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Abstract:  The capacitor excited induction motor is fed by a natural commutated inverter. The control system has been implemented to modify the rectifier voltage. The inverter firing technique used has been the machine terminal voltage sensor, employing the dedicated integrated circuit TCA 780 (Icotron-Siemens). The reference pins (5) of the TCA’s 780 are supplied by the secondary voltages of two synchronizing transformers, connected to the electrical system and the machine terminals for the rectifier and inverter firing units, respectively. The pulses are generated by TCA’s 780 using the ramp method.


The control system has been implemented to modify the rectifier voltage. For this purpose there are the speed and current regulators designed according to the symmetric optimization criterion [2]. These regulators have been determined using a simple design procedure that will be presented in this paper.


A DC control level voltage VCC (0(10[V]) connected to the pins 11 of the TCA’s 780 makes possible the modification of the firing angle ((), in a way that for a VCC of 10[V] there is an ( of 180o, and for a VCC of 0[V], ( equals 0o. An intermediary value of ( can be obtained by modifying VCC, so that the relationship between ( and VCC remains linear.


The DC control voltage of the rectifier (VCCR)) is varying, but the control voltage of the inverter (VCCI) remains always 0[V]. In this case a zero crossing machine terminal voltage has been used to fire the inverter. The synchronizing transformer used in this case has been a special transformer delta/zig-zag (/z-1950 [1], so the inverter firing angle is constant and equals 165o. The rectifier synchronizing transformer is delta zig-zag (/z-30o and the firing angle of this unit is varying.


The inner proportional integral (PI) regulator makes possible the limitation of the motor current and both PI speed and current regulators act when a load disturbance torque occurs or in a drop in the rectifier voltage.


The motor current and speed signals, have been registered in these cases, by using a storage oscilloscope, and the experimental results discussed. Presently  digital PI and fuzzy regulators are being implemented to compare the results of the dynamic behavior of the controlled system.
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1 Introduction


A simple regulator design procedure for an induction  motor will be presented in this paper. The method is based upon the symmetric optimization criterion[2]. Experimental results using PI regulators designed according to this proposed method will be presented. 


The main advantage of the regulators used for implementation is that we can adjust separately the gain (P) and the time constant (I) of the proposed regulator[2].

2 Regulator Design Procedure

A. Electrical Machine Armature Equation
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By using Laplace transform, yields:
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where:
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Total inductance (including DC link inductor and machine = Ld + 2Lm)
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Total resistance (including DC link inductor and machine = Rd + 2Rm)

Defining, 
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where:
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In “pu” values, we have:
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where:
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By replacing,
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where:
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In “pu”values, yields:
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where:
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Defining 
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(maximum gain)
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(minimum gain)

Medium static converter gain:
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Also: 
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The total gain,
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Small time constants:
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B. Current Regulator Design

The relationship 
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According to the table 6.4 of [2].

The current regulator gain is :
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The current regulator time constant: 
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The reference value filter is given by:
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PI Current Regulator

Gain: 
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Reference value filter: 
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Transducer filter 
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C. Speed Regulator Design


According to [2], the equivalent time constant of the current closed loop is given by:
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Also the speed transducer filter 
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The small time constants of the speed regulator loop
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The acceleration machine time constant [2]
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where:
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The relationship,
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According to table 6.3 [2]. 

Speed regulator gain:
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Speed regulator time constant :
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Reference value filter:
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PI Speed regulator

Gain: 
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3 Experimental Results


Figure 1 shows the implemented system. Figure 2 shows the used regulators and filters. Figure 3 shows the speed and current when a load disturbance torque occurs, showing the speed regulation. Figure 4 shows the current and Vcc control voltage when positive and negative disturbance load torque takes place. Figure 5 shows the rectifier and inverter voltage for rated conditions (speed, current, voltage). Figure 6 shows the capacitor and the inverter current (AC side), for rated conditions. Figure 7 shows the induction motor current (approximately sinusoidal). Figure 8 shows the complete drive blocks diagram. Figure 9 shows the current regulation loop. Figure 10 shows the speed regulation loop.


The induction machine starting process used has been the start-up with auxiliary machine (DC machine connected in the same shaft of the motor. This machine in the starting process works as a motor) . After the start-up  the DC machine works as a DC generator, supplying a resistive bank, acting as a load for the motor (Fig. 2).

Motor and system ratings:

· Voltage: 220 [V]

 J: 0.1 [Kg.m2]

· Current: 8.8 [A]

Ld: 331.57 [mH]

· Poles: 4


Rd: 0.6 [(]

· Power: 2.25 [KW]
Lm: 11.48 [mH]

· Speed: 1700 [RPM]
Rm: 1.72 [(]

· MN: 12.67 [N.m]

 C: 70 [(F]

4 Conclusion


A simple control circuit has been implemented in laboratory. The adjustment of the regulators has been made according to the symmetric optimization criterion [2]. The regulators design procedure for a controlled induction motor is very simple and efficient and some obtained experimental results have been presented. 


The closed loop control system tested has presented good accuracy and dynamics. 
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Fig. 1 – Implemented system
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Fig. 2 – Used filters and regulators
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Fig. 3 - Speed and current when a negative and a positive load disturbance torque occurs:

Vertical Scales  =>  Current - upper curve : 1DIV = 7[A]  -  Speed - lower curve: 1DIV = 600[RPM]
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Fig. 4 - Current and VCC voltage when negative and positive load torque disturbance occurs.

Vertical Scales  => Current - upper curve: 1DIV = 3.5[A]  -  Vcc Voltage - lower curve : 1DIV = 0.2[V].
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Fig. 5 - Rectifier and inverter voltage for rating conditions.

Vertical Scales  =>  Rectifier Voltage - upper curve: 1DIV = 50[V]

Inverter Voltage - lower curve: 1DIV = 50[V].
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Fig. 6 - Capacitor and inverter currents for rating conditions.

Vertical Scales  =>  Capacitor Current - upper curve: 1DIV = 20[A]

Inverter Current (AC side) - lower curve: 1DIV = 20[A].
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Fig. 7 - Rated induction motor current.

Vertical Scales  =>  Motor Current: 1DIV = 10[A].
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Fig. 8 - Complete drive block diagram.
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Fig. 9 - Current regulation loop.

[image: image88.png]Mecna

i speed

. Gurrent a
it ter Iooauaror a8 oter”
oREF
— —
ige
T R te
THSTgs VRN=GZ = TasTe
Fitter
—1_

1+5Tgn




Fig. 10 - Speed regulation loop.
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