

oA



