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PERFORMANCE IMPROVEMENT OF A CLASS OF POSITION DRIVES

Tsolo GEORGIEV, Mikho MIKHOV

Abstract: The performance of a precise DC motor position drive is discussed in this paper. A new ap-
proach to control of such drives is introduced. Using a discrete vector-matrix description of the con-
trolled object, an optimal modal state observer has been synthesized, as well as the respective optimal
modal controller. Detailed study of position drives has been carried out by means of computer simulation
for the dynamic and static regimes at various loading and work conditions. Some results are presented
which show that the applied method of control can provide the desired performance.
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A number of precise industrial applications, such as P R = D alia S
manipulators, robots, machine tools, etc., require high o Lo T L i !
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trol system, including a non-linear position controller : S ISR
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ence position, its gain should be limited in accordance limitation iCh T1-T4,|( M }=HPEFS L
with the condition of lack of overshoot. This, on the (SopPe . 9 T;

other hand, leads to some deterioration of the control
system dynamics.

A new approach to solving this problem has been
suggested in this paper, applying optimal modal control
[2, 3, 5]. - armature inductance L, =0.003H;

The procedure utilizes a combination between both - - back EMF coefficient K, =0.191V.s/rad ;
setting the closed-loop system poles (modal control) and
optimal control through the quadratic quality criterion
minimization, i.e. in this case a complex criterion for - total inertia J = 0.0043 kg_mz;
optimization has been introduced.

This paper discusses main problems concerning op- S
timal modal control of precise DC motor position drives. - armature circuit time-constant t, =0.005 s
Detailed study carried out by means of modeling and - electromechanical time-constant t,, =0.072 s;
computer simulation shows that this type of control can
provide the desire performance.

Fig. 1. The controlled object under consideration.

- armature circuit resistance R, =0.61Q;

- torque coefficient K, =0.191 Nm/A ;

- amplifier gain of the chopper K, =3.16;

- position encoder gain: 6 000 imp/rev .
The rated data of the used permanent magnet DC

2. MODEL OF THE CONTROLLED OBJECT motor are:

The controlled object is an electromechanical system Viat =30V, Iy =15.7A, @y =115.19rad/s.

which consists of a four-quadrant transistor chopper and
a permanent magnet DC motor. This configuration is
shown in Fig. 1, where the following notations have been

The state-space model of the controlled object is as
follows:

used: UR — uncontrollable rectifier; PWM — pulse width a1 T 7

modulator; C — filter capacitor; T1+T4 — electronic —

switches; D1+ D4 — freewheeling diodes; M — motor; éli(fa 1 /? 0 0 01

PE — position encoder; L — Load; V. — DC link voltage; = 0 0 7t o |+ I? ur|=— i, (1)
0 — angular position; 7 — motor torque; 7; — load di 0 k, R, |1 L—c 0

torque. dt L, L, ’

The basic parameters of the controlled object are as
follows: where: ® is motor speed; i — armature current of the
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motor; u — chopper controlling code; i; — armature cur-

rent, which is determined by the respective load torque.

The following notations of state variables have been
adopted: x; =0, x, =®, x3 =i. Measurable coordinate
in this case is the angular position 0 , i.e.

y()=Cx(o),
where: C=[1 0 0], x" =[xy x x3].

The discrete state-space model of the controlled ob-
ject can be represented as follows:

xl(kJrl) ajl app a3 xl(k) bl ll
Xyk+1)|=lagy axy ap3 | xy(K) |+ by \u(k)+| Iy |ij (2)
xk+1)| (@31 @32 a33] x| | b3 &

In order to use the quadratic quality criterion in the
process of synthesis, the error of e(k)=0,(k)—-0(k),
should be formulated, where 0,.(k) is the reference posi-
tion.

It is assumed that both the reference and disturbance
inputs are constant, i.e. 0, (k)=const and i; =const.
The following equation concerns the error and state vari-
ables, which are not outputs [2]:

xle(k +1) 1 1 0 0 xle(k)

Xy (k+1) _ 0 a1 =—ap —a3| %0
x3e(k+1) 0 —dj 5% ans x3e(k)
Ykt V| |0 —azy a3 azy |20
3)
0
M
b, |
by
or
rol AW k) x 0o
Y(k):Cexe(k)
where
x1e (k) = ek —1) =0, (k)-6(k —1);
xze(k):e(k) elk —1) —[e(k)—e(k—l)];
x4e(k):i(k)_i(k_1);

ue (k) = u(k)—u(k —1);
c,=[t 0o 0 o]

Eq. (3) has been used for the synthesis of both an
optimal modal digital observer and the respective state
controller.

Based on this equation the model of the controlled
object has been developed, shown in Fig. 2.

N
N
- Integrator!

Fig. 2. Model of the controlled object.

3. SYNTHESIS OF THE CONTROL SYSTEM

3.1. State observer

Synthesis of the digital observer has been realized by
an algorithm presented in [3]. This procedure utilizes the
transpositioned additional object [4]:

ok +1)=Ala(k)+CIpck) 5)
or

ok+D] [1 1 0 0
U,z(k'f'l):o a1
(13(k+1)
(X4(k+1)

o) | |1
—ag1 ~a3p|%®] |0
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B(k)- (6)
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The A;F matrix eigenvalues are determined solving
the following equation:

1 0 0 0 % 0 0 0
1 a -a -a 0 0 0
det 11 21 31 X —0.(7
0 —ap an) asn 0 0 X 0
0 —as ansy ass 0 0 0 X

At quantization period of 7 =0.001 the following
eigenvalues are obtained:

x1=15 %=1 yx3=0.9851; x4 =0.8284.

In this case there are two undesired roots of the open-
loop system (y; =1 and ¥, =1), which must be displa-
ced.

Locations for the closed-loop system roots p; =0.1

and p, =0.2 are defined, where y; and yx, should be
placed. The locations of p3 and p, are the same as in
the open-loop system, i.e. p3 =73 and Py =74.

In order to define the observer H matrix, it is neces-
sary to find the elements of q; and q, eigenvectors

corresponding to ; and Y, , respectively.
The q; eigenvector is obtained solving this system of
homogenous algebraic equations:

(A, ~17)q; =0, fori=1. ®)

For the elements of both eigenvector q; and weight



matrix Q; the following is obtained:

1

0

Q1=0,

0
1 0 0 0
T 10000
Q1=Q1‘12=0000
00 0 O

These products are computed:

beqaf =[t 0 0 0]
and
T T
b.qiq; b, =1.

Weight coefficient 1 =0.1235 and the A; =1.1111

coefficient are calculated.
After the first iteration, for the optimal modal feed-
back gain the following is obtained:

In order to displace y, to location p,, the new sys-
tem with a state matrix should be optimized:

Aé =Ae +be'}/l .

The q, eigenvector is derived after solving the fol-
lowing system of homogeneous algebraic equations:

(Ag —1yi)q; =0, for i=2. ©)

For the elements of eigenvector q, and weight ma-

trix Q, respectively, the following is obtained:

0.7433
0,669
q2 - 0 ]

0

0.5525 0.4972

0
Q, = r 04972 04475 0
2 =419 = 0 0 0
0

0 0

S O O O

The following products are computed:

blqiqf =[0.5525 0.4972 0 0]
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and
blq,q{b, =0.5525.

The respective weight coefficient », =0.1727 and
the A, =1.25 coefficient are calculated.

After the first iteration, for the optimal modal feed-
back gain the following is obtained:

~08
r_|-072
2 0

0

v

Since in this case there are two undesired values
(x; =1 and 7y, =1), the optimal modal feedback gain
becomes:

Y=v1+y,=[-170 -072 0 0].

The observer feedback vector is formulated:

ml [ -17
h -0.72
H=| 2=
Iy 0
ne| | o,

The observer equation is as follows [4]:
X, (k+1)= A%, (k)+b,u,(k)+ HAe(k) =

= A &, (k) +bou, (k) + H]y(k) - Cx(k)]

(X (k+D] [T 1 0 0

X (k+1) |0 e —ap —ap X
Y30(k+1) | |0 —ay ap ap

| Xge(k+1) | |0 —a3; a3 ass

. , (10
Y (k) || O h

x>, (k) || —b h
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X30(k) || by 3
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where Ae(k) =y(k)— Cx(k).

These equations produce the state variables valuation.
Based on them the optimal modal observer has been de-
veloped. Block diagram of the observer model is shown
in Fig.3.

3.2. State controller

Synthesis of the optimal modal controller has been
realized by an algorithm described in [2]. In this case
synthesis is carried out based on Eq. (3).

At quantization period of 7 =0.001 for the matrix
A, eigenvalues, the following is obtained:



Fig. 3. Model of the optimal modal observer.

%1 =0.8284; %, =0.985L; y3=1L %4 =1.

Among these values two undesired roots exist

(%3 =1 and y4 =1), which should be displaced.

Locations for the closed-loop system roots
pn3 =0.98 and py =0.1 are defined, where y 5 and y4

should be placed. The locations of p; and p, are the
same as in the open-loop system, ie. p; =y%; and
M2 =%X2-

In order to determine the optimal modal controller

matrix K, it is necessary to find the elements of the
eigenvector (4, corresponding to x4, as well as the

eigenvector qs, corresponding to 3.
The q4 eigenvector is obtained after solving the fol-
lowing system of homogeneous algebraic equations:

(A;r—lxi)qi:O, for i=4. (11)

The elements of eigenvector q4 and weight matrix

Q4 are obtained as follows:

0.0000

~0.9973

4= oon7 |’

0.0157
0.0000 0.0000  0.0000  0.0000
0.0000 09946 —-0.0715 —0.0156
4710.0000 —0.0715 00051  0.0011
0.0000 —0.0156 0.0011  0.0002

Products are calculated:

b Q4 =[0.0000 -0.0165 0.0012 0.0003]
and
b!Q,b, =2.7225x10*.

For these coefficients the following values are ob-
tained: 7, =3.3611x107; A, =1.1111.
The optimal modal feedback gain is determined:

[ 0.0000 |
;| 543987
Y1 = (12)
-3.9113
| —0.8544]

In order to displace y3 to location p3, the new sys-
tem with a state matrix should be optimized:

A=A, +b,y.

The q5 eigenvector is obtained after solving the fol-
lowing system of homogeneous algebraic equations:

(AST —Ty,)q, =0, fori=3. (13)

For the elements of eigenvector q; and weight ma-

trix Q5 respectively, the following is obtained:

—-0.0137

| -0.9999
B=1 0.0054 |

0.0001

[ 0.0002 0.0137 =0.0001 0.0000 |

0.0137 0.9998 -0.0054 -0.0001

Q;=qs3q3 =

—0.0001 —0.0054 0.0000 0.0000

| 0.0000 -0.0001 0.0000  0.0000 |

These products are defined:
blq,qf =[-0.0034 -02517 0.0014 0]

and
b'q,q'b, =6.3379x 10" .

For these coefficients the following values are ob-
tained: 7, =1.5528 x10™; A3 =50.

At the second iteration, the optimal modal feedback
gain becomes:

1.0880

T _| 794347

27 204324 |
~0.0104

v

Since there are two undesired values (y3 =1 and
%4 =1), the optimal modal feedback gain is:

Y =7, +7, =[1.0880 133.8335 —4.3437 —0.8649].

The feedback vector obtains this form:



ky 1.0880
ky | |133.8335
K = =
ky | |-4.3437
ky| |-0.8649

and control of the following type is formulated:

ue(k) = Kxe(k) = klxle +k2)€2€ +k3)€3e +k4)€4e . (14)

After substitution of u,(k) in Eq. (4), for the optimal
modal controller this expression is obtained:

uﬂc) = u(k—l)+k1x1e +k2xze + k3X3e +k4)€4e . (15)

Analyzing Eq. (15) it can be seen, that the optimal
modal controller includes an integral component into its
structure. This means that when the driven mechanism is
far from the reference position, the integral component
would increase at each controlling cycle. This would
quickly bring to saturation of the control loop. As a re-
sult, the motor will be supplied with maximum voltage.
When the controlled mechanism approaches the refer-
ence position, the integral component will continue to
increase and will become the dominant part of the control
signal, forcing the drive to exceed the set position.

To solve this problem it is necessary to provide the
following condition: when the mechanism enters some
preliminary set range (AGS =0, —6), control signal is

established to the maximum admissible value of u ., ,
after which this error of A6 is processed.

Based on these considerations, as well as on Eq. (15),
the model of an optimal modal controller has been con-
structed. It is represented in Fig. 4.

Overtaking current limitation has been applied. The
respective function is as follows:

ucl(k) =Up +km0)(k)’ (16)

where: u, is the current limitation initial code; £k, —

scale coefficient.
Hence, the control condition in the presence of
current limitation will be:

(5 s (8 e

Fig. 4. Model of the optimal modal controller.
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()= u(k) at u(k)Sucl(k); a7
T g k) at ulk)> ug (k).

In real systems the limitation set on the control signal
should also be taken into account:
u, (k) for u (k)<u
B L0 (O E
for u (k)>u

umax max

where u,,, is the maximum value of the control signal.

The controlling code, which should be applied to the
chopper control scheme, is determined by conditions (17)
and (18).

In accordance with these equations the current limita-
tion model is composed, and it is shown in Fig. 5.

Fig. 5. Model of the current limitation.
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Fig. 6. Model of the position drive system under consideration.

Practically, the optimal modal control is achieved
through consequent realization of Egs. (14), (15), (16),
(17) and (18).

4. DRIVE SYSTEM PERFORMANCE ANALYSIS

To prove the offered control algorithm functionality a
computer simulation model has been developed, using
the MATLAB/SIMULINK software package. The block
diagram of the drive model is represented in Fig. 6.
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Fig. 7. Time-diagrams illustrating the drive performance.

Detailed study of the positioning system under con-
sideration has been carried out for the dynamic and static
regimes at various loading and work conditions.

Fig. 7 shows some results illustrating the performance
of the drive system. The reference angular positions are
as follows: 0, =25 rad (Fig. 7a); 0, =100 rad (Fig.
7b); 0, =1000 rad (Fig. 7c).

The reference static current is equal to the rated value
of I, =15.7A, and the motor speed is limited to the

rated value of w., =115.19rad/s.

During the respective transient regimes the armature
current is limited to the maximum admissible value of
I ymax =39.25 A, which provides good dynamics of the

drive system.

5. CONCLUSIONS

An approach to control of precise DC motor position
drives is introduced in this paper.

The main features of such drive with optimal modal
control have been described and discussed. The synthesis
of the respective control system implements a combina-
tion between both - poles setting of the closed-loop sys-
tem (modal control) and quadratic quality criterion mini-
mization (optimal control).

Detailed study has been carried out by means of
modeling and computer simulation for the respective
transient and steady state regimes of operation.

The analysis shows that the represented control
method provides good performance, which makes it suit-
able for a variety of industrial applications.

The developed simulation models as well as the re-
sults obtained can be used in the design of precise posi-
tion drives. They can also be successfully applied in the
process of teaching about such types of positioning sys-
tems.

REFERENCES

[1] Mikhov, M. R. (2006). Performance analysis of a positio-
ning electric drive system, Proceedings of the ICEST, D.
Dimitrov (Ed.), pp. 316-319, ISBN: 954-9518-37-X, Sofia,
July, 2006, King, Sofia.

[2] Georgiev, Ts. T. (2003). Synthesis of optimal modal discre-
te controllers, Proceedings of the ICAI, B. Sendov, K.
Boyanov, V. Sgurev (Ed.), Vol. 2, pp. 119-122, ISBN: 954-
9641-34-X, Sofia, October, 2003, UAI, Sofia.

[3] Georgiev, Ts. T., Genov, D. G. (2006). Synthesis of optimal
modal observers, Computer Science and Technologies, Vol.
4, No. 1/2, pp. 51-57, Technical University of Varna, ISSN:
1312-3335.

[4] Iserman, R. (1981), Digital control systems, Springer-
Verlag, ISBN: 0387107282, New York.

[5] Duplaix, J., G. Enéa, P. A. Randriamitantsoa. (2002). Do-
main of pole placement with optimal modal cont-
rol: analysis of a system represented by an uncertain
model. .Systems Analysis Modeling Simulation, Vol.
42, No. 7 (July 2002), pp. 1069 — 1079, ISSN: 0232-9298.

Authors:

PhD, Tsolo GEORGIEV, Assistant Professor, Technical
University of Varna, Faculty of Computer Science and
Automation, Bulgaria,

E-mail: tsologeorgiev@abv.bg.

PhD, Mikho MIKHOV, Associate Professor, Technical
University of Sofia, Faculty of Automatics, Bulgaria,
E-mail: mikhov@tu-sofia.bg.


http://portal.acm.org/results.cfm?query=ProfileID%3A81100629231&querydisp=ProfileID%3A81100629231&coll=GUIDE&dl=GUIDE,ACM&CFID=59612352&CFTOKEN=69119039
http://portal.acm.org/results.cfm?query=ProfileID%3A81100595875&querydisp=ProfileID%3A81100595875&coll=GUIDE&dl=GUIDE,ACM&CFID=59612352&CFTOKEN=69119039
http://portal.acm.org/results.cfm?query=ProfileID%3A81100218924&querydisp=ProfileID%3A81100218924&coll=GUIDE&dl=GUIDE,ACM&CFID=59612352&CFTOKEN=69119039
mailto:mikhov@tu-sofia.bg

