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In this paper, the degradation model is assumed and the model parameters are estimated from the vibration
signal data of the induced-drift blower, and the result is used to diagnose equipment abnormalities and predict
remaining useful life(RUL). Using the field degradation data, the model parameters in the degradation model
were estimated using the maximum likelihood estimation method. In the case of the linear degradation model,
the slope parameter was tested to find the starting time period of the degradation process and the remaining
useful life is estimated repeatedly using the accelerated degradation model. Using the field vibration data the
suitable degradation models and the effective monitoring and estimation methods for preventive maintenance are
analyzed. Time period 1 to 4 were sections in which degradation of equipment did not occur. For time period 5
to 6, the linear increase in the vibration signal was verified through the linear degradation model. After time
period 7, the degradation has been accelerated exponentially. The remaining useful life was estimated through
the accelerated degradation model. These results shows that the alert signal in time period 5 to 6, the alarm
signal in period 7 to 9, and the warning signal after time period 10 should be displayed based on the diagnostic
analysis. The vibration signal data obtained from the Induce-drift blower was used in the degradation model, and
the model parameters of degradation model were estimated using the field before the failure obtained from the
field to check whether the equipment was deteriorated and whether the residual useful life is enough to delay
preventive maintenance to the next time period.
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Figure 1. The Concept of Delay Time Model(DTM)(Christer, 1999)
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Figure 2. Condition Monitoring Method Using Degradation Model(Proposed)
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Table 1. Velocity Severity Range Limits and Machine Classes(ISO-10816-1)

Velocity Range Limits and Machine Classes

Velocity -

: ) ) ) Large Machines
Severity Small Machines Medium Machines -

Rigid Supports Less Rigid Supports
Band | mm/s Class I Class I Class I Class IV

0.28 Good Good Good Good

0.45
A 071

B Unsatisfactory
(alert) Unsatisfactory
Unacceptable
¢ (danger) Unacceptable
b (danger)

FAN Non-Drive Side(raw data)

& 7 === Alert Band ‘B{2.28~4 50mvs)
== Alarm Band ‘C{7.10~11.20mm/s)
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Figure 3. Vibration Data with Field Balancing(Left) and Preprocessed Data Without Field Balancing(Right)
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Table 2. Degradation Model Parameter and Alarm Results Using RUL
Time period
Results
1 2 3 4 5 6 7 8 9 10 11 12
ISO 10816-1 based Alarm| Normal [ Normal | Normal | Normal | Normal | Normal | Alert | Alert | Alert | Alert | Alert | Alert
RUL based Alarm Normal | Normal | Normal | Normal | Alert | Alert | Alert [WAVEIGRI-NETe IRNEVoNT M ENsilTiTy
b 1.227| 1.055| 1.060| 1.483] 0.575| 1.125| 0.240| -2.332| 0.298| 0.171| -0.801| -2.685
Linear
model a 0.001] 0.048| 0.053| -0.008| 0.203] 0.216] 0.651| 0.915| 0.483| 0.836] 0.681| 1.454
p-value | 0.492| 0.063| 0.056] 0.598]2.51e-10(9.46e-12| 0.000| 0.000| 0.000{ 0.000| 0.000f 0.000
b - - - - -8.309| -12.514| -8.128] -10.645| -9.157| -12.905| -23.345| -6.822
Exponential o - - - - 1.172| 1.714] 1.327| 1.698| 1.606| 2.385| 4.327| 1.661
model B - - - - 1.414) 1531 2948 1.811| 1.440| 3249 1.532| 1230
RUL(hr) - - - - 8,712| 6,226| 1,578 652 888 168 26 -
Sum of Square Residual| 0.003| 0.020{ 0.007| 0.010/ 0.013] 0.204| 0.020| 0.034] 0.019] 0.030] 0.041| 0.051
Time period 1 2 3 4 4~5 4~6 4~7 4~8 4~9 4~10 | 4~11 4~12
&, - - - - -27.971| -16.129| -23.065| -21.124| -22.040| -22.985| -23.491| -25.365
Cumulative |77 : : . : 3.688] 2.075] 2957] 2715| 2.826] 2.940] 3.000 3222
exponential -
model 8 - - - - 1.423| 1.394| 1.467| 1.442] 1461 1485 1.499| 1.554
RUL(hr) - - - - 2,550 2,578 1,158 - - - - -
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Figure 4. Fitted Lincar Model(Time period #2~5)
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