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Blade tip timing is a technique for the measurement of vibrations in rotating bladed assemblies. In Part I of this work a class of
methods for the analysis of blade tip timing data from bladed assemblies undergoing two simultaneous synchronous resonances
was developed. The approaches were demonstrated using data from a mathematical simulation of tip timing data. In Part II the
methods are validated on an experimental test rig. First, the construction and characteristics of the rig will be discussed. Then,
the performance of the analysis techniques when applied to data from the rig will be compared and analysed. It is shown that
accurate frequency estimates are obtained by all the methods for both single and double resonances. Furthermore, the recovered
frequencies are used to calculate the amplitudes of the blade tip responses. The presence of mistuning in the bladed assembly does
not affect the performance of the new techniques.
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1. INTRODUCTION

The general characteristics of blade tip timing (BTT) as a
method for measuring vibrations in rotating bladed assem-
blies have already been discussed in Part I of this work.
Specifically, it was shown that, although significant work has
been carried out in developing analysis methods for BTT
data, little research has been published concerning the de-
velopment of techniques for the analysis of data from assem-
blies undergoing two simultaneous synchronous (or one syn-
chronous and one asynchronous) resonances. Part I of the
paper describes a class of methods devised specifically to ad-
dress this problem. The methods are based on an autore-
gressive curve-fit of the BTT data, designed specifically to
identify two or more modes, either damped or undamped.
In order to minimise the number of BTT probes required,
an exact version of the curve-fit was developed, based on
the assumption that the motion is the superposition of two
sine waves of different frequencies, phases, and amplitudes.
The new methods were validated using a mathematical BTT
data simulator. It was shown that the techniques that include

instrumental variable curve-fits perform best on this type of
data.

In Part II of this work the new methods will be applied to
BTT data from an experimental test rig. The rig was specif-
ically designed to produce high quality BTT data from syn-
chronous resonances. First, the design of the rig will be pre-
sented. Then, the results from the application of the methods
to experimental data will be presented and analysed.

2. BTT EXPERIMENTAL TEST RIG

The basis of the BTT rig was a fan test rig consisting of
a 1.22 m diameter tunnel, a drive motor, and a fan as-
sembly with 8 blades. The blades were made of glass rein-
forced nylon (GRN) material, rated to 1800 revolutions-per-
minute (RPM), for which finite element data on the first six
blade modes were available. Strain gauges connected to a 24-
channel slip ring and up to ten fibre-optic BTT probes were
used for data acquisition.

The objective of the experimental rig was to provide syn-
chronous blade tip timing data at very low cost in order to
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Figure 1: Conceptual design for BTT experimental rig.

select and validate the most promising data analysis formu-
lations developed for the analysis of BTT data from simulta-
neous synchronous resonances.

The rig contained three basic systems.

(1) A blade tip timing data acquisition system.
(2) A blade response verification system.
(3) A blade excitation system.

The concept of the rig is summarised in Figure 1. The follow-
ing decisions on the hardware options for each system were
made.

(1) Blade tip timing system.

(a) Probe type: fibre-optic spot probes. The probes
do not use lenses at either end, giving a typical
spot size of a bout 2 mm for typical blade clear-
ances (Heath and Imregun [1]).

(b) Probe signal generators: infrared light emit-
ting diode (LED) fibre-optic transmitters with a
wavelength of 850 nm.

(c) Probe signal acquisition.

(i) Signal conditioning box: amplification fol-
lowed by 8-bit analog-to-digital converter in
the range zero to +2.5 volts.

(ii) Determination of blade tip time-of-arrival:
complex programmable logic device
(CPLD).

(iii) Data storage: personal computer hard drive.

(2) Blade frequency response verification system: strain
gauge signals transmitted via a slip ring.

(3) Blade excitation system: inlet flow distortion.

Figure 2 shows an external view of the rig set-up: in the fore-
ground are the probes attached by simple screw fittings to the
assembly casing (along the same axial line) directly above the
blade tips. The flexible armoured cables of the probes feed
into the external signal conditioning box that contains an 8-
bit analog-to-digital converter on each channel. Then each
probe’s digital signal is passed directly into the custom-built
BTT acquisition board in the personal computer. Above the
computer is the digital oscilloscope and in the background is
the tunnel inlet.
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Figure 2: External view of the BTT experimental rig.

Figure 3(a) shows the blade arrangement in the rig, the
strain gauges attached to some of the blades, and the slip
ring used to receive the signal from the strain gauges. The
slip ring was cooled by compressed air. Other features of
the rig shown in Figure 3(a) are the trusses used to support
different arrangements of blocker panels, and a set of win-
dows cut on the casing to allow the visualisation of the blade
tips. The windows were fitted with transparent Perspex pan-
els that were tightly bolted to the rig casing.

Figure 3(b) shows some of the probe holes and the posi-
tion of the once-per-revolution (OPR) marker. The marker
served as a datum for the once-per-revolution sensor that
was used to measure the rig’s shaft speed. The sensor was
a simple magnetic pickup device mounted at a distance of
about 2 mm from the shaft on a plasticine support which
provided a suitably secure and highly damped support
medium.

A strain gauge (SG) and slip ring system were used to ver-
ify the frequencies of vibration of the blades during testing.
Two of the blades were fitted with strain gauges, the signals
from which passed through the slip ring to the data acquisi-
tion computer.

The fan assembly comprised eight glass reinforced ny-
lon blades attached to a mild steel hub. The assembly radius
was 0.61 m. Each airfoil-section blade was 0.44 m long, with
blade root chord of 0.085 m tapering to 0.075 m at the tip,
with 11◦ in-built twist. The stagger angle at the root was set to
40◦, which transformed into a 29◦ stagger angle at the blade
tip due to the twist.

The modal characteristics of the blade were obtained
from impact hammer tests (Carrington [2]) at 0 RPM and
the manufacturer’s finite element model. Table 1 compares
the experimentally acquired natural frequencies with those
predicted by finite element analysis at 0 RPM. Only the first
4 modes were tested.

The true natural frequencies of the blades at differ-
ent rotational speeds were obtained from the strain gauge
measurements and are plotted in the Campbell diagram of
Figure 4. The diagram plots the blade mode frequencies on
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Figure 3: Internal views of BTT rig.

Table 1: Comparison of glass reinforced nylon blade natural frequencies from impact hammer test experiments and FE model data.

Mode 1
1st flap

Mode 2
2nd flap

Mode 3
3rd flap

Mode 4
1st torsion

Mode 5
4th flap

Mode 6
2nd torsion

Modal test 17 Hz 75 Hz 84 Hz 101 Hz N/A N/A

FE model 15.1 Hz 72.4 Hz 96.2 Hz 118.0 Hz 197.6 Hz 281.1 Hz

the vertical axis, and the assembly rotational speed on the
horizontal axis. The engine order (EO) lines showed range
from 1EO to 20EO (dashed lines). The diagram shows vari-
ation of the natural frequencies for the first three bending
modes, or flap modes, of the blades (solid lines). The zero
speed frequency values are those obtained from the static
modal analysis of the blades. It is possible to appreciate the
increase in natural frequencies with rotational speed due
to centrifugal stiffening and aerodynamic effects. At points
where the engine order lines intersect the blade mode lines,
resonances can occur. Inspection of the Campbell diagram
indicates that simultaneous excitation of the first and sec-
ond flap modes is possible between 650 and 700 RPM. In this
speed range, the 2EO line crosses the first flap mode line at
650 RPM, and the 8EO line crosses the second flap mode line
at 690 RPM. This is the speed range in which most of the
testing took place.

The blades were excited using inlet flow blockages to dis-
turb the pressure patterns acting over the fan. This technique
was chosen for its simplicity and low cost. Meyer et al. [3]
produced one of the first studies of the use of inlet distortions
to excite aero-engine compressors. According to Meyer et
al. [3] the greatest effect of blocking occurs when the engine
order of vibration is divisible by the number of blocks, with
maximum effects when the order of vibration is equal to the
number of blocks. Despite its simplicity, the method is effec-
tive and is still being used; see, for example, [4]. The blocks
used for the present work were wooden panels mounted on
the assembly’s support struts. Figure 5 shows the diagram of

the chosen blocker pattern used in Figure 5(a), and the power
spectral density (PSD) plot of the resulting response of blade
1. It is clear that the blade is responding at two distinct fre-
quencies, approximately 20 Hz and 95 Hz, corresponding to
engine orders of 2 and 8. With this 8 panel configuration the
total inlet area was reduced by about 40%.

3. DATA POSTPROCESSING

Postprocessing of BTT data is necessary prior to proceeding
to the analysis of the data. All the postprocessing and analysis
programs used in the BTT rig were designed for off-line use.
The two functions of the postprocessing stage are as follows.

(i) To identify surplus or missing blade readings in the
data file and to correct the BTT data accordingly.

(ii) To process the timing information into blade displace-
ments.

More details on the postprocessing stage of the data col-
lection procedure are given by Carrington [2] and Gallego-
Garrido [5].

4. BTT DATA ANALYSIS

In this section, data acquired from the experimental rig is
analysed using the new multifrequency methods. The re-
sults from the BTT analysis are compared with SG results
for the validation of the estimated blade response frequen-
cies.
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Figure 4: BTT rig fan Campbell diagram.

The methods were tested under two different resonant
situations:

(i) a single synchronous resonance,
(ii) two simultaneous synchronous resonances.

The methods used in this experimental evaluation are those
which showed best performance in Part I of this work, that
is, MGAR, MGARIV, MGARES, and MGARIVES. The nu-
merical simulation results presented in Part I show that the
performance of the MAR, MARES, MAREP, and MGARMA
was not satisfactory. Therefore, these latter approaches will
not be considered for the experimental tests. Additionally,
MGARES and MGARIVES produced almost identical results
to MGAREP and MGARIVEP under most circumstances.
Therefore, the latter were not included in the present experi-
mental verification.

Results will be shown for the frequencies and amplitudes
of the individual blades, for both the single and double reso-
nance cases. The mean and standard deviation (STD) across
the blades will be shown to give an indication of the accuracy
of the estimates. It must be borne in mind that it is not the
intention to recover an all-blade frequency since, in the pres-
ence of high levels of mistuning, the results from all-blade
formulations can be wrong.

4.1. Single resonance case: 2EO excitation

This case is intended to show that the two-degree-of-freedom
methods developed in Part I are general enough to work for
cases were there is only a single synchronous resonance in the
BTT data. The test configuration is given in Table 2. A low
PSR setting was used to evaluate the methods in extreme con-
ditions. The assembly’s rotational speed was increased slowly
during the test from 606 to 684 RPM.

Table 2: Single resonance experimental test configuration.

Excitation
engine order

PSR % No probes
Approx. speed
range RPM

2 20 9 600–690

To achieve a 2EO only resonance a different set of flow
blockages was used, as shown in Figure 6. The inlet block-
age layout consisted of two 2EO blockers, yielding blade re-
sponses at a single frequency corresponding to 2EO.

The 2EO excitation case features a single resonant fre-
quency but enough probes were used to allow the applica-
tion of multifrequency methods to recover up to 2 engine
orders. The objective was to assess how accurately the mul-
tifrequency approaches recovered the frequency of the only
resonance present in the data. The estimates for the second
frequency are not presented.

The BTT frequency results were compared to the results
from the strain gauge system. Figure 7 is the Z-plot from a
2EO excitation case performed in similar conditions as the
case shown in Table 2. A Z-plot is a plot of the value of the
power spectral density obtained from the SG data at different
frequencies and for increasing speed of rotation. The ampli-
tude of the power spectral density is denoted using colour,
red being high and blue low. The plot shows that there is a
single significant resonance at a frequency increasing from
18 Hz at 570 RPM to 27 Hz at 720 RPM.

Figure 8 shows the frequencies recovered from the
MGAR and MGARIV methods plotted on the assembly’s
Campbell diagram. It can be seen that both methods yield
estimates that lie on the 2EO line and are in good agreement
with the strain gauge measurements.

Table 3 shows the engine order estimates obtained from
all the tested BTT data analysis methods. Notice that, for this
case, blades 2, 4, and 5 have not yielded answers in the cho-
sen RPM range due to missing blade events. The most likely
cause for these events is a misalignment of the blades (e.g.,
the stagger angle may have not been set correctly for these
three blades). The grey boxes denote estimates that are out-
side the acceptable engine order range (i.e., true engine order
±0.5). The last two rows of the table show the mean and stan-
dard deviation of the engine order estimates obtained over all
the blades for each of the methods. This averaging may not be
entirely valid as it is possible that the assembly is mistuned,
that is, that the blades are truly responding at slightly dif-
ferent frequencies. Nevertheless, as the blade modes are well
separated, it is certain that all the blades are responding to
the same engine order excitation.

Table 3 shows that the multifrequency methods were able
to recover the sought engine order with a high degree of ac-
curacy despite having been specifically designed to operate in
the presence of two simultaneous resonances. MGARES per-
forms better than the other methods in terms of both bias
and standard deviation (STD). MGARIVES exhibits slightly
higher mean error and scatter but the difference to the
MGARES results is not significant. The MGAR and MGARIV
methods feature the highest scatter due to bad estimates for
blade 6.
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Figure 5: Eight 8EO blockers (a) and power spectral density of resulting blade response (b).
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Figure 6: Two 2EO blockers (a) and power spectral density of resulting blade response (b).

4.2. Double resonance case: 2EO and 8EO excitations

In this case, the performance of the methods on an assem-
bly undergoing two simultaneous synchronous resonances
is described and assessed. The simultaneous excitation of
two modes was produced by means of 8 blockages as al-
ready shown in Figure 5. The Z-plot in Figure 9 shows that
two resonances are occurring simultaneously between 600
and 800 RPM. As already discussed, these are caused by 2EO
and 8EO excitations. The frequency at which the first mode

responds at high amplitude ranges from 20 to 27 Hz as be-
fore. The second mode responds at high amplitude in the
range from 80 to 120 Hz.

The test parameters for this case are shown in Table 4.
The PSR is based on the 2EO resonance and is equal to 40%.
The rotational speed range is wider than in the single reso-
nance case. BTT data from nine probes is available.

Figure 10 shows the frequency estimates obtained from
the MGAR, MGARIV, MGARIVEP, and MGARIVES meth-
ods plotted on the assembly’s Campbell diagram. It can be
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seen that all methods recovered frequency values that were
in good agreement with the strain gauge estimates through-
out the tested RPM range.

The engine order results for the first blade mode are
shown in Table 5. The table shows that MGARES recovered
results within the error bound for all the blades, featuring
the lowest variation across the blades. Using the same argu-
ments, the next best method is MGARIVES, followed by the
MGARIV and MGAR.

Table 3: 2EO case: blade-by-blade engine order estimates.

Blade MGAR MGARIV MGARES MGARIVES

1 2.16 2.16 2.04 2.06

3 2.01 2.00 1.93 1.92

6 2.95 3.22 2.35 2.48

7 2.35 2.33 2.21 2.24

8 2.38 2.39 2.18 2.19

Mean 2.37 2.42 2.14 2.18

STD 0.36 0.47 0.16 0.21
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Figure 9: Frequency-speed plot for double resonance case from SG
data.

Table 4: Double resonance experimental test configuration.

Excitation
engine order

PSR % No probes
Approx. speed
range RPM

2, 8 40 9 600–800

The results for the second mode are shown in Table 6.
It can be seen that all the methods failed for blade 5. For
the other blades, all the engine order estimates are accurate
apart from the MGARIVES estimate for blade 7. As with the
first blade mode, the most consistent estimates for the second
blade mode were obtained from MGARES.

All the methods presented have managed to retrieve two
simultaneous frequencies from the analysis of BTT data.
Some of the methods have achieved this more successfully
than others, but in general the results are in good agreement
with the frequency estimates obtained from the strain gauge
measurements.

In the example shown, MGARES appears to be the most
robust methods for the analysis of simultaneously occurring
resonances in experimental BTT data. MGARIVES is the next
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Table 5: 2EO and 8EO case: the first blade mode frequencies (Hz)
recovered by BTT methods.

Blade MGAR MGARIV MGARES MGARIVES

1 2.26 2.32 2.15 2.36

2 0.6 2.05 2.12 2.18

3 1.80 1.75 1.72 1.22

4 1.96 1.98 1.79 1.87

5 1.46 1.18 1.67 1.69

6 2.38 2.43 1.99 2.23

7 3.27 3.30 2.41 2.56

8 2.08 1.99 2.03 1.68

Mean 1.98 2.13 1.99 1.97

STD 0.77 0.61 0.25 0.44

best method, with slightly higher scatter in the results. How-
ever, the differences do not appear to be significant.

The performance of the methods in recovering the engine
order from the second blade mode is better than from the
first. The SG data Z-plot of Figure 9 shows that the first mode
response covers a broad frequency spectrum. This, in turn,
has caused a higher scatter engine order estimates.

5. AMPLITUDE ESTIMATION

Once the engine order (and/or frequency of vibration) has
been estimated, the amplitude of vibration can be obtained.
The blade tip motion is assumed to be a linear summation of
J sinusoids. When J frequencies are considered to be present
in the blade tip response the following relationship applies to

Table 6: 2EO and 8EO case: the second blade mode frequencies (in
Hz) recovered by BTT methods.

Blade MGAR MGARIV MGARES MGARIVES

1 8.32 8.41 8.24 8.41

2 7.80 7.80 8.02 8.37

3 8.15 8.45 7.96 8.32

4 8.42 8.24 8.44 8.49

5 — — — 9.25

6 8.21 8.24 8.27 8.03

7 8.49 7.88 8.34 8.81

8 8.11 8.22 7.61 7.58

Mean 8.21 8.18 8.13 8.29

STD 0.23 0.25 0.28 0.39

the blade tip displacements:

yi = A0 +
J∑

m=1

Am sin
(
ωmti

)
+ Bm cos

(
ωmti

)
, (1)

where yi is the measured displacement, ti is the time at which
the displacement was calculated,ωm are the frequencies of vi-
bration of the sinusoidal components, A0 is a constant offset,
and Am, Bm are the amplitudes of the sine and cosine terms.

Having values for the frequencies and the blade displace-
ments and corresponding times allows the calculation of the
unknown amplitudes. Equation (1) is expanded as

⎡
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⎥⎥⎥⎥⎥⎦

(2)

and the unknown amplitudes are calculated either by direct
inversion of the data matrix or in a least squares sense if there
are more blade tip measurements than unknown coefficients.
The total amplitudes for each of the modes, Âm, can now be
calculated using the simple relationship:

Âm =
√
A2
m + B2

m (3)

and the phases by

φm = atan
(
Bm

Am

)
. (4)

For the 2EO and 8EO case, the estimated amplitudes for
blade mode 1 are given in Table 7 and for blade mode 2 in
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Table 7: The first blade mode peak-to-peak amplitudes (mm) re-
covered by BTT methods.

Blade MGAR MGARIV MGARES MGARIVES

1 7.70 7.63 7.84 7.60

2 14.40 7.34 7.45 7.47

3 6.61 6.69 6.78 8.50

4 9.63 9.64 9.48 9.54

5 10.81 12.61 10.02 9.95

6 6.95 6.92 7.01 6.98

7 6.24 6.28 6.83 6.72

8 6.75 6.84 6.81 7.30

Table 8: The second blade mode peak-to-peak amplitudes (mm)
recovered by BTT methods.

Blade MGAR MGARIV MGARES MGARIVES

1 4.87 4.92 4.92 4.97

2 5.16 5.21 5.21 5.07

3 3.81 3.88 3.86 3.73

4 5.24 5.25 5.26 5.27

5 — — — 5.21

6 4.16 4.14 4.16 4.48

7 4.70 4.70 5.29 5.13

8 5.63 5.68 5.94 5.85

Table 8. The amplitudes have been calculated using the un-
rounded engine order estimates from each analysis method.
The numbers tabulated are peak-to-peak amplitudes, that is,
2Âm. Notice that, as the assembly’s rotational speed is in-
creased, the blade tip response amplitudes will change. The
amplitude values in Tables 7 and 8 were calculated for an as-
sembly speed of 700 RPM.

Both tables show that there are significant differences in
the vibration amplitudes of each blade. This is an indication
that the assembly is mistuned. Furthermore, as the frequency
estimation methods were in good agreement, the recovered
amplitudes obtained from all the methods are also very sim-
ilar for individual blades. The engine order estimated by the
MGAR method caused a suspect value for the amplitude of
the second blade in Table 7.

The amplitude estimates for blade mode 2 are in even
better agreement with each other for individual blades. No-
tice that the second mode amplitudes of vibration are lower
than those of the first blade mode, as expected from the
power spectral density of the strain gauge signals (Figure 5).

The amplitude results for the double resonance case
could not be experimentally verified. However, they serve to
show that the variation in engine order (and hence response
frequency) estimates obtained from each of the methods (see
Tables 5 and 6) has little effect in the calculation of the ampli-
tude of vibration. The next section will demonstrate the ex-
perimental validation of amplitudes obtained for single res-
onance cases.

Window
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39
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Figure 11: Rig casing with cut-out windows.

Figure 12: Typical visualization photo (digitally enhanced).

6. AMPLITUDE VALIDATION

A complete finite element model for the bladed assembly of
the rig was not available; only the modal frequency predic-
tions of the blade shown in Table 1 were provided by the
manufacturer. Therefore, the validation of the amplitudes
was carried out using a blade visualization methodology. Os-
burn [6] described an experiment in which the blade vibra-
tion was visualised on a compressor stage by means of a stro-
boscopic light synchronised with the tachometer, and the dis-
placements were recorded using a photographic camera. This
arrangement for visualising rotating bladed disks was first
used in the early work by Campbell [7].

For the present work, a modified version of Osburn’s
methodology was used in order to validate the maximum
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Figure 13: 3EO case normal and tangential visualised displacements and curve-fits.

Table 9: Amplitude validation test parameters.

EO PSR Target RPM
Visualisation
RPM

BTT RPM range
on resonance

2 20% 655 648–654 635–660

3 30% 385 384–390 375–403

Table 10: Amplitude estimates (mm).

Predicted amplitudes (blade 6)

2EO 3EO

Visualisation 18.10 6.15

MGAR 17.35 5.82

MGARIV 16.22 5.99

MGARES 17.81 6.21

MGARIVES 18.28 6.59

amplitudes recovered by the BTT data analysis methods
(Gallego-Garrido and Dimitriadis [8]). The experimental
set-up is based on the arrangement used by Osburn but the
visualisation of the blade is performed at several points along
the circumference of the casing. In this way a significant part
of the response waveform is measured.

In order to film the blade tips, a series of windows were
cut out of the rig’s casing around the fan, and fitted with
transparent Perspex panels. Figure 11 shows a photograph
of the windows fitted on the casing. The arc of the casing
covered by the windows was about 63.03 deg. This coverage
was enough to visualise the point of maximum amplitude of
the response waveform for responses to excitation frequen-
cies equal to or higher than 2EO. The blade tip movements

were recorded using a digital video camera set perpendicular
to the window being observed.

In order to visualise the blades at exact time instances
while rotating, a strobe light was connected to the BTT sys-
tem. The arrangement was such that a delayed once-per-
revolution pulse would trigger the strobe light. Figure 12 dis-
plays a typical photograph of the blade tip obtained dur-
ing visualisation tests. Changing the strobe light trigger de-
lay when the blade is rotating at a constant speed has the
same effect as sweeping through the phase of the response-
waveform; therefore, the blade tip could be seen at different
points along the casing.

During each test the fan was run at a constant speed.
The test speeds were chosen from the rig’s Campbell dia-
gram and are shown in Table 9. Two test cases were used,
one under 2EO excitation and one under 3EO. As the vi-
sualisation experiment was only capable of capturing single
mode responses, double resonance cases were not consid-
ered.

The visualisation was carried out only on blade 6.
Figure 13 shows the blade tip displacement data obtained
for the 3EO case in directions normal and tangential to the
bladed assembly. It can be seen that exactly half the response
waveform was covered by the visualisation windows. The to-
tal response amplitude was calculated as the vector addition
of the response amplitudes in the two directions. Table 10
shows the response amplitude estimates obtained from visu-
alisation and from several BTT data analysis methods. No-
tice that as the excitation case was different from the case
that was used in Section 5 the results are not comparable.
The larger blockers used to excite 2EO or 3EO only resulted
in larger amplitude blade vibrations. Nevertheless, the ta-
ble shows that there is a very good correlation between the
amplitudes measured using visualisation and those obtained
from the BTT data analysis methods.
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7. CONCLUSIONS

In this work, the problem of the analysis of BTT data from as-
semblies undergoing two simultaneous resonances has been
addressed. A class of methods has been developed to ex-
tract frequency (engine order) and amplitude information
from such data. These multifrequency methods have been
tested on two sets of experimental BTT data, obtained from
a purpose-built fan test rig.

The methods succeeded in estimating the correct fre-
quency of vibration when applied to BTT data from a bladed
assembly undergoing a single synchronous resonance. Fur-
thermore, it has been shown that all the methods can recover
the correct frequencies for the case when simultaneous 2EO
and 8EO resonances are present in the data. The results ob-
tained for the second mode were more consistent than those
for the first mode. Estimates of the amplitude of vibration
obtained using the frequencies recovered from the methods
were in close agreement with each other and provided a clear
indication of the mistuning present in the assembly tested.

The experimental validation of the methods shows that
the most consistent approach is MGARES since all the engine
order estimates it returned were within the acceptable range.
Therefore, the main conclusion of the work presented here is
that the recommended method for the analysis of BTT data
from assemblies undergoing single or multiple simultaneous
resonances is MGARES, provided that the PSR limits defined
in Part I are respected.
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