MpOJIeTIaHHYI0 paboTy, a paclucaHue KOHTPOJBHBIX M JIPYTUX CaMOCTOSITEIbHBIX
paboT Bcerja HaXOAUTCS B OTKPBITOM JIOCTYIIE.

Taxum 00pa3oM, MBI MOJKEM CJIEJIaTh BBIBOJ, YTO AWCTAHIIMOHHOE OOydYCHHE
MOXXET MPETEeHJOBaTh Ha OTAEIbHYI0 (opMy oOOydueHHs HapaBHE C OYHOM,
3a04HOM, BedepHed M 3KcTepHATOM. (OCOOCHHOCTHh IHMCTAHIIMOHHOTO OOyYCeHUS
pemaer TpoOJeMbl  TpagUIMOHHOrO oOydeHus. [lo3BojseT MaKCHMAaIbHO
pacliMpsATh ayJUTOPUIO yYAIIMXCS a TaKkKEe JaeT BO3MOXKHOCTh  JUIS
YAOBIIETBOPCHUS MHIUBHUIYaIbHBIX TOTpeOHOCTEH ydamuxcs. OcoOble ICHX0JI0r0-
MearOTUYECKUEe AaCMEeKThl JUCTAHIIMOHHOTO OOy4YeHUs MpeArnojaraloT coOoi
OopraHu3anuio HWHPOPMAIMK B YCJIOBHUAX BHPTYyJIbHOTO B3aWMOJACHCTBHS.
HecMoTpst ~Ha  HEKOTOpOE€  KOJIMYECTBO  OOBEKTHBHBIX  HEJIOCTATKOB,
JUCTAHITMOHHBINA METOJI 00YUYCHHUS HAXOUThHCS TOJHKO HAa HAYaIbHOM 3Talle CBOETO
pa3BUTHs B OyAyIIEM €ro JKJIeT HECOMHEHHBIN yCTeX.
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SYSTEM TWO-POSITION CONTROL OF LIQUID LEVEL
IN INDUSTRIAL TANKS

A. A. Zakamaldin, V. S. Andyk
Tomsk Polytechnic University

Abstract. Design of the automatic liquid level control was performed for the
tank rectangular type with the presence of self-regulation. Were found settings of
two-position automatic controller with a zone of ambiguity with symmetric static
characteristic. Settings meet the specified requirements for the automatic control
system. Opportunities and stability of self-oscillations of the controlled variable
were assessed by the method of harmonic balance. Was created a virtual model of
single-circuit system two-position control of liquid level and estimates the quality
of regulation.
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1. Introduction

In the development of controls noticeable significant progress due to the
transition to the new microelectronic element base. The uses of microelectronics
require the adoption of new technical solutions, including economically
inexpedient. In this regard, along with sophisticated control devices, where the
terms of the technology no strict requirements for quality control, microelectronics
replace most cheap, easy adjustment and reliable operation of the two-position
automatic controllers.

Two-position controller — it's such a controller, the magnitude of the output
signal which can take only two values established. Also flow of energy or
substance to a regulated entity can only be a maximum or minimum.

Why two-position controllers? Of course, these regulators are simple, reliable
and cheap which is especially important, but because it is based on non-linear
control law, the actual value will constantly fluctuate in a certain range. This
condition is unacceptable for use in modern automation schemes, where the main
indicator is the quality of regulation.

Maintain the fluid level at a predetermined value in the ordinary tank is not
very demanding process, and fluctuations in the level allowed. In this process two-
position control highly advisable. For that would confirm it and get an idea of the
possibility of using on-off controls was carried out this work.

2. Problem statement

We considered technological process control of liquid level in the tank of a
rectangular type (Figure 1) with the structural characteristics: the length of the tank
a=10 m, the width of the tank b=10 m, height of the tank h=7 m. Was assumed that
the fluid flow enters the reservoir average consumption Qo=50 m?Mh through
conduit length 1=30 m and a diameter of d=0,2 m. Requirements for automatic
control system:

1. Maintaining water level in the tank at a height ho=5 m.
2. Allowable range of fluctuation level 42=1 m.
3. Not exceeding a switching frequency (self-oscillation) n=20 h-.

, B |
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Figure 1. — The object of regulation with automatic compensation
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Technological process occurring in industrial reservoir requires maintaining a
predetermined liquid level value, it is necessary to change the material flow
entering the unit, in this case, change the supply (flow) of the liquid inlet. The
operating mode can be characterized by the presence or absence of self-alignment.
Self-leveling — property of an object, due to which the value of the setpoint without
the regulator seeks a new steady-state value, when the load changes the object
(inflow or runoff). The presence of self-regulation in the facility is beneficial to the
process of automatic control. To ensure stable automatic adjustment in this case is
usually much simpler task than if the object does not have or has a too small ability
to self-leveling. Therefore, consider a system with two-position controller is for
objects with automatic compensation.

As a two-position automatic regulator was chosen electrocontact gauge.
Sensor of the regulator is a pressure gauge for measuring the pressure and
simultaneous control of external circuits. Digital signal from the controller is fed to
the actuator (motor pump) through the starter. Thus, running preconfigured
feedback, allowing you to control and modify the flow rate at the inlet to the tank.
So system can be represented by the scheme (Figure 2).

Figure 2. — System two-position control level in the tank.

3. Mathematical model

For the mathematical description of control system, that is, to obtain static and
dynamic characteristics use analytical methods that are based on the equations
describing the physical, chemical and energy processes in the management of the
object under study. In particular, the laws of conservation of energy and matter
(material balance equation).

The resulting transfer function for the controlled object is a series-connected
aperiodic link and link of the delay:

K 2.[hy
Whe(p) = g FT=— X — P,
05 T Tp e 1 25.hop + @
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The object is connected in series with a two-position automatic controller with
a static characteristic of a zone of ambiguity with an equivalent transfer function
obtained by harmonic linearization:
4ch

4c
W, (i4) = E"'ﬂ‘ - i
Assessment of the feasibility and sustainability of self-oscillations of the
controlled variable and define the settings of the controller was performed by the
method of harmonic balance (Figure 3). In the complex plane is constructed
Nyquist plot of linear part of the system with an intervals »=0.001 rad/s. Solving
the equation of harmonic balance for a given oscillation frequency w«=0.0174 rad/s,

we obtain controller settings b=0.261 and ¢=0.673.
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Figure 3. — Graphical solution of harmonic balance

The point of intersection graphs WL (iw) and (-1) / (Wn (iA)) corresponds to
the set parameters of self-oscillation: amplitude and frequency A« , wk. Hodographs
overlap; therefore the occurrence of self-oscillation due to the first harmonic
component of the output signal of the nonlinear element is possible.

From the point of intersection in the direction of increasing the amplitude A
branch (-1) / (Wn (iA)) lies outside the area covered by Nyquist plot of linear part
(Figure 3). Consequently, the oscillations are stable.

4. Results and discussion

So, we got the control parameters for now to be able to assess the quality of
regulation is necessary to construct the transition process. To build process
manually, there are points not rational because the formula of the transient response
is defined implicitly as the present non-linear element. We have taken advantage of
the program Scilab 5.5.0, using the visual modeling Xcos. The resulting transient
response reflects fluctuations in the value of the water level in the tank over time.
Seen from the graph that the value of the level fluctuates around the desired
setpoint is initially 5 m (Figure 4). To assess the quality of regulation, carried out
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an analysis of the simulated process and compared the main indicators of quality
control with the specified. Since the system of non-linear parameters of quality are
the oscillation period and the range of fluctuations of the regulated quantity.

T T T T
0 500 1000 1500 2000 2500 3000 3500 4000

t
Figure 4. — Transient response with respect to the reference variable

Deviation obtained from the set of indicators are shown below

Ty ser — Tt mod 418 — 361
6T = Z=L_ XM 40005 = -100% = 15,8 %.
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As you would expect the deviation is present, indicating that not enough high
quality regulation. And what we actually want, if the setting of the controller is
quite simply setting a shooter electrocontact pressure gauge in position by
appropriate configuration parameters, and does not require any special skills from
the wait staff.

5. Conclusions

This way was obtained the settings two-position control for maintaining the
water level in the tank at a height 5 m. The results showed that the on-off controls
provide a decent quality control especially for inertial objects with a small delay
and the presence of self-regulation. The scheme is economical, easy to use and
configure.
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HEMELIKKUE NAPEMWUN KAK ATPUBYT KYJIbTYPbI
N ®PPAMEHT UAMOMATUYECKOU KAPTUHbI MUPA

0. B. 3onbHMKOBa
TromeHckul eocyOapcmeeHHbIU Heghmezaa3osbilt yHusepcumem

SA3piku  Mupa OoraThl  pa3IUYHBIMU  YCTOMYMBBIMH  BBIPAKEHUSMH,
MOCJIOBULIAMHU, TOTOBOPKAMHM, KPBUIATBIMHM BBIPAKEHUSIMU, KOTOPBIE POXKIAKOTCH,
OpeXae BCEro, B IOBCEJIHEBHOM OOIICHUM JIIOJCH, a 3aTeM MpPOHUKAIOT B
JUTEPATYPY, B TEKCTHI NEYATHBIX U AeKTpoHHBIX CMU, B panuo- u Tenenepeaayu.
SBsisich HEOTHEMIJIEMBIM aTpUOYTOM (DONBKIOPA M KyJIbTYPbl HapOJOB, MapeMUU
HECYT B cebe OTpaKeHHe >KM3HU TOM HallMW, K KOTOPOW OHU MpUHAIJIEKAT U el
o0pa3 MbICTU W XapakTep oTpaxaroT. JlaHHas cTaThs MOCBSIIEHA H3YYCHHIO
HEMELKHUX I[IOCJIOBULl U IOTOBOPOK, SBIAIOMIMXCSA MCTOYHHUKOM OTPaKEHUS
HAIIMOHANBHBIX ~ OCOOCHHOCTEW ¥ Bocmpusatuss  wmupa. Crnenuduueckoit
0COOEHHOCTBIO TMOCJIOBUIl U TIOTOBOPOK JIFOOOTO HApOJa SBIAECTCA MX M3HAYAIBHO
HAI[MOHAIbHOE TMPOUCXOXKICHHE, HECMOTpS Ha TO, 4YTO MX adduinannoHHAs
OCHOBa BO MHOTOM MHOTOQYHKIIMOHaJdbHa, M B HEH MOXKHO BCTPETHUTH
OTpeIETICHHOE KOJNYECTBO (DAKTOB 3aMMCTBOBAHHS.

[Ipotiecc n3ydeHus: mapeMUoIOrul Kak 0CO0O0TO MIacTa JIGKCUKA HEOOX0 UM
B CHUHXPOHMYECKOM U JHMAaXpOHUYECKOM aCIEKTaX WCCIENAOBAHUS s3blKa U
KyJIbTypbl. JIMHTBUCTUYECKMI aHaNIM3 TMO3BOJSIET OMpPEACNIuTh, Kakue (PaKThbl
pPEUYEBOTO BBIPAXKEHUS TPHUCYTCTBYIOT C TOYKH 3peHUs uX adp@GEeKTUBHOTO
COJIEp)KaHMSI; W KaKH€ CpPEJCTBA XYJOKECTBEHHOM pEYM HCHOJb3YIOTCS JUIs
BBIPDAKECHUS OSMOIMKA, W KaKUMHU CIOcO0aMU B TOCJOBHIIAX W IOTOBOPKax
OTIPEICIISUTNCh T€ WM WHBIE S3BIKOBBIC CPEACTBA. YUMUTHIBAS BBIMIECU3IIOKEHHOE,
BUJUTCSL BO3MOYKHBIM OIPEACIICHUE OCHOBHBIX OCOOCHHOCTEH KapTUH MHpa
UCCIIEIyEMOT0 SI3bIKa, KaK CcaMOOBITHOIO HCTOYHHMKA MyJnpocTtu. HayuHo-
HCCJIEIOBATEILCKUM TOUCK B 00JIaCTH H3yYEHHWE TEOPHH TPOUCXOXKICHUS U
kinaccupukanuu napemuit ocymectisiin  AmnpecsH FO.J[., ApcentbeBa E.®D.,
Kyxor B.II., Kynun A.B., PeionukoB M.A., Cokono FO.M., Ceupunos J1.®.,
Temuss B.H.; mpobGiemam wuccienoBaHuss HEMEIKOM MapeMHUOJOTUN TTOCBSIIICHBI
pabotel bpenuc M.A., Kysunenopoit H.}O., KynskoBoit M.A., CaBuenko B.A. u
MHOTHX JAPYTUX COBPEMEHHBIX aBTOPOB.

Onucanue mapeMuoyiorudeckoro ¢GoHaa JIOO0ro S3bIKa MPOWU3BOAUTCA B
CJIETyIOLIUX HAMPABICHUSX:

- BBIIBJICHHUE U OIpPEAEJICHUE JIMHIBUCTUYECKOTO CTaryca IIOCIOBUI] U
MOTOBOPOK;
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