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Abstract  - The increasing complexity of industrial 

systems leads to increased requirements concerning 

diagnosis capabilities.  An intelligent process monitoring and 

fault diagnosis environment has been developed by 

interfacing a data acquisition and control software with a 

knowledge base system in an effective way. The  abrupt 

changes of important system’s variables are continually 

captured, analysed and compared with the relevant 

estimated values  and the results are used for the final 

knowledge based diagnostic conclusions. The presentation of 

the implementation and developing of the intelligent 

monitoring process is the overall goal of this paper.  
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Dynamic Process. 

 

I. Introduction 

A large diversity of advanced methods for 

automated fault detection and isolation exists based 

on the fault diagnosis principle. Faults in systems are 

usually diagnosed using analytical redundancy by 

comparing the measured and the corresponding 

estimated outputs of the systems behaviour.  
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The diagnostic procedure is composed of three 

stages: residual generation, residual evaluation and 

finally decision making. 

In the stage of symptom generation one of the main 

problems is the coping with the systems dynamics. 

Model-based fault diagnosis for dynamical systems 

is a well established approach and a lot of research 

work has been published over the last years such as 

[1], [2], [3], [4], [5], [6], [7].  

Difficulties with model based fault detection 

methods arise from the fact that the accuracy of the 

measurements needed to calculate the evolution of 

faults should be of high quality. In addition, use of 

model-based methods may require assumptions 

about the process that are not valid as the degree of 

influence of noise and disturbances to the fault 

detection process.  

The difficulty by the search for defective 

components in case of a malfunction in the fluid 

power systems due to their inaccessibility and the 

high working pressures has driven to some attempts 

to implement automated systems in this domain for 

diagnostic purposes.  Recent research work on 

developing diagnostic and monitoring methods for 

hydraulic actuators includes [8], [9], [10]  where a 

detailed causes of malfunction of the overall 

conditions in the system is concluded. 

This paper refers to the development of a component 

fault diagnostic method under dynamic conditions.  

The fault detection process is implemented using a 

data acquisition and control software for the 

monitoring process and a knowledge-based 

framework for the final diagnosis of faults. The data 

acquisition software permits the qualification of the 
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numerical measured data and as consequence makes 

possible the on-line interaction with the symbolic 

information of the knowledge base.   

The paper is organized as follows: Section 2 presents 

the implementation of the monitoring process of 

important variables of the system. Section 3 focuses 

on the data acquisition subsystem, while Section 4 

presents the fault diagnosis system  the justification 

of the results. Finally, Section 5 includes concluding 

remarks. Recent research work in diagnostic 

procedures for fluid power systems includes [11], 

[12], [13].  

 

II. Implementation of 
Process Monitoring 

The main electric devices of the physical system are 

the electric motor, the proportional pressure valve 

for the control of the main pressure, the proportional 

4-way valve for the control of the motor speed, the 

pressure transducers for the measurement of the 

pressure and the logic levels for the  pressure switch, 

the pressure switch for the indication of the  

fluid contamination  and the oil level switch.  

Electrical input signals are applied to the electric 

motor, to the proportional pressure valve and to the 

proportional 4-way valve. Electrical output signals 

are produced by the pressure transducers, the filter 

indicator and the oil level indicator.  

The measurement of pressure is performed by 

pressure transducers and  the measurement of the 

angular velocity of the hydraulic motor is performed 

by an incremental rotary encoder. 

The electronic interface consists mainly of a 

multiple power supply module, a module with the 

relays for the input and output signals and the 

amplifier cards for the control of the proportional 

valves. 

The  layout of the rear panel of the electronic 

interface is illustrated in Figure 1.  

 

 

 

 

Figure 1.  Rear panel of the electronic interface 

 

This panel includes the connections to the electric 

motor (EMOT), the electric pilot of the main relief 

valve (PILOT), the filter (FLT), the pressure switch 

(PS1), the oil level switch (OLS), the pressure 

transducers (HDO, HDA, HDB), the solenoids and 

the feedback of the proportional 4-way valve 

(WRA,WRB, WRF), the solenoid of the 

proportional pressure valve (DBE) and the I/O card. 

 

III.  The data acquisition 
sub-system 

 

The focus of the data acquisition system for this 

application is the measurement of the pressures pa, 

pb and the angular velocity ω as well as the 

monitoring of the digital  signals that indicate the 

correct operation of the electric motor and other 

electrical devices of the system as filter, oil level 

switch e.t.c.  

The data acquisition system  runs in parallel to the 

actual system and acquires data for the angular 

velocity and the pressures while the speed is 

changing.  Figure 2  shows the data acquisition 

process for the pressures and the motor speed. 
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Figure 2.  The data acquisition process 

 

The digital data acquisition process is performed by  the part of the data acquisition system shown in 

Figure 3. 

 

 

 

Figure 3. The handling of digital signals 
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In the worksheet of Figure 3 digital module of the 

I/O card (MFB-52: DI:) receives the  digital input 

signals with the corresponding I/O of the installed 

data acquisition hardware. For each activated digital 

input channel the module provides one output, 

through which the acquired values will be sent to 

other modules in the worksheet. The three channels 

are associated with the filter contamination indicator 

(FLT), pressure switch (PS1) and oil level indicator 

(OLS). Through these channels the digital data 

acquisition is performed. The FLT/PS1/OLS: is a 

“triple status display” module for the status 

indication of the filter contamination (FLT), the 

system pressure (PS1), and the oil level  (OLS).  

The module EMOT refers  to the status of the 

electrical motor, is activated from the corresponding 

digital signal of MFB52:DI module and acts on the 

corresponding message module MEMOT which 

indicates if the electric motor is running or not (OK 

or not OK) and writes this information to a text file 

for further processing by  the expert system. 

Similarly the module PILOT referring to the 

electrical pilot of the pressure valve writes a 

message to the module MPILOT that indicates if the 

command for the energising of the electrical pilot of 

the main relief  valve is given. Similar function have 

the modules FLT and MFLT for the state of the 

filter, PS1 and MPS1 for the pressure switch and 

OLS and MOLS for the oil level. 

The effects on the monitoring system of the 

operation of the worksheet of figure 4 is presented in 

Figure 4 for the case that the filter is clean the 

pressure switch is energised and the oil level is too 

low.   

 

 

Figure 4. Display of the digital signals 

 

IV. The Fault Diagnosis process  

 

Faults are diagnosed by determining the changes in variables that have significant contribution to the diagnostic 

process and by relating these variables to specific process equipment faults. This information is used by the expert 

system as input together with the text file information coming from the data acquisition process and experiential 

knowledge to determine the faulty component.  
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In following Figure 5 measured and calculated data for the pressure values pa are simultaneously presented for the 

fault free case.   

 

 
 

Figure 5.  Measured and calculated pressure values 

 

The measured variable values and the values of the logic signals are transformed to qualitative information which 

can be used by the knowledge base of the system for the final conclusion. These symbolic information can be 

passed in the structure of the knowledge representation scheme and trigger specific set of rules that are organised 

under the structure of the topic.   

Faults are classified in different categories depending on their influence on the performance of the total system.  

Digital inputs contain information that refers to primary faults. The corresponding topics are checked at the 

beginning of every search. In the case that a fault is not  established in these branches of the fault tree, the search 

is continued in other branches with more depth by checking the parameters the measured values.  

 

V. Conclusion 

Components, sensors and actuators in physical systems are often subjected to unexpected and unpermitted 

deviations from acceptable conditions for many reasons that can cause loss of the overall performance of the 

system and may lead to unacceptable economic loss.  

In this paper the monitoring and the fault diagnosis of a dynamic process was presented by a combination of 

suitable environments and tools. This method enables quick and reliable detection of process abnormalities and 

trigger fault diagnostic activities. The knowledge based system provides the suitable environment for the fault 

diagnosis by combining on-line signal information and stored knowledge.  

The main benefits gained of this interaction lie on the offered higher degree of safety and reliability for industrial 

systems by continuous monitoring of changes.  
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