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Development of Diagnostic Expert Systems for A Rotor System
Sung-chul Kim - Sang-pyo Kim - Young-jin Kim
College of Mechanical and Industrial Systems Engineering, Kyung Hee University, Yongin

A rotor system is composed of a rotating shaft with supporting bearings. The rotor system is widely used in
every rotating machinery such as the turbine generator and the high precision machine tools. A negligible error
or malfunction in the rotor, however, can cause a catastrophic failure in the system then result in the
environmental and economic disasters. A diagnosis of the rotor system is important in preventing these kinds of
failures and disasters. Up to now, many researchers have devoted in the development of diagnosing tools for the
system. The basic principles behind the tools are to retrieve the data through the sensors for a specific state of
the system and then to identify the specific state through the heuristic methods such as neural network, fuzzy
logic, and decision matrix. The proper usage of the heuristic methods will enhance the performance of the
diagnostic procedure when together used with the statistical signal processing. In this paper, the methodologies
in using the above 3 heuristic methods for the diagnostics of the rotor system are established and also tested and

validated for the data retrieved from the rolling element bearing and journal bearing supported system.
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19 1, Schematic diagram of the rotor system.

1) 2. Journal bearing supported rotor system.
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1Y 4. RMS values of AE and ACC-X sensors for each state in
2400 rpm.

¥ 1. Reference decision matrix for AE sensor in 2400 rpm

AE 2400 N FO F1 F2
a 22-23 24-32 27-29 17-24
b 16-18 14-19 19-24 15-23
c 29-39 35-50 30-36 27-41
d 21-24 41-47 19-24 24-32

¥ 2. Application to the sampled data

sample N FO F1 F2
a 1 0 0 0

b 1 0 1 1

c 1 0 0 0

d 1 0 0 0
3HA 4 0 1 1
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9 6. Fuzzy clustering.
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1% 8. Results showing the fuzzy c-means.
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[RMS Error: 1.412883

Good Pats: 0.0%
0001} 0.000053 1.000000 0.000000 0.000000 0.003269 0.00000C 0.938166 0.000000 1.412883 -

1Y 10. Results of Neural Network program.
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3 3. Comparison of X component RMS acceleration for var-
ious rpm and sensor location acceleration(g)(Yoo, 1998)

Sensor Operation type
P ocation A B C D
® 391 2.15 3.02 2.06
@ 2.92 1.92 2.53 1.94
@ 0.83 0.74 1.24 0.80
900 ) 1.01 0.73 0.96 0.78
o 0.85 0.66 0.80 0.74
® 0.83 0.75 2.04 0.72
® 6.17 4.51 5.88 3.84
) 3.80 5.66 6.06 432
@ 422 5.13 5.24 3.60
@ 2.26 1.53 2.06 1.77
1800 ) 1.69 1.74 1.84 1.54
@ 1.32 1.36 1.42 1.65
® 1.66 1.67 1.82 1.38
® 9.52 16.68 15.72 13.99
® 6.52 12.07 9.99 7.20
® 8.17 8.85 9.98 7.50
@ 1.79 2.99 3.99 3.20
3600 ) 1.86 3.18 2.98 3.04
@) 2.49 2.85 2.48 2.61
® 2.72 3.34 2.82 3.03
® 10.67 29.53 21.04 26.42
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X 4. Prediction rate (%) for single measurement location and
single abnormality

(a) Backpropagation Network®] A7} gk(; $A])

Tnining #8%|  S0C | A% dae A%

Pattern ouputgk
Y1 Y2 Y1 Y2 Yl Y2
AAHA) | 0.985 | 0.984 | 0.720 | 0.994 | 72.0% | 99.4%
o]’B) | 0.981 | 0.015 | 0.973 | 0.023 | 97.3% | 97.6%
o]AHC) | 0.014 | 0.986 | 0.028 | 0.964 | 97.1% | 96.4%
o]4KD) | 0.176 | 0.016 | 0.016 | 0.030 | 98.3% | 96.9%
7% data Y5 : 4= output ZE X 100

(b) Backpropagation Network?] A3} gH(p9] A))

Pat Training @7k | 2%3 oupwigt | AZ data Y=
attern
Yl Y2 Y1 Y2 Y1 Y2
AXHA) | 0981 | 0.977 1 0924 | 0951 | 92.4% | 95.1%
o}4HB) | 0.982 | 0.020 [ 0.960 | 0.019 | 96.0% | 98.1%
o]AKHC) | 0.021 | 0.982 | 0.364 | 0918 | 63.6% | 96.4%
o}2KD) | 0.014 | 0.013 | 0.017| 0.023 | 98.3% | 97.7%
¥ 7% data 8 %= 7433 output 7k X 100
(c) BAM Network 2] ZA#ZHGYA)
Training A=

Traning | Target | Training | Target | Input
Data(X;) | value |Data(X3)| value Data Result |~ Status
aawljl | (1,1) | bawljl | (-1,-1)| aaw3jl | (1,1) | FAHA)
aaw2jl | (1,1) | baw2jl [(-1,-1)| baw3ijl |(-1,~-1}| ©]*KB)
aaw2jl | (1,1) | baw2jl | (-1,-1) | aawljl | (1,1) | BAHA)
aaw3jl | (1,1) | baw3jl |(~1,-1) | bawljl [(-1,-1)| o]4KB)
aaw3jl | (L,1) [ baw3jl | (-1,-1)| aaw2jl | (1,1) | AAHA)
aawljl | (1,1) | bawljl [(~1,-1)| baw2ijl |(-1,-1)| ©]%KB)

. . aaw3jl | (1,1) | BAHA)

11 | (1,1 | bawljl | (~1,-1 -
aawlil | (LD T bawlil (LD e TCLon] o1 iB)

% data A7 : gawl j1 (34 E, 1800mpm, jEQE)

AZ3 9T 2 AHE <H 49 Ve ch

4.2.2.2 Bidirectional Associative Memory (BAM)©]] &J 3} 8t<¢

Buo|g AJ@7]e) ol A5 HolHE 27X E 7
3t} BAM Network & 8t5A17] 3 1700 @t A58 A 23}
Gt AL datas A )F)9)412] 900 rpm, 1800 rpm,
3600 rpm] 7-¢-of ti gt A e o} o] 3 d el o] dHlolEE o]
&3t A

23 7} dlolE el A x, v, 250l 3 H O[] Fol| A x5
Ho|E1 & AHE3HAT 917)A] ©]/4 el & RetainerE 1 &4
AlA A3 o6 E o] &3}9dt}. Bidirectional Associative
Memory Network 2] 4! & 2 3} Backpropagation Network 2z}

Z19 11. Statistical characteristics of data.

AE Sensor
tvpe Db
type B
type E
type A Accelerometer X

1§ 12. Fuzzy Clustering of data.
o 3 <E 4>ol LERYTY.
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