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Exploring on rotating machines abnormal state with data
mining in protective parameters

Elham Parvinnia®, Mohammad Safari and SeyedAlireza khayami
Department of Computer Engineering, Faculty of Engineering - Shiraz Branch - Islamic Azad University - Shiraz — Iran

Abstract
challenges: Compressors are expensive rotating machines that are used to increase the pressure of gases.
Compressors are usually driven by an electric motor that is connected to the compressor through a
gearbox.

In order to protect rotating machines and prevent their operation in unusual situations, protective
control systems and process data are traditionally used. One of the dangerous conditions of abnormal
operation in compressors, as one of the important rotating machines in industries, is the surge condition.
Surge control protection system is adjusted based on compressor efficiency curve calculated by
manufacturers for each compressor. The main purpose of the control system is to keep the compressor
near the efficiency line and prevent it from entering the surge area. That is, the closer the compressor
works to the efficiency line, the higher the efficiency, but there is also the risk that it will cross the
efficiency line, which in this case has entered the surge region. Therefore, while maintaining efficiency, it
should not cross the surge area.
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Goil: In this article, a method has been proposed to detect the indirect effects of abnormal operating
modes using data mining methods.

Method: The real data stored during three years of a three-stage refrigerant compressor in a gas
refinery are used. The relationship between the surge state of the compressor and the amount of
vibration in its different parts has been investigated. The data transferred to the control system from the
measuring instruments of precision instruments has been received and stored by the monitoring
software. Then, a limited number of records have been randomly selected in combination in special
situations such as start-up, loading and normal operation in the periods when the compressor was
working in normal mode or surge mode. There are 12,640 records in the selected dataset.

Results: It has been proven with data mining methods that there is a direct relationship between the
state of surge and the amount of vibration. Also, more sensitive points to vibration during the surges
have been identified and it has been proven that by measuring these points, surges can be detected.
Therefore, in addition to the existing and previous traditional methods that use process data, it is
possible to use the amount of vibration of the points as an extension protection system for surge
detection. In this way, more protection of the compressor against the state of surge can be achieved.
Also, various data mining methods have been evaluated, and the results of the nearest neighbor method
with the number of neighbors of two have the best performance, and the effects of the number of
records in the data set on the quality and accuracy of the results have been investigated.

Key words: Rotating machine, Datamining, Surge detection, Compressor, Protection parameters
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L, Principal Component Analysis
2, Support Vector Machine
3 Deep Convolutional Transfer Learning Network
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(Figure -3): Vibration parameters and locations
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(Figure -5): Produced tree by Decision tree result
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(Figure -6): ROC curve of Decision tree model with 12640 records

ROC Curve for Classification by Classification Trees

CE] o -

b Gl )3l ) G901 b HlsS Gl yuiile Jlo p3 pae IS | yousuins

True positive rale
o
n
T
I

o os 1 15 2 25 3 a5
False positive rate w10

3,85 ) YOA l510 soloac gozo b puwouai © 50 Jow 0 ySlac duasiio (S Hlo )5 (V- o)
(Figure -7): ROC curve of Decision tree model with 258 records

ROC Curve for Classification by KNN

9:‘. Y agluod dlaxi 9 0,95, \TFFe (6510 ooloacgozxo b ayluod (p 5SG0 5 Jow 0 Slas duasiio (S 40,5 (A~ &)

(Figure -8): ROC curve of KNN model with 12640 records
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