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A Design for the Drive Circuit for the Vector Controlled
Stator Current of a 3¢ Induction Motor

Hong, Soon-Ill

Abstract

It has been difficult problems to realize the control schemes of a variable frequency induction
motor drive fed from voltage ‘or current source inverters bacause the control equations are non-
linear and complicated. On the basis of earlier analysis, the system equations of an induction
motor is shown by using 2-axis variables. And its equivalent circuit is expressed on the air-
gap flux. It is difficult to comprehend vector coatrol and to adant sp22d control schzmes of an
induction motor.

In this paper, the system equations for an induction motor are presanted in a convenient
format using the method of field co-ordinate. The relations among flux, torque and rotation
speed are derived in terms of stator current components in a simple format. The stator current
components i, and i. are equivalent to the field and armature current in a DC motor respec-
tively. Based on the system equations, the control laws for an induction motor drive system fed
from the current source inverter and the equivalent circuit of an induction motor are derived
in order to realize simple control schemes as well as those of a DC motor. According to the
control laws, the speed control schemes of an induction motor fed from current source inverter
are proposed. In the proposed speed control scheme, the characteristics of control variables are
similar to that of a DC motor.

For a small variation about an operating point, the lin2ariza1 state equations of an induction
motor are presented. When the stator current is controlled, the effect of current on the drive
response is evaluated from root roci of the state matrix A.

Fach control part of total system was designed and its response characteristics for input and
output were verified by the theoretical computation and experiments, and then the induction
motor-vector control system was composed of the above control part. The experimental tests
were carried out on a 2.2[kw] 3-phase induction motor. The results were that the region of
speed control for a test motor was between 25 and 1450 rpm, that the optimal frequency for
starting speed command was 10% of the rated speed, and that in the case of driving, the
response time cf speed variation for the test motor was 140Tmsl.
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NOMENCLATURE

meanings of parameter and constant

* . indicates command quantity

¢ - indicates DC link quantity

hy, :current amplyfier ratio of transistor
L,, L, : stator and rotor inductances [H]
M : mutual inductance [H]

k : gain constant

p :d/dt

Ry, R, : stator and rotor resistances [ 8]

s - indicates steady state quantity

8 :inverter ratio

variables

E, :output voltage of SCR converter vl

I, :DC link current

i, :instantaneous value of torque current

ip, iq, ia, i, : Stator and rotor currents of 2¢ induction motor [A]
i, :instantaneous values of magnetizing current [A]

i), 1, : stator and rotor current of 3¢ I.M.

s : slip

T  :torque vector [N-m]

v, :instantaneous stator voltage of .M. [V]

V; :input voltage of SCR inverter [V]

a :retard angle of SCR converter

w, Wy, w; © indicates angular frequency in synchronous!y referred frame ‘rad/s]
w; :slip angular frequency [rad/s]

8., 8,, 0 : angulars of stator current rotor and torque [rad]
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R : Coil resistance[ 23
L : Self inductance[ 1
M : Mutual inductance] {]

 : Rotor frequency[rad/sec]

Fig. 2. Induction motor model.
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Table 1. Parameter of motor and Load

2.2KW, 200V, 50Hz Sr=0.05% pole=4
Ri=0.859[0) l J=0.02 [kg+m!]
Ry=0.459 [2] : B=0.001 [1/s]
Ly=0. 0904 [H] \ i;=4.86 [A] Load : 2KW
Lr=0. 0904 [H] ' i,=9.0[A] DC generator
M=0. 0873 [H] | i,=7.59 [A]
A
In
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L2, 0
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+ -/ 0
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v

Fig.6. Loci of eigen value for system matrix A.
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Table 3. Algorithmic Results of slip frequency [w*]

VoIV]
V.Vl theoretical | measured 4 error remark
values values i
{
10 —0.30 —0.278 0.022 ! 7.33 l\ Vo= V;X’
8 —0.24 —0.223 0.017 7.08 |
6 —0.18 —0.168 0.012 6.67 | V,=—0.3[V]
| const
4 —-0.12 —0.110 0.01 8.33 |
2 —0.06 —0. 056 0.04 6.67 E
!
0 0.0 0.0 0.0 - 1
-2 0.06 0. 062 0. 002 3.33 |
|
—4 0.12 0.123 0.003 | 2.50 |
|
—6 0.18 0.183 0. 003 1.67
-8 0.24 0.241 0. 001 0. 42 |
—10 0. 30 0.310 |  0.010 l 3.33 |
I b
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[Hz]¢ A stES AA st 2 54 Fig. 160 vepligles AJ 5~8[V] Fubell 4 tt

rad/s
£9 oA Qovk Ad SAdE LEAA 9. w, k=LAl o0
3

[51]1
4
L~
5 400
g
8§ P
5] 4

300 4

A
-
v
7
7
200 4 Measured value P <
7
7
e < Theoretical value
e
100 ¢ g
7
7
v
v
v

I 5 3 4 5 6 7 8 9 10 11V
Input voltage

Fig. 16. V/F characteristics for output frequency versus input voltage.
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Fig. 19. Configuration of experimental model for motor drive and its
circuits with measuring points.
Table 4. Experimental values in various parts.
measured parts : symbol no load(a) load(b) | unit
|
V/F converter frequency (a) . 2.55 286 { Hz
i* command value (d) [0 9.8 Vv
converter input voltage (c) ' 52 51.5 \%
. i
converter output voltage (b) | 52 60 ! v
converter output current (b) o 2.6~2.7 3.9~4.0 A
inverter output voltage (e) | 50.0~50.5 60. 0-~60.5 \'%
i i
inverter output current € L0~G05 | 3300 1 A
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Fig.18. Gate pulse Amp.
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Fig. 19. Configuration of experimental model for motor drive and its
circuits with measuring points.

Table 4. Experimental values in various parts.

measured parts i symbol no load(a) load(b)

I unit
V/F converter frequency (a) ! 2.55 286 ! Hz
i1* command value (d) E 9.2 9.8 1 \Y%
converter input voltage (c) , 52 51.5 l A%
converter output voltage (b) ! 52 60 A%
converter output current (b) ‘ 2.6~2.7 3.9~4.0 A
inverter output voltage (e) | 50. (-~50. 5 60. 0-~60.5 A%
inverter output current (e) ‘ 2.0-~2.05 3.0~3.05 | A
input frequency of motor (e) l 45.0 46.5 i Hz
stator current (f) i 0 2.15-~2.25 \ A
rotation speed (H) ; 1290 1286 ‘ rpm
slip : 44 78 |

1407ms] at acceleration

speed response 120.ms] at deceleration
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Fig.21. (a) Waveform of stator voltage.
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Fig.21. (b) Converter output voltage.
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Fig.21. (g) Six-step voltage source inverter output voltage,

Fig.21. Experimental waveforms in various parts.
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