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Abstract

This paper reports the development of hybrid monitoring and analysis software for those who are interested in hybrid
analysis. When the machines were operating, the situations that made motor current, vibration and oil could demonstrate
the characteristics of machinery status. Somehow, to provide engineers could detect and make maintenance plans by
observing and collecting the data as speed and magnitude to compare with ISO standards. This may be of benefit in
many industries such as aerospace and industrial power plant etc.

In the experiment, the software may collect the data from a sensor through NI hardware. To experiment the
project for testing by using the virtual machine, the experiment has gone through the motor rotation and add the mass
on shaft to compare the data and distinguish the status that shows upon interface the program. In this paper, the
performance was analysed based on the RMSE between fuzzy logic and Neuro-fuzzy systems on MATLAB. The result
errors obtained from fuzzy logic of 70% to 140% were relatively higher if compared to Neuro-fuzzy systems of 3% to

37% due to Neuro-fuzzy training from real hybrid data but fuzzy systems designed reference follow ISO standard.

Keywords: Neuro-fuzzy system, Hybrid data, Machine Health.
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Figures 1. Bell-shaped Membership Function.
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ANFIS Structure
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1. ifxis A1 and y is B1, then f1=p1x+q1y+r1.

2. ifxis A2 and y is Bz, th‘en f2=p2x+q2y+r2.
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Figures 2. Neuro-fuzzy diagram form.
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Table 1. Vibration (RMS) 1ISO10816-3 for design mem-
bership Fuzzy Logic.

Input 1 Vibration

(mm/sec) Output
0-4.5 Good

4.5-11.2 Caution
>11.2 Waring

Table 2. Temp for design membership Fuzzy Logic.

Input 2 Temp
. Output
(°C)
0-80 Good
80-90 Caution
> 90 Waring
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Table 3. Oil 4 microns 1ISO4406 for design membership
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Table 7. Current Imbalance (%) for design membership

Fuzzy Logic. Fuzzy Logic.
Number of Particles Input 1 Input 1
Output Output
4 Microns Scale number Imbalance (%)
0-5000 0-19 Good 0-6 Good
5000-20000 20-21 Caution 6-10 Caution
20000-160000 22-24 Waring 10-20 Waring

Table 4. Oil 6 microns ISO4406 for design membership

Table 8. Current Imp. Imbalance (%) for design membership

Fuzzy Logic. Fuzzy Logic.
Number of Particles Input 2 Input 2
Output Output
6 Microns Scale number Imp. Imbalance (%)
0-1300 0-17 Good 0-7 Good
1300-5000 18-19 Caution 7-12 Caution
5000-160000 20-24 Waring >12 Waring

Table 5. Oil 14 microns 1SO4406 for design membership

Fuzzy Logic.
Number of Particles Input 3
Output
14 Microns Scale number
0-160 0-14 Good
160-640 15-16 Caution
640-160000 17-24 Waring

Table 6. Oil Viscosity for design membership Fuzzy Logic.

Range Viscosity Input 4
Output
(mm2/s) Viscosity Class
1.98-7.48 VG2-VG7 Good
9-11 VG10 Caution
> 11 >VG10 Waring
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Table 9. Current Fp Amplitude (dB) for design membership

Fuzzy Logic.
Input 3
Output
Fp Amplitude (Delta dB)
>48 Good
36-48 Caution
<36 Waring

Table 10. Current Peak One (dB) for design membership

Fuzzy Logic.
Input 4
Output
Peak One (Delta dB)
0-10 Good
10-20 Caution
> 20 Waring

Table 11. Current Peak Two (dB) for design membership

Fuzzy Logic.
Input 5
Output
Peak Two (Delta dB)
0-10 Good
10-20 Caution
> 20 Waring
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Table 12. Current Peak Three (dB) for design member-
ship Fuzzy Logic.

Input 6
Output
Peak Three (Delta dB)
0-10 Good
10-20 Caution
> 20 Waring

J Sci Technol MSU
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Table 13. Current Peak Four (dB) for design membership

Fuzzy Logic.
Input 7
Output
Peak Four (Delta dB)
0-10 Good
10-20 Caution
> 20 Waring
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Figures 3. Vibration diagnostic systems based on Fuzzy
logic Follow ISO 10816-3 Type G2/4 Rigid
Speed 1500 RPM.
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Figures 9. Total 6 rules of Vibration Analysis.
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Table 14-16

Table 14. Motor Current Data for Test.

Input 1 Input 2 Input 3 Input 4 Input 5 Input 6 Input 7 Output

0.3 0.4 62 4.5 -9.8 -83 44 1

0.6 2.2 63 26 43 30 10 1

Table 15. Oil Data for Test.

Input 1 Input 2 Input 3 Input 4 Output
65.68 21227.8 6724.7 412.9 3
65.5 10751.7 3131.1 203.7 2
Table 16. Vibration Data for Test.
Input 1 Input 2 Output
30 0.64 1

50 2.03 2
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Table 17. RMSE estimation performances compared among different Fuzzy Logic models and Neuro-Fuzzy Logic

models.

RMSE Test

Type Data RMSE Test Fuzzy Neuro-Fuzzy
Current Average 0.9487 0.003885
Current Maximum 0.8367 0.032672
Oil Average 1.4142 0.37357
Oil Maximum 0.7746 0.37688
Vibration Average 0.5477 0.31682
Vibration Maximum 0.7071 0.32356
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