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HIGH PERFORMANCE DIGITAL CONTROL SYSTEM OF AC MACHINES

llie Borcosi', Alina Dinca?, Daniela Nebunu 3, Antonie Nicolae*

"“Constantin Brancusi” University of Tg-Jiu, Geneva Street, Nr. 2, Gorj, ilie_b@utgjiu.ro
2 Constantin Brancusi University, Tg. Jiu, alina@utgjiu.ro

3 Constantin Brancusi University, Tg. Jiu, dana@utgjiu.ro

4 Constantin Brancusi University, Tg. Jiu, antonie.nicolae@utgjiu.ro

ABSTRACT. Using Digital Signal Processor (DSPs) for command and control of asynchronous motors, make these much more important in comparison with direct
current motors. The extension of numeric systems is preferable because they improve the performance and the reliability.
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PE3IOME. V13non3saHeTo Ha LMcpoBY NPOLIECOpU 3a yNpaBneHue Ha acHXPOHHU ENEeKTPOMOTOPY T MpaBy Aaned Mo-4eCTo W3NoN3BaHu OT eNexkTpPOMOTOPHUTE C
npas Tok. MpeanoynTa ce U3NoM3BaHeTo Ha LGPOBUTE CHCTEMM, ThiIt KATO Te MOAOGPSBAT XapaKTEPUCTUKUTE W HAAEXOHOCTTA.

1. Introduction With all these advantages, DCM have, compared to ACM,
The industrial processes use actuation systems which help some disadvantages:
start mechanical systems. To convert different forms of energy - have a bigger size and are more expensive for the same
(electric, hydraulic, pneumatic, thermal) into mechanic energy, developed power;
the help of motors is required. - need higher maintenance expenses because of the
brushes’ presence and of the collecting lamellas which
Usually, the electrical actuation is used because of: deteriorate in time and need to be replaced.
— electric power’s availability;
— simple connection to energy source; In the last 20 years, the revolutionary development of the
— electric motors robustness which allows overcharge in electronic systems and of the power semiconductors has been
large limits for mechanical load; determined by certain requirements regarding rational use of
- very good dynamic performances (Short time for response electric energy, reactive power Compensation, miniaturized of
between the moment when the common is applied and the the electronic systems. In this period new power
moment of it’s execution) semiconductor devices appeared and have been improved
— high energetic efficaciousness (modules with power transistors, DMOS and IGB + transistors,
— high reliability other devices with high performance isolated grill, hybrid
— low price, cost and maintenance cost systems, intelligent modules).

— possibility to modify revolution in large limits

— compatibilities between the command systems and electric
motors Texas Instruments designed the platform TMS320F2812
destined to the command and digital control of electric motors.
It ensures a high performance level, and also a low cost for the
whole command system, its architecture being built around a

DC motors, compared to the AC ones, have much higher DSP microcontroller.
performances.

— command circuits are more simple

- large domain for revolution adjustment (between 5%-
100% from the nominal revolution)

They allowed inventing (building) new types of converters.

Electric motors used in actuations may be: DC motors (Direct
current motors), AC motors and stepper motors.

Command numeric systems’ expansion is preferred because:

- they ensure an unitary character for information process
because only numeric calculus is used;

- increases and reliability of the adjustment systems;
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2.

simplifies the structure of the equipments through
elimination of analogical regulators, of digital-analogical
converters and of the electric device which measures the
angular speed or electric voltage;

influences of the environmental conditions are
substantially reduced, and also the technological
dispersions upon static and dynamic performances of the
adjustment systems are reduced,;

the performances and reliability of the regulators are
improved, the numeric adjustment system is a
mathematical relation, adapting or changing the algorithm
assumes a simple change of the relation’s parameters or
of the whole formula and not of the circuit which
implements the algorithm;

the cost price decreases significantly.

Description of the system

The performance of the exclusively digital structures are
limited by the sampling in duration, which affects the dynamic
of the system (response time), and of the sampling in
amplitude of the signal, which affects the adjustment precision

Fig. 1

in amplitude. To compensate these disadvantages, the
following measures can be taken:

designing some performing adjustment algorithms, which
must compensate the sampling errors;
use of fuzzy techniques and of the neural networks;

The use of DSPs offers a supplementary series of
advantages:

higher speeds of operation and higher resolutions;

there can be used highly competitive adjustment
algorithms which make it possible to reduce the number of
sensors and transducers that are being used, and
implicitly of the decrease of the cost price of the entire
actuation system;

lots of data can be calculated in a short time being gifted
with powerful instructions (simultaneous addition and
multiplication)

allow the implementation of the adaptive driving systems,
because they have the necessary calculus speed to
monitor and drive the actuation system;

il

>
o
+

_ Transduce
Correction r
Input voltage| 1nput Rectifier | circuit for M\ e
—> filter — ™ filling > 1nverte > 3~ )7
factor
Current
voltage v adaptin
PWM outputs PWM rv—— CirC[L)Jit g
Y OUIHES 1 Gircuit
Supply DSP |
voltage L > TMS 320 C 28x < Speed, position
reactions
Serial/parallel
communications
-5V
o -5V
o
5k
] N
0,5k 100k 100k 100K 100k
<<—|:I—'—|:I ; 0,5k
< .
sk | |
\_H 3k1
— P -
- 4K7 Jil 0.5k ’\1\ = o
100k 100k !
o 1 \/K/ - — \/K/ A Spre DSP
de la traductor . — )
OPA228 n
3k3ﬁ 3 OPA228
+ 100k

Fig. 2

24

]
1



- can monitor the frequency specter of the mechanic
vibrations through use of spectral analysis and of the fast
Fourier transform and, on this basis they can make a
diagnosis, meaning that they can predict, in incipient
phases, the damage states;

- allow the synthesize of the narrow band absorption filters
with which the mechanic resonance (which may determine
an instability of the adjustment system) is avoided.

In fig. 1 (below) is presented the block diagram of the speed
of a AC motor from an adjustment system:

The current through the motor is measured with the help of
two Hall transducers, mounted on two phases. The signal
output from the transducers is adapted with the help of circuit
in fig. 2.

The current transducers are LTS 25-NP type (LEM) with Hall
effect and has the transfer characteristic:
Vout = f(Ip), as in fig. 3

Vout [V]
A

Fig. 3

For a certain pin connection, the effective nominal current
from the primary circuit,
Ipn = 8A,
and the nominal output voltage is
Vour = (2,540,600)V.

In this application, the nominal current of the motor is 0,6A
and the maximum value of the current through the motor is 1A.
In this case, the maximum output voltage from the transducer
is:

Vour = (2,540,6/8)V = (2,5+0,075)V
with a 75 mV variation.

The Operational Amplifiers (OA) from the adaptation circuit
must have the offset voltage as low as possible, or even zero.

The first OA eliminates the 2,5V level, and eventually the
offset, and the second one concentrates the signal to 1,5V
because the DSP allows on the analogical inputs signals of
0+3V.
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The DSP’s analogical-digital converters are on 12 bits and
the signal will have to be adapted to 2,8672V for F, = 1A.

The signal at DSP’s input will have maximum variation
(1,5%1,3672)V with 0,7V/quantum.

To adapt the output signals into PWM and the digital input
ones, logical circuits, open collector type, are used.

3. Conclusions

Command numeric systems’ expansion is preferred because:

- they ensure an unitary character for information process
because only numeric calculus is used;

- increases and reliability of the adjustment systems;

- simplifies the structure of the equipments through
elimination of analogical regulators, of digital-analogical
converters and of the electric device which measures the
angular speed or electric voltage;

- influences of the environmental conditions are
substantially reduced, and also the technological
dispersions upon static and dynamic performances of the
adjustment systems are reduced;

- the performances and reliability of the regulators are
improved, the numeric adjustment system is a
mathematical relation, adapting or changing the algorithm
assumes a simple change of the relation’s parameters or
of the whole formula and not of the circuit which
implements the algorithm;

- the cost price decreases significantly.

The use of DSPs offers a supplementary series of
advantages:

- higher speeds of operation and higher resolutions;

- there can be wused highly competitive adjustment
algorithms which make it possible to reduce the number of
sensors and transducers that are being used, and
implicitly of the decrease of the cost price of the entire
actuation system;
lots of data can be calculated in a short time being gifted
with powerful instructions
(simultaneous addition and multiplication)
allow the implementation of the adaptive driving systems,
because they have the necessary calculus speed to
monitor and drive the actuation system;
can monitor the frequency specter of the mechanic
vibrations through use of spectral analysis and of the fast
Fourier transform and, on this basis they can make a
diagnosis, meaning that they can predict, in incipient
phases, the damage states;
allow the synthesize of the narrow band absorption filters
with which the mechanic resonance (which may determine
an instability of the adjustment system) is avoided.
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