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A Study on the Adaptive Control System of an

Induction Motor for an Air Compressor

by Kang, Dae-Gyu

Department of Electrical engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

Vector control of an induction motor has advantage of a quick
torque response, and has been applied to various industrial
applications.

In the design of a speed control system of induction motors, PI
controller has been widely used because its structure i1s very
simple. However, it is difficult to obtain robust and stable speed
control characteristics because the gain of the controller can not
be adjusted automatically when the load disturbance or system

parameter change.



The motor used In a reciprocating air compressor experience
abrupt load change by the movement of piston. So, its speed 1is
fluctuated.

This study proposes a new adaptive control system with
conventional vector controller for a reciprocating air compressor.
The proposed system consists of a load torque observer and a
feed—forward compensation using neural network to obtain a
robust speed control characteristic. The observer is designed
based on the Gopinath theory. And the neural estimator 1is
consisted of two layers, and i1s used to provide a real-time
adaptive estimation of motor dynamics. The LMS(Least Mean
Square) algorithm which has widely been used is applied as the
learning algorithm for this network to minimize the difference
between the actual speed and the predicted value by the neural
estimator.

To verify the effectiveness of this algorithm, a computer
simulation and a experimental test are carried out on the basis of
theoretical consideration.

From the experimental result, it is confirmed that the transient
responses under the 1[atm] and 2[atm] condition are reduced
80[ms] and 50[ms] respectively compared with conventional
method, and also steady state speed fluctuations are reduced 50

[rpm] and 80[rpm].
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Fig. 2-3 Position of current vector
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Fig. 3-3 Pressure and torque inside of the cylinder

_18_



Mozl dA

o
o

4. X~

_19_

Fig. 4-1 The proposed adaptive controller
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Fig. 4-3 The model of a plant neural estimator
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(b) Proposed adaptive controller

Fig. 5-1 Simulation results when the air pressure is 1 [atm]

_32_



2000
[rprm]

10007

+10

[al

—-10

+10

(Al

ias

|”|Jl||| I (IR PR A .|| e ARG

—-10

2000
[rpm]

10007

+10

(Al

3.0 [sec]

—-10

+10

L&l

A
(a) General PI controller
Hr»
MHr
1.0 2.0 3.0 [sec]
igs
ids
/L O A O N rr.rrrerfr,rrrrriryg
[“IHI_IIH il I .|||.. SR .|||.. A
“”“““ I|'| ||III i |||| '|||' Tl I|I I| ] I|I I||| | 'I| (11 iy I||I I||' I||I I| 1]

—-10

(b) Proposed adaptive controller

Fig. 5-2 Simulation results when the air pressure is 2 [atm]
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Fig. 5-4 Photograph of the air compressor
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Fig. 5-6 Flow chart of the main loop
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(@) The general Pl controller

(b) The proposed adaptive controller
Fig. 5-7 The responses when the air pressure is 1 [atm]
(Channel 1: Speed, Channel 2: ;)
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(@) The general Pl controller

(b) The proposed adaptive controller
Fig. 5-8 The responses when the air pressure is 2 [atm]
(Channel 1: Speed, Channel 2: ;)
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