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The aim of the work is solution of the problems associated with synthesis of
the digital speed regulators both for DC and AC thyristor electrical drives. The
investigation is realized based on the parameters of continuous technological equip-
ment (e.g. paper-making machine) by taking into account elastic transmission links of
the drive systems. Appropriate frequency characteristics and transient processes are
described.
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1. INTRODUCTION

Nowadays, digital control systems play important role in metallurgical mills
and paper-machines [1]. Modern electrotechnical companies motorize electrical
drives with digital controllers, which ensure high production quickness and
efficiency and thus the quality of output products.

The main purpose of the paper is connected with the problem of finding the
optimal controllers with rigid and elastic mechanical shafts, both for dc and ac
drives. The results of theoretical investigations were verified by MatLab simulation
of transient processes going in the drive systems under consideration.

2. REGULATORS FOR DC ELECTRICAL DRIVE SYSTEMS

It is known that differential equations for the motor with a rigid mechanical
shaft can be expressed as [1, 2]:

1 dA
Asy = KAy +—— (T, B Ay,
K, “ dt 0
dAv
Ap—Apgr =Ty 222
M= AlsT =1y d

where Agp,Au,Av and Augr — relative increments in the voltage of thyristor
converter, torque, static load, and rotation velo-
city of the drive, respectively;

K,,K — the gain coefficients of the motor;

e a
T,

E)

Ty — the electromagnetic and mechanical time con-
stants of the drive system, respectively.
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To describe our mathematical model of the thyristor convertor we use the
equation [1, 3]:

de
dt
where K, — the gain coefficient of the converter;
T; — the time constant of the filter at the converter input, and

Av, — the output voltage of the speed regulator (i.e. corrector).

Equations (1) and (2) define the common transfer function of the drive
object (with optimized contour of current):

1

%
Wpco(s) = 3)
where K; — atransfer coefficient of the current circuit;

T5, — an equivalent time constant of the current circuit.

To study the operation of an appropriate digital drive system we assume the
following numerical values for parameters: K; =0.1, T3, =0.01s, T;,=11.5s,

and 7, =0.05s (usually 7, denotes the discretization period). Therefore, transfer
function (3) in the form of z-operators will be presented as [4]:

0.0275z+0.0124
22 -1.082+0.082

Wpeo(z) = (4)

The Bode diagrams built using (4) are shown on Fig. 1.
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Fig. 1. Bode diagrams for the dc drive object with a rigid mechanical shaft.
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Applying the method of frequency analysis to expression (4) (based on the
Bode diagrams of Fig. 1) we can find the optimal transfer function for the
regulator:

Dje(z) = 52:1 . 5)

Using (5) we obtain the transfer function of a dc closed-loop drive system
with digital control as

0.1375z% +0.0895z + 0.0124

. 6
22 —0.94252% +0.17152+0.0124 (©)

Woe(z) =

The roots of characteristic equation (6) are: z; = 0.3487; z, = —0.05482, and

23 =0.6486. It is clear that all these roots satisfy the condition |z,-|<1,i:1;_3

indicating the dynamical stability of the considered digital system. On Fig.2 a
transient process of the drive system (6) is presented.
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Fig. 2. The transient process in the dc drive system according to transfer function (6).

The second step in the drive optimization relates to the dc electrical drives
with elastic mechanical shafts. Taking into account this property of the mechanical
shaft of an electrical drive, we can express the motion equations of a thyristor dc
drive as

dAv
Au—Ap, =T—L;
H He 1 dt
dAv
Apty = Mgy =T 2 (7)
dt
1 T,
Apty =—[(Avi = Avy)dt +—=(Av; — Avy),
I, I,
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where T)and 7, — the mechanical time constants of inertial masses of the
motor and the mechanism;
Av; and Aw, — the increments in angular velocities of the motor and the

mechanism;

A, — the elastic moment increment of the mechanical shaft of the
drive;

T,and T, — the time constants characterizing the viscous friction and

rigidity of the mechanical shaft, respectively.
From system (7) we find the transfer function of an object:

ko(bys® +bys +1)

Wheo(s) = , (®)
beo a054 + a1s3 + a2s2 +azs +1
1
where K = ;
KTy
by =T,T;;
bl = Td’
2Ty T,
ag = N
Ty
a = TiTzT;’ + 2T22Td 5
M
a, = 2T22 + Td’

Assuming the following numerical values for the above parameters to be:
T, =1.5s; T,=10s; T, =0.002s, and 7, =0.0004 s, we can conclude that the

expression of transfer function (8) in this case will be:

0.87(0.004s° +0.0025s +1)

Wheo(s) = .
PO 5(0.000015% +0.000565% +0.0225 + 1)

©)

Therefore, the transfer function of a discretely controlled object with z-
operators described by (9) could be written as

0.01686(z +0.99167)

W** _ :
pco(2) (z=0.725)(z=D)[(z - 0.986)2 + 0~592]

[(z—0.9964) +0.4868°] . (10)

On Fig. 3 Bode diagrams according to (10) are presented.

By frequency analysis, using Eq. (10) and Bode diagrams of Fig. 3, we
define the transfer function of an optimal digital regulator and its parameters for
the DC drive with an elastic link:

- 10(z = 1)[(z —0.986)* +0.59%]
Die(2)= .
pc(?) [(z—0.9964)2 +0.48682]

(11)
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Fig. 3. Bode diagrams for the dc drive object with elastic mechanical shaft.

Using (11) it is not difficult to obtain the transfer function of a closed-loop
thyristoric drive system taking into account the elastic properties of the mechanical
shaft:

0.1686z +0.1672
22 0.5564z+0.1672

Wpe (2) = (12)
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Fig. 4. The transient process in the dc drive system
according to transfer function (12).
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The roots of characteristic equation (12) are: z;, =0.278+i-0.3. Since
‘21;2‘ =0.42 <1 we can conclude that the drive system is dynamically stable. On
Fig. 4 a transient process corresponding to the closed-loop drive system according
to (12) is presented.
3. REGULATORS FOR AC ELECTRICAL DRIVE SYSTEMS

Here we will consider a mathematical model of a discretely controlled
asynchronous electric drive with adjustable voltage. First of all we should write the
differential equations for the motor with a rigid mechanical shaft:

dt
d\v 1 (13)
- =Tyy—+—Ay,
Au—Nicr M 55

where Avy, Ap, Aucr, Av — the relative increments in the motor phase

voltage, torque, static load and the rotation
velocity of the drive;

Ty and Ty, — electromagnetic and mechanical time constants
of the drive;
Op — arelative drop in the drive velocity.

Using expressions (13) and (2) for the thyristor converter of an ac motor, we
can easily define the general transmission function of the drive object with s-
operators as

Ko

3 2 1
ags” +ais” +as +

Wy(s) = (14)
where K, =2K;-9p;

ay =Ty Tgy 05Ty

ay =Tr Tgyy +Tpgp Ty S + Tp - 05 - Ty

Given the parameters K7 =25; o3 =0.11; T7=0.01 s; Ty = 0.075s; Tyy=11.5 s,
we decompose (14) into simple rational fractions in the form [4]:

Wy(s)= 3 =13 (15)

=18 + Oli

where 4, = 0.6743; A, = 5.3329; A; = 4.6587; oy = —100; a, = —13.33 and
o5 = —0.7805. The transfer function corresponding to (15) can be written in the
z-operational form as
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3 —d.
Wo(z) = 3 AU, (16)
=l Z— d,’
where d; = e %o Ty=0.01s; d, =0.3676; d, =0.8754; d;=0.9921.
Using the numerical values, we can rewrite (16) in the form:

7.384-107%2% +0.002261z +0.0004181

17
23 —2.23522 +1.5552-0.3194 (1n

Wico(z) =

Performing the frequency analysis according to (17) we will define the
optimal regulator with the transfer function:

30z-26.4

D'ye(z) = (18)

Using (18) we obtain the transfer function of the closed-loop asynchronous
drive system with digital control:

0.0222z° +0.0483z2 —0.0471z —0.011
24221223 +1.60332% -0.36652-0.011

Wae(z) = (19)

The transient process corresponding to (19) is shown on Fig. 5.
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Fig. 5. The transient process in the ac drive system according to transfer function (19).

The characteristic equation (19) has the following four roots: z; =—-0.02676;
2, =0.8708; z3,4 =0.6839+i0.06454. Since for the obtained roots the condition

|z,-| <1 is fulfilled, our drive system (without elasticity) is dynamically stable.

Now, taking into account the elastic properties of the mechanical shaft of the
drive, we will rewrite the motion equations of the asynchronous motor in the
following form:
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dAv, 1

Apu—Aup, =T +—Av;
B
dAv
Apty = Apcr =T, dt 2 (20)

1 T
A, ZFI(AW _AVz)df+Fd(AV1 —Avy),

c c

where T)and 7, — the mechanical time constants of inertial masses of the
motor and mechanism;
Av; and Aw, — the increments in angular velocities of the motor and the

mechanism;

Au, — an elastic moment increment of the mechanical shaft of the
drive;

T,and T, — the time constants characterizing the viscous friction and

rigidity of the mechanical shaft.

By (20) we easily define the transfer function of the object of the elastic
drive as

ko(bys® + bys +1)

b
a0s4 + a153 + a252 +azs+1

Waco(s) = @1)
where by, =1,T.; b =1y;

ag =T LIT.65 - Tr - Trys

ay =[LT. + (T, + 1) 0Ty I(T7 + Ty ) + T T 0

ay =(Tr + Ty + T5)0p + Ty 1+ [T + (T + 13)65T4 1;

a3 =(L +1,)6p + Ty + T + Tpy;

the values of 7}, 7,, T, and T, are as above.

The numerical computation of (21) gives:

0.0225% +0.0145+5.5

W** (S) _
A 0.0001s% +0.002253 +0.1149s2 +1.3525 +1

(22)

Transformation of (22) in the z-operational form can be presented as

0.01z° —0.01z2 —0.0086z + 0.01
2% -3.694z° +5.903z2 —3.311z+0.8025

Waco(z) = (23)

By the frequency analysis we will define the optimal parameters (numerical
values) of a digital controller:

[(z—1.51)%* +1.17%]

Dic(z) = .
O (2 -0.9825)% +0.26637]

24

23



It is not difficult to obtain the transfer function of the closed-loop
asynchronous drive system taking into account the elastic properties of the
mechanical shaft:

0.01z +0.0965

T 25
22 -0.652+0.3 (23)

Wi (z) =

The roots of the characteristic equation (25) are: z,., =0.325+i-0.44 . Since

|z[-| <1, i=1;2 the dynamic stability of the drive system is observed (the transient

process is shown on Fig. 6).
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Fig. 6. The transient process in the AC drive system
according to transfer function (25).

4. CONCLUSION

The computer investigations of the considered drive have shown that the
duration of a transient process is 1.0 s for a rigid shaft, and within 0.2 s (owing to a
relatively difficult correction) for an elastic shaft with permissible vibrations.
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DIGITALO ELEKTRISKO PIEDZINU SISTEMU
KONTROLES PROCESU OPTIMIZACIJA

J. Dochviri
Kopsavilkums

Darba izskatitas problémas saistitas ar elektrisko iekartu DC un AC
(Iidzstravas un mainstravas) tiristoru elektrisko piedzinu digitalo atrumu regulatoru
sintézi. Izpéte tiek realizéta uz tehnologisko iekartu (pieméram, papira razoSanas
masina) parametriem, nemot vera piedzinu sist€mu elastigo transmisiju saites.
Aprakstiti atbilstosie frekvences raksturlielumi un parejas procesi.

30.08.2009.
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