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Background

Vibration is KK




What is Vibration?

- Periodic back-and-forth motion of

particles

- Elastic body
« Medium

- WHAT does |
. itmean? |



- z "WHAT does it mean?

Vibration signals at X)Y,Z axes can
. reveal significant insights about the i
motor's operational status. ;
(Ramtekkar et al.,2023)
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WHY does it matter?

- Reliable water supply P sctematy
_+#—Non-Return
system S S
- Ensure the daily operation of a seavel ... IR CU_st_gmers”ff
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Project Goals

- Enhance motor performance
- Avold unexpected downtime
- Reduce maintenance cost of motors




3 Used Methodologies

- ata

DATA - ,
- —Analysis-=




DATA

- 8th Nov 2022 to 11th Aug 2023
- Total of 7 motors and pumps
- Pilot study --> Motor 2




Data Storage

- MySQL 8.0
- Star Schema

- Total of 4 tables
- Measure
- Device
- DTW-prediction
- RNN-prediction
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EXpldratory Data

Analysis
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Missing Value

Missing record

- Contain high percentage of missing value

- High idling time

Operating record
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High idling time



Valid record
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Operating record
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- High correlation between columns G

Acceleration RMS(Axial)

- Acceleration RMS (Axial) and Speed have
high correlation

Acceleration RMS(Radial)

- Acceleration RMS (Radial) and Vibration
(Radial) have high correlation

Vibration (Axial)

Vibration (Radial)

Acceleration RMS({Axial)
Acceleration RMS{Radial)




K-means Clustering with 4 clusters

Cluster O: off, Speed =0 /'

Cluster 1: Low, 894 < Speed < 1020

Cluster 2: Medium, 1021 < Speed < 1271

Cluster 3: ngh, 1272<Sp€@d -6 200 400 600 800 1000 1200 1400
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Peak-to-peak
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Prediction Algorithms
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Peak-to-peak analysis

Minimal variance in the peak-to-peak
values in vibration could provide clear
demarcation from faulty motors

(Del Rossr et al., 2021)

Thresholds set at
0.1455 <x < 5.1289



Thresholds set at
0.1455 < x < 5.1289
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12
DTW between Rows 1 to 13 and Rows 675 to 687

DTW Distance of 0.10225
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GRU

weight_ih_I0 (1536216
weight_hh_I0 (1536x512)
bias_ih_l0 (1536)
bias_hh_10 (1536)
weight_ih_I1 (1536x512)
weight_hh_I1 (1536x512)

Deep learning

Recurrent neural network model with b B 1 (1535

Gated Recurrent Unit architecture (GRU) s
:.a's.:;al;_ls 1536!,3

list

Linear Linear

extract_tensor weight (256x512

bias (256,

list

list

list

4-fold GRU layer
dropout rate of 0.1



GRU

weight_ih_I0 { 1536x<16)
weight_hh_I0 ( 1536%512)
bias_ih_10 {1536
bias_hh_I0 (1536
weight_ih_I1 (1536x512)
weight_hh_I1 (1536x512)
bias_ih_I1 (1536
bias_hh_I1 (1536
weight_ih_I2 (1536x512)
weight_hh_I2 { 1536x512)
bias_ih_12 (1536)
bias_hh_I2 {1536
weight_ih_I3 (1536x512)
weight_hh_I3 (1536x512)
bias_ih_I3 (1536
bias_hh_I3 (1536
)

_a"_\"‘(e |ght5 1y perparame tor

Linear Linear

ture (GRU)

extract_tensor

weight (256x512)
bias (256

weight (3x256)
bias (3

list

list

list

4-fold GRU layer
dropout rate of 0.1



Hyperparameter

- Adam optimizer

- Mean Square Error Loss function
- loss of best model: 0.901

- Overfiting happened after 1250 of epochs
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Model evaluation
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Dashboard
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Discussions

, Diflicultiesy Limitations




Difficulties

- High percentage of missing value and idling record

- Hardware limitation

- Lack of enough samples for training RNN model
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Conclusion

- Cornerstone of vibration analysis at HK's water
supply system

- Experiment different approaches

- Expose the weakness of approaches

- Highlight the benefit of approaches

Y &
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