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Principles of creation a microprocessor system of programmed control by the electric drive of billet shears
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INTRODUCTION

The invention relates to rolling equipment and may
be used in the development and the employment of
sheet and section shears for hot rolling shops.

It is an object of this invention to provide the elec-
tric energy saving, the reduction of the loading degree
of the mechanical and electrical parts of shears and the
increasing their life with minimum investment used.

The previously known shears drive control system
forms usually a rectangular current diagram with con-
stant maximum allowable acceleration and decelera-
tion values.

The present invention is characterized in that the
suggested shears drive control system forms within the
acceleration and deceleration period and at cutting a
loading diagram on the basis of the principle of maxi-
mum use of the accumulated kinetic energy amount
that well exceeds the level necessary for performing the
cutting: the characteristics of the loading diagram be-
ing differentially taken in accordance with the cross
section height and the mechanical properties of the
billet metal being cut.

MAIN BODY

Shears electrical drive control method [1].

The invention relates to rolling equipment and may
be used in the development and the employment of
sheet and section shears for hot rolling shops.

Known in the prior art is the control method of
shears electric drive including a convertor, a d.c. motor
and a control system; this process provides the ad-
justment of the motor armature voltage to achieve
thereby “the most rational constant maximum allowa-
ble acceleration and deceleration values having a rec-
tangular current diagram” [2].

The disadvantage of the existing control method is
that the control is fully based on the adjustment of the
voltage supplied to motor armature; the characteristics
of loading diagram (armature current time variation)
and tachogram (time variation of armature voltage or
armature rotation frequency),that is the maximum
current value and the current duration within accelera-
tion and deceleration periods, the maximum current
limitation value (cutting - off value) at cutting , are
being constant. Thus a rather wide range of heights of
billet being cut, steel grades and respective technologi-
cal loading are not considered. Therefore energy con-
sumption and loading degree of equipment is not rea-
sonable since the drive control system characteristics
for small billets of carbon or law-carbon steel, having
low height, small cross section area and low specific
cutting resistance, and those for large billets of high-
alloy and hard-to-deform grades of steel are the same.

The object of the present invention is the electric
energy saving, the reduction of loading degree of the
mechanical and electrical parts of equipment and in-
creasing the life with the minimum investment used.

This object is accomplished by using at acceleration
and deceleration periods the current diagram approxi-
mated as much as possible to linear one that is consid-
ered to be optimal from the viewpoint of motor heating
and electric energy consumption. The diagram charac-
teristics such as the maximum current value and the
current duration are differentially taken directly pro-
portional to the height of the billets being cut, and at
cutting the armature current limitation (cutting-off ) is
taken place according to the armature current value
being directly proportional to the mechanical properties
of the steel being cut that is the specific resistance to
cutting.

The linear diagram is reasonable due to the fact
that the amount of the kinetic energy accumulated by
the cutting mechanism and the motor or the redaction
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gear (if a geared drive is used) exceeds at least 2.5-3
times the minimum energy level which is reposed to
perform the cutting. Therefore it is not necessary trying
to achieve a rectangular current diagram and conse-
quently the higher armature rotation frequency, that is
the higher energy accumulation level resulting in the
increasing of the degree of the equipment loading, ex-
cessive energy consumption and motor heating. The use
of the differential current limitation at cutting depend-
ing on the mechanical properties of the billet metal is
also reasonable due to the great amount of the kinetic
energy accumulated by the cutting mechanism to the
moment of cutting, that is the energy of the mechanism
rotating masses (identically to the flywheel) is well
enough for the performance of process cutting, the ad-
ditional motor energy being not necessary.

Thus the present invention is characterized in that
taking into account the fact that the amount of the
kinetic energy accumulated by the drive mechanism
well exceeds the amount required for cutting to perform
it is suggested to form the loading diagram for the drive
considering the minimum loading degree of the me-
chanical and electrical part of equipment as well as the
minimum energy consumption, the characteristics of
the diagram being differentially [3] taken in accordance
with the sizes and the with steels grades of the billets
being cut.

Fig. 1 shows the known and the suggested loading
diagrams and tachograms formed within the accelera-
tion period and at cutting, where:

Jmax is the maximum current amount at the

acceleration (deceleration) period,;

At 1s the maximum current duration at the
acceleration (deceleration) period,;

J et — off is the current limitation value at

cutting (current cutting-off value);
“U” is the motor armature voltage variation; “n”
is the motor armature rotation frequency.
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Fig. 1 Existing (------- ) and suggested ( )
shears electric drive control method. U(n)- variation of

voltage ( U) or rotation frequency ( n) of motor arma-
ture.

Fig. 2 and 3 show the proportion dependence of
billet height, maximum current value and current
duration especially with in the acceleration period, as

well as the mechanical properties of billet metal

(maximum specific resistance to cutting value - 7. )

at cutting temperature and cutting-off current value.
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Fig. 2 Rational control points current diagram dur-
ing acceleration and deceleration depending on height
of cross section of cutting billets. Jmax ( - )-maximum
current value during acceleration/deceleration,
At (- - -)-its length.
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Fig. 3 Rational control points current cut-off ( Jeut-
off ) diagram during cutting depending on value specif-

ic resistance to cutting of hot metal ( 7.

Example:

The drive of “Sack”-type section shears installed in
850 blooming mill line at Jzhevsk metallurgical plant (
Russia ) has the following characteristics: d.c. motor of
the type MIIC640-700J ; electric drive shaft total
moment of inertia is 13.3 kgf.m.S2, reduction year ratio
is 74.

The above table shows comparative data of comput-
er mathematical modeling of the cutting process for the
billet having cross section 195x390mm made of steel
38X2MIOA **( 7 .. =31.8 MPa), this billet size being

the main one in a size range for the shears with the
known and the suggested drive control methods.

** The steel of mark 38X2MIOA ( where X-Cr, M-
Mo, IO-Al, A- is the high-quality steel alloyed with
aluminum ) have chemical composition ( in %): C[0.35-
0.42]; Mn[0.3-0.6]; Si[0.2-0.45]; Cr[1.35-1.65]; Ni[0.7-
1.1]; Mo[0.15-0.25].
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Comparative data of mathematical modelling of cutting process with known and suggested methods of

management

Control J At J n, Total kinetik Motor heat- Energy consumption, Cut-

method max s ’ At r.p. energy amount ing, ratio* kwn.r ting
at acceleration cutting, m at the begging Jav.sq/dJnom | At At force,

(deceleration), A of cutting, accelera- cutting kN

A kN.m tion

Known 1950 1.1 1450 974 700 0.78 0.22 0.1 2434
Suggested 2400 0.4 500 865 550 0.75 0.18 0.05 2340

* Jav.sq -average square-law value of a current ( or heating) and Jnom - the nominal moment of the electric mo-

tor.

The above data prove that the control method ac-
cording to the present invention provides the reduction
of the motor heating, the energy saving within acceler-
ation period (more than 18%) and within deceleration
period (2 times) as well as the reduction of the equip-
ment loading degree (f.i. cutting force), while the kinet-
ic energy level of the drive by the moment of beginning
cutting is much lower (about 1.27 times) but well snout
(208 kN.t.m ) for cutting to perform.

Technical economical efficiency of the control meth-
od according to the present invention is in that it pro-
vides the rediction of the drive energy consumption at
cutting, the reduction of the motor heating and the
equipment loading degree and thus the increasing of
the equipment life. The economical efficiency is deter-
mined only by the reduction of the energy consumption
at cutting. The Jzhevsk metallurgical plant blooming
mill shears is considered as main unit for making com-
parison. At an yearly working time amount of 7000
hours the number of cuts is 1.68x106.

According to the above table data the reduction of
the total energy consumption at cutting of 195x390
billet of steel 38X2MIOA is 2(0.22-0.18)+(0,1-
0.05)=0.13kwh.r per one cut. If the size range for the
shears is based on the 195x390 billet size only, the
yearly energy saving achieved by using the control
method according to the present invention is - 3
=1.68x106x0.13=0.218 Mkwh.r.

CONCLUSION (CLAIMS)

1. A control method for the electric shears drive in-
cluding a converter, a d.c. motor and a control system
providing the adjustment by varying motor armature
current or motor armature voltage and making within
the acceleration and deceleration period a current dia-
gram maximum approximated to the linear one, which
process is characterized in that the maximum current
value at acceleration is varying inversely proportional
and current duration directly proportional to the height
of a billet being cut to achieve thereby the electric en-
ergy saving, the reduction of the loading degree of the

mechanical and electrical parts of the equipment and
increasing their life time.

2. A control method according to claim 1 character-
ized in that to achieve the maximum use of the mecha-
nism kinetic energy at cutting as well as the electric
energy saving the current limitation ( current cutting-
off ) is applied in cutting period, the value of the cur-
rent being varied directly proportional to the mechani-
cal properties (specific resistance cutting) of the steel
being cut.

To realize an offered control method of a drive of
shears is possible in real conditions of manufacture,
input of the microprocessor in the closed contour of
system of regulation by the electric motor. At the initial
stage the system should be under construction as semi-
automatic (admitting actions of the operator), with
manual input of the initial information: the area (or

height) sections of billet and model of steel ( T ) and
managing parameters- Imax , At and Icut-off.

But presence of the microprocessor allows to realize
in further more flexible, adaptive variant of program
management: keeping in memory mathematical model
of the mechanism and system of regulation by a drive,
is possible to define and correct parameters and control
points not on average to the dependences, shown on
Fig. 2 and 3, and in view of real results of process of
cutting and possible deviations in initial parameters (
for example, the lowered temperature of billet ).

In the conclusion, I think necessary to thank my
daughter-Ekaterina B.Poliakova-Georgantas (PhD), as
the direct participant of preparation of the given arti-
cle, performed laborious and complex work on transla-
tion into English language of the labor-intensive tech-
nical text.

Information presented with the purpose of search
metallurgical or machine-building plant-customer,
interested in economy electrical energy and increase
period’s work technological equipment which do service
in organization and financial support in elaboration
and realization of this project.

IIpuununu nod0yI0BU CUCTEMHU MPOTPAMHOIO KepyBaHHS
€JIEKTPONIPUBOJOM COPTOBUX HOKHUIIb

B. H. ITosxsaxos?)

U Pociticbkuit qepsxaBHUM TPodeciiiHo-IeIaroTiyHuil yHiBepCUTeT, ByJI. MarmHoOy1iBHUKIB, 11, M.
€xrarepunOypr, CeepaioscbKa obiracts, Pociiicbrka @emeparris, 620012

VY po6oTi IPOIOHYIOTHCS IPUHIIUIIN CTBOPEHHSI MIKPOIIPOIIECOPHOI CHCTEMM IIPOIPAMHOIO KepPyBaHHS
€JIEKTPOIIPUBOIOM COPTOBUX HOYKHIIH 3aTOTOBOYHMX IIPOKATHUX CTAHIB, IO 3a0e3ledye 3HAYHE CKOPOUEHHS
BUTPAT €JIEKTPOEHEPTIi 1 3HMIKeHHsI 3aBAHTAKEHOCT] obyiagHanHss. MaTeMaTuyHUM MOJIE/IOBAHHSIM aBTOD
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00IpyHTOBYe iH(OPMAITIHHO-KepYIoUl ITapaMeTPu CUCTEMHU Ta JIOBOIMTH il e(peKTUBHICTH;, HABOAUTHCA Bapi-

aHT peaJisarfii IPUHITUITIB.

Knro4oBi ciioBa: copToBI HOKHII, €JI€KTPOIIPUBII, IPOKATHI CTAHM, MIKPOIIPOIIECOPHI CHCTEMHU IIporpa-

MHOI'O KepyBaHHdA, MaTeMaTU4YHe MOJOEJIIOBAHHA.

IIpuHIMIBI TOCTPOEHUS CUCTEMBI IPOTPAMMHOIO YIIPABICHUS
3JIEKTPOIIPUBOIOM COPTOBBIX HOYKHUIL

B. H. IToxsaxos?

L Poccuiickuii rocyqapCcTBeHHBIN TPOdECCHOHAIBHO-TIEAarOTUYEeCKU YHUBEPCUTET, Y. MartrusHo-
crpoutesieit, 11, r. Exarepuubypr, Ceepasosckas obiacts, Poceniickas @eneparus, 620012

B craTtbe mpezsaraioTcs IPUHITAIEL CO3OAHUSA MHKPOIIPOIIECCOPHOM CHCTEMBI IIPOTPAMMHOIO yIIpaBJIe-
HUSI 3JIEKTPOIIPUBOOM COPTOBBIX HOKHUIL 3aTOTOBOYHBIX IIPOKATHBIX CTAHOB, 00€CIIEYNBAIONIEH 3HAYNTEIIb-
HOe COKpAallleHue Pacxoja dJIEKTPOIHEPTuN U CHIUKeHHe Harpy:KEHHOCTH 000pymoBaHHA. ABTOPOM 000CHO-
BBIBAIOTCSI MaTEMATUYECKUM MOJEJIMPOBAHUEM WH(OPMAIIMOHHO — YIPABJISIONINE IapaMeTPhl CUCTEMBL 1
ITora3bIBaeTcs eé aPeKTUBHOCTD; IPUBOAUTCS BAPUAHT PEAIN3aIlUY IIP UHITUTIOB.

KaroueBsie ciosa: COPTOBBIEC HOYKHUILBI, 3JICKTPOIIPUBOMI, IIPOKATHBIE CTaHbI, MUKPOIIPOIIEeCCOPHBIE CHCTEMBbI
IIPOrpaMMHOTI0 yIIpaBJICHUs, MaTeMaTHu4YeCKoe MOJeJINPOBaHUe.
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