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Abstract 

A gear system is a power and motion transmission device that is applied most extensively in various kinds 

of industrial equipment. Great damage to the whole production is always a risk caused by faults and failures 

of gears. Therefore, the diagnosis of gear faults is of significant importance. Acoustic Emission (AE) is one 

of the best technologies for health monitoring and diagnosis of rotating machineries, such as gearboxes. 

The aim of this work is to detect defects on seeded spur gears at an early stage. The typical AE signals have 

been analyzed in time (i.e. absolute energy and root mean square “r.m.s”) and frequency domains for 

different speed and load conditions. It is concluded that the seeded defect can be detected using AE. 

A numerical relationship between speed, load and AE is also presented. 
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1. Introduction 

The application of the acoustic emission (AE) technique in condition monitoring of 

rotating machinery has been growing over last few years [1-6].  Tooth surface damage was 

correlated to AE activity by Sentoku, [7]. An AE sensor was mounted on the spur gear 

wheel and the AE signature was transmitted from the sensor to data acquisition card across 

a mercury slip ring. The test showed that AE amplitude and energy increased with an 

increase in pitting. Tandon and Mata, [8] performed an experiment to correlate AE 

parameters with gear defect size for spur gear. The tests were performed using back-to-

back gearbox test rig. They observed that the AE parameters increased with defect size and 

load. Toutountzakis and Mba [9] presented observations during the gear defect diagnosis 

testing. The test was performed on a back-to-back gearbox with spur gears. The AE sensor 

was fixed on the slip ring and was placed on the pinion. During the test, the rotational 

speed was varied. It was concluded that AE technique demonstrated the potential for gear 

health diagnosis. On other hand, few researchers [10-13] have demonstrated that 

artificially seeded gear defect detection with AE is fraught with difficulties.  

The main drawback in the application of the AE technique is the attenuation of the signal 

where the AE sensor has to be close to its source. However, it is often practical to place the 

AE sensor on the non-rotating member of the machine, such as the bearing or gear casing 

[1-6]. The main purpose of this study is to define the spur gear defects at different 

conditions in early stages. 
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2. Experimental setup and procedures 

The test-rig that was designed for experiments have a 1.1 kW asynchronous motor 

connected to a planetary gearbox, as shown in Figure 1. The planetary gearbox has two 

identical gears (spur type) made of 045M15 steel, see Table1. One of these gears is the sun 

(fixed), while the other is the planet with balancing weight which rotate via a drum driven 

by the motor. The planet gear and balancing weight are mounted on a single row deep 

groove ball bearings. The motor shaft is connected to this drum through flexible jaw 

couplings. The gearbox is connected to a DC generator using a V-belt. The motor is 

controlled through Variable Frequency Drive (VFD) allowing the adjustment of rotational 

speed. The DC generator is controlled through DC lamps (130 Watt each) allowing the 

adjustment of load. Rubber sheets are provided beneath the system for the purpose of 

vibrations isolation (i.e. eliminating noises). 

 

Figure 1: Typical test-rig. 

Table 1: Test gears specifications 

Number of teeth 29 

Base diameter (mm) 81.75 

Pitch circle diameter (mm) 87 

Tip diameter (mm) 93 

Module (mm) 3 

Face width (mm) 20.75 

Pressure angle (°) 20 

Addendum (mm) 3 

Dedendum (mm) 3.75 

USB-AE Node acquisition systems have been used to acquire data via AE sensor type 

WSA. The sensor have built-in amplifiers and a fairly flat frequency response, but with 

Jaw couplings 

DC generator 

AC motor 

Electric Load 

Safety cage 

Rubber sheets 

V-belt 
Fixed Shaft 
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two bands of relatively high sensitivity at around 100 and 1000 kHz, with operating 

temperature ranging from -65 C to175 C. The sensor is 19 mm diameter and 21 mm height. 

The surface was kept smooth and clean. Silicone grease was used as couplant. 

A commercial software package is used in this work to acquire and analyze the data.  

The sensor was attached to the planet gear via stainless steel conical waveguide using 

a strong adhesive. The waveguide effects were determined using a pencil lead break test 

[14, 15]. The average attenuation values were around 23% of the signal amplitude without 

any effects on waveform characteristics. The primary test showed a defect free condition to 

estimate the background noises. A total of 24 experiments of defect free and seeded defect 

were carried out with same conditions as exemplified in Table 2. Each test was running for 

30 sec. The stimulated defect was carried out by electric metal engraver with a carbide tip. 

The defect was in the nearest tooth to the AE sensor, see Figure 2.  

.     

Figure 2: Seeded defect on the tooth. 

3. Experimental Results 

The acquired data of 30 seconds was averaged. Average absolute energy values for all the 

test conditions were calculated and plotted. From Figure 4, the absolute energy of AE is 

linearly increased by gear rotational speed. Also, an increase in AE absolute and r.m.s. 

energy were clearly observed for the seeded defect condition compared to the defect free 

condition. Table 2 summarizes the percentage differences between defect free and seeded 

defect for all operating conditions. The percentages difference were calculated by 

following Equation, 

 

(Parameter average value)After fault−(Parameter average value)Before fault

(Parameter average value)Before fault
∗ 100%       (1) 

 

Seeded defect AE sensor 

Waveguide 
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a) Defect free condition 

 

b) Seeded defect condition 
 

Figure 3: Typical waveform at 1500 r.p.m, and 130 Watt load. 

 

  
a) Absolute energy (1 aJ = 10-18 J).                b) r.m.s 

 

Figure 4: AE Absolute Energy and r.m.s against rotational speed for defect free and seeded defect conditions, 

at 130 Watt load. 

 

Table 2: AE absolute energy and r.m.s. percentage difference between defect free and seeded defect for all 

operating conditions. 

Experiments 

no. 
1 2 3 4 5 6 7 8 9 10 11 12 

Speed (rpm) 900 1200 1500 
Electric load 

output (watt) 
No  

load 
130 260 390 No 

load 
130 260 390 No 

load 
130 260 390 

Absolute Energy 

% difference 
17.7 52.1 113.9 114.6 40.2 55.7 92.5 96.9 39.5 98.2 112.2 124 

r.m.s % 

difference 
10.7 20.9 44.1 45 18 24.9 39.1 41.2 17.7 39.7 44.2 49.7 

3.2 Frequency analysis 

Most researchers have used the frequency analysis as a print finger for the identification of 

defect types in many applications [14, 15]. In this work, the Fast Fourier transformation 

(FFT) method is used to differentiate between various types of defects [16]. The frequency 

is determined at the highest r.m.s recorded during test operating conditions. Moreover, 

a high pass filter (i.e. Chebyshev technique) of 100 kHz is used [17] in order to eliminate 
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the noises. A clear frequency range for both free and seeded defect conditions is observed, 

as shown in Figure 5. 

 

 
 

 a) Defect free condition 

 

 
 

        b) Seeded defect condition 

Figure 5: AE frequency spectra at 1200 r.p.m, at 130 W. 

5. Discussion 

AE absolute energy and r.m.s are increased with rotational speeds. They could also be 

discriminated between the seeded defect and the defect free conditions. These results prove 

to agree with works of many researchers [7-9].  

 

There is a direct relation between AE absolute energy and r.m.s. along with load and 

speed, see Figure 6. The relation between speed (x- axis), load (y- axis) and energy values 

(z- axis) is correlated using commercial software. The equations (2 -5) produced from 

surface fitting of the given data points. It shows the value of both absolute and r.m.s. 

energy for a wide range for both speed and loads. 

 

 

Figure 6: The relation between speed, load and absolute energy value for defect free conditions. 
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For AE absolute energy: �1 = −2.677x10
9

+ 4.19x10
6� + 4.886x10

6� − 8375��−9063�2
+ 14.52��2 −  4.425�3 

(2) �2 = −4.431x10
9

+ 6.368x10
6

 � − 3.872x10
6

 � + 3713 ��+2130 �2− 6.114��2
+    3.995�3 

(3) 

For AE r.m.s: ���1 = −0.7665 + 0.006571 � − 0.001406W − 5.097x10
−6

 ��−9.458x10
−6�2

+ 1.435x10
−8

 ��2− 1.657x10
−9

 �3 

(4) 

���2 − 2.027 + 0.008575 � − 0.008201�
+ 5.634x10

−6
 ��+1.307x10

−5
 �2 − 4.363x10

−9
 ��2− 2.042x10

−8
 �3 

(5) 

where: 

E1 : absolute energy value for defect free condition 

E2: absolute energy value for seeded defect condition 

RMS1 : r.m.s value for defect free condition  

RMS2 : r.m.s value for seeded defect condition 

v: rotational speed 

w: electric load consumption  

6. Conclusions

This work is a quantitative study for diagnosing the gear seed defects as well measuring 

the sensitivity of AE in relation with different speeds and loads. It demonstrates the 

behavior of AE parameters, in time and frequency domains. Additionally, it shows 

a numerical relationship between speed, load and AE absolute energy and r.ms for spur 

gears with and without seeded defect, was established. It is clearly observed that at each 

speed condition, the percentage differences of AE r.m.s. and absolute energy are increased 

between 20% to 30%. Moreover, it was much more indicated with increased load. 

References: 

[1] Siores, E. & Negro, A.A., 1997. Condition monitoring of a gear box using acoustic 

emission testing. Material Evaluation, 55 (2), 183-187. 

[2] Mba, D. & Bannister, R.H., 1999. Condition monitoring of low-speed rotating machinery 

using stress waves: Part 1 and Part 2. Journal of Process Mechanical Engineering, 213(3), 

153-185. 

[3] Mba, D., Cooke, A., Roby, D. & Hewitt, G., 2003. Opportunities offered by acoustic 

emission for shaft-seal rubbing in power generation turbines; a case study. Conference 

sponsored by the British Institute of NDT. International Conference on Condition 

Monitoring, Oxford, UK, July 2003. 



32nd EWGAE                    143

[4] Kim, Y.H., Tan, A.C.C., Mathew, J., Kosse, V. & Yang, B.S. (2007). A comparative study 

on the application of acoustic emission technique and acceleration measurements for low 

speed condition monitoring, 12th Asia-Pacific Vibration Conference, Hokkaido Univ. 

Japan, August 2007. 

[5] Gu, D.G, Kim, J.G., An, Y.S. and Choi, B.K., 2011. Detection of faults in gearboxes using 

acoustic emission signal. Journal of Mechanical Science and Technology, 25 (5), 1279-

1286. 

[6] Toutountzakis, T. and Mba, D., 2003. Observations of acoustic emission activity during 

gear defect diagnosis. NDT&E International, 36 (7), 471–477. 

[7] Sentoku, H., 1998. AE in tooth surface failure process of spur gears. Journal of Acoustic 

Emission, 16(1-4), S19-S24. 

[8] Tandon, N. and Mata, S., 1999. Detection of Defects in Gears by Acoustic Emission 

Measurements. Journal of Acoustic Emission, 17 (1/2), 23-27. 
[9] Toutountzakis, T. and Mba, D., 2003. Observations of acoustic emission activity during gear 

defect diagnosis. NDT&E International, 36 (7), 471–477.  

[10] Toutountzakis, T., Tan, C.K. and Mba D., 2005. Application of acoustic emission to 

seeded gear fault detection. NDT&E International, 38(1), 27–36. 

[11] Tan,C.K. and Mba, D., 2005. Limitation of Acoustic emission for identifying seeded 

defects in gearboxes. Journal of Nondestructive Evaluation, 24(1), 11-28. 

 [12] Eftekharnejad, B. and Mba, D., 2009. Seeded fault detection on helical gears with 

acoustic emission. Applied Acoustics, 70, 547–555. 

[13] Loutas, T. H., Kalaitzoglou, J., Sotiriades, G., 2008. A novel approach for continuous 

acoustic emission monitoring on rotating machinery without the use of slip ring.  Journal 

of Vibration and Acoustics, Transactions of the ASME, 130(6). 

[14] Shehadeh, M. Monitoring of long steel pipes using acoustic emission, PhD Thesis, Heriot-

Watt University, Edinburgh, U.K., 2005.  

[15] Shehadeh, M. F.,  Abdou, W., Steel, J. A., Reuben, R. L., 2008.  Aspects of acoustic 

emission attenuation in steel pipes subject to different internal and external environments, 

Proceedings of the Institution of Mechanical Engineers, Part E: Journal of Process 

Mechanical Engineering, 222(1), 41-54. 

[16] Malhotra, V.M. and Carino, N. J., 2003. Handbook on Nondestructive Testing of Concrete 

Second Edition. CRC Press, U.S.A. 

[17] Shehadeh, M., Steel, J. A., Reuben, R. L., 2006. Acoustic Emission Source Location for 

Steel Pipe and Pipeline Applications: The Role of Arrival Time Estimation Proceedings of 

the Institution of Mechanical Engineers, Part E: Journal of Process Mechanical 

Engineering, 220(2), 121-133.  



144     32nd EWGAE  


