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SMART VIBRATORY SENSOR FOR COMPRESSOR SURGE CONTROL

Fast response piezoceramic sensor with embedded microchip device development and testing is resulted.
Sensor was designed for flow instability modes detection in gas-turbine engine passages by means of its outer
casing vibration analysis. Main new features are analog to digital conversion by simple comparator and Haar
wavelet analysis hardware implementation inside the sensor. These features in both allowed to reduce data
flow without useful information lack and made possible utilization of simple, reliable 8-digit microchip.

FORTH language is used for microchip programming.
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Introduction

Rotational stall and surge in gas-turbine engine
cause vibrations, structure crash, spasmodic burning and
flameout in combustion chamber. Anti-surge system in
time response is impossible without proper sensor. This
sensor has to allow in advance detection of surge or stall
initiation. Due to practical significance of this problem
many scientists involved in surge preceding signal
investigations. During these investigations was
established that surge and preceding rotational stall are
accompanied by periodical pressure pulsations with
their typical frequencies. Pressure pulsations in gas-
turbine engine passages greatly contribute in outer
casing vibrations. This fact allowed to some
experimenters with assist of case-mounted vibration
sensors not only predict stall and surge appearance, but
also provide more precise monitoring of blade passage
condition [1]. There were some disadvantages of this
kind of diagnostic like complicated data processing
methods that results in great data flow as during
recording as during diagnostic signs detection. An
investigation [2] was aimed to reduce data flow during
recording and processing of diagnostic information. But
offered method was working at constant rotor's
revolution frequency only.

1. Problem definition

It is suitable for practical usage when sensor per-
form signal analysis and dangerous condition detection
itself. Therefore, it has to contain microprocessor. Mi-
croprocessor should be a simple microchip to reduce
sensor cost and increase its reliability. But signal
recording and its spectrogram creating can't be

implemented for this kind of microchip device. So, it is
necessary to reduce data flow during signal recording
and processing. Applicable methods have to meet
requirements for unsteady signals processing.

2. Problem solution

Outer casing vibrations or pressure pulsations
spectrum almost is equal to its sign-function spectrum if
any trend is removed. Therefore, this fact allows signal
transformation in digital form with usage of comparator
that reduces data flow between sensor and microproces-
sor in great degree. Signal spectrogram from fast re-
sponse pressure sensor that was mounted on combustion
chamber of UGT 10000 during its acceleration is shown
at fig. 1.
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Fig. 1. Pressure spectrogram

There is intermittent burning break off after low-
pressure  compressor  bypass  valves  closing.
Spectrogram of signal sign-function comprises same
information (fig. 2), but its implementation in simplest
microchip device is still complicated.

© 0.0. Kozyriev, V. J. Berezhnoy, M.M. Kudin

ABUAILIMOHHO-KOCMHNYECKA S TEXHUKA U TEXHOJIOT'MS, 2009, Ne 7 (64)



Hugopmayuonnvie mexuonozuu 189

,_.
'
[
(=)

Frequency, Hz

0 50 100 150 200 250
Time, ¢

Fig. 2. Pressure sign-function spectrogram

Since noise, pressure pulsations and vibrations in
characteristic frequency range could be irregular during
instability flow initiation and have irregular shape dur-
ing their progress, it is preferable to use wavelet-analy-
sis. This method is insensitive to pulsation regularity.
Pulsation scale is defined locally. Fragment of pressure
sensor signal recording in combustion chamber during
intermittent burning is shown at fig. 3, corresponding
comparator signal also is shown there.
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Fig. 3. Sensor output for intermittent burning

Same sensor signal for normal burning is shown at
fig. 4.
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Fig. 4. Sensor output for normal burning

Obviously, that Haar wavelet is more preferable
for unsteady analysis of comparator signal, (fig. 5),
because it has the same shape.

Continuous wavelet transformation (CWT) applied
at the stage of sensor “training” (fig. 6). This one allows

finding characteristic scale range for specific unsteady
signal.
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Fig. 5. Haar's wavelet
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Fig. 6. Centrifugal compressor noise CWT

Within sensor Haar wavelet analysis was hardware

implemented as binary counter, which determine pulsa-
tions scale.
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Sensor test results on centrifugal compressor in-
ation are shown at fig. 7. When compressor is com-
down into the surge signal scale significantly in-

creases.

Sensor program software is written in FORTH pro-

gramming language. Its application allowed obtaining
compact, effective and crossing platform software for
microchip device programming.
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Fig. 7. Sensor output for centrifugal compressor
outer casing vibrations
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Conclusion

Fast response piezoceramic vibration sensor with
integrated microprocessor was designed and tested.

Program inside sensor utilize Haar wavelet to rec-
ognize various unsteady flows (like rotating stall or
surge) in gas turbine engine passage. Wavelet analysis
applicable at transition modes of engine operating and
allow in time response due to its insensitivity to signal
periodicity. Haar wavelet hardware implementation as
controlled binary counter, witch determine local scale of
comparators output made response more rapid and re-
duce information flow. Comparator as analog-to-digit
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«AHTEJIEKTYAJBbHBIN» BUBPOJATUUK
JIJISI MPOTUBOIIOMITAKHBIX YCTPOMCTB KOMITPECCOPA

A.A. Kosvipes, B.IO. Bepescnoi, M.M. Kyoun

[IpuBeneHsl pe3ynbTaThl pa3paOOTKA W HUCHBITAHWSA MPOTOTHIIA IHE30JAaTUYMKA BHUOpAIMH CO BCTPOCHHBIM
MUKpouunioM. JlaT4uk pa3paOoOTaH My BBISABICHHS HEYCTOMYUBBIX PEKAMOB TCUCHHSA B IPOTOYHOW YACTH
ra3oTypOMHHOrO JBHMTATeNId HYTEM aHanuW3a BUOpammu ero kopmyca. OCHOBHBIMH OCOOCHHOCTSAMH JAaTYHKA
SIBIISIIOTCS.  MCTIONIb30BaHME KOMITApaTopa JUIs aHaJoro-nmu(poBOro mpeoOpa3oBaHUS W amllapaTHas pean3alius
aHaJIM3a C MCIONb30BaHUEM BeliBieTa Xaapa B JaT4yUKe. DTH OCOOCHHOCTH B COBOKYITHOCTH ITTO3BOJIWIIM CHU3UTH
MH(POPMAIMOHHBIA TOTOK 0Oe3 IoTepH MONe3HOH HWH(OpMAIMM B TAaKOM CTCMEHH, YTO CTaj0 BO3MOXKHBIM
MPUMEHCHHUE TIPOCTOr0 M HAAGKHOrO 8-MH paspsAAHOr0 MUKpouuna. Jlisd mporpaMMHUpOBAaHHS —JaTYHKA
ucnomnb3yercs s36ik FORTH.

KiroueBble cjioBa: ra30TypOUHHBIN JBHUraTellb, CPHIB, TIOMITAX, MhE301aTYMK, MUKPOUHII, KOMIIApaTop, Bew-
BieT Xaapa, MH(QOPMAaIOHHBIH TTOTOK.

«IHTEJIEKTYAJIbHAM» BIFPOJATUUK
JIJISI MPOTUIIOMIAKHUX IMTPUCTPOIB KOMIIPECOPA

0.0. Kosupes, B.I10. bepexcuuii, M.M. Kyoin

HaBeneHno pesynbsraté po3poOKK Ta BHIIPOOYBaHHS MPOTOTUIIA MhE30MATUMKA BIOpaIli 3 yOymOBaHUM MIKPOYilOM.
JlaTtuuk po3poOiieHo uisi BUSIBIGHHS HECTIHKMX pPEXKHMIB Tedil y NMPOTOYHIN YacTHHI ra3oTypOiHHOrO JBUTYHA 3a
aHaji30M BiOpariii fioro kopiyca. [0TOBHI 0COOHMBOCTI JaTYHKA 1€ 3aCTOCYBaHHS KOMIIAPaTopa IS aHAIOro-Iiiu)poOBOTO
MICPETBOPEHHS Ta arapaTHa peajlizallis Behiera Xaapa B AaT4uKy. 1i 0COOMMBOCTI Y CYyKYITHOCTI JO3BOJIWIN 3HU3HTH
iHdopmariiiHuii moTik 0e3 BTpaTH KOPHCHOI iH(pOpMAIlil HACTUIBKI, IO CTAl0 MOXIMBHM 3aCTOCYBAaHHSI MPOCTOTO Ta
HaJiHHOrO 8-MH pO3psIHOTO MiKpodina. J{is nmporpaMyBaHHs JaTdrka BikoprictoBano MoBy FORTH.

Kunrouoi ciioBa: ra3orypOiHHUI IBUTYH, 3pUB, IIOMIIaX, MHE30IATYHK, MIKPOUIHII, KOMIIApaTop, BeitBieT Xaa-
pa, iHpopManiitHUi MOTIK.
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