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Abstract. The article is devoted to the issue of selectiothefpreferred structure of a
positional electric drive of the feeding mill forcald rolling tube by the criterion of

minimum feed overshoot and, as a consequence, onnipolythickness of the tube.

The cut-off frequency limit of a torque control [wds determined as 200 rad/s, for
which the subordinate regulation is optimal. If tredue of this parameter is high, then
the modal control is preferred. This article cotssisf recommendations how to
choose an actual control system according to psougsspeed opportunities of an
electric drive torque control loop.

1. Introduction
The production of a thin and ultra-thin tube witimimal polythickness is demanded in the nuclear,
automotive and helicopter industries. Tubes withulra-thin wall and a high quality of the surface
can be produced by cold rolling mills (CRM), thengmece is reduced by 75-85%, and the strength of
tubes is significantly higher in comparison witte throducts produced by hot rolling. Improving the
quality of cold rolling mills will reduce the pencege of rejection of expensive tubes and will have
economic impact.

Analysis of the work of cold rolling mills has showhat “the weakest” unit in the technological
process is the feeding mechanism, to which thegsst requirements for velocity and accuracy of
position control, over-torque and operating coodii are applied.

2. Research method

2.1 Materials and methods

Traditionally, the positional electrical drive caooitsystem is made according to the structure ef th

subordinate regulation and includes the positiontrob loop in addition to the torque and speed

control loop. The mechanical part of the movablgcdbof the tube feeding mechanism, which is

providing the required accuracy in the correctteledrive mathematical model, must be presented in
the form of a two-mass system, in which the firsa%s" includes a rotating part of the motor and a
bevel gear speed reducer, and the second “massa magving tube (the screw-gear is an elastic
element connecting these masses). In this case,ithadditional internal loop 2, (Figure 1).
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Figure 1. A simplified block diagram of the electric drive

It is practically impossible to provide the requiraccuracy by simple methods in complex
systems, described by the third- and higher ordfardntial equations. In this instance, an altéixea
method is chosen, which allows reducing the stestale error; this is the use of structures with ahod
control. The essence of this method can be sumethag follows.

In the system, shown in Figure 1, the feedbackti®duced in each of the variables of the direct
channel (Figure 2). Therefore, there are four abribops: torque T, motor shaft speegd alastic
torque TE and speed of sliding membey. he setting begins with the torque loop, makingtithe
highest speed, selecting the appropriate valuaabf K1. Further, one may obtain the response time
of this loop T2 = (2 ... 4) T1 by varying the valokthe feedback factor of motor shaft speed lo@p K
The setting of all subsequent loops is made imelasi way. Finally, the system will be obtained and
the response time of each subsequent "externgh"wilb be 2 to 4 times more. Cross-connection can
be considered in two ways: either lead to an adisated at the output of the position regulator
according to the transfer rule, or can be discarded
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Figure 2. A structure of modal control

This control system makes it possible to achievggh dynamic index. However, because of the
great number of feedbacks, one requires the greaber of sensors, which make it significantly more
costly. It is agreed to use observers (digital s)ito solve this problem. These devices calculatbe
real-time mode the drive variable on one or mogaals available for the measurement. Considering
the development of modern microprocessor technesodghe implementation of these devices is not a
particularly difficult task. The observer usually ¢overed in feedback by the position (Figure 3) to
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increase the accuracy of the calcion.

A distinctive feature of the diagram is tstructureselection of the position regulator in a funct
of derivative of elastic torque by time. This sadat simplifies the transfer function of the regole
itself.

This approaclis an effective wayo achieve digh dynamic index in complex control systems
The setting of this system begins with the intercahtrol loop— (torque control loop- and it is
fulfilled by selecting the gain factd1. As a result, the maximum possible velocity ca obtained at
a minimum process variability.

Then the settingf motor speed loow; is made by changing the gain faci® of the feedbac
channel. The cubff frequency of this loop is reduced 2 to 4 timégscause the integrator w
response timd&,, is addedn the loop

When setting loop 2, this brings up the questionafsidering local feedbacks caused by intri
nature of thainchangeable part of the system, for example, tb&-connection by the elastic torqt
This will be considered duringe setting up othe next loop, transferring the effect of T1 to ihgut
of the SR regulator. Likewise, the setting of thlkofwing control loops is made with feeacks by the
state variables T2 and,which is carried out by choosing the values adf factors K3 and K:

2.2 Modal regulator setting
Let us nake the settings of modal regulators by the algorisuggested and described inail by
Professor Y.S. Usynin in [1].
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Figure 3. A block diagranmof modal control of the feed dri

It can beobtained in real syster; the response time of the ¢re control loop will bd'r = 0005 s;
T™ = 0.04 s —electromechanical response time of the ; Tt = 0.01 s 1ime constant othe unit,
considering the elasticity of the scr-gear; Tmm = 0.1 s -lectromechanical time constant of
movable mechanisn8CL (Speed Control Loop) = - the gain factor of the SR regulator. Feedk
by torque is not consideretlring the setting of the modal controllbecause cutoff frequenays
(Figure 4) is muchmaller than cutoff frequenay, in the modal control structu

The necessity to enter the feedback cs loop is useless; therefore, thR response time is sma
In other words, théransfer function othetorque control loop is approximated an aperiodic link of
the first rank, then:

50

1+ 0.005p
The next is loop 2 tung with the feedback by the; speed so that the eaff frequency of this

Wi = ksgWym =
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loop was nearly,~200 rps. Te ransfer function of theirect channel in loop 2 iapproximated by

the expression:
50

0.5p(1 + 0.005p)

After coverage links of thelirect channel by the feedbawith the amplification factor ,, the
transfer function of closed loop 2 can be approxeudy the expressic

WiW, =

1 1
W = - )
27 ky(1+ Top)(1 + Typ) ~ 50(1 + 0.005p)(1 + 0.5p)

wherek2 =50, T2 = 1h2 = 0005 s.
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Figure 4. Modal regulator setting

During the next control loop 3 setting with thedback b the moment of elasticity into its dire
channelkconsistently with loop 2 closed lay;, the integrating link is activated, taking intacaant the
elasticity of thescrew gear. It follows that the -off frequencyw3 of this loof, compared with the
previous oneshould be reduced 2...4 tim

Let us choose:
w, 200 100
2.4 2.4 TPS

(1)3=

Then, similarly:
1 1

W = = )
37 ks(1+Tsp)(1+ T,p) 10(1 + 0.01p)(1 + 0.005p)

where k3= 10, T3 = 163 = (.01 s.
The fourth loop adjustment. The movable object MO irebgr is activated here consistently w

loop 3. Cut-off frequency is:

w3 _100_30
Wy = =-—r =307ps.
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An approximated transfer function would be as folo

1 1
W = = )
* Tk (1+Tup)(1+Tsp) 10(1 + 0.03p)(1 + 0.01p)

where k4 =10, T4 = &4 = 0.03 s.

Thus, it is a system with previously adjusted calidgr parameters.

Based on limits of torque control loop performarging the setting of the modal control system,
its transfer function was approximated by an apkcidink of the first rank with a response time
T1c=0.005 s, corresponding to real time values otithiesient process in the torque loop system with
DTC-control.

An internal loop was installed by a criterion ofximaum velocity (Figure 4) cut-off frequency was
oc;= 1000 rps. Each additional external loop was lstaby concept = (2...4) Tpn.q) Cut-off
frequencies of each loop are shown in Figure 4.
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Figure5. Critical points of the search algorithm

2.3 The comparison of the multi-loop system of subordinate regulation and the modal control system.
The measurement comparison in schemes with sulatediregulation and modal control while
changing cut-off frequency of loop control's “unciging part” (loop 2) and torque control loop
should be made.

The multi-loop scheme of subordinate regulationhwtite external loop of movable object h
position’s regulation and a multi-loop scheme witte modal controller, in which intermediate
variables calculated in the observer were choseredmparison. In the initial scheme, the following
were taken: cut-off frequency TCL (Torque Contraop) orc =1500 rps, rates;=200 rps and
“unchanging part” loop llec=20 rps. In these structures, overshoot valueas registered during the
cut-off frequency of TCL (Torque Control Loop)c. and “unchanging part” llbcyo Was changed.
Critical points were defined in order to clarifypadences by the Fletcher-Reeves gradient method.
This method is a modification of the steepest dasoeethod and differs by quick convergence. The
calculation method, which was used for the powafedsystem of the mathematic model with a modal
control, is shown in Figure 5.

The estimation of a steepest descend direction dgmadient of functiors=f(wcmo,w1cL ) is in the
first block. In the 2 block from the very beginning, the decision vecstep is calculated by a

minimization of a\ coefficient. The next point variables are defigedsidering this very step. Th& 3
block includes a selection of a new descent dmacticonsidering previousS) while the oy
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parameter based dtessian matrix values, calculated f-1 and k stages. The calculation s when
S is less than the tolerance. Calculated points etone to clarify curves in thareaof these points.

3. Resultsand analysis

Clarified dependences (surfaces) the overshoot value for thsubordinate regulation structt

(surface 1) and modlaontrol (surface 2) are sho in Figure 6. Surface 1 consists of feebly mar

minimum. An oavershoot value redus bothocwo andwrc, raising frequency as shovin Figure 6. As
illustrated inFigure 6, second mass influence onto stability @@t can be ignored bycvo > 50

rps frequencies. The system can be determinediagle-mass system ithis area, and control factc

are practically the same astive modal control stcture, during subordinate scheme setting. Sui:

is a continuously decreasing function and depeweakly on a cubtff frequency.Surface 1 was
placed below surface 2 in the frequency range fi@to 200 rps and was decreasing more quickly

the exernal loop setting conditions (by varying speethstic torque) worned sharply with
decreasing cut-off frequenayypy. IN this area, modal contrgystems are worse in indexes the

structure with subordinated regulati
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Figure 6. The overshoot dependence in a position lon TCL cuteff frequency lorc. and loop cut-
off frequency llocwo in sSchemes with subordinate control (1) and modatrol (2)

4. Conclusion

In the course of the studyhe author of the paper has come to the following conclusiThe
preferred structure of theositional electric drive cthe feeding mill for cold rolling tubewas selected
according tahe criterion of minimum feed oversh. Thus, theminimum polythickness of tie has
been identified. During the coiff frequency limit of a torque control lochas been determinedor
this value, thesubordinate regulation is optimal. If the valugla$ parameter is high, then the mo
control is preferred. Theecommendationon how to choose an actual control system accordir
processing speed opportunities of an electric dovgue control loc have been give.
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