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Abstract — The performance of a DC electric drive system with
positioning control has been discussed in this paper. Detailed
investigation in the respective transient and steady state regimes
has been carried out through modeling and computer simulation.
The static position error has been determined and the drive sys-
tem accuracy has been analyzed. The developed models and the
results obtained can be used in optimization and final tuning of
such types of position drive systems.
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I. INTRODUCTION

Position is one of the main controlled variables in electric
drive systems. Movement control of the driven mechanisms is
required in many applications, such as:

- machine tools;

- lifting machines;

- woodworking machines;

- manipulators and robots;

- antenna orientation systems;

- radio telescopes, etc.

In accordance with their operation principle, position con-
trol systems can be classified into two groups:

- systems with positioning control;

- systems with tracking control.

Positioning is a regime of control providing movement of
the respective driven mechanism into a position with required
accuracy [1], [4], [5].

This paper considers the performance of a positioning DC
drive system with non-linear position controller. The respec-
tive transient and steady state regimes of operation have been
investigated. The static position error has been determined.
The drive system accuracy has been analyzed and discussed.

II. CONTROL LOOPS OPTIMIZATION
The electric drive system block diagram is shown in Fig. 1,
where the following notations have been used: G,.(s) -
transfer function of the position controller; G.(s) - transfer
function of the speed controller; G..(s) - transfer function of
the armature current controller; K p and T, - gain and time-
constant of the respective power converter; R,y - armature

circuit resistance; 7,y - armature circuit time-constant; K,, -
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motor coefficient; 7,y - summary electromechanical time-
constant; K. - gain of the armature current feedback; K, -
gain of the speed feedback; K, - gain of the position feed-
back; V), - position reference signal; V, - speed reference
signal; V,. - armature current reference signal; V|, - armature
voltage reference signal; V,, - position feedback signal; Vi, -
speed feedback signal; V., - armature current feedback sig-
nal; V,, - armature voltage; [, - armature current; 7; - load
torque applied to the motor shaft; /; - static armature current;
@ - motor speed; @ - angular position.

The position controller output voltage is the respective
speed reference signal, i.e.:

Ve =KoV, =V ) =K K pp 0, -0) =K 0, (1)

where K . is the position controller coefficient.

The reference deceleration for the respective position dif-
ference of 40 =6, —6 can be determined from Eq. (1) as
follows:

do, KpcK
Epr = =
dt Ky

2, )

In order to achieve a fast positioning process, it is necessary
to provide a deceleration with &, =&, =const at
I,=1

In compliance with Eq. (2), for the position controller coef-
ficient the following expression is obtained:

amax =const [1].

K €
Kpc _ sf €bmax . 3)
Kpfa)

Given deceleration &, =const, the position difference

A6 and the motor speed @ get related through the following
equation:
w2
A0 =———
ngmax

; “

from where the speed can be expressed as:

@ =1/2Ep1x A0 . 5)
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Fig. 1. Block diagram of the discussed electric drive system with positioning control

After substitution of Eq. (5) in Eq. (3), the position control-
ler coefficient becomes:

K
KpC — Sf gbmax i (6)
K,y \ 240

In case of 40 =48, .« and @ = @, , substituting Eq. (4)
in Eq. (6), the following expression is obtained:

K sf €bmax

K @)

pcmin —
Kpf Dyt

Using Eq. (6) from Eq. (1) the following nonlinear correla-
tion Vg = f(48) is received:

Vy=Ky }%LZXAQ )

Reduction of 46 to A6, brings about an increase of K .

up to a value equal to K calculated according to the admi-

pes o
ssible overshoot:

K
Kpcy =—‘Yf’ (9)
KprapTup

where: 7, is the respective small time-constant of the posi-

p
tion loop, not subject to compensation.

The positioning loop dynamic characteristics depend on the
coefficient @, value. For example, to provide for a transient

process 6(t) without overshoot, the following condition
should be fulfilled:

(10)

The block diagram of the synthesized position controller
and its characteristic are shown in Fig. 2. The used notations
are as follows: A6, - maximum braking angle; 46, -
braking distance at which the controller coefficient value is

switched over; V.. - maximum speed reference signal. At
A0 = A0, the speed reference signal is V; =const, while at
A8 < A6, the V (40) characteristic coincides with the stra-

ight line 3.
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Fig. 2. Block diagram of the position controller and its characteristic

Using the MATLAB/SIMULINK software package a num-
ber of computer simulation models of electric drives with po-
sition control have been developed. A detailed study of the
drive system under consideration has been carried out for the
respective dynamic and static regimes.
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III. DRIVE SYSTEM PERFORMANCE ANALYSIS

Fig. 3 shows some simulation results illustrating the per-
formance of the discussed electric drive system. Acceleration
and deceleration are represented, as well as the operation in
steady state regime. The reference position is 800 rad and the
motor speed is limited to the rated value of @, =314rad/s.

The load torque acting upon the motor shaft is equal to the
rated value of 7}, . During the respective transient regimes

the armature current is limited to the maximum admissible
value of I =35.2 A, which provides good dynamics of

amax
the drive system.
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Fig. 3. Time-diagrams illustrating the drive system performance

Limitation of the static position error to the admissible
value is a basic requirement in positioning systems as far as
their regulation accuracy is concerned.

In order to determine the position error, the system block
diagram has been transformed as shown in Fig. 4. This dia-
gram has a control input of 8, and a disturbance input of 7;.
To make it convenient, the input and the controlled variable
dimensions have been assumed to be equal, which means that
the position feedback coefficient is K ,» =1.

The optimized current control closed-loop is represented by
the following transfer function:

318

14(s) _ UK,y VK

Ve (s) acrzcs2+acrﬂcs+1 acTyes+1

M (s)= . (A1)

where: a,. is a coefficient influencing the current loop dy-
namic characteristics.

In the general case, the summary error of the drive system
for the controlled variable 8 can be determined using the fol-
lowing equation:

0,.(s)+T;(s)G,(s)

A0 =""06)

) 12)

where: G, (s)=6(s)/-T;(s),
G(s)=06(s5)/6,(s) .
The respective transfer function G, (s)can be represented
as follows:

KCme(acrﬂcs+1)
G (s)

Gy(s)= Ms<s>§, (13)

where: Gg.(s) is the transfer function of the used speed con-
troller;
M ((s) -the transfer function of the speed closed-loop.
After the respective tuning of the speed controller, the fol-
lowing expression is obtained for M ((s) :

1/K

M (s) =2
g s(Tyes+D+1 ’

CV(s) a

(14)
stus

Taking into account Eq. (14), the G, (s) transfer function
is expressed as follows:

G (s) chKm(aCTﬂcs+1) 1/va 1

S) = —_=

d KeTux a5a,Tye5(a,Tyes+1)+1 | s
KmstRaEasaCT,uc

2
KmRaEasaCZ'ﬂC (aCTﬂcs +1)

= , (15)
[asacrﬂcs(acrﬂcs +D+1]7,55

where: a; is a coefficient influencing the dynamic characte-

ristics of the speed control loop;
Tyc =Tp is the small time-constant of the current
loop, not subject to compensation.

In compliance with Fig. 4, using Eq. (9), the open-loop
transfer function becomes as follows:

st 1/st 1
G(s) = ‘ —=
apasalfz-/llf aéalz-ﬂ(s(a('z-ﬂls+1)+1 s (16)
_ 1
a,aart,slaa.rt,sa7z,s+1)+1] '
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Fig. 4. Modified block diagram of the positioning control drive system
After substitution of Egs. (15) and (16) in Eq. (12), the fol- TaBLEI

lowing expression is received for the summary error of the
controlled variable:
)

0, (s)apasacrﬂcs[asac’[ﬂcs(acfﬂcs +D+1]+

2 222
N Tl(s)KmRaEapas a; Tﬂc(ac’[ﬂcs+1)

Tmx
asacTyeslagacty s(acty s+ D+1]+1

A0y () =—
p

The static error of the investigated drive system is obtained
from Eq. (17) at s=0:

K
A6, (s) = p 2T (s). (18)

As seen from the last equation, in this case the position er-
ror of the system depends on the load torque, applied to the
motor shaft.

The drive system parameters as well as the calculated posi-
tion error for one of the investigated versions have been repre-
sented on Table I.

I'V. CONCLUSION

The main features of a positioning drive system with non-
linear position controller have been described and discussed.
The rated parameters of the used separately excited DC motor
are as follows: P, =3.4kW, V., =220V, I, =17.6A,

Wy =314 rad/s .

Detailed investigation has been carried out through model-
ing and computer simulation for the respective transient and
steady state regimes of operation. The static position error has
been determined and the positioning drive system accuracy
has been analyzed.

PARAMETERS AND STATIC ERROR OF THE DRIVE SYSTEM

Parameter Dimension Value
K, Nm/rad; rad/sV 1.484
R, 5 Q 1.33
a, - 4
ag - 2
a, - 2
Tye S 0.004
Tpx S 0.15
T Nm 11.862
o, rad 800
A6, rad 0.1186
A6, % 0.015

The developed simulation models and the results obtained
can be used in optimization and final tuning of such types of
position drive systems.
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