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DESIGN OF A CONTROLLER FOR IDEAL POSITIONING SERVOSYSTEM

Urgency of the research. In advanced mechatronics, motion systems are the key technology, since mechanical systems
such as Microelectronics manufacturing equipments are often required for high speed and accuracy. As a result, the increa-
sing influence of the dynamics of the mechanical system on the quality of the position servosystem is noticeable. One of the
important dynamic effects is the dynamics of the mechatronic system's vibroisolation, which arises as a result of the reaction
force generated by the action variable.

Target setting. The aim of the paper was to design a PID controller for an ideal positioning servosystem. Ideal
positioning servosystem consists of a one mass which is actuated by the Fservo force.

Actual scientific researches and issues analysis. In modern controllers, in the correction error value, classic feedback
combines with forwarding feedback. The forward control is based on the fact that if the model of the mechanical actuator is
known and all the initial conditions are zero, the desired position can be reached without the use of feedback.

Uninvestigated parts of general matters defining. From a theoretical point of view, it has been devoted to ideal
positioning servosystem for quite a long time, but the results achieved are rarely used in practice. One of the reasons is their
theoretical focus, using complex mathematics, and as a result there is a great gap between theory and engineering practice.

The research objective. Design of PID controller is based on equation for crossover frequencies, which allows to
determine the derivative and integration constant of a PID controller for a given bandwidth.

The statement of basic materials. The most important dynamic effects that impact the properties of actuators are
actuator flexibility, flexibility of system limited mass and rigidity of the stationary part of the system. From the equation for
the eigenfrequency wDP of the low-pass second order filter is determined. Finally, the specific gain P is determined to suit
the amplitude and phase margin. This completes the design of the ideal positioning servosystem.

Conclusions. PID controller for an ideal positioning servosystem is design based on equation for crossover frequencies,
which allows to determine the derivative and integration constant of a PID controller for a given bandwidth.

Keywords: motion control; vibroisolation, stability; performance control system.
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Introduction. In [1] discusses the demands for proper tools for computer aided control
system design of mechatronic systems and identifies a number of tasks in this design process.
Real mechatronic design, involving input from specialists from varying disciplines, requires
that the system can be represented in multiple views. The idea of feedback to make corrective
actions based on the difference between the desired and the actual values of a quantity can be
implemented in many different ways [3]. In modern controllers, in the correction error value,
classic feedback combines with forwarding feedback. The forward control is based on the fact
that if the model of the mechanical actuator is known and all the initial conditions are zero,
the desired position can be reached without the use of feedback. The required feedback cha-
racteristics, which are generally expressed within the bandwidth, depend very much on the
errors of the system [2 - 10]. The three most important dynamic effects that have impact on
parameters of actuators are:

e actuator flexibility,

e flexibility of the system,

e limited mass and rigidity of the stationary part of the system [5].

Ideal positioning servosystem. Ideal positioning servosystem consists of a one mass
which is actuate by the Fservo force. This force is generated by PID controller with which it is
involved in a series of the low-pass second order filter. Position of mass ma represents the
actuator and is measured to the relatively fixed base.
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Fig. 1. Closed loop control system of ideal positioning servosystem
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To derive the transfer function of the PID controller and the low pass filter of the 2nd or-
der, we start from the typical crossover frequencies for the PID controller with the low pass
filter of the 2nd order related to the bandwidth, which is defined by frequency f,. The follo-
wing relations used for the crossover frequencies:
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The relationship between PID controller constants and crossover frequencies can be de-
rived from the following PID controller transfer function, where P is proportional, D - deriva-
tive and I - integral values:
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For crossover frequencies we get:
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This means that we get the integration constant I and the derivative constant D for the
controller from the following set of two equations of two unknowns:
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The proportional constant then adjusts the gain to ensure that the position actuator is sta-
ble. The Bode characteristic in the asymptotic approximation for the PID controller (without
filter) is shown in fig. 2.
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Fig. 2. Bode characteristic of PID controller
We will consider the transfer function of the low-pass second order filter in the form:

2
Wpp

Govon =
F) ™~ g+ 28pwpp + WEp

In this equation, the damping factor & and the eigenfrequency wpp, which represents the
break frequency, are present. This frequency must satisfy the condition in the equations for
crossover frequencies.

Wpp = 2m4 f:gp

We will consider a small overshoot of the low-pass second order filter, so we choose the
damping factor £z = 0,7 The asymptotic approximation of the Bode characteristic of the low-
pass second order filter is shown in fig. 3.
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Fig. 3. The asymptotic approximation of the Bode characteristic
of the low-pass second-order filter
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From the above-mentioned partial Bode characteristics its clear, that is possible to con-
struct the overall characteristics of the PID controller and the second-pass low-pass second
order filter. Its graphical representation in asymptotic form is shown in Fig. 4.
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Fig. 4. Asymptotic approximation of Bode characteristic

It has already been mentioned that the actuator is represented as a mass of the mA applied
to the force Fsgrvo.
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Fig. 5. Model of actuator of ideal positioning servosystem
The dependence between the output variable of the Xservo actuator and the input variable
Fservo is described by the equation:

S d*Xservo _F
A= a2 SERVO
The transfer function is then:

Xservo(S) _ 1
Fsgryo(s)  mys?
The corresponding Bode characteristic is shown in fig. 6. Throughout the whole frequency

range, the amplitude characteristic has a slope -40dB/dek and the phase frequency characteris-
tic is equal —m.
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Fig. 6. Bode characteristics of the actuator of the positioning servosystem
and Bode characteristic of open loop the positioning servosystem

Where PM — Phase margin and GM — Gain margin. Amplitude and phase margin determine
the degree of stability and basicaly show, how close to the point (-1.0) is the frequency charac-
teristic in the complex plane. Amplitude margin determines how many times the gain P of the
proportional term of the PID controller can be increased before the positioning servosystem
reaches the stability limit. Phase margin determines how much delay the excitation signal can
afford at a given frequency before the phase delay reaches -180° and the feedback system
reaches the stability limit. Amplitude and phase margin can be easily read from the Bode cha-
racteristic (Fig. 6). In our case, according to the gain of the proportional term of the PID con-
troller, three cases can appear, which are illustrated by the Nyquist characteristic in Fig. 7.
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Fig. 7. Frequency characteristic of open ideal positioning servosystem
for different gain of the proportional term of the PID controller
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From these frequency characteristics follows, that the permissible gain P is limited both
from above and below. Therefore, a suitable gain value P must ensure sufficient margin in
both amplitude and phase.

Conclusion. The aim of this article was to design a PID controller for an ideal positioning
servosystem. Its design is based on equation for crossover frequencies, which allows to de-
termine the derivative and integration constant of a PID controller for a given bandwidth.
From the equation for the eigenfrequency wpp of the low-pass second order filter is deter-
mined. Finally, the specific gain P is determined to suit the amplitude and phase margin. This
completes the design of the ideal positioning servosystem.
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VIIK 004.4
Jhoouya Muxosa

IMPOEKTYBAHHA KOHTPOJIEPA JUIA IJEAJIBHOI'O
MO3UIIOHYBAHHSA CEPBOCUCTEM

Akmyanonicms memu 00CiONCEHHA. Y CyHaACHITl MEXAMPOHIYL OCHOBHUMU MEXHOLOLIAMU € PYXOBI CUCEMU, OCKIIbKU
Maxi Mexamiuui cucmemu, sK, HANPUKIAO, GUPOOHUYMBO 0ONAOHAHHS OISl MIKDOGLEKMPOHIKU. YACTNO SUMAAIONb BUCOKOT
WEUOKOCMI MA MOYHOCMI NO3UYIOHY8AHHS. B pe3ynomami nomMimuuil 3p0cmaioyutl 6Niue OUHAMIKU MEXAHIYHOL cucmemu Ha
AKicms nosuyionysanus cepsocucmemu. OOHUM I3 8AXHCTUBUX OUHAMIUHUX ehekmis € OuHamiKa 8i0poi3onayii MexamponHol
cucmemu, sIKA UHUKAE 6HACLIOOK Oil peakyitiHoi Cuiu, o 2eHepyemvcst IMIHHOI Ol

Ilocmanoeka npoonemu. loeanvrua cepsocucmema nO3UYIOHYBAHHS CKIAOAEMbCSL 3 MACU, KA NPUBOOUMbCSL 8 OO Cu-
zoto Fservo. Lo cuny 3a0ae PID-konmponep, wo 6Kkaouenutl noCiio08HO 3 HUZbKOYACMOMHUM (itbmpom 0py2020 NopsoKy.

Ananiz ocmannix 00caioxncens i nyonikayin. Y cyuacnux KOHmMpoiepax KiacudHull 360pOmMHULL 36 130K NOEOHYEMbCSL 3
NPAMUM 360POMHUM 38'13KOM 34 3HAUEHHAM nomuaxu. IIpsime ynpaeninms 3achosane HA mMomy (akmi, wjo saKuo mooeib
MEXAHTUHO20 NPUBOAY 8i0OMA I 8CT NOUAMKOGI YMOBU OOPIBHIOIOMb HYIH0, OANCAHO20 NOTONCEHHSL MONHCHA 00CsAemU Oe3 8UKO-
PUCTAHHS 360POMHO20 36 'SA3KY.

Buoinenns neoocnioncenux uacmun 3azanvhot npoonemu. Teopemuyuna mouka 30py 0ogeuil 4ac 0yna npug ’sa3anda 00
ideanvHol cepsocucmemu NO3UYIOHYBAHHS, Ale OMPUMAHI Pe3yIbmamu pioko 8UKOPUCMO8YIombcst Ha npakmuyi. OOHicio 3
NPUYUH € IX MeopemuiHa HaNPaeiLeHicMyb 3 BUKOPUCMAHHAM CKIAOHOT MameMamuxu, i, K pe3yivmam, iCHyE 8eNUKULl po3pus
MIJIC MEOPIEI0 | IHHCEHEPHOIO NPAKMUKOIO.

Ilocmanoeka 3aedannsa. Ilpoexmysanns PID-konmponepa 3acrhoéane Ha PiGHAHHI 01 YACMOM 3pi3y, WO 0036015€
susHauamu oughepeHyitiny ma inmezpanvty ckiadosi PID-kxonmponepa 011 3a0aHoi nponyckHOi 30amHoCmi.
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Buxnao ocnosnozo mamepiany. Tpu natisadxicnugiuii OuHAMIYHI ehekmu, wo 6NAUBAIOMb HA GLACMUBOCHE NPUBOIIS, - e
SHYUKICIb NPUBOOY, SHYUKICIb CUCMEMU, 0OMEINCEHA MACA MA JHCOPCMKICMb HEpyXomol uacmunu cucmemu. 3 piGHAHHA Ols
enacroi yacmomu [1DP eusnauacmvcsi HUzbKouacmomuuil Ginemp opyeo2o nopsaoky. Hapewmi, nponopuitina cknadosa P
BUBHAYAEMBCSL BIONOBIOHO 00 amniimyou ma gasu. Lle 3a6epurye npoexmyeéants i0eanbHol cepeoCUcmemit NO3UUIOHYEAHH.

Bucnoexu 6ionogiono 0o cmammi. Memoro cmammi 6yino pospooumu PID-konmponep ons ideanvroi cepgocucmemu
nosuyionyeanns. Hozo xoncmpyxyia 3acnosana na pignsanui Ons wacmon 3pizy, wo 0036015€ gusHauamu oupepenyiiiny ma
inmeepanvuy cknaoogi PID-konmponepa 011 3a0anoi nponycKHoi 30amHOCHi.

Kniouosi cnosa: xonmpons pyxy, 8ibpoizonayis; cmabinbHicme, cucmema KOHMpPOnI0 nPoOyKmueHOCMi.
Puc.: 7. Bion: 10.
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