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Abstract. The paper describes the sequence of the stages of experimental synthesis of digital adaptive control
system of active vibration cancellation. The methodic of plant’s identification that allows the system to work in a linear

range is being proposed.
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1. Introduction

The object of the research is the console beam. The
aim of the research is the synthesis of adaptive
control system of active cancealltion of vibrational
loading on the console beam using active methods.
The methodology of the research is the experimental
investigation of adaptive technologies in active
methods of optimisation of materials’ acoustic
charachteristics.

The self-tuning of the control system in response
to changes in the parameters of vibration is difficult
to implement due to the nonlinear nature of these
changes. Another problem is the accurate
identification of an experimental model of the plant,
which is used to configure the controller.

This problem is covered in a number of
publications and papers. Fundamental researches are
[Hansen 2001; VanDoren 2003], that are focused on
the baseline principles of active cancellation and
adaptive control.

This paper covers experimental identification of
the plant and digital synthesis of adaptive control
system of active compensation on the basis of PID
controller in Matlab and Simulink.

2. Materials and methods

As a basis of researches the model-based method is
chosen (Fig. 1).

PID controller (proportional-integral-derivative
controller) is used as a controller (Fig. 2).

PID controller is a device in the feedback loop
used in automatic control systems for control signal
management. PID controller generates a control
signal which is the sum of three components, the
first of which is proportional to the input signal, the
second is the integral of the input signal, the third is
the derivative of the input signal.
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Fig. 1. Functional scheme of the control system based
on the model of the plant:

1 — controller;

2 — plant;

3 — model of the plant;

Y — input of the control system,;

X — output of the control system
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Fig. 2. Functional scheme of PID-controller:
1 — proportional block;

2 — integral block;

3 — derivative block;

e(t) — error signal;

() — control signal

The relationship between output and input signals
is described by the following equation:

t
y() =K je(t)+ K, [e(t)dt + K, Zf ,
0

assuming K, K, K, are the gains of proportional,
integral and derivative block respectively.

Using PID controller requires experimental
identification of the plants’ model. The plant is
console steel beam with the length 300 mm. The
experimental setup is given on a Fig. 3.
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Fig. 3. Experimental setup:

1 — pre-amplifier of the accelerometer signal;
2 - ADC,

3 — PID controller;

4 - DAC;

5 — accelerometer;

6 — pre-amplifier of the control signal;

7 — steel beam,;

8 — pre-amplifier of the excitation signal;
u;(t) — accelerometer signal;

u(t) — control signal;

u3(t) — excitation signal,

Fomp — compensating force;

F,.. — excitation force

3. Results and discussion

In order to implement adaptive control based on the
PID controller the identification of the plant is
needed. In other words, a mathematical expression
that describes its transfer function. In order to
reliably identify the plant the sequence of the
following steps is proposed:

1. The optimal placement of the executive
device and vibration sensor.

1.1. Investigation of the plant’s
spectrum.

1.2. Determination of resonant frequencies that
occur on a spectrum of frequencies 50...150 Hz.

1.3. The excitation of the plant at the resonant
frequencies to detect oscillation modes

2. Investigation of the relationship between the
output voltage of the DAC and acceleration created
by it in order to detect linear ranges of this
dependence.

2.1. Obtaining the relationship 4 = f(U) for the
frequency spectrum 50...150 Hz, given U — voltage
value, coming from the DAC output to the execution
device, A — vibrational acceleration value on the
coordinate of execution device.

2.2. Obtaining Up;, — minimal value of U, at
which the linearity is kept in the 4 = f(U)
dependency.

frequency

2.3. Obtaining U,.x — maximal value of U, at
which the linearity is kept in the 4 = f(U)
dependency.

2.4. Limiting the range of operating voltages of
the control system to U, and Upyx.

3. Identification of the plant.

4. Actual synthesis of the control system and
configuration of the PID controller according to
obtained plant’s model.

In order to obtain the optimal coordinates for
executive device and sensor placement the beam is
being excited for 60 s at a frequency value that
increases linearly within the frequency range
50...150 Hz to determine the beam’s response. From
the obtained data a conclusion of the resonance
frequency of the beam is being made.

Five experiments with different coordinates of
the sensor (30, 99, 148, 264, 337 mm) were held.
The results are presented in Table.

Resonant frequencies of the beam’s frequency

spectrum
Sensor 30 99 148 264 337
coordinate, mm
Resonant 125 135 141 138 141
frequency, Hz

Obviously, the measurement results are different,
while the deviation is not critical (<16 Hz). In this
case, there are two approaches in determining the
final result: the average value (136 Hz) or the
maximum value (141 Hz).

However, putting additional masses on the plant
tends to lower the value of the resonant frequency,
so following the second approach is more precise.
Thus, the resonance frequency of the plant was
assumed equal 141 Hz.

The idea of the research of the beam oscillation
modes is that sensor should be placed in the modes
that appear on the range 50...150 Hz (the first mode),
and compensating executing in the node the second
mode, for maximum lowering of its influence in an
operating range.

The researches have shown next coordinates for
placing the sensor installation and executive device:

1. Sensor: 264 mm.

2. Compensating executive device: 99 Mm.

It is necessary to investigate the relationship
between the output voltage of the DAC and
acceleration it creates on the plant. For the
experiment Simulink model was built, entitled
UArelate.mdl. Its block diagram is shown in Fig. 4.
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Fig. 4. Model UArelate.mdl:
a — output group of blocks;
b — input group of blocks

Thus, on the frequency spectrum 50-150 Hz, with
increments in frequency equal to 5 Hz, the research
of vibration acceleration value at voltages 0.125 V,
025V, 0375V, 05V, 0.625 V, 0.75 V, 0.875 V
and 1V, is being held. The values of vibration
acceleration are recorded and eventually the
A =f(U) dependency is constructed for each
frequency dependence. It is impractical to cite this
characteristic for each frequency, so we give only
typical cases of 50 Hz, 60 Hz and 65 Hz (Fig. 5).

It is evident that the range of operating voltages
in adaptive control system should be restricted on
the frequency spectrum 55...70 Hz.

It is necessary to determine the identification
signal that meets these restrictions. Determined
dependency for the identification signal (Uigen= F(f)),
as well as minimum (Uy,) and maximum (Upay)
voltage restrictions are shown in Fig. 6.

At identification process 4 dependencies are
displayed: Plant Input (input of system), Frequency
(straight line, indicating the change in frequency of
the excitation signal), Amplitude (amplitude change)
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Fig. 5. The 4 = f(U) dependency for different
frequencies:

1-65Hz;

2—-50Hz;

3-60Hz

and Plant Output (measured response of the
beam). All the data is stored in the structure
entitled MeasRes in the Matlab workspace, from
which it is possible to get the value needed for
further estimation of the data using Matlab
System Identification Tool.
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Fig. 6. The voltage restrictions and the dependency for

identification signal:

1 = Unax = fIF);

2 = Uigent = f(F);

3 = Unin = fIF)

Since this tool needs two sets of data, it is
necessary to obtain Plant Output in experiments held
in modes: forward (frequency of identification signal
increases linearly from 50 Hz to 150 Hz) and reverse
(frequency of the identification signal linearly
decreases from 150 Hz to 50 Hz).

The plant’s model was estimated using Matlab
System Identification Toolbox. The beam’s model
was evaluated with 87.7% certainty.

Before the actual synthesis of adaptive control
system, the optimal values of K,,, K;, K4 of the PID
controller should be obtained. This was done using
the block Discrete PID Controller from the Simulink
library. The obtained values are:

K, = 0,0053;
K;=0,0051;
Kq=—0,0127.

It now becomes possible to synthesize the
adaptive control system.

The experiment was held in two stages. At first,
control system operates with the compensating
signal not applied to the beam, and then experiment
is repeated with compensation signal applied to the
beam.

The beam’s responses on both stages are given
on Fig. 7.

It is evident from Fig. 7 that the operation of
control system results in reducing the beam’s
vibrational loading.

The estimation of the effect should be held using
the values of the loading on the resonant frequency
using next equation:

08—+, 7
D,T_____:____I_———-""-_ , | —:—-—-._____-_I
134 135 136 137 138 139 140 FH:

Fig. 7. Beam’s response:
1 — with compensating signal not applied to the beam;
2 — with compensating signal applied to the beam

L, =101g%—101g%=101g%,

given A; — RMS value of the vibrational loading
with compensating signal not applied to the beam;

A, — RMS value of the vibrational loading with
compensating signal applied to the beam;

Ay — reference minimum value of vibration
acceleration.

For the resonant frequency 141 Hz the reduction
effect is:

L,=29dB.

Respective  Simulink model PID BEAM
FSETTER.mdl is shown on Fig. 8. Principally it
consists of 4 basic blocks: Excite Generator,
Reference Generator and Discrete PID Controller,
RMS Evaluation.

4. Conclusions

The methodology of synthesis of adaptive control
system of steel beam’s vibrational loading reduction
using active methods is proposed. As a result
of experimental researches the optimal values
of the controllers’ gains were obtained, that allowed
to successfully tune the PID controller according
to obtained plant’s model. The synthesis of
the adaptive control system allowed to reduce
the vibrational loading of the plant for
2.9 dB.

References

Hansen, Colin H. 2001. Understanding Active
Noise Cancellation. Spon Press.173 p.

VanDoren, Vance J. 2003. Techniques for
Adaptive Control. Butterworth Heinemann. 289 p.

Received 1 July 2013.



63

G. Pekurovskyi. The Methodology of the Synthesis of Adaptive Control System of Active Cancellation ...

adeag Sy

[PWYALLASd WVHL dId [PPOIN *8 “S1q

usEung
HiEW

usiEN|EAZ SN

)

i S0

)

weory

{ [w L

JUBSUED

¢ ueraung gv 115
P13 ugy
Am|dsig Sy ) _.? ™
L
Ae|dsig fauankany
wry
STYNDIS E—— H
- dais aNy HOLYHINTD LIS
.
FENOSTIY Il
FS VL |
™ ped<-bag .
= IL7SNINOT Bapaseud
EIBUIWGE | 4SUTY
M Ellkcel
.
HEYG Wog e EEd
[oane] zZoavw P T Ly .E
1 ToSnUmg ¥ n 4
HLIDEE el
H5Y PEOIEAD
ndng| auma 5
Bortewy| :
BMNIEE3OHd IENOJETH
[om=] zzoaw
[ogne] ggoav IENOJETY 1959y |4 H
L FOSTLY #ﬁﬁ#gﬂaﬁ P — e —
ALYSNIANOD SHaA "Ead X O 4 Ba|puy [ ez} .
i qTTRD |ug JEWAQIED 1R2ID 1ERBIg
BOTIDLO :
—] s e D e
BoTewy
vapEayduy  HOLVHIANID JONTHATH
awypreta] Ile
x .
|a3s 'yoduwny awn
vIle [ je
B|[equag did sfEasg 1935 "Youd AW
SUT
5 e {1 _j4
e ‘|Ed Yo b
BT TR ) =i - IEEL YD £l
MORULEL g PREA ™ H_.Al
-n gy
| — al
_MT | 1 ISUTI o :_m_nu
| ped<-6ag ZBapaseyy
g 0
H 1
vhe [vo e

]



64 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2013. N 3 (56): 59—64

I'.B. IlekypoBcbkuii. MeToanKka eKCHePHMMEHTAJIbHOI0 CHHTE3y AaJalTHBHOI CHCTEMH AaBTOMATHYHOIO

YIPAaBJIiHHSA AKTHBHOI0 KOMIIEHcaLi€l Bibpanii

Harionansuuii aBianiitnuii yniBepcuret, npocn. Kocmonasta Komaposa, 1, Kuie, Ykpaina, 03680

E-mail: pekurovsky@i.ua
JocnijpkeHo cuHTE3 aganTHBHOI CHCTEMHM aBTOMAaTHYHOI'O YNPABIiHHS 3HIDKCHHSM BiOpamii Ha craneBii Oammi 3a
pPaxyHOK BHMKOPUCTaHHS aKTUBHHX MeToaiB. ONHMCaHO NOCIHIJOBHICTh CTajAid NpU CHHTE3l IHU(POBOI axanTHBHOI
CHCTEMH aBTOMATHYHOTO YIPABIiHHSA aKTHBHOIO KOMITeHcami€elo BiOpamii. Ha 0CHOBI ekcriepuMeHTaNbHUX JOCIIIKEHb
aJanTHBHUX TEXHOJIOTiH MpH BUKOPUCTAHHI aKTHBHUX METOJIB ONTHMi3alii aKyCTHYHHX XapaKTEPUCTUK MarepiaiiB
BH3HAYCHO, [0 3aCTOCYBAHHS aKTHBHHUX METOJIIB 3HIKCHHS BiOpOHABAaHTAXXCHHSI MOKe OyTH peanizoBaHo Ha 6a3i I[T1/1-
perynsTopa 3 ONTUMATbHIMH Koe(illieHTaMH HiICHIICHHS B MIPOMOPIIIOHAIEHOMY, IHTETPYIOUOMY Ta AU(EpeHIIITHOMY
naHIorax. Po3po0ieHo MeTOAMKY CHHTE3y aJaNTHBHOI CHCTEMH aBTOMATHYHOTO YINPABIIHHSA HAa OCHOBI aKTHBHHUX
METOJiB 3HIKCHHS BiOpamiiHOTO HAaBaHTa)KEHHS, SKa BIIPI3HAETHCS BiJ ICHYIOUYMX HEOOXIIHICTIO BH3HAYCHHS
ONTHUMAIBHUX KOOPJMHAT PO3MILIEHHS CEHCOpIB 1 BHKOHABYMX MPUCTPOIB, a TaKoX iAeHTHiKauiero o00’ekra
YIpPaBJiHHS B JIHIHHOMY Jiara3oHi, 0 J03BOJIMIO OTPUMATH 3 BHCOKOIO JOCTOBIPHICTIO mapaMeTpu Mojeii 00’ekra
ynpaBiiHHSA. Po3riisiHyTo MeTonuKy HamamTyBaHHsS mnapamerpiB [II/[-perynsitopa, sika mo3Bosisie 3a0e3neuuTH
a/IalTUBHICTH 3alPONIOHOBAHOI CHCTEMH aBTOMATHYHOI'O YINPAaBJiHHS BiOpauiliHMM HaBaHTaxXeHHAM. [lokazaHo, 1m0
(YHKIIIOHYBaHHSI CHHTE30BaHOI aJalTHBHOI CHCTEMH aBTOMATHYHOTO YINPABIIHHS A€ MOXIHMBICTh 3HM3UTH PiBEHb
BiOparmii 00’ekTa ympaBIiHHSA 32 pPaXyHOK ONTHMAIBHOTO HamamrtyBaHHA mnapametpiB IIIJI-perymsTopa cuctemun
ABTOMATHUYHOTO YIIPaBJIiHHS, HAPHUKIIA, Ha pe30HaHCHiH yacToTi 141 'ty piBeHb BiOpamii 3HIKY€eThes Ha 2,9 n1b.
Kuro4oBi ci1oBa: aranTrBHA aBTOMATHYHA CHCTEMa YIPABIiHHS; aKTHBHI METOJIH; KOMIICHCAIIis BiOparii.

I'.B. IlekypoBckuii. MeToauMKa 3KCHEPUMEHTAJBLHOIO CHHTE3a AJANTHBHOW CHCTEeMbl ABTOMATHYECKOIO

yIpaBiieHHs aKTUBHOM KOMIIeHCaHNeii BUOpanuu

HanuonansHelii aBHaliuoOHHBINA yHUBEpcHUTeT, npocit. Kocmonasra Komaposa, 1, Kues, Ykpauna, 03680

E-mail: pekurovsky@i.ua
HccrnenoBan CHHTE3 aNaNTHBHOM CHCTEMBI aBTOMATHYECKOTO YIPaBICHHS CHIDKCHHEM BHOpalWyd Ha CTalbHOU
KOHCOJIBPHOM Oaike 3a CYeT WCIIONB30BAHMS aKTUBHBIX MeTonoB. OIMUCaHa MOCIEIOBATENBHOCTD CTalUil TIPH CHHTE3e
nr(ppoBOH amaNTUBHON CHCTEMBI aBTOMAaTHYECKOTO YIPaBJIEHHs AaKTHBHOM KoMmeHcarued BuOpammm. Ha ocHoBe
SKCIIEPUMEHTAIIBHBIX UCCIEIOBAHUN aJANTUBHBIX TEXHOJOIMH IIPU HUCIIOJIb30BAHUN aKTUBHBIX METOJOB ONTHUMHU3ALUU
AKyCTMYECKHMX XapaKTEPUCTUK MATEpUaIOB ONPEAENIEHO, 4YTO IPUMEHEHHE aKTHUBHBIX METOJOB CHW)XEHHUS
BUOpOHArpy3Ku MOXeT ObITh peanu3oBaHo Ha 6aze [1M/[-perynsitopa ¢ onTuManbHbIMUA KO3 (DUIIMEHTAMH YCHIICHUS B
POTIOPIUOHATBHOM, MHTErpUpYOIIeH U nudQepeHnuanpHoi 1ensx. PazpaboTtaHa METOIMKa CHHTE3a aJalTHBHON
CUCTEMblI aBTOMATHYCCKOI'O0 YHNpaBJICHHWA Ha OCHOBE AKTHBHBLIX METOJIO0B CHHIKCHUSA Bn6paunu, oTin4yarwmascia oT
CYIIECTBYIOIIMX HEOOXOIMMOCTBIO OIPEIEJICHNSI ONTUMAIIBHBIX KOOPAWHAT Pa3MEIIEHUs] CEHCOPOB U MCIOIHNUTEIBHBIX
YCTPOWCTB, a TAaKKe WACHTH(HKANUEH O00BEKTa YIpPaBICHUS B JIMHCHHOM JWAINa30HE, YTO ITO3BOJIWIO MOJIYYHTH C
BBICOKOH JIOCTOBEPHOCTBIO TIApaMeTphl MOJIETH 00BEKTa ynpasieHus. PaccMoTpeHa MeToiKa HaCTPOHKH TTapaMeTpoB
MU A-perynsropa, TO3BOISIONIAs 00ECIEUYNTh aJalITUBHOCTh MPEIIOKEHHON CHCTEMBl aBTOMATUYEeCKOTO YIPaBICHUS
BHOparMoHHONH Harpy3koil. [lokazaHo, YTOo (YHKIMOHHPOBAaHWE CHHTC3MPOBAHHOW AaIalTUBHOW CHCTEMBI
ABTOMATHYECKOTO YTPABIICHHUS TO3BOJISIET CHU3UTH YPOBEHb BHOpPALMM OOBEKTa YIPABICHHS 33 CUYET ONTHMAIBHON
HacTpoiiku mnapameTrpoB IIM/I-perynsropa cucTeMbpl aBTOMaTHUUECKOIO YIPABIEHUS, HApUMEpP, HA PE3OHAHCHOM
gactore 141 I'l ypoBeHs BUOpaiun cHimkaeTcst Ha 2,9 nb.
KiroueBnle ciioBa: aganTuBHasA aBTOMAaTHYCCKasd CUCTEMaA YIIPaBJICHUA; aKTUBHBIC METOAbI; KOMIICHCAlIUA Bn6pau1/1y1.
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