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ABSTRACT

This paper pesents a new nahmricant for the intermediate gearbox of the Apache aircraft. Historically, the
intermediate gearbox has Ipeprone forgrease leaking and thisaturaloccurring fault has negatively impacted the
airworthiness of the aircraft. In this study, the incorporation of graphite nanoparticles in mobile aviation gear oil
presented asa nanofluid with excelkent thermephysical properties Conditionbased maintenance practicese
demonstratedvhere four nanoparticle additive oil samples with differeauincentrationsare tested in a fultcaletalil

rotor drivetrain test standin addition tq a baseline samplér comparison pyoses. Different @ndition monitoring
results suggest the capacity of the nanofluids to have signifigsrboxperformance benefits when comed to the
base oil.

INTRODUCTION bearing eéments.It was theorized that the reason for this
sudden heat generation and grease leaking was not due to

The intermediate gearbox is located the tail rotor drive  mechanical phenomena such as frictand wear, but rather
train (TRDT) of the Apache (AH64) helicopterand it serves to the chemical decomposition of grease to thin oil
the purpose of transmitting torque across the driaim. The
IGB is a greas¢ubricated transmission system. The main
function of the lubricant is to maintain a fluidnfi between
the moving surfaces, tminimize metal to metal contact in
the gearboxwhen subjected to heavy loads. A secondary
objective is to remove heat generated due to friction.

Breather port

One major problem of these gearboxes is dfecion of

grease through their breather port as presented in Figure 1.

In the field, this issue prests a serious inconvenience to
maintenance crews. Grease leakage can cause the immediate
landing of the aircraft to perform extensive maintenance
procedures and part removals After a long periodof
operation with this fault excessive wear, erosion, ghi

vibration charactestics, overheating can have a negative

i mpact on the gearboxbés perfor

A study was conducted on an IGB at the CondiBased
Maintenance (CBM) test stand at thmiversity of South
Carolina. After several hours of operation, amexpected
rapid change of gearbox temperature was oeserAn over
temper at uF eccurel an8 @he gest stand was
warranted for shutdown due to threshold limit exceedance of
295 eF. Vibration signat ur AnsthealGB expeeraent adUSGBM “avasairivestigated. f i n d
of the gearbx were inconclusive. There was no indicatiorifrhe main purposef this experimentvas to test the gearbox

of abnormal behavior of gear teethdamage taoller with oil instead of the conventional used grease lubricant

and to compare the performanceibiation resilts were
inconclusive and as expectedoil was found to show

potential by having a lower operatintemperature than

jgrease. A Tail rotor earbox(TGB) experiment performed

by Goodman et af® concluded the possibility ofiscosity

Figure 1. Ejection grease column in intermediate
gearbox
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changes in the lubricamd affectvibration, temperature and superior therra-physical properties than these oil with no
some condition indicators (CIs). Consequently, all of thes@noparticles.
studies have shown one common interest: The need f

better lubricant performance ithe AH64 drivetrain Table 1. AGL nanolubricants for testing
gearboxes. - -
Sample name Concentration Base Fluid
Nanofluids have captured huge attention in the past decade (vol %)
as a new class of material with excellent cooling capabilitiesXG'OA 1% AGL
in a variety of aplications . Nanofluids are colloidal XG-2A 1.5% AGL
suspension of sulmicron or nanesized solid particles XG-2B 2% AGL
dispersed in the fluid forming a two phase sdidglid XG-2C 2.5 % AGL

mixture. These nanomaterial additives are dispersed
thoroughly in the liquid phase and are intended tosbtwe

thermophysical properties of the base fluid. Furthermorg
the distinctive high surfaeareato volume ratio of the
nanoparticle§NPs)enhances surface functionalitgsulting
in nanofluids havingsuperior heat transfetharacteristics
when compaed to theconventional fluids with no additives.

There are numerous experimental and theoretical studies
nanofluids that have been thoroughly investigated in t
literature. For example, Song et’atudied experimentally
the rheological properties oflifferent concentrations of
nanofluids and nanolubricants using aircraft grease as the
base fluid. Another study conducted by Koo et®alas
undertaken to understand the mechanism behavior of the
NPs and their interactions in the fluid. They theoretically
developed a new model to predict the effective thermal
conductivity and effective viscosity of nanofluids. The
results were in agreement wilvailableexperimental data
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Most of thepresented litexture only suggests the potential
of nanofluids in heat transfer applications based on small lab
scale experimental investigations or theory. However, the
application of nanofluids in complex mechanical syste
r(fngains limited and is not sufficizntly reped. The nzlain "Pull-load AH-64 test stand
goal of this work is to validate the preof-concept of The CBM test stand at USC is a faltale AH64 test stand.
nanofluidsand to gain leverage of this new technology fott is designed tancorporate all driverain components and
the CBM system.Nanofluids are presented as a newemulate the operating conditions of the dfik&n as on an
approachfor lubrication in a real helicopter gearbox to actual helicopter. The test stand is a conssgeed and
increase its perfonance improve tirbological characteristics dynamicloading power transmission system, starting from
and reduceoil temperaturewhich slows breakdown of the the main transmission tail rotor také& to the tail rotor
fluid film between moving parts. swashplate assemblgs illustratedn Figure 3, the tail rotor
drive shafts are spun at 4863 RPM throughout the duration
The purpose of this paper is study the impact oflifferent  of a single test ruand @ch test lasts approximately 4 hours.
nanolubricant additivesn the dynamics of the IGB system. The prime mover for the drivigain is an 800 hp motor
controlled by a variable frequenayrive. An absorption

Figure 2. SEM schematics of graphite nanoparticles

EXPERIMENTAL WORK motor similar to the prime mover creates the braking torque
) ) required and acts as a generator. Torque is ramped up from 0
Nanolubricant testing ft-lb to 1223 ftlb during the experimental run with a 10

minute survey at a constant load step of HHLftThes
Four samples with different concentrations of graphitgpecific conditions of speed, time of test and load are met to
nanoparticle additives in the AGL and one baseline OH’]atch f||ght regimes as requested by the Army Engineering
sample with nd\Pswere investigated at the CBM test stand. Directorate®. Overall, the test stand provides a scientific
Scanning electromicrographs in Figure 2 reated the flake understanding ofailure modes ofthe aircraft drivetrain
like morphology of the p‘aicles before dispersion. The componentsHanger bearingsl |IGB and TGB.
particles are expected to be in the range of 100 nm in
diameter Table 1 presenta list of the nanolubricants that No-Joad AH-64 test stand
were used in testing. In a previous related st(idthese
samples wee experimentally studied effne and showed

2



The purpose of the Aoad experiment was to filter out analysis were perfared. For comparison purposes, the
poorly performed amples based on their responsgse no baseline AGL waslsotested for a 4 hour run. Onegain
load test stand in Figure 4 is capable of being used as a

preliminary test bed for congments before moving to the N ; ;
full-load test stand. Currently, the-temd test stand is set up e )\‘.i; Oil service port
similarly to the tail rotor drivdrain test stand. This test T .

stand is driven by a 5 horsepower motor and it allows for
full speed testing of components withoypéying a torque
load. It is to be noted that there are difficulties in
establishing which frequencies belong to what components
due to noise and/or due to components sharing similar
frequencies. For the purpose of this research, as much as \ 2
possible, anabis is performed as if no other A®&# ¥ .

vibrationinformationexists. several vibration and temperature signatures were measured.

Figure 4. IGB on noload test stand(Top) and closeup of
the IGB used for the testing (bottom)

Aft Hanger Data Description

Bearing
- - - The noload test stand employs a National Instruments (NI)
Figure 3. AH-64 drive-train. Drive-train on actual AH-64  data acquisition system (DAQ) to collect raw vibration and

(top) and test stand at USC (bottom) temperature data. Three acquisitions with a total period of 4
Methodology se_conds were sampled as shown. in Figure 5 during the thirty

minute experimental run for the different lubricants.
The experimentainvestigation started at the +hwmad test
stand on an IGB that was removed from an aircraft aftgthe full load TRDT employs two DAQs for the collection of
completing its required maintenance hogFsgure 4).A  vibration, temperature and other data from the dris@n
design of experiment approach was applied where the fi¢@mponents. The first is known as Modernized Signal
oil samples were tested as the lubricant for the IGBrocessing Unit (MSPU): a CBM fitary tool currently
throughout a thirty minute $¢ run per sampleNumerous installed onboard the Al84 helicopter (Figure 5). The
vibration and temperatureesponsesvere monitored and MSPU is a DAQ optimized for representing processed
measured via installed sensohdter each experimental run, vibration data, which is the diagnostic parameter or Cl. The
the gearbox was flushed and drained completellie@dt 3 data is processed through filtering, FFT and other
times using flushing oil to be ready for the next ekpent.  convolution funtions built irto theMSPU. The second is a
NI DAQ that operates in parallel to MSPU and collects the

XG-2B was found to be the best performing nanofluid frondiscrete vibration timeeries dataA hanning window is
al | the tested l'ubri cant susedlid@sineoth oud rasporisél.DAQ IrfaBWith custom t p u t
characteristics and was moved to the-fodld test stand for written code using LABVIEW software and thhaw data
a 4 hour experimental run where further measurements apds acquired simultaneously with MSPU as vibration

3


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&ved=0CAQQjRw&url=http://cbm.me.sc.edu/no_load.html&ei=0Cn4UujIA8fokAeI2YGoCg&usg=AFQjCNEuOXmwsLw-QlQza6qLLXNukWSB0Q&bvm=bv.60983673,d.eW0

surveys during the load steps of the four hour run. These rameshing surface is affected and degrades significantly. The
vibration data acquisitions were represented as four secorergy is redistributed from th&MF to the modulating

of total sampling period and both DAQs are survived at sidebands and again this result in increase of FMO values.
sampling frequeey (fs) of 48 KHz.The purpose of the NI

DAQ is to help in providing complete informati on the

health of the gearbox.

Vibration data from both ntbad and fullload test sandare Root Mean Square (RMS) of Signal Average

thoroughly investigated using temporal, spectral and wavele@MS is a goodime domainindicator in tracking the overall

analyses. noise level and is a measure of the power content in the
signal. RMS iggiven by:

GEARBOX CONDITION IN DICATORS

Cls are an indication of vibration due to mechanical RMS(x(n)) -B @ (2)

behavior. They are based on the spectral analydigltiple

Cls are used in the diagnostic process for differe

components. The following are some of the most common,

openliterature algorithms used for machinery diagnostics oRourth -order Figure of Merit (FM4 )

gearboxes, specifically for gefrs This frequency domairindicator is sensitive to localized

Zero-order Figure of Merit (FMO) faults in gear teeth and was developed to detect changes in
the vibration pattern resulting from damage on a limited

The FMO is defined as the petkpeak of the time signal number of gear teeth. FM4 is calculated by applying the

average normalized by the sum of gear mesh frequeng(rth normalized statistical moment to the differerigmal
(GMF) and its harranics: as follows:

r\ﬁ/here X is the data series of length N.

FM4 = —— (3)
4 sec @ 48Khz

J0min somn  Where d is the difference signal, d is the mean value of
~ difference signal and N is the total number of data points in
the time record. A difference signal from a gear in good
condition will be primarily Gaussian noise therefore
resulting in an FM4 value of 3. As defect develops in a
tooth, peaks will grow in the difference signal that will result

in the value to increase beyond 3.

20 min
wlenviealed == | winilel

I # #2
30 minutes experiment run

WAVELET ANALYSIS

Wavelet Transform

Wavelet transform is the convolution of the signal x (thwi

] ) ) o a set of wavelets of various sealand shifts in time.

Figure 5. Vibration data acquisition on the neload stand (Figure 6).The output at a givetime and scale is known as
(Top) and the MSPU (bottom) the wavelet transform coefficienfThe continuous wavelet

transform CWT) is defined in the digete form as a

function of twovariables and performs the following inner

&- M —— (1)  product operation:
. . . . R L 0210
where A (f) is the sum of amplitudes of th&h harmonic of # zhO — gl z - (6)
the GMF. ¥ on ©
FMO is a robust condition indicator. It is sensitive to majowher e C i s the wavel et coef fi
faults in gear meshes such as tooth kmga and uniform t r ansl ati on or the | ocation of

wear and a increase in peakio- peak level is generally wavelet and the symbol * stands for comptexjugate. The
observed without significant enge in the mesh frequency energy of the wavelet is normalized by #% so that the

whichresults inan increased level of FMO. wavelets would have the same unit energy at every scale.
In case of uniform wear, the petkpeak does not change

appreciably, but the meshing frequencies decrease. Tlol%ther Wavelet
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There are numerous wavelet functions to be used, which amermalized by the number of samples for better comparison
mainly applicationspecific. The wavelet function adopted with other index values.

in thisanalysis is the Morlet wavelet (Figure Bhe purpose

of choosing the Morlet is because of its similarities to the
intermittent impulses, which are symptoms of faults in

fepresented 25 an exponential decaying cosine unction eres 20 i the absolute waveleoper spectrum at
P P ying given scales and N is the number of discrete vibration

L e . h a
satisfies both admissibility and regularity conditions. samples

7) -B #7705 ©)

O Agb- Al ©O0 (7

To relatethe waveletsto the actual physical systerthe

) , scales can be converted to a psedflequency as follows:
Feature extraction using wavelets

Transien characteristicsnay appear in the form of impulses
that instantly die down or appear as high frequency
components.Temporal and spectral based Cls can fail to
detect these transients due to their inherent limitations Where Eis the central frequency of the Morlet wavelet, s is
assuming a stationary signal. Trargsare produced if the the scale and (Tis the sampling period. The equation
gearbox develops a fault and have to be detected as earlgl@gionstrates the lower the scale, the higher the frequency
possible. The purpose of applying wavelet analysis in th@&nd viceversa.

study is to validate the discrete vibration test stand déta
MSPU-CI data of the actual airframand to extact
additionaltransient information of the gearhowhich is one
of the main advantages over the conventiospkctral
analysis approach.

"O

©)

RESULTS & DISCUSSION

Temperature Response
The @erating temperature of the gearbox on both test stands

motier
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wavelet
sirefched only

Constituent wavelets (different magnitudes, stretching, shifting)
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& shifted

Wavelet stretched

=>

Transform

& shified

Signal

fx)
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Figure 6. Signal transforming into a number of wavelets
of various stretching, shifting and magnitude (Top) and a
representation of Morlet wavelet.

The discrete vibration time data is used to determimether

a wavelet approach using the continuous wavelet wamsf
to detect features is possible awélet coefficients are a
measure of vibrational energy distribution at a certain scal

These coefficient values can be used as an index to extre

the additionalattribute for the gearboXA newly developed
wavelet irdex (WI) is given in equation [8].The wavelet

using different lubricants ipresentedin Figure 7. As
expected, theNPs added to the oil lowered the gearbox
temperature significantly compared to that of the AGL
lubricant with noNPs During the 30 minute experimental
run, he 1.5 and 26 NP sample also known as the XG¥
and XG2B respectivelyshowed an operating temperaof
approximately 166 F, w h iFdeks thars thatt @@ #he
operating temperature of base AGDn the other hand, the
highest conentration nanofluid of 2%NP; XG2C
demonstrated higher temperature than that of the base oil.
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Experimental time (S)

2000

coefficients from the convolution are first used to comput®he lowoperatingtemperatures of the nanofluids represent
the wavelet power spectra. Then, the index is compadeal ther capacity to reduce théreakdownand protect the
linear combination othe absolute wavelet power spectrungearbox fromfurther damage. Theaddition of NPs to oil
values. In a timescale planeof a vibration sample, the absorbs the heat generated due to friction, caitrissough
coefficient values are located at different time shifts and atthe oiland speedkeat transfer betweehe oil and the mtal
particular scale that is expected to cover the frequency basuiface of thegearbox The heat dissipates away by

of interests in the gearbox. The IWs then further

5
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As for the high viscous oil of XG2C, there was significantemperature result presented in Figure 7. It is hypothesized
amount of foaming observed after tegtiwhich doesnot that the NPs for the XG2C were not thoroughly distributed
make a very good lubricantThis result into an inefficient during testing.

heat transfer witlhigh operating temperatussnd more heat
generated from the shearing fluid.

300

N
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o
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o

200 per. Mov, Avg.
(Base AGL run)
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o

200 per. Mov. Avg.
(2% NPs run)

Operating gearbox Temperature (deg.F)
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o o
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Experimental Time(s)

Figure 7. Operating temperature of gearbox
No-load (Top) and full-load (bottom) ’ e —
0.12

= v

XG2B temperature profilefrom the main testingis 01

compared to thaof base AGL in Figure 7. Thisesult
confirms the ndoad testing approach where the nanofluic
sample showsreope r at i ng t e mpgewhiahtisir
50eF | ower tABlalhis tb epointecbothat h
the operating temperature at the main test stand is higher
to loading, friction and more heat being generatedt 0.02
emulateghe real mechanical system. 0

ik

= AGL
0.08

——1% NP
0.06

1.5% NPs

0.04 =2 % NP
P——————

Dynamic viscosity (Pa.s)

=t==2.5% NP

0 500 1000 1500 2000 2500

Viscosity Response Shear rate (1/5)
Effect of shear rate

A rheometer experimentpresentedin Figure 8 was
performed to measure the viscosity at different shear rat 04
In these measurements, the viscosities at different shear 035 -
values: 1t020005anda a fi xed t €mpse
performed.The experiments wereompletedfive times to
ersure repeatabilitywhere theaverage dynamic viscosity
value was taken.

== AGL spun
° —i—1 % NP-spun
.;.0.. ©
/000 *° 1.5 % NP-spun

0.15 7 g
0.1 w2 % NPs-Spun

Dynami viscosity (Pa.s)
o
N

All dynamic viscosities of nanofluids pritw testing (fresh)

showeda Newtonian behaviofFigure 9). \iscosity data at (e T W S——1 e
lower shear rates should be discarded due to experimer o It——¢—¢—¢

uncertainty. The values almost statgliafter a shear rate of 0 500 1000 1500 2000 2500

200 s'. After gearbox testingthe samples were taken for Shear rate (1/s)

another offline analysis. Results in Figure 9 present the spum

oil viscosity as a function of shear rate. The spun NPs had o ]
minimum imgact on the viscosities of the fluahd presented ~ Figure 9. No-load results ofdynamic viscosity as a
almost the same Newtonian behavior as that of the fresHunction of shear rateTop: Fresh samples as received
samples before testingHowever, the high particle and bottom: Spun samples after testing
concentration of 2.5% NPs; XG2C presenteda non

Newtonian or a pseudo shear thickening behatibis is an ~ Effect of temperature -
indication of more particle interactionsvhich caises the The studyof temperature dependence on thiscosiy of

nonNewtonian behavior and this confirms the higmanofluids Wa$nvestigated.The main purpose of this styd
was to determinewhether the temperature dependence of




viscosity of nanofluids is dominated by the base fluid o s
influenced by the NPsThe dynamic viscosity of the spun
nanofluids was measured with a viscometer at a temperati 10
range of 856eC. For appropriate convenience, a relative
viscosity (1) is defined as the ratio of dynamic viscosity ot
nanofluid to that of the base fluig / ).

amplitude (g)

All relative viscosities of nanofluids in Figuré0 do not
change with temperature. Howevdre {1, of XG2C showed
a slight increase and deti@n from the remaining samples.
It may be suggestd that the relative viscosity of moste
presentechanofluids is independent of temperatared the
rheological behavior of nanofluids is mainly dominated b
the base fluidtself, even after the addition of tiPswhich 0.2
show to have minimm influence On the other hand, the
increase in the relative viscosity B{52C with temperature
can be due téhe NPs,which dominge more than the bulk 0.08
fluid. % .06

195 725 7 735 745 75 755 76

74
Time(S)

0.1F

2

An interesting observed phenomenon observed from tt o

work is that the nanofluid either has Newtonian rheolog 0.0z ‘

and temperature ingendence of the relative viscosity ibr T ";io‘éo | oLl ELLL I
has noANewtonian rheology and temperature dependence frequency (Hz)
the relative viscosity. However, further investigations ar
needed to explore this assumption, which goes beyond 1 012

scope of this work. oil
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Figure 10. Therelative viscosity as a function of 004
temperature for tested nanofluids. ooak L ‘
No-| d vib : lvsi Lo vty II.JII[IJllJ |||I1||.|.||\|n||u 11
o-load vibration analysis 2000 4000 6000 8000 10000 12000

frequency (Hz)

A time waveform representation of the base AGL sample ._ ) _
presented in Figure 11Multiple time domain Cls can be Figure 11. Time-domain waveform andPower Spectrum
extraced from thiswaveform.

CWT scalograms for XG2C, AGL and XG2B are
The autopowerspectruns (PS) of XGL, AGL and XG2B sgmmarized in Figure 13, respectively. To have a complete
are summarized in Figure 1lespectively The PS plots Picture qf thescalogram, scales from 1:40 arsed in the
show the majorityof energy at the GMF of 3000 HZ with convolution process. e presented scalograms have some
lots of added noise due to the nature of thdoaad stand. noticeable differences in terms of their wavelet powers.
The cumulative sum of energies from all the experiments %G2C has highestvavelet coeffiients than thaof bothbase
presented irFigure 12 to capturdifferent variations in the AGL and XG2B.Also, XG2B scalogram gsentshe lowest
PS. The energies start tteviate around the second gearPeaksthan the other twolThe majority of the wavelet power
mesh frequency6000 HZ)and possiblehigher harmonics for all scalograms is locatdaetween scales-B1 (Figure 14)
with relatively low amfitudes. XG2B has the lowest energy
distribution, while XG2C has the highest.
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Figure 14. Wavelet power over the scales

Scale 9corresponds tdghe GMF, while theremainders of
thosescales arenostlikely to be presented as the sidebands.
The lower the scale is amdication of higher frequencies
and most likely where symptoms or faults start to develop.
Consequentlyany of the low scales can be used for feature
extraction. At this point, it is important to state that a
component can have multiple Cls; multiple Ifaican affect
the value of a single Cl and a single fault can affect multiple
Cls.

Table 2. Scales and the corresponding frequency

S Fs (Hz)
6 4200
7 4000
8 3250
9 3000
10 2785
11 2437

In this analysis, scale 7 is used for computing thefidth
equation [8] This scalecorresponds to a frequey of 4000
Hz and has almost% of the wavelet energyA horizontal
slice of the wavelet power(s=7) for XG2C, AGL and
XG2B, respectively is summariden Figure 15Unlike the
Fourier spectrum in Figure 1ihe energies at thepecified
scale orfrequency show obvious differences from one
experiment to anothewhich represent the existing transient
charactristics. Consequently, Wl is extracted and is
compared to the conventional Cls of the gearbox.

The proposed WI is compared in Figure 16 wéthfew
vibration-based Cls. FMO values computed frathno-load

oil experiments show little to no change at all with a
constant value of 0.05. The RMS values have a trend from
high to low; highest value is from the XG2C experiment and
lowest is from the XG2B. WCI values are is in agneat

th RMSH.

Before feature extraction, it is necessary to choose the scale

that can properly represent the system. Furthermore, for BHll-load vibration analysis

accurate physical interpretation, equation [9] is used tbhe autepower spectrum from both AGL and XG2B are
compute corregmding frequencies, which are summarizedeported in Figure 17. The data appears significantly
in Table 2.

meaningful than the spectral analysis of the-loam.

Evidently, the gearbox is in a healthy condition and all peaks
have low amplitudes where the dominant frequency is the
GMF at 3000HZ, surrounded by a few sidebands and



bearing frequency of 86800 HZ.
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Figure 15. Horizontal slice of vaveletpower at scale 7

Furthermore, the spectrum from the nanolubricant; XG2
has lowerenergy andsidelobes surrounding the GMF. The
cumulative sums of the FFT energies in Figure 18 presentl_aI
clearer difference, the base AGL appear higher than those
from the ranolubricant experiment at higher gear mesh

harmonics starting from 2 X GMF.

The CWT scalograms in FigurE9 are displayed after 70
minutes of full-load testing The convolution process was
applied on scales 1:60, which can giveluedancy in the
transform sometime$dowever, the main focus in this work

is for feature extraction purposeEhere are two regions of
wavelet power distributed over the scales. The input and
output bearingenemy is between scales of 4D, which
correspad to frequencies of 650000 Hz. The other region

is between scales B9, which correspond to the vibrational
energies of the GMF and its sidebands. It is clear that there

Figure 16. Comparison between different indicators

0.8
0.7p

0.6/

0.4
0.3f
0.2r

0.1

n

T T

0

0.8

L
2000

A L i L
4000 6000 8000 10000 12000
frequency (Hz)

0.7+

0.6-

4000 6000 8000 10000 12000
frequency (Hz)

gure 17. Power spectrum after 130 minutes of testing.

is less wavelet coefficient distribution for the XG2B acrosg-igure 18. Cumulative sum of FFT energies. Left: after

both mentioned scalegions. Scale 10 is chaséor wavelet
index calculation (f=400(HZ), as it represents a
considerable amount of the wavelet power.

70 minutes and right: after 130 minutes



