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Automated control system for casting process

This article is dedicated to technologies research that require development and implementation in Kazakh-
stan, able to provide energy sources economy, as well as improvement of sanitary-hygiene and economical
indexes of production. But it’s hard to achieve it, if there is no special equipment at enterprises for achieving
of this aim. Therefore, the main aim is to design schemes for automated control system and management for
technological process for providing of safety and effective functioning of enterprise. To accomplish this goal,
we will describe the mathematical model of the regulatory object, as well as investigate the system of auto-
matic regulation for stability. To analyze the relationship between the defining parameters of the cupola pro-
cess using advanced experience in operating cupola, the latest achievements in the field of mathematical
modeling of technical systems and modern computer technology, considering the process as a cybernetic sys-
tem.The structure of the management system is developed in accordance with the main trends in automation
identified during the analytical review.
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Introduction

Today, casting manufacture and metallurgy are the main suppliers of raw materials, blanks and final
products for other branches of national economics, which together with electric energy industry and chemical
industry provide development of Kazakhstan economics.

At each technological operation one strived to replace manual work by machine one: there were im-
proved equipment for making of forma and rods, shake-out and finishing of casing, mechanized transporta-
tion of materials and finished castings, implemented conveyors, developed methods of flow-line production.
Further growth of mechanization of casing production is expressed in creation of new improved machines,
automatic casting machines and automated casting lines, in organization of complex-automated plots and
shops. The most labor-consuming operations during casting are moulding, rods manufacture and finishing
of final castings. At this plots of casting shops technological operations are most mechanized and partially
automated. Especially effective is implementation of complex mechanization and automation to casting pro-
duction. Most advanced are automated moulding lines, assembling and casting of forms with cooling casting
alloy and their shake-outs [1].

Implementation of automated control systems permits to carry out systematic approach to the problem
of complex automation of technological process of cast-iron melting in cupola installations on the basis
of ECM use. Transition from certain local ACS to ACS TP makes it possible not only quickly establish con-
nections between particular tasks when solving general tasks of complex automation of cupola process, but
also to carry out an optimal control for the last as a whole, taking into account technical, organizational and
economic factors [2].
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Automation allows reducing emergency situations, size of work force, as well as expenses for raw ma-
terial production, and as a whole providing of new requirements to the quality of cupola heat.

Mathematical descriptions of controlled unit

Before formulating of the task of automatic control for one of the parameters of technological process,
the example of mathematical descriptions of controlled unit is considered.

Let's consider a simple mathematical model of controlled unit—cupola. To do this, we’ll make the heat
balance equation

Qheating = cooling + Qevaporation >
where
0 =CM [T (t)-T(1—Ar)]
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In the result, temperature in the object shall be described as follows:
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T, — object time constant taking into account the at transmission effects with environment and heat device.

7\’00
p=_,
A
OH
p — coefficient, that indicates how effective is heat transmission «object-heating device» in comparison

with heat transmission «object-environment».
Obtained simple model permits to construct graph for cupola temperature curve (Fig. 1) [3]
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Figure 1. Acceleration characteristic of cupola temperature
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According to received acceleration characteristic by graphic method, there are defined parameters
of controlled unit:

a) T, =150 ¢ — acceleration time of controlled unit;
b) 1,, =50 ¢ — time delay of controlled unit;

¢) k,; =150 °C — transfer factor of controlled unit.
By characteristic appearance we determine that the object belongs to multivalent objects with self-
adjusting, respectively, the formula of object transfer function has the following formula:
_ 150 o —30s
1+150s

Research of automatic control system stability

To evaluate stability of automatic control system we have to make a scheme, consisting of controlled
object and regulator, interacting to each otherina closed cycle (Fig. 2).

Line arising the model using Line arise Model function and transferring data to working space with the
name of w02

>>w=tf(w02);
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Figure 2. Scheme of typical ACS

According to found function in the Matlabc program using Nyquist function, we make Nyquist hodo-
graph (Fig. 3)
>>Nyquist (w(1,1))

Nyquist Diagram
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Figure 3. Nyquist hodograph
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According to this hodograph we find stability margin in amplitude and phase.
Stability margin by amplitude is equal to

A :@*100 %,

:w*mo %=12,5 %.

m

Stability margin in phase 180 degree or 100 %. Margins in amplitude and phase are within normal lim-
its [4].
Research of transition processes
We draw units tepresponse (Fig. 4) relatively to output: Out(1) conforms withy(t) value at output
of controlled unit.
>>step(w02)

Step Response
From: r(t)

Tocyit)

A plitude

Torxl

Time (sec)

Figure 4. Transient curve

We define regulator performance indexes.
By taking A =5 %, we calculate band-edge 2 A

A=0,05,
(o) +A=1,05,
y(o0) — A =0,95.

Over regulation is determined by the formula
— (o0
o= ymaxl y( )
y(e0)
where y__, — first maximal value of transient characteristic; y(c0) — steady-state response.
Over regulation
—y(0) 1,2-1
= Ve TV L2756 0090 94
(o)
Regulation time #,, = 5,25 c. this parameter confirms with selected one [3].

o

Rise time ¢, = 2,23 c. Rise time is determined using stated determination method from 0 to 100%.

Maximum time ¢, = 3,42 c.
Variability N= 1.
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Stationary value of output value ( y(o0)=1) coincides with set point (unit step), therefore a stationary
error £(o0) =0, which means that the system is astatic relatively to unit step in output [5].

Conclusions

Implementation of automatic control system by technological process in the work of pump plants
of heat supply system has made it possible:

— To expand the functions of automatic and automated control and management;

— To increase safety of emergency shut-down system functioning;

— To increase the quality of industrial process control;

— To reduce time and number of localizations of emergency and equipment failure.

B pacuerHoli yacTi Obula MPOM3BEJCHA HACTPOKKA ONTUMAJIBHOTO KOHTYpa PEryJUPOBaHHs TeMIIepa-
TYpbl, BpeMsl PeryJIupoBaHus U SKOHOMHUYecKas 3¢ ¢exkTuBHOCTh. In calculation part there has been made
setting of optimal temperature control circuit, regulation time and economic efficiency.

With the results:

— overregulation 20 %;

— regulation time 5,25 seconds;

— stability margin in phase 180°.

Review of automatic control system examples shows that modern control systems are decentralized,
providing:

— flexibility;

— high productivity due to functions separation between control devices;

— in comparison with centralized control systems, possibility of significant increase of resources.

Use of automated control system will allow automating the process, increasing the level of productivity,
improving the quality of produced energy products, preventing emergency situations, reducing the psycho-
logical stress to operator, and in general ensuring failure-free and reliable operation. Due to that a perfor-
mance specification was developed.
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A.M. Kabnynuuos, b.P. Hycyn6ekos, A.K. Xacenos, M. Ctoes, M.B. Kaparaesa

Kyiima ypaiciHiH aBTOMATTAaHABIPbUIFAH 0acKapy Kyieci

Maxkana Kazakcranma AaMBITYZBl JKOHE iCKe achIpy[bl Tajall €TeTiH, DHEPrHs KopJiapipl YHEMJIEyni,
OHJIIPICTIH CaHUTAPJIBI-TUTHECHANBIK JKOHE SKOHOMHKAJIBIK KOPCETKILITEPiH KAKCapyblH KaMTaMachl3 eTyre
KaOlIeTTi TeXHOJIOTHSIAp/ABI 3epTTeyre apHaiFaH. Erep KocimopelHAapaa OChl MaKcaTKa KOJDKETKI3y YILUiH
apHaiibl KaOApIKTap OonMaca, >KYMBICTa KUBIHABIKTAap TybHmaiinsl. Com cebenri Herisri MaxcaT
KOCITIOPBIHHBIH CCHIMI JKOHE THIMII »KYMBIC iCT€yiH KaMTaMachl3 €Ty YIIH TEXHOJOTHSUIBIK YpIicTepi
backapy jKoHE KaJarajay[blH aBTOMATTaHIBIPBUIFAH JKYHenepiHiH cyi10ackiH jxobanay OOJbIN TaObUIaIbI.
Ochbl MakcaTThl )Ky3ere acelpy YLIH 0i3 6ackapy OOBEKTiCiHIH MaTeMaTHKaJbIK MOJCNTIH CHIATTaiMBbI3,
COHJal-aK aBTOMATTHl 0ackapy JKYHeCiHiH TYpakThUIBIFBIH 3epTTeiiMi3. ILlobIH OanKbITATBIH TEIITI
naiianaHyiaFel 03bIK TOXIpUOCHI, 3aMaHayH KOMIIBIOTEPIIIK TEXHHUKAHBI KOHE TEXHHKAJbBIK KyHenepi
MaTeMaTHKAJIBIK MOJCIB/CY CAlaCBIHIAFbl COHFBI JKETICTIKTEpi Maii/iaaHa OTBIPHIIN, IIOMBIH OaIKbITATHIH
eI IpoLeciH KHOePHETHKAIIBIK XKYHe peTiHae KapacThIpa OTHIPHIN, UIOWBIH OAJKBITATBHIH IICII MPOLECIHIH
AHBIKTAYIIBl MapaMeTpiiepi apachIHAAFbl KaThIHACTApIbl TalJaylbl OpBIHOAYy KaxkeT. backapy iKyiteciHiH
KYPBUIBIMBI aHAJIUTUKAIBIK 110Ny OapbIChIHIA aHBIKTaJIFaH AaBTOMATTaHIBIPY CalachIHIAFbl HETi3ri
ypaicrepre coiikec xo0aaHFaH.

Kinm ces3dep: MaTeMaTHKAaJIBIK CHUIIATTaMa, TYPAKTBUIBIKTBI 3€PTTEY, aBTOMATTaHIBIPBUIFAH JKYie, KyiMa,
KHOEpHETHKAIIBIK XKYife.

A.M. Kabnynunos, b.P. Hycyn6ekos, A.K. Xacenos, M. Croes, M.B. Kaparaesa

ABTOMaTI/ISI/IpOBaHHaﬂ CUCTEMA YIIPABJIECHUA NMMPOUECCOM JTUTHA

Crathsl IOCBSILICHA MCCIISJOBAHNIO TEXHOJIOTHI, TPEOYIOLIMX pa3BUTHs U BHeApeHus B Kazaxcrane, croco6-
HBIX 00ECHEeYHTh IKOHOMHIO 3HEPrOpPeCYpCOB, YIYUIICHHE CAaHUTAPHO-TMTHEHUYECKUX W DKOHOMUYECKHX
nokasareneil npousBoacTBa. Ho 3Toro oyeHs Tkeno H0OUTHCA, €CIIM HA NMPENNPUSITUAX HET CIEeUaTbHOTO
o0opyznoBanus. [loaToMy IJIaBHOH LIENBIO SBISETCS CHPOEKTUPOBATH CXEMBl AaBTOMAaTH3UPOBAHHOM CHCTEMBbI
KOHTPOJISI M YIIPABJICHUS! TEXHOJIOTHMYECKHM IIPOLECCOM Ul OOecIedeHuss HaIexHOro M 3((HEeKTUBHOTO
(hyHKIMOHUPOBAHUS MPEANpPHUATHS. B cTaThe ommcaHa MareMaTnieckas MOJECNb 00bEKTa PEryIHpOBaHUSA, a
TaKkKe MCCIIe0BaHa CHCTEMa aBTOMAaTHYECKOTO PETYIMPOBAHUS HAa YCTOHYMBOCTh. BBITIOIHEH aHAMN3 B3au-
MOCBSI3el MeX/y ONpeelsIONMMH MapaMeTpaMy BarpaHOYHOTO IIpoIecca ¢ MCHONB30BaHHEM MEepeIOBOTO
OIIBITA HKCIUTyaTallMK BarpaHoK, HOBEHUIINX JOCTIKECHUH B 00JIACTH MaTeMaTH4ecKOro MOJCIUPOBAHUS TeX-
HUYECKUX CHUCTEM M COBPEMEHHON KOMIBIOTEPHOM TEXHMKH, pacCMaTpUBasl BarpaHOYHBIN Mpolecc Kak Ku-
OepHernueckyio cucteMy. CTPYKTypa CHCTEMbI YIpaBjieHHs pa3paboTaHa B COOTBETCTBUHM C OCHOBHBIMH
TEHJICHLUUAMU B 00J1aCTH aBTOMATH3aLluH, BBIIBICHHBIMH B X0J1€ aHATUTUYECKOro 0030pa.

Knrouegvie cnosa: MaTeMaTHIECKOE OIMUCaHuE, UCCIICAOBAHUC yCTOﬁ‘IHBOCTH, aBTOMAaTHU3UPOBaHHAs CUCTEMA,
JUTEHHOE MIPpOU3BOACTBO, KI/IGGpHeTI/I‘leCKaﬂ cucreMa.
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