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Abstract

The purpose of this research is to monitor the condition and troubleshoot the
gas turbine of marine propulsion system by developing artificial intelligence
models. Therefore, artificial intelligence algorithms are divided into two
categories: machine learning and deep learning. The use of machine learning
methods usually requires the extraction of signal features by the user, while
in deep learning methods, the raw signal can be provided to the neural
network to perform feature extraction and then regression or classification
(Orhan & Celik, 2023). In this research, after the general description of the
marine propulsion system, we use a dataset related to the turbine and
compressor of the ship's propulsion system. Each data contains 16
operational parameters of the system and two decay coefficients related to
the turbine and compressor of the system. The 16 parameters will be the
features and the two decay coefficients will be the label or output of the
model (Coraddu et al., 2014). Regression models should be developed due to
the continuous value of wear coefficients. In order to develop the model
using Python programming language, classical machine learning methods
such as decision tree regression, k-nearest neighbor, polynomial regression,
Gaussian and Lasso, and in the next step, multi-layer neural regression
model, are used to develop the model .Finally, the performance of these
methods was compared and the polynomial regression method and the
decision tree had the best performance among the rest of the models.
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1 Machine learning
2 Deep learning

3 Feature extraction
4 Regression

5 Classification

6 Decay coefficient
7 Features
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Reduction
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Diesel engine

Gas turbine

Clutches

Propeller

1 Combined diesel or gas

2 Combined diesel and gas

3 Combined diesel electric and diesel
4 Combined diesel-electric and gas

5 Combined nuclear and steam

6 Full electric propulsion
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1 Combine diesel-electric and gas
2 Integrated full electric propulsion
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— Performance-based Gas path analysis

— Oil sample

— Non-performance-based —

— Thermography
Gas turbine condition - -
monitoring methods — Strain analysis
— Vibration

On-line or on-board monitoring
— Metal temperature
— Load analysis

Off-line or off-board monitoring

— Acoustics
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1 Mean square errors

2 Steepest gradient descent
3 K Nearest neighbors

4 Instance based
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1 Adaptive moment estimation


https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B2%DB%8C%D8%B9_%D8%A7%D8%AD%D8%AA%D9%85%D8%A7%D9%84

. . Zé - N ae 4 - . -
79‘\| d}b)b‘}%f...dﬂ;)d“%ﬂy 4@3@&5&1MWW3&Q

(Sharma, 2023) s O g 55 S2ss 3 Sie V S

Deep neural network (nonlinear regression)

F(x) = w3To(W2To(WlTx + b))+ b,) + by

Input Layer € R* Hidden Layer € R* Hidden Layer € R* Output Layer € R’

B 5 Ogr 55 sadde 35 0]
5 oS by (e Sl O S 5 S 35 5T Sl dmy iy ol o
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(https.//emilia-orellana44.medium.com/) MSE & =5 A K&
1 & P
MSE = — ) (¥; - Y))

MSE = mean squared error

n = number of data points
Y; = observed values
Y, = predicted values

1 Mean square error
2 Mean absolute error
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n
we=1 3 [y -3,

i=1
Formula
R?—1 RSS
TSS
R? = coefficient of determination

RS'S = sum of squares of residuals

T'SS = total sum of squares
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Method
) R2 score MAE MSE
Indicator

Poly 0.996 0.0006 6.797e-07
Reg
DT 0.980 0.001 4.1646-06
Reg

KNN 0.937 0.001 1.356e-05

ANN 0.921 0.003 1,6966-05
GR 0.862 0.004 2.973e-05
LR 0.70 0.006 6.476e-05
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Method
R2 score MAE MSE
Indicator

';O'y 0.996 0.0003 1.887e-07

eg
DT 0.961 0.0007 2.2106-06

Reg
GR 0.882 0.002 6.69¢-06
ANN 0.876 0.001 7.034e-06
KNN 0.874 0.001 7.11e-06
LR 0.636 0.003 2.0626-05
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