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tbstraet

In order to verify the reliability of the design
criteria for composites for BEIOL tail wait and to de-
fine a calculation tool, it was decided to build a sca-
led down zodel tail wpif. The scaled down model has
been constructed strictly respecting the manefacturing
detezils of the full scale ites.

The scaled down model has been subjected to a vi-
bration test to deteraine its dynamic behaviour, to
verify its modal characteristics and the importance of
these in a structure realized completely with cospesite
paterial,

Bifferent methods of excitation have been eaploy-
¢d and their efficiency is discussed.

1.¢ Introdection

fomposite materials are being ezpioyed nore and
more in the aerespace industry and their use ip a large
size aodern high technology helicopter like the BRIO! is
quite logical.

The tail unit is one of the sub-structores desi-
gned in composite naterial for the EHIOI. Ia order to
get a betfer insight into and develop the technology of
"designing" ia composites 1t nas decided to Build g
scaled down aodel of the original coaposife tail unii
but siailar to {t in ail its sanufacturieg details and
subject it to various mechanical tests. As dynamic be-
haviour is one of the sost important characteristics to
be considersad ‘the model has been subjected to a vibra-
tlon fest to deterzine its nodal characteristics . 4
test programee imvolving different methods of excita-
tion and analysis was followed.

1.0 Test Programme
2.1 The specinen

The specimen used for the vibration tesis was a
scaled model (3/4) of the origisal compesite fail uamit.
4 picture of the model tail upil is shown in Figure 1.

The specimen consisted of unidirectional carben
fibres and carbor fabric arranged opportunely.

2.2 Instrumentation

Bruel & Xjaer type 4321 triaxial acceleropeters
(1) with Bruel & ¥jaer type 2635 charge amplifiers were
gsed to sonitor the response on the tail wueit., The
input force at the point of excitation was measured by
the use of a B & K type 8200 force fransducer, Data
acquisitior and processing were dons vsing the Gen-Rad
type 2515 Signal 4nalysis System while Modal 4nalysis
was perforaed using the SORC Modal Plus software
package [2].

keeelerometer aounting and exciter attachaent on
the composite structure eaploying convertional methods
presented soze problems as direct bole drilling oo the
structure was not practicable. Use of carpet fixing
doubla-sided adhegive tape ("SYRON") for accelerometer
sounting was found to be efficieat upto 5 ¥llz. The ex-
citer quiil shaft was attached by geaps of Hethyluetha-
crylic Glue Type X 88 providing the requived tenacity.

1.1 Procedure

The couposite Tail Uoit was divided into a
nusber of elesents and was schesalized as shown i
figure 2 for purposes of this study, These elements
were identified by nusbers as shown in figure 3,

2.3.1. Selectiég excitation point

The mext step was to gelect a reference point
{3] (point of excitation) so that all pure modes of the
stroctere could he excited. This survey for the
reference point was conducted by impuelsive excitation
usiag a hammer with a steel tip. Three points, ¥, 23
and 40 {figure 29} were selected for excitation in
the y-direction {lateral direction}.

It was neticed that the autospectrum of the
force (figure 4) decayed off sharply around 1 kfz and
the Transfer Pupctions at reference points 8, 29 and &0
{figure 5) showed an iacreasing trend for the wnedulus
indicating the presence of wseful inforgation bevond ]
kHz which the impulsive type of excitation could pot,
pechaps, unfold {to facilifate easy identification,
functions have been separated from each other by
gultiplying thea opportunely by a scaie ~faclor -
ordipate only - in the figure)

*
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2.3.2, Selection of type of excitation

In order to proceed further it was decided at
this stage to select the type of excitation for  a0dal
study and to do this survey the structure was excited
laterally {y-direction} at the reference point 48 in
the frequency range 0-1 kHz. The frequency range was
divided in two parts i.e. 0-500 Hz and 500-1000 Az for
betiar regalution, The following three methods of exei-
tation were esployed:

- izpael

- Randon

“ - Swepl Sine with a duration of 180 secoads for a4 com-
plete sweep,

The response at the reference point was aeasured
in each case ant the Tramsfer Function was plotted
as shown ia figs. 6 and 7. On an examinabtion of Lhe
response, randog excitation was chosen to excife the
strecture as this gave a batter coberence {i.e. gigaal
to noise ratio) and was less time consuming in addition
to being auch easier to handle.

The structure was then egcited laterally at
points 8, 11, 29 and 40 (figure 8) in the frequeacy
range 100-2090 Rz as no sensible peaks were observed
below 108 Hz. Froa the response at the four points
{e.f. figare 9, 10, Il and 12) it was observed that the
reference point 40 was the most efficieat. 4n extra
point of refarence, point 11, was chosen to get a bef-
ter insight,

For excitation of the structure in the vertical
direction (z direction) points 8 and 39 were chosen
{figure 13). The response at & and 39, using randon
excitation, was plotted as shown in figure 14, froa
whick it could be seer that point 38 was 2ore
efficient.

It i3 to be noted that at point 39 the direction
of excitation was at 45° in the X - I plane. 4lthough
this could lead to an incorrect estimetion of the ampli-
tude residue the resonance frequencies would still he
correct. However, as ihe amplitude residue s affect-
ed by a hias error this can easily ba compepsaied for

2.3.3. Reciprocity and Lirearity checks

deciprocity checks were perforzed using peints 8
and 40, The responses wers piotfed as shown in figures
15, 16, 17, 18. the disagreement observed at places
{(between 400-450 Nz and abave 750 Hz) suggestsd non li-
nearities in the structure.

4 linearity check was then performed af point 4§
exploying & sine dwell techpique at three different
force levels {5, 10 and 20 ¥ at 657 ¥z peak).

The resuits as plotted in figures 19 and 20 showed

perfect agreement at the three force levels, This

suggested that the disperity noticed in the reciprocity
checks were due to the presence of loca} nedes
rather than to men-linearities. In faet, this led us to
look only modes, at best, upto 700 Rz,

3 inalysis
3.1 Hodal Parameter extraction

The extraction of modal parameters was perforaed
uging different techniques in order to obtaia the most
representative set of data. .

In order Lo estimate the nusber and the
importance of the modes present in the frequency range
studied, [adicator Functions [4] based on differe
sets of functions were calculated,

At the begianing of the analysis all the nodal
parapeiers were evaluated by azeans of the Direct
Parameter Bstimation technique [§] which s a HDGF
frequency domain corver fitting algoriths,  This
technique nanipulates sultiple response funetions frem
a single- reference gpoint to obtain  glebal least
squares’ estimates of the aodal properties. Then
paraneters were checked by wzeans of time domain
estimation technique typically the Complex Rxponential
technique [6] ir order to verify and impreve the
acceracy of the previoug extraction methed.

an effort to validate the modal data base was
done, This operation permitted Lo check the parameter
and mede shape estimation techniques apd helped 3
review of the parameter tables.

Two mode shapes (465 and 370 fz), neglected on
first approach, were found and calculated, and a review
9f a critical damping value was perforsed. Dampiy
factors were changed 1{n suvme cases upio about 30% o,
their previcus, estimation in order to bhave a lbelter
analytical synthesis of the experimental data, i
complete list of the Parameter set is shown in Table I.
From this table we see thai the resonance frequencies
range frox 124 Hz te 500 Uz kighlights the high
stiffness of the carbon fiber material with respect to
its low weight.

Besides we note a2 low damping ratio which 1is
about half the value usually found in zeronawtical
structures, -

1.2 Mode shape extraction
4s the parazeter set was calculated by means of

the Direct Parapeter Estimatioa Techrique the same ap-
proach was first choser in mode shape calculaticn.
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- 411 the shapes were alse compuied by means of
single Degree of Freedor Circle Fit technique te avaid
the black box effect occurring when using avtomatic
roulines,

The final choice of a sode shape was made asing
the SBOF Circle Fit Technique whick allowed a beiter
controf on the mode shape extractien. in fig. 25 are
shown two acde shapes ai 124 and 143 Hz as calcuiated
by Jirect residue extraction (left) and by SDOF fircle
Fit Techniques {right}. ¥odal assurance criterion was
in this case (.24 indicating a mret very good shape
cortelation.  The two sebs of data were compared by
geans of Hodal assurance Criterion Technique [4]. Good
correlaticn was nof always feund and decause of this
new evaluation of some mode shapes by zeans of §DOF
Circle #it technique (7] was performeds

In scae cases differences did not disappear.

This could be due to some coapler modes that
could not be well calculated by aeans of the SDGF
Cirele Fit Technique,

3.3 Hode shape descriptions

In the following a brief description of aain
zode shapes is presented. Due to the high number of
aodes it i3 sometimes difficult to give a simple

deseription of a mode,
Better interpretation can be obtained by ap
anigation on a computer video.

Shape  Frequency (fz) Bescription

1 124,143 Vertical fin first iateral bea-
ding with rigid zotion of the
tail cona.

2 148.611 Local aode of fin tip overlap-
ped with longitudinal metion of
vertical fia.

3 182,358 Jeriical fin first longitudirsl
bending.

4 212,145 Yertical fin first torsional.

5 236,245 Vertical fin second laterzl
bending.

) COi8.17% Vertical fin torsion.

7 289.023 Jertical fin second lateral
beading.

8 297,820 Jertical fin torsion ard bea-
ding. '

9 313,455 Vertical fin third lateral hen-
ding.

10 343430 Tail cone first lateral ben-
ding.

12 179,419 Tail cone second lateral ben-
ding,

14 387,748 Tail cone first fateral bea
ding
1§ 505.143 Tail cone first torsional az0de,
For Modes 15%2 gp fo 18 g precise description
is not possible, with this geometry, because of “shape
aliasing®, Modes from 20t o 23r¢ can be defined as
upper Glebal mades.
Figares 27 to 49 show how the specimen moves at

the varions frequencies. ¥e note that the wpper fin and
the tail cone behave in a quite different ma;ner
because of the differest forz and stiffnsss. The tail

cone, in fact, has its first resonance frequency at
343 %z which is about three times the vertical fin
first freguency.
1, Conelusion

This paper has analysed the procedure and the
difficulties encountered in conduciing an experimental
dynaaic znalysis of a composite structure,

[ particular the analysis for the BH18] nodel
composite Tail Gnit has evidenced:

- Feasahility of randem excitation.

- Low attepeation of modes.

- Helatively high rcesonani frequepcy.

- Distinct mode separation batween upper fin aad Tail
Cone.

i natural foilow up of this effert is to amalyze
the full seale fail wunit and compare the two sais of
results in order to verify the feasidility of the medel]
In the search and deternination of natural frequencies

"in a compesite structure.
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Madal Parameters
Label Freq Dampi1na
1 124.143 @.,81432
2 148.611 @.9@871
3 i62.358 8.pa7sl
4 212.10S 9.81732
=1 236.245 9.01346
=
7
8
g

248.17% @,00832

289.822 2.81210

297.828 Q.8887E

3132.455 9.804832
19 342.430 B.2AE17
11 370,445 @.6),837
12 2V3.419 §.08438
13 387.748 @.99167
14 394.937 B.81218
15 436. 457 3.98812
16 453.345 @.00847
17 485.278 8.91323
18 498.6896 9.88855
19 SA6.143 B.01379
28 520,482 9.81i33
21 524.852 92.92202
22 529.99% 9.91z43
23 E@1.493 $.2e976

TAB 1

Fig. 1 Model Tail Unit

L
(1]
N\,

Fig. 3 Tail Unit locatien numbers
Fig., 2 Tail Unit Schematizatien .
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Flg. 24 Frequency 148.611 Hz Fig., 25 frequency 162.358 Hz

fig.26 Frequency 212.105 Hz

cy 289,023 Hz
Flg. 23 Frequency 248.175 Hz Fig. 29 Frequency
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Fige 30 Frequency 297.620 Hz

Fig. 33 Frequency 370,445 Hz
Fig. 32 Frequency 343,430 Hz

Fig., 35 Frequency 387.748 Hz
Fig. 3% Frequency 379,419 Hz

12 - 11



Fig. 36 Freguency 394.937 Hz Fig. 37 Frequency 436.467 Hz

Fig. 38 Freguency 453,345 Hz

ig. 80 F cy 498.696 Hz
Fig requency Fig., 81 Frequency 506.143 Hz
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Flg. 42 Frequency 520.482 Hz Fig. 43 Frequency 524.852 Hz

Fig. 4% Frequency 529.995 HZ ) Fig. %5 Frequency 601.493 Hz
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