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ABSTRACT 

 

Early fault detection for machine increases its life and minimizes downtime for 

maintenance. Type of failures and the way for faults appearing must be taken in consideration 

when choosing fault detection method. The machine’ failures generate periodic signals 

(vibration) that can be used for fault detection based on changes happened in these signals. 

Vibration analysis for fault diagnosis was applied for machines condition monitoring since 

long time. In this work, a vibration analysis is applied to investigate the state of a machine 

part which is widely used. The considered machinery consists of two gear boxes, motor, and 

water brake. Fault detection of several mechanical components in the gear boxes was 

investigated. The fault detection technique is based on the analysis of the vibration response. 

Fuzzy logic control systems were designed to predict the faults of this machinery. Hence, a 

code was developed by MATLAB software for calculating components’ frequencies. The 

technique is simple and reliable. The application of proposed technique investigates its 

effectiveness for increasing machine life and decreasing downtime for maintenance. 

 

Keywords: Fault diagnostic, Vibration analysis, Fuzzy logic control system, gear boxes, 

Motors. 

 

INTRODUCTION 

 

Fault diagnosis is a wide subject that allows for a comprehensive coverage of all the 

areas associated with this field to be undertaken. The subject of fault diagnosis in rotating 

machinery is vast, including the diagnosis of items such as rotating shafts, gears, and pumps. 

There are different types of faults that are observed in these areas, and the methods of their 

diagnosis are accordingly great, including vibration analysis, model-based techniques, and 

statistical analysis (Less, 1998). The Data and Signal Models Methods are including Data 

analysis, Spectrum analysis and parametric models. Process model-based method is done by 

Parity equations, State observers and Parameter estimation. The more recent method is 

Knowledge Based Methods which mainly based on Expert systems and Fuzzy logic 

(Milljkovic, 2011). Vibration signals are used in predictive maintenance and machinery 

maintenance decisions, because changing in vibration signals related to fault can be detected 

by applying signal processing methods. Analyzing the vibration signal can help in early fault 

detection and determination of the failure type. There are three approaches of vibration signal 

analysis: Time domain approach, Frequency domain approach, and Time-Frequency domain 

approach (Kumar, 2018). Gears are an important element in the machine tool and gearboxes, 

and unexpected failure of it can cause economic losses. So, gearbox’ fault diagnosis based on 

analysis of its vibration signals can give early fault detection (Aherwar, 2017).  

A dynamical model of a simple stage gearbox of electromechanical system was used to 

learn its pitting tooth defect by using Maximum Correlated Kurtosis Deconvolution filter 

combined with Spectral Kurtosis as a new approach that can be used for fault detection. The 
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results proofed that, this technique is suitable for diagnosis and allows user to obtain better 

detection in the gearbox system (Ratni, 2017). The techniques that were used for diagnosis the 

faults of roller elements bearing include data acquisition and signal analysis techniques which 

are using either statistical features or artificial intelligent tools for bearing condition 

monitoring (Lin, 2017). A comparison between different traditional detection algorithms for 

detection ball bearing faults to select the suitable one explained in (Lin, 2017). The results 

appeared the suitability of hilbert transform and amplitude modulation algorithms for fault 

detection in static race more than in moving race. For diagnosis of rolling bearing fault, a new 

method based on vibration signal analysis using EMD (empirical mode decomposition) -SQPE 

(sample quantile and performance) was used.  The results of using this technique revealed its 

ability not only in determination of different types of faults, but also in identifying the level of 

fault severity (Chen, 2019).  

A fault diagnosis of spur gear with and without broken tooth under load was tested by 

using fuzzy logic control system. An automatic rule was generated for fuzzy classifier. The 

performance of the fuzzy inference engine was found to be 95 %, it is mean that, fuzzy control 

system can be used for online condition monitoring of gearbox in industries (Krishnakumari, 

2017). The fuzzy logic control system for fault detection and classification on real time was 

used. Three phase currents, zero sequence and positive sequence current samples were 

considered for fault classification. The results proved that, the fuzzy logic control system can 

detect and classify the faults at 100 m/sec. with higher accuracy (Adhikari, 2016). A complete 

fuzzy logic control system implemented on separately excited DC motor for control its speed 

and analysis the predicted defect can be appeared in the motor. The results show fast dynamic 

response with minimal overshoot and negligible steady-state error (Adepoju, 2014). A fuzzy 

system used data coming from online fault detection and classification of transmission line. 

The result shows the capability of fuzzy system to right tripping action and classification of 

type of fault at high speed, so it can be employed in practical application (Adhikari, 2016). An 

automatic diagnosis system based on fuzzy logic system used for detection and classification 

three types of defects in rolling bearings. Using fuzzy logic. Fuzzy system results demonstrate 

that it is an excellent tool for identifying and classifying bearing faults (Vicente, 2001). Fuzzy 

Expert Systems are one of Artificial Intelligence techniques that are suitable for detection 

coupling defects. Compared between results of fuzzy control system and PID controller shown 

that the Fuzzy position controller has the best robust among represented controllers 

(Demidova, 2019). 

In the presented work, faults of rotating machine were recognized using artificial 

intelligence specifically the fuzzy logic control system. Gear box, bearing, coupling and 

misalignment faults of water rotating machine were identified through using fuzzy logic 

control system. Section one covered previous studies in techniques using for diagnosis faults of 

rotating machines components. The water brake rotating machine is the case study used in this 

paper which will be explained in detail in section two. Three fuzzy logic control systems were 

designed through MATLAB software and were applied on frequencies of gear, bearing, and 

coupling for identifying their defects appear in section three. Discussion of results and 

conclusion of the paper come in sections four and five, respectively. 

 

Water Brake Rotor Machine 

 

A water brake rotor machine contains electrical motor, two gear boxes, and three 

couplings, as shown in Fig. 1, was used as an example of a machine that has different types of 

faults. 
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FIGURE 1 

WATER BRAKE ROTOR MACHINE 

 

 
 

FIGURE 2 

GEAR BOX OF WATER BRAKE ROTOR MACHINE 

 

The internal design and specifications of the two identical gear boxes appears in Fig. 2 

and Table 1. 

 

 

 

 

 

 

 

Table 1 

SPECIFICATIONS AND SPEED OF GEAR BOX COMPONENTS 

Component Specifications Rotating Speed 

Electrical motor 9 kw 1400 r.p.m 

Gear 1 (G1) 26 teeth 1400 r.p.m 

Gear 2 (G2) 133 teeth 274 r.p.m 

Gear 3 (G3) 18 teeth 274 r.p.m 

Gear 4 (G4) 81 teeth 60 r.p.m 

Ball bearing 1 (B1) 6307 SKF 1400 r.p.m 

Ball bearing 2 (B2) 6406 SKF 274 r.p.m 

Ball bearing 3 (B3) 6407 SKF 274 r.p.m 

Ball bearing 4 (B4) 6211 SKF 60 r.p.m 

BoWex Coupling 1 42 teeth 1400 r.p.m 

Rolex Coupling 2 4 teeth 60 r.p.m 

Rolex Coupling 3 4 teeth 60 r.p.m 
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The frequencies of gear box components calculated related to some formulas can be 

written as the following: 

 

 Gear mesh frequency = Number of Teeth * gear shaft speed 

 Coupling frequency = Number of coupling teeth * coupling shaft speed 

 BPFO (outer race frequency) = (Nb/2) (1− Nb /dpcosα) 

 BPFI (inner race frequency) = (Nb/2) (1+ Nb /dpcosα) 

 BSF (ball base frequency) = (dp/2dp) (1−dp/dpcosα) 

 FTF (fundamental train frequency) = 0.4 x r.p.m 

 

(Nb: number of balls, dp: pitch diamert, α: contact angle). 

 

Fuzzy Logic Control System For Gear, Bearings, Couplings, And Misalignment 

Defects 

 

Fuzzy logic control system is based on functions Membership and their rules. Fig. 3 

shows the structure of fuzzy system with fuzzication, inference, and defuzzication stages 

(Gougam, 2015). Fuzzification (also named fuzzy sets) means transformation of crisp into 

fuzzy inputs for determination rule’s truth degree. Calculating truth value of rule for concluded 

results of it known as inference stage. Converting crisp value that obtained on fuzzy output 

(fuzzy sets and degrees of membership) into crisp values done through defuzzification stage 

(Sivanandam, 2007). 

 

 
 

FIGURE 3 

STRUCTURE OF FUZZY CONTROL SYSTEM 

 

The fuzzy-logic control system was applied in the presented work for identifying faults 

types that appeared in water brake rotor machine. Each component of the machine (gears, 

bearings, and couplings) can have fault, also the three couplings may be having misalignment 

(Chen, 2000; Espitia, 2019). Three fuzzy systems were designed, one for each type of fault that 

can be appearing in the machine. Low, medium, and high frequency ranges were entered to 

each fuzzy system as inputs to get fault type as output as in Fig. 4. 

 

 
 

FIGURE 4 
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INPUTS (FUZZICATION PROCESS) AND FUZZY SYSTEM OUTPUT 

(DEFUZZICATION PROCESS) 

 

 
 

FIGURE 5 

WINDOW OF FREQUENCIES 

 

Fault type identification process was implemented through graphical user interface 

window which was designed by MATLAB for that purpose (Nasiruzzaman, 2010; Sharma, 

2010). All specifications of machine components (speed, number of teeth, bearing serial 

number, number of coupling pins, and machine power) were entered to the window, as shown 

in Fig. 5 and 6, then components’ frequencies are calculating automatically. The identification 

of the fault type starts when writing any frequency’s value to get the fault type in the window. 

In addition, the ISO standard for vibration accepts or alarm levels appeared in the window as 

in Fig. 6 and the output will be the fault type. 

 

 
 

FIGURE 6 

 COMPONENTS’ FREQUENCIES, FAULT TYPE AND ISO STANDARD 

 

Fuzzy System for Gear Fault 

 

A fuzzy system was designed for gears of gear box to determine the faults that may be 

appear at any one of them. The gear fuzzy system has three inputs and outputs as in Fig. 7(a), 

the inputs as in Fig. 7(b) are the different frequencies of all gears of gear box (F1, F2, F3, and 

F4), the outputs are the type of fault that can appears in the gears (Gear1, Gear2, Gear3, and 

Gear4) as shown in Fig. 7(c). Low, medium, and high frequencies ranges of gear fuzzy system 

inputs are presented in Table 2. If-Then rules used as a part of proposed fuzzy control or Fuzzy 
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decision step. Table 3 shows some of the fuzzy rules that implemented in F1, F2, F3 and F4 at 

the four types of gears fault Gear1, Gear2, Gear3, and Gear4.  Faults can be found in the three 

gears depending on each input’ frequency value. Table 4 and Fig. 8 explain the range of 

frequencies for each gear that has defect and output of the gear fuzzy system, respectively. 

 

 
 

FIGURE 7 

(A) GEAR FUZZY SYSTEM, (B) INPUTS OF GEAR FUZZY SYSTEM, (C) OUTPUTS 

OF GEAR FUZZY SYSTEM 

 

 

 

 

 

 

 

 

 

 
Table 3 

Some of gear fuzzy systems rules 

Fuzzy Rules (If-Then rules) – relationship between inputs and 

output 

If (F1 is M) and (F2 is L) and (F3 is L) and (F4 is L) then (Gear1 is G1M) (Gear2 is 

G2L) (Gear3 is G3L) (Gear4 is L) (1) 

If (F1 is L) and (F2 is L) and (F3 is M) and (F4 is H) then (Gear1 is G1L) (Gear2 is 

G2L) (Gear3 is G3M) (Gear4 is M) (1) 

If (F1 is H) and (F2 is M) and (F3 is M) and (F4 is M) then (Gear1 is G1M) (Gear2 is 

G2_H) (Gear3 is G3H) (Gear4 is H) (1) 

If (F1 is H) and (F2 is M) and (F3 is M) and (F4 is H) then (Gear1 is G1M) (Gear2 is 

G2M) (Gear3 is G3M) (Gear4 is M) (1) 

If (F1 is M) and (F2 is M) and (F3 is H) and (F4 is H) then (Gear1 is G1H) (Gear2 is 

G2_H) (Gear3 is G3M) (Gear4 is M) (1) 

If (F1 is M) and (F2 is L) and (F3 is H) and (F4 is H) then (Gear1 is G1H) (Gear2 is 

G2M) (Gear3 is G3M) (Gear4 is M) (1) 

 

 

Table 2 

LEVELS OF GEAR FUZZY SYSTEMS INPUTS VALUES 

Input 

Variables 
Low Medium High 

F1 1 - 200.8 200 - 450.2 449.7 - 828 

F2 8 - 26.94 27.11 - 61.79 61 - 112.5 

F3 35 - 119.6 119 - 280.5 280 - 502.7 

F4 1 – 142 146 - 416 410 - 650 
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Table 4 

GEAR FUZZY SYSTEM INPUTS AND OUTPUTS 

Variable 
Inputs (frequencies rang e) Outputs (gear has fault) 

F1 (Hz) F2 (Hz) F3 (Hz) F4 (Hz) Gear1 Gear2 Gear3 Gear4 

Values 

575.63 67.2 35 502.133 
Gear number 1 

has defect 
-------- -------- -------- 

432.51 74.113 35 496.12 -------- 
Gear number 2 

has defect 
-------- -------- 

4532.211 69.332 78.215 595.43 -------- -------- 

Gear 

number 3 

has defect 

-------- 

399.51 59.611 34.12 606.12 -------- -------- -------- 

Gear 

number 4 

has defect 

 

 
 

FIGURE 8 

OUTPUT RESULTS OF GEAR FUZZY SYSTEM GEAR 4 WITH F1 AND F3 

 

Fuzzy System for Bearing Faults 

 

A fuzzy system was designed for bearing of gear box to determine the faults that may 

be appear at any one of them. The bearing fuzzy system have three inputs and outputs as in 

Fig. 9 (a), the inputs as in Figure 9(b) are the different frequencies of all bearings of gear box 

(F1, F2, F3, and F4) the outputs are the type of fault that can appears at any bearing of gear 

box (Bearing 1, Bearing 2, Bearing 3, and Bearing 4) as shown in Figure 9(c). 
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FIGURE 9 

(A) BEARING FUZZY SYSTEM, (B) INPUTS OF BEARING FUZZY SYSTEM, (C) 

OUTPUTS OF BEARING FUZZY SYSTEM 

 

 

 

 

 

 

 

 

 

 

 

Values of input variables to bearing fuzzy system have three levels: low, medium and 

high frequencies values as shown in Table 5. If-Then rules were used as a part of the proposed 

fuzzy control or Fuzzy decision step. Table 6 shows some of the fuzzy rules that were 

implemented in F1, F2, F3, and F4 to get which bearing has defect. Faults can be found in 

bearings depending on each input’ frequency value. Table 7 and Figure 10 explain the range of 

frequencies for each bearing of gear box that has defect and the output from bearing fuzzy 

system, respectively. 

 
Table 6 

SOME OF BEARING FUZZY SYSTEMS RULES 

Fuzzy Rules (If-Then rules) – relationship between inputs and output 

If (F1 is L) and (F2 is M) and (F3 is L) and (F4 is L) then (Bearing1 is B1) (Bearing2 is B2M) 

(Bearing3 is B3L) (Bearing4 is B4L) (1)  

If (F1 is L) and (F2 is L) and (F3 is M) and (F4 is L) then (Bearing1 is B1L) (Bearing2 is B2L) 

(Bearing3 is B3M) (Bearing4 is B4L) (1)  

If (F1 is H) and (F2 is L) and (F3 is L) and (F4 is L) then (Bearing1 is B1H) (Bearing2 is B2L) 

(Bearing3 is B3L) (Bearing4 is B4L) (1)  

If (F1 is L) and (F2 is L) and (F3 is H) and (F4 is L) then (Bearing1 is B1L) (Bearing2 is B2L) 

(Bearing3 is B3H) (Bearing4 is B4L) (1)  

If (F1 is L) and (F2 is L) and (F3 is L) and (F4 is H) then (Bearing1 is B1L) (Bearing2 is B2H) 

(Bearing3 is B3L) (Bearing4 is B4H) (1) 

If (F1 is L) and (F2 is H) and (F3 is M) and (F4 is M) then (Bearing1 is B1H) (Bearing2 is 

B2M) (Bearing3 is B3H) (Bearing4 is B4H) (1) 

If (F1 is H) and (F2 is M) and (F3 is M) and (F4 is H) then (Bearing1 is B1H) (Bearing2 is 

B2L) (Bearing3 is B3M) (Bearing4 is B4H) (1)  

 
Table 7 

BEARING FUZZY SYSTEM INPUTS AND OUTPUTS 

Variable 
Inputs (frequencies value) 

Outputs (bearing has fault) 
 

F1 (Hz) F2 (Hz) F3 (Hz) F4 (Hz) Bearing 1 Bearing 2 Bearing 3 Bearing 4 

Values 

3.14 5.83 2.06 0.612 
Bearing 1 

has defect 
-------- -------- -------- 

0.218 127.116 19.15 7.31 -------- 
Bearing 2 

has defect 
-------- -------- 

0.0926 14.5 123.62 0.134 -------- -------- 
Bearing 3 

has defect 
-------- 

0.343 17.1 20.115 13.82 -------- -------- -------- 
Bearing 4 

has defect 

Table 5 

LEVELS OF BEARING FUZZY SYSTEMS INPUTS VALUES 

Input Variables Low Medium High 

F1 0.03 - 0.9829 0.983 - 4.492 
4.492 - 

8.39 

F2 1 – 31.38 30.38 –157.6 158 -282 

F3 2 - 28.58 30.3 - 137.8 
140.8 - 

279 

F4 0.1 - 6.46 1.69 -14.41 
9.64 - 

22.36 
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FIGURE 10 

OUTPUT RESULTS OF BEARING FUZZY SYSTEM BEARING1 WITH F1 AND F2 

 

Fuzzy System for Coupling Faults 

 

A fuzzy system was designed for couplings of water brake rotor machine for 

determination its faults that may be appear at any one of them (Rotex & BoWex couplings). 

The coupling fuzzy system has two inputs and outputs as in Fig. 11(a), the inputs as in Fig. 

11(b) are the different frequencies of couplings (F1, and F2). The outputs are the type of fault 

that can appear at any coupling of water rotor machine (Coupling1, and Coupling2) as shown 

in Fig. 11(c). 

 

 
 

FIGURE 11 

(A) COUPLING FUZZY SYSTEM, (B) INPUTS OF COUPLING FUZZY SYSTEM, 

(C) OUTPUTS OF COUPLING FUZZY SYSTEMS 

 
Table 8 

LEVELS OF COUPLING FUZZY SYSTEMS INPUTS VALUES 

Input 

Variables 
Low Medium High 

F1 15–193 188.7– 776.1 780.3 – 1394 

F2 1–2.2 1.3 – 3.7 2.80 – 5.206 

 
Table 9 

SOME OF COUPLING FUZZY SYSTEMS RULES 

Fuzzy Rules (If-Then rules) – relationship between inputs and output 

If (F1 is H) and (F2 is L) then (Coupling1 is C1H) (Coupling2 is C2L) (1)  

If (F1 is L) and (F2 is H) then (Coupling1 is C1L) (Coupling2 is C2H) (1)  

If (F1 is H) and (F2 is H) then (Coupling1 is C1H) (Coupling2 is C2H) (1)  

If (F1 is H) and (F2 is M) then (Coupling1 is C1H) (Coupling2 is C2M) (1)  
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Low, medium, and high frequencies range of coupling fuzzy system inputs are shown 

in Table 8. If-Then rules were used as a part of proposed fuzzy control or Fuzzy decision step. 

Table 9 shows some of the fuzzy rules that were implemented in F1 and F2 to determine which 

coupling has defect. Faults can find in coupling depend on each input’ frequency value. Table 

10 and Fig. 12 explained the range of frequencies for each coupling has defect and coupling 

fuzzy system output, respectively. 

 
Table 10 

COUPLING FUZZY SYSTEM INPUTS AND OUTPUTS 

Variable 
Inputs (frequencies value) Outputs (gear has fault) 

F1 (Hz) F2 (Hz) Coupling 1 Coupling 2 

Values 

952.203 1.61 
Coupling 1 

has defect 
-------- 

200.512 4.116 -------- 
Coupling 2 

has defect 

 

 
 

FIGURE 12 

OUTPUT RESULTS OF COUPLING FUZZY SYSTEM COUPLING1 WITH F1 AND 

F2 

 

RESULTS AND DISCUSSION 

 

At the presented work three fuzzy systems were designed and applied for identifying 

type of faults that appeared in gear box and couplings of water brake rotor machine. Three 

fuzzy systems for gears, bearings, and couplings faults were implemented. The values of the 

fuzzy system outputs (values of frequency for each defect) were compared with the measuring 

values of frequencies of defected components that done by using frequency measuring devices 

in experiment as shown in Table 11. 

 
Table 11 

COMPARISON BETWEEN THE RESULTED VALUES OF 

FREQUENCY FOR EACH DEFECT FROM MEASURING 

EXPERIMENT AND FUZZY SYSTEMS 

Variables 
Measuring 

frequencies (Hz) 
Fuzzy systems output 

Fault of Gear 1 606.7 575.63 

Fault of Gear 2 81.9 74.113 

Fault of Gear 3 81.7 78.215 

Fault of Bearing 1 4.223 3.17 
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Fault of Bearing 2 120.4 127.116 

Fault of Bearing 3 125.62 123.62 

Fault of Bearing 4 10.86 13.801 

Fault of Coupling 1 980 952.203 

Fault of Coupling 2 4 4.116 

 

CONCLUSION 

 

The dynamics of a machine part is investigated. The machine part consists of two gear 

boxes, motor, and water brake. The identification of fault type process for all components has 

been implemented, according to the decisions of fuzzy logic control system. Three fuzzy 

control systems have been designed and applied for gears, bearings, and coupling faults. The 

results of the proposed fuzzy control system are compared with measured fault frequencies. 

The comparison illustrated the accuracy of the fuzzy system. The results of the fuzzy system 

are in good agreement with the measured data. This agreement clarifies the effectiveness of the 

proposed fuzzy system around fault diagnosis. 
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