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Analysis of Time Discretization and its Effect on
Simulation Processes

The paper presents the influence of time discretization on the results of
simulations of technical systems. In this sense the systems are mod-
eled using the ScilLab/SCICOS environment, using different time inter-
vals. Ulterior the processes are simulated and the results are com-
pared.

1. INTRODUCTION

The digital control systems are characterized through the use of digital com-
puters and the signals from the control system are time and amplitude sampled.
The discrete control system can be described by recurrent equation. If the equa-
tions are linear and time invariant, the solution can be obtained applying the Z
transform.

The Scicos pallets allow implementation of digital control systems, choosing
Linear from the pallet lists with blocks operating in discrete time. These blocks
have at the output zero and first order hold, and the sample time can be chose for
each in part.

2. Scicos Opportunities for Simulation of Digital Controlling

SCICOS (Scilab Connected Object Simulator) is free graphically-based
modeling software for dynamical system, an environment for design, mod-
el and simulate reactive systems included in the SciLab engineering and
scientific computation software. Based on an open formalism, SCICOS is a
complete environment for construction of models, simulation and code generation;
creates block diagrams and can be used to model and simulate the dynam-
ics of hybrid dynamical systems and compile models into executable
codes. SCICOS is used for signal processing and systems control. SCICOS
allows simulation of different time discrete systems:
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e Digital control with digital control elements and time discrete control
loops. The control loop signals are time discrete only.
o Digital control with blocks, where each of them can be controlled by
different sample times.
o Digital control with digital control elements and continuous ele-
ments.
For example, if we choose a PT1 element:

Ts-d;(—(tt)er(t):KS-xi(t) (1)

with T = 1s and K; = 1, it presents the step discrete response. Discretiz-
ieng the differential equation (1) with sample interval T, we get:

TS’(Xk+1_Xk)+Xk:Ks'Xik (2)
T ,
T K -T
xmz(l—_l_—j-kar 'SI' XKy (3)
The Ztransfer function:
x(z2)= KSTS'T : (1 . j -x,(z), where x, (z):i 4)
Z—|1-—
TS
K -T 1
x(z)= 'SI' : Lt (5)

or, rearranging:

x(z)=K, | 2 - : (6)
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The PT1 time sample element block scheme in SCICOS, figure 1, have been

analyzed for T=0.2ms, figure 2.
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Figure 1. Time sampled PT1 element implemented in Scicos
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Figure 2. Simulation results of a discretized PT1 element
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3. Digital Cascade Control with Variable Discretization Time

The block scheme of speed control for electrical drives with work machines are
often cascade control schemes with two closed loops, one for speed control and
the other one for torque. A digital P type controller is used to control the angle
position and a PI type controller in the speed closed loop.

In the simulation model the current or torque circuit are represented through
a PT type transfer element with the equivalent time constant Tgm. The PI speed
controller is implemented with the integral type algorithm:

T
Yok =Yoa T KR : |:(1+ T_dJ X ~ de‘kl} (7)

The sample interval:

T
K,=—"=10,T, =T, =20ms (8)
2.K_-T

s EM

The corresponding Ztransform is:

K, -Kl+T"j-z—1}
y,(2) T, _10.05-2-10

G..(2)= X, (2) z-1 z-1 ®)

1
Viosk = K., Kap = 8. T *Xapk =125 X ok (10)

EM

and the sample period is T;= 0.2 ms.

Figure 3 presents the Scicos simulation model. The time evolution of con-
trolled output, v, is obtained for a step type input signal 0.01-E(t) and disturbed
with an delayed step type 2-E(t-0.05s). Increasing the sample time, the damping
position factor will decrease, figure 4.
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Figure 3. Scicos model of cascade control circuit.
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Figure 4. Step response for different values of the sample period for
speed T4 and position T; control circuit
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4. Conclusion

For digital control systems, with different sample times, the fundamental sam-
ple time is considered the smallest common divider. For the analyzed case, the
sample time for the position control were T; = 0.2 and 1 ms, and for the speed
control T4 = 0.1 ms; the smallest common divider is represent by the fundamental
sample time, T = 0.1 ms. That’s why, solution with constant samples time are of-
ten used.
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