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Implementation of an Integrated Machine Condition Monitoring
Algorithm Based on an Expert System

Rae-Hyuk Chang', Eui-Sung Yoon, Hosung Kong and Dong-Hoon Choi*

Tribology Research Center, KIST
School of Mechanical Engineering, Hanyang University*

Abstract — An integrated condition monitoring algorithm based on an expert system was implemented in this
work in order to monitor effectively the machine conditions. The knowledge base was consisted of numeric data
which meant the posterior probability of each measurement parameter for the representative machine failures.
Also the inference engine was constructed as a series of statistical process, where the probable machine fault was
inferred by a mapping technology of pattern recognition. The preposed algorithm was, through the user interface,
applied for an air compressor system where the temperature, vibration and wear properties were measured simul-
taneously. The result of the case study was found fairly satisfactory in the diagnosis of the machine condition
since the predicted result was well correlated to the machine fault occurred.

Key words — fault diagnosis, expert system, condition monitoring.
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Fig. 1. Integrated condition monotirng & diagnosis.
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Fig. 4. Air-turbo-compressor System.

Table 1. Air-turbo-compressor system

¢ Air-turbo-compressor system
- Main Component
- Motor(8,500 kW), Oil Reservoir
- Compressor, Gear Unit
® Main Machine Elements
- Main Journal Bearing (Motor)
- Tilting Pad Bearing (Compressor)
- Gears, and Thrust Bearing
¢ Lubrication System
- Oil Viscosity: 46 ¢St @ 40°C (ISO VG46)
- Operating Temperature: about 60°C
- Qil Tank Capacity: about 5,500 L
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Table 2. Input facts of knowledge base

No [MeasunngData’  Unit Descritipn On/Offline| Dewice
1 o1 None total contamination of oit an-fine OMD
2 02 None ferrous contaminatino of ol on-fine OMD
3 NAS None NAS grade aff-line dCA
4 Fe ppm quantity of Fe particles in oil off-line ICP
5 Sn ‘epm quantity of Sn parbcles n ol off-line iCP
8 &i :ppm quantity of $i particles in of, off-line P
7 PQindex  !None index of ferrous particles in oil by °Q off-line PQ
8 RPD None qualitative analysis of wear partic 25 off-line RPD
g T140 C temperature of éumpressnr(lN) on-line sensar
10 T4 lc temperature of compressor{OUT on-line sensor
1 T142 E“c temperature of pinton axis on-ling sensor
12 T143 ic temperature of pinion axis or-line sensor
13 T144 ic temperature of wheel axis on-ine sensor
14 T45 : temperature of wheel axs orrline sensor
15 T147 it temperature of thrust bearing on-ing Sensor
16 Y160A  ium displacement of compresso{OU ") on-line sensor
17 Y1608 }um displacement of compressor(OU ") on-ine sensor
18 Y164A Lum displacement of compressar(IN) onine sensor
19 Y1648 jum :  displacement of compressor{IN)  ; onine Sensor

20 Y151 Hed acceleration of gear unit online sensor

21 X183 ;mm displacement of pinion gear or-line sensor

22 Viscosity ¢St viscosity of oil oft-line device

23 | Viscostty Index INone wiscostly index of ol off-line device

24 TAN jmgKOH/g acidity degree of ait off-ne device

25 insoluble  'ppm quantity of foreign matters in ol off-kne device

26 _| water Content 'ppm quantity of water in oil aff-tine device

Table 3. Output facts of knowledge base

Case Event Code
Case I Misalignment and Imbalance C
Case II Gear Wear/Faiulre G
Case Il BRs Wea/Failure G
Case IV Improper Lubrication C,
Case V Ingress of Foreign Matters Cs
Case VI  Oil Starvation ° Cs
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Table 4. Standard code

1 [oV4 €3 C4 C5 C8
D1 0.0 0.4 0.2 0.1 02 0.1
D2 0.0 086 0.0 0.3 0.0 2.1
NAS 0.0 0.4 0.2 a1 0.2 0.1
| Fe 0.0 06 0.0 0.3 0.0 0.1
| Sn 0.0 00 0.7 0.2 0.0 0.1
S Q.0 0.0 0.0 0.0 1.0 0.0
~.PQindex § 00 98 ]! 9.9 03 . 00 ] 0l
RPD 0.0 0.5 0.1 0.2 0.1 0.1
TE140 0.0 0.0 0.7 0.2 0.0 0.1
TE141 0.0 0.0 0.7 0.2 0.0 0.1
TE142 0.1 0,1 05 0.2 0.0 0.1
TE143 0.1 o1 05 0.2 0.0 0.1
TE144 0.1 0.1 05 0.2 0.0 0.1
TE145 0.1 0,1 .05 0.2 6.0 0.1
TE146 0.1 01 0.5 0.2 0.0 0.1
TE1AT 2 0.2 0.3 0,2 0.0 0.1
Y160A 0.4 0.3 0.1 0.1 0, 0.1
Y160B 0.4 03 01 0,1 0.0 0.1
Y16t 04 0.3 0.1 0.1 0.0 01
Y1B4A 0.4 03 0.1 0,1 00 0.1
Y184B 0.4 0.3 oA ¢ 0.0 0.
X183 0.8 9.2 0.0 0.0 00 0.0
Viscosity 0.0 0.1 0.1 0.7 0.0 0.1
| Index 0.0 0.1 0.1 07 0.0 0.1
TAN 0.0 0.1 0.1 0.7 0.0 01
Insoluble 0.0 0.3 01 0.1 0.4 [
Water 0.0 0.0 0.0 1.0 0.0 0.0
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Fig. 5. Inference engine in expert system.
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Table 5. Euclidean matrix

Output facts 1 2 3 4 5 6

1 0.00 263 313 28 86 183
263 000 346 272 295 235
3.13 346 000 275 331 246
289 272 275 000 288 199
286 295 331 288 000 159
1.83 235 246 199 159 0.00
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Fig. 6. Steepest descent.
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Table 7. Diagnosis result

System: Air-turbo-compressor #9 Probability
Root cause 1: Gear wear/failure 88.4%
Root cause 2: Oil Starvation 56.1%
Root cause 3: BRs wear/failure 44.8%
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