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Abstract The appearance in recent years of the two-motor electric drives on the presses of high speed paper
machines ensures increasing of the life of expensive press felts and improvement of production quality. The easiest
and accurately acting from the different existing control systems of drives are two-motor drives with a total speed
controller and individual thyristor converters for each motor separately. In this paper we study the dynamic
characteristics of the system with a digital controller and correctors. The mathematical model of two-motor thyristor
electric drive, taking into account the elastic properties of mechanical transmissions, is given. Applying the
logarithmic frequency characteristics for tuning of digital controllers, correctors and current sensors of the drive
system are given. The results of investigations of transient processes using the MATLAB sources are presented. This
system guarantees maximum performance and proportional distribution of load between the motors without any
additional controllers.
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1. Introduction

In the modern paper machine presses widely applied
DC two-motor thyristor electric drives with digital
controls. Usually on large-sized paper machine sections
are joined to the motors through long mechanical shafts.
Since the paper machine drive systems are usually
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required to maximize the effect of fast transients, so
elasticities of long mechanical shafts are mandatory factor
[1,2,5]. To obtain the best results from the point of view
of transients in the system under consideration we use
digital controllers of P-I type.

Below on Figure 1 a functional diagram of a two-motor
electric drive with digital controllers of the presses of
paper machines.

—scaczt |l [+

SAC2

MECHANISM

OE

ADC (-
[).-' j& EE?
O_Q/ —lgc — —
o
o
—mCACL
ADC
ADC -

Figure 1. Block scheme of two-motor digital electrical drive
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On the diagram (Figure 1) we have the following
notations: Uy governing signal; SC-digital speed
controller of the drive; CAC1 and CAC2 -Digital
controllers of motor current armature; SS, SAC1 and
SAC2- sensors of the speed and current ofanchor; ZOH-
zero-order hold; ADC-analog-to-discrete converter.

2. Mathematical Model of the Drive

Assuming no sliding between the working shafts of
press of the paper machine and with elasticities of
mechanical transmissions the equations of motion of the
two-motor electric drive due to the principle of
D'Alembert can be write as follows:

Ml—Melle'da}_]_/dt;

MZ_MEZ =J2da)2/dt,

M81+M92_MM :JMda)M/dt, (1)
Meg = C12 (h — b ) + D12 (e — o );

Mez =Co3 (4 = ) +0a3(0p — o ),

where, M;,M,, My, Mg, and My, are moment of
rotation of the DC-motor, elastic moment of mechanical
transmission shaft and resistance moment of the
mechanism reduced on the shaft of the main motor,
respectively; J;,J, and Jy, are moments of inertia of the

motors and  mechanism; colzd—,cozzdsz and
dt dt
déy
o) :T are angular speeds of the motors and

mechanism; ¢,¢,,4, are rotation angles of inertial
masses of the electrical motors and mechanism; ¢;, and
Cy3is coefficients of elasticity of long mechanical shaft;
by, and b,4 are the coefficients of attenuation of torsional

vibrations from the internal viscous friction of a long shaft.

If we write the variables in the relative increments and
use simple transformations in the (1), we get:
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increments of the angular speed of the motors and
mechanism, moment of rotation of the motors, elastic
moment of mechanical transmission shaft and resistance
moment of the mechanism reduced on the shaft of the
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Typ =—2> are time constants of long (elastic) shaft;
Co3

M MSTS = M MsTat M M.ST.2 denotes total static
moment from the mechanism; My st1,Mp g7 are

. . M
static loadings on the motors; k ;=—MSTL ang
M STS
M .. C .
ki, =—MST-2 coefficients of distribution of loading of
Mm stz

the motors; wg7 is base (static) values of angular speed of

the drive.
To obtain transfer functions of mechanical part of the
system under consideration from thesignal Az to signal

Avy, also from Ag, to the Avy let us rewrite equations
(2) in the Cauchy form as follows:

%: AX + Bu;
dt

(3)
y =Cx,

where: X' =[xXXsXsXs]; %, X2 , Xg, X4 and xg denote
states of angular speeds of the motors (%, x, ), of the
mechanism (X3), of elastic moments of connecting long
shafts (X, , X5); U- input signal of the object (Azy , Auy);
y -output signal of the object (Avy );
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;C=[1 0 0 0 0] (4)

From the system of equations (3) we can write a general
formula for the transfer functions:

W(s)=C(sE-A) B, (5)

where s =d/dt -Laplace operator of differentiation; E is

identity matrix with the dimension 5.

Substituting the matrices A and B from (4) into the
expression (5), we define the transfer functions of the
mechanical part of the drive with respect to the angular
speed of the main (first) motor as follows [6]:
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TMZ = kLlTMl + kL2TM 2 +TMM is total mechanical time
constant of the drive.

3. Optimization and Modeling of the
System

Optimization of the electromechanical system will be
done with the following parameters of the drive:

PMl = 200, kW, PM 2 = 50, kW, kLl = 08,
kLo =0.2; Ty =1.5,5eC.;Tyy» =0.7,3ec;
TMM = 10,SeC.;le = sz = 0002, SEC.;
Te1 =0.0004,sec.;T., = 0.00035,sec.

The transfer function of the object for the open loop
system (without main feedback), i.e. transfer function
from the output voltage of the SC to the angular speed of
first (main) motor could be write as:

Avy(s) _ Woa(8) +Mip(s) ®)
Avsc(s)  ki(Tgas+1)

Wog (s) =

AUqc . L
where: Avsc = SC s relative increment of the output
0ST

voltage of the SC; U g7 -static value of governing signal,
ki -gain of the sensor of current armature ( kj =0,1);
Ty, -non-compensating time-constant of the current loop.

Inserting values of parameters in the expressions (6)
and (7) we get view of (8) as follows:

0,48s* +9,84s° +
5(0,00072s° +0,2s* +8,9s° +
+4150s2 + 70005 + 300000 ©
+786,652 +15560s +1110000)

Wog.(8) =

To express transfer function of (10) in the discrete z-
transform form we use well known [3] approximation:

T :
2= 0° ~1+Tps = s=(z-1)/Ty, where sample time
Tp =0.01sec. and then we get:
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Figure 2. Bode diagrams of the object of the open system relative to the
first motor
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On Figure 2 are given Bode diagrams built via (10),
where Log(w) is an amplitude and #og (@) is a phase

characteristic of the object of current loop of armature
relative to the first motor.

To synthesis of the optimal parameters of the speed
controller (SC) of the drive we apply the method of
frequency characteristics (i.e., via Bode diagrams). The
resulting amplitude frequency characteristic has one
resonance peaks at a frequency

@ =1/ Tyy1 Ty =60,5ec.”® due to Jyy >>Jp, 5, ie.
Tum >>Tm1, Tmz (when Ty is commensurate with
Tm1, Tmz then usually Log(w) has two resonance

peaks, see e.g. [2]). Based on analysis of the obtained
characteristics to suppress its resonance peak (in order to
reach the maximum performance of the system) by the
method pointed out in [7, 8] we choose the optimum
correction filter as follows:

0.013z%2 —0.2863z +0.1778
22 ~1.7082 +0.7659

On Figure 3 Bode diagrams corresponding to (11) are
presented, where as we estimate resonant peak is
suppressed.
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Figure 3. Bode diagrams of the adjusted filter according to the
expression (11)

Applying frequency characteristics given on Fig.2 and
Figure 3 in a first approximation, tuning of the speed
controller SC can be done similarly to the electrical drive
with rigid shaft according to the well-known , "symmetric
optimum " [4]:

a) continuous form

rs+1:15.0.55+1; 12)

7$ 0.5s

Wsc (s) =B+

b) discrete form

z—-a _15. 2_0'98.
z-1 z-1
On Figure 5 detailed block scheme of a digital system
of the two-motor thyristor electric drive is given, taking
into account elasticities of mechanical transmissions. On
this scheme, in addition to the above used notations are
following ones: Kyq,Ky,,Trq and Ty, — gains and time

constants TC1 and TC2; K,1,K,, and T, - gain and the
time constants of sensors SAC1 and SAC2; K 1, Ko, Ty

and T,, — and the coefficients of transmission and the

time constants of the circuits of anchors of the electric
motors M1 and M2; T, — time constant of the filter after

(13)

Wsc (2) = B-

the sensor of speed; [] Agrq and Aer, — relative
increments of output voltages TC1 and TC2; Ag and
Ag, - relative increments EMF motors; Azy and Az -
relative increments of the currents of armatures. In the
form of relative increments currents of electrical motors
are equal to their torques: Azy = Agy; Ao =App .
MATLAB/SIMULINK based simulations of the drive
system controllers of the current of motor armature CAC1
and CAC2 were tuned due to the principle of "modular

optimum” [1,2]. On Fig.6 a block diagram of the drive
with numerical values of the parameters is given.
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Figure 4. Bode diagram of a speed controller

On Figure 6 is represented computer structural diagram
where to suppress the elastic vibrations of the inertial
masses of the motors is used a digital filter of sequential
and parallel type. The sequential filter is included in the
output of the SC and is built due to the formula (11), that
is done similar to [8]. Corresponding transient curves are
shown on the Figure 7.
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Figure 6. Numerical block diagram of digital system of two-motor electrical drive with correcting filters
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If we use for the drive so-called parallel flexible
feedback to suppress elastic vibrations from the first motor
speed (see dashed filter on Figure 6) which has following
transfer function:

a) in the continuous form

70-S 0.035-s

W, s) = = ; (14
Flex.73 (%) Tos+1  0.005-5+1

b) in the discrete form

7(2-1
Weex rB.(2) = % (15)

then dynamic characteristics (from the view point of
high-frequency oscillations of the second motor, Figure 8,
a, b) are not the best with respect to the system with
sequentially correction (Figure 7,a,b).

Figure 7. Transient curves of thyristor electrical drive with sequentially
included correcting filter: a) under stepwise change of control signal; b)
under stepwise change of loading

However, in the drive system with a flexible feedback
by closing the system via the speed of second motor of the
drive we obtain significantly improved characteristics
(Figure 9, a, b). In this case speed controller should have
following transfer function:

z-0.967
z-1
In all modes the equal changes of the currents of

armatures of the motors confirm us that the suggested

system provides high-precision proportional distribution
of the load between the drive motors.

Wsc (z) =10- (16)

Figure 8. Transient curves of thyristor electrical drive with paralelly
included correcting filter- the system with one feedback of speed: a)
under stepwise change of control signal; b) under stepwise change of
loading

Figure 9. Transient curves of thyristor electrical drive with paralelly
include correcting filter- when the system is closed with two feedbacks
of speed: a) under stepwise chang of control signal; b) under stepwise
change of loading
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4. Conclusions

1) The mathematical model of the two-motor thyristor
electric drive with digital controls for paper machine of
presses by taking into account elastic mechanical
transmission are given. The system is equipped with a
speed controller and individual thyristor converters for
each motor separately. The scheme provides in a simple
manner proportional distribution of the load between the
motors.

2) Applying the method of state space of variables there
are obtained generalized transfer functions of the object of
control system of electrical drive with respect to the
angular speed of the main (the first) electric motor.

3) On the basis of the frequency analysis expressions
for tuning digital controllers of speed, currents of the
motors and correctors of the system are given. Validity of
the obtained parameters are confirmed via the MATLAB
simulations.
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