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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- 1): Surge control system of compressor
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16.00.2016 03:02.37662 215 1054500008  16.65500069 13.97499847 -0.355333328 -0.35119993 0 34.2184306 423016396 425479736
16.00.2016 03:02:38.062 215 1054500008  16.65500069 13.97499847 -0.355333328 -0.35119993 0 410579491 4B B1ETT22 431375237
16.09.2016 03:02:38.662 2145000076 10.59500027 1665500069 1917500114 -0.361199976 -0.35706669 0 46651226 47.9185638 44 4413757
16.09.2016 03:02:39.062 2145000076 10.59500027  16.80800031 1917500114 -0.361199976 -0.35706669 0 62.9007187 51583931 451008301
16.09.2016 03:02:39.662 2145000076 10.59500027  16.80800031 1917500114 -0.361199976 -0.35706669 0 73564415 558417473 45.270568
16.09.2016 03:02:40.0682 2265999985  10.59500027 16.45000076 18.97439847 -0.36680001  -0.36306667 0 TI.TI61407 59.6181679 44 6185875
16.00.2016 03:02:40 562 2265999985  10.59500027 16.45000076 18.97439847 -0.36680001  -0.36306667 0 83.9824677 58.3343570 43 £488091
16.00.2016 03:02:41.062 2265999985  10.59500027 16.45000076 18.97439847 -0.36680001  -0.36306667 0 100 67.3216858 484554977
16.09.2016 03:02:41 562 2760439954 111000003 16.90500068  19.125  -0.372799993 -0.36326664 1 100 725684052 47.0030022
16.09.2016 03:02:42.062 2760439954 111000003 16.90500068  19.125  -0.372799993 -0.36326664 1 97.9780884 724332657 44.800148
16.00.2016 03:02:42562 2760439954 111000003 16.90500069  19.125  -0.372799993 -0.36826664 1 79.1694489  71.093311 435217094
16.09.2016 03:02:43.062 2579000092  10.64500046 1665500069 2003439985 -0.35680002  -0.35226667 1 97.8190636 52525135 80 9682312
16.00.2016 03:02:43562 2579000092  10.64500046 1665500069 2003439985 -0.35680002  -0.35226667 1 100 821184321 100
16.00.2016 03:02:44 0682 3734500122 1215999985 1776499939 1022439847 -0.341799974 -0.33719989 1 100 861683614 100
16.00.2016 03:02:44 562 37314500122 1215999985 1776499939 1022439847 -0.341799974 -0.33719989 1 771786804 919453736 73.8087921
16.00.2016 03:02:45.062 3734500122 1215999985 1776499939 1022439847 -0.341799974 -0.33719989 1 221307678 75.2705383 404148064
16.00.2016 03:02:45 662 3265000153 1215999985  16.60000038 18.92500114 -0.323533366 -0.31313335 1 311410609 56.7547836 426687339
16.09.2016 03:02:46.062 3265000153 1215999985 1660000038 18.92500114 -0.323533366 -0.31313335 1 412906456 62.9579964 520532417
16.09.2016 03:02:46 562 3265000153 1215999985 1660000038 18.92500114 -0.323533366 -0.31313335 1 45 5360827 6B.0281296 577814217
16.09.2016 03:02:47.062 2185000038 10.59500027 165 19.07500076 -0.344266653 -0.33960003 0 514649162 71799675 9 1494713
16.09.2016 03:02:47 562 2185000038 10.59500027 165 19.07500076 -0.344266653 -0.33960003 0 52 5785255 73.6810226 50 6242561
16.09.2016 03:02:48.062 2109439931  10.24499989 165 19.02499962 -0.339999974 -0.33499998 0 531583023 728144913 56.164608
16.09.2016 03:02:48 562 2109439931 10.24499989 1670499992 19.02439962 -0.339999974 -0.33499998 0 54.4482727 £9.3469238 B4 1707382
16.09.2016 03:02:49.062 2109439931  10.24499989 1670499992 19.02439962 -0.339999974 -0.33499998 0 56.1283684 69.0332665 48.1336021
16.09.2016 03:02:49562 2018439947  10.19500085  16.95499992 2003439985 -0.340200007 -0.33506668 0 56.7727304 B6.8777924 462570496
16.09.2016 03:02:50.062 2018439947  10.19500085  16.95499992 2003439985 -0.340200007 -0.33506668 0 57.0981903 66.0565796 41.376236
16.09.2016 03:02:50 662 2018439947  10.19500085  16.95499992 2003439985 -0.340200007 -0.33506668 0 56.4792633 626005363 388801575
16 08 2016 03-07-R1 0RZ - 20 13A00023 10 39A0004R 17 10499954 20 13R00023 -0 340133308 © -0 334999958 0 AR A14RRE1 RO TA0RRT1 3R 1RNR1A3

OT S S99 0uladgi eoloac goso :(F- )
(Figure- 4): Dataset and attributes
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(Figure -5): Produced tree by Decision tree result
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5. Receiver Operation Characteristic
6. Area Under Curve
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(Figure -6): ROC curve of Decision tree model with 12640 records

ROC Curve for Classification by Classification Trees
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(Figure -7): ROC curve of Decision tree model with 258 records

ROC Curve for Classification by KNN
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(Figure -8): ROC curve of KNN model with 12640 records
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(Figure -9): ROC curve of KNN model with 258 records

ROC Curve for Class/ficatlon by Nalve bayesian class fler
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(Figure -10): ROC curve of NIV Beans model with 258 records
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