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ABSTRACT: Reduce the cost of unscheduled shutdown and enhance the reliability of systems, is one 
of the important goals for various industries that could be achieved by condition monitoring. Cavitation 
is a common phenomenon in centrifugal pumps which causes the damage and its true identification in 
early stage is too important. In this paper cavitation is identified by use of artificial immune net that 
is modeled on the function of the human immune system. For this purpose, after data collection by a 
laboratory setup and extraction of various features, feature selection and dimensions reduction were 
done by artificial immune method and then with artificial immune net method, the system condition was 
identified. Finally, the results of this study were compared with the principal component analysis method 
and the results of nonlinear supportive vector machine, multi-layer artificial neural network, K-means 
and fuzzy C-means clustering.
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1- Introduction
Centrifugal pumps are one of the most important of

rotary machines that widely used and are especially used 

undesirable phenomena in centrifugal pumps, which can cause 
serious damage to the components of the pump. Generally, 

pump, Also, the explosion of bubbles near the surface of the 

pump, including the impeller blade by corrosion and erosion, 

signal in time domain has been used, in this reference, it has 

signal that represents the amount of signal energy is roughly 

maximum amplitude of the signal increases, therefore, the 
ratio of maximum amplitude to RMS or crest factor is used to 

used as inputs of a multilayer neural network for this purpose. 
In order to increase the accuracy and speed of condition 

monitoring, intelligent systems are used for decision making, 
these systems are trained by initial data and can accurately 
identify the failure occurrence in the early stages, many of 
these intelligent systems include algorithms inspired by nature 
or human body system such as ants colony, neural networks, 
genetic algorithms, and so on. One of this methods is the 

from the human body and used for optimization problems 

human immune systems that can identify all types of germs 
and separate them from body cells, and the results showed 
that this algorithm is capable for fault detection problem. In 

used to determine the status of a multi-stage centrifugal pump 

2- Methodology

algorithm that can be used in optimization and pattern 

engineering problems in recent years. This algorithm is 

algorithm, immune network algorithm and so on. 
The immune net algorithm is based on the immune net 

theory, in the immune network theory (Idiotope network), 
which was proposed by Jerne (1974), the immune system 
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Network (AIN) is a computational model that is inspired 

(mutating and suppressing each other), duplication and 

with it. If an antibody detects another antibody or antigen, 

antibody is generally obtained from the following equation 

st sup gS N N A (1)

where Nst is the amount of antibody stimulation by the 
network, Nsup is the amount of antibody network deterrence 
and Ag is the amount of antibody stimulation by antigen. 

this equation.

3- Experimental Data Collection

step is related to the normal conditions of the pump and the 

of the pump, such as the output head and the motor current, 
will be changed, particular in the third step indicates the 

4- Results and Discussion

operational parameters of the pump would be changed. In 
this study, a 3% drop in the pump head is considered as a 

signals were extracted in three times, frequency and time-
Fig. 1. Experimental setup

(PCA) method
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Classification 
Method

Percentage 
error for 
detection 

of training 
data for 

AIS 
features

Percentage 
error for 
detection 

of training 
data for 

PCA 
features

Percentage 
error for 
detection 

of test data 
for AIS 
features

Percentage 
error for 
detection 

of test data 
for PCA 
features

SVMNon- 
Linear 3 4.33 23.33 23.33

K-means 48.9
Fuzzy C-
Means 37 41.11 53.33

AIN 5.5 35.55
multilayer 
perceptron 7.35 8.47

methods

method for fault detection. 
As seen in Fig. 2, with increasing number of features up to 

section, but with a further increase in the number of features, 

5- Conclusions
Comparing the results of the immune network algorithm

with other methods shows that the accuracy of the nonlinear 

is somewhat higher, but for the test data, the error rate of 
this method is much lower than the other methods. This is 

(similar to the human immune system’s ability to deal with 
new ones), therefore, this method can be used to identify the 
system’s condition with suitable accuracy. 
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