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Partial Discharge (PD) are frequently begins inside cracks or gas-filled voids in solid 
insulation or within gaseous bubbles in liquid insulation. The quality of insulator will 
deteriorate due to presence of air bubbles. The objective of this paper is to analysis on 
multiple acoustic sensor for partial discharge location on power transformer based on 
Time Difference of Arrival (TDOA) technique. This technique is acquired to calculate 
the localization of PD source and time arrival by using simple iteration algorithms. 
However, the placement of sensors has been considered to obtain the time arrival 
between PD source and sensor using TDOA technique. 
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1. Introduction 
 

PDs are electrical arks which form the flows between electrodes of any area of the insulating 
media of a transformer between the conductors [1-4]. The localization of partial discharge faults in 
transformers is often necessary when such incipient faults are identified. Thus, any sign of failure at 
power transformer should be detected at early stage. Power transformers and power cables are high 
voltage equipment that PDs usually occur [3,5-8]. The causes of phenomenon of partial discharge are 
ageing within the insulation and electrical overstressing on presence of voids or cracks presented 
during manufacturing [4,9-12]. The partial discharges are included in four main group which are 
internal discharge, surface discharge, corona discharge and electrical treeing [2-5,9,11-15].  

Acoustic Emission (AE) method is used in this paper for localization partial discharge at power 
transformer. AE waves are produced and these signals travel from PD source to entire transformer 
tank during PD occurs. Acoustic sensors have two possible of sensors which are piezoelectric 
transducer and condenser microphone [16,17]. The acoustic sensors are placed on the surface of the 
transformer tank. These sensors are simple installation and anti-interference to external electrical 
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noise [10]. AE method is generally used for detection and localization of PD. However, the AE sensors 
are sensitive to external mechanical noise. Hence, it may cause errors in PD detection and localization 
[17]. The PD localization algorithms have been explored by researchers based on AE data [18,19], to 
refine localization accuracy. Nowadays, the TDoA algorithm is commonly used in localization of 
partial discharge [8]. In this method, the differences in the arrival times of various acoustic emission 
(AE) sensors and localization the origin of PDs are calculated. The equation can be solved by some 
simple iteration algorithms such as the least squares method, steepest decent method, and Newton–
Raphson method [8,10,11,16,18].  

2. Methodology  
 

In this section is to describe overall process of methodology, methods used in this paper and 
achievement of paper objective which is analysis on multiple acoustic sensor for partial discharge 
location on power transformer. All the information procedures and elucidation in paper realizing are 
contain in this part. 
 
2.1 The Possible Sensor Placement 
 

The possible sensor placement has utilised to obtain and calculate the time arrival between 
artificial PD and sensor in each case. The dimensions of tank have been observed based on power 
transformer at substation laboratory Universiti Malaysia Perlis, UniMAP, Malaysia with the ratings of 
11 kV/0.433 kV, 315 MVA. The length, width and height of the tank are equal to 1.3 m, 0.8 m and 0.9 
m, respectively as shown in Fig. 1. 

         

Fig. 1. Transformer at substation laboratory Universiti Malaysia 
Perlis, UniMAP, Malaysia 

The value of oil velocity (Vs) is 1431 m/s in temperature of 20°C based on the previous research 
in [6,20]. There are six different cases have been proposed to described the acoustic sensor 
placement and two different of artificial PD sources which are PD1 and PD2. The acoustic sensors 
placement on transformer are placed with the different sided. Fig. 2 illustrate the different cases with 
different acoustic sensors and PDs position. 

y 

z 
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Fig. 2. Position of PD source and sensor installation for oil immersed 
transformer (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4, (e) Case 5, (f) Case 
6 

 
Case 1 in Fig. 2(a) shows the location of sensors and PD source. Each sensor is placed at the middle 

of each side of transformer. The coordinate of each sensor is s1(1.3,0.4,0.45), s2(0.65,0.8,0.45), 
s3(0.65,0,0.45), s4(0,0.4,0.45). The target of PD1(1.2,0.6,0.8) source is upper corner rear side of 
transformer.   

In Case 2, the sensors are installed at the upper (increase 0.3m from the bottom in case 1) middle 
of each side of transformer. The coordinate of each sensor in case 2 are s1(1.3,0.4,0.75), 
s2(0.65,0.8,0.75), s3(0.65,0,0.75), s4(0,0.4,0.75). The target of PD1 source is same as in case 1. 

In Case 3 in Figure 3,2 (c), all the sensors are at rear side of transformer. The coordinate of each 
sensor is s1(0.2,0.8,0.8), s2(0.9,0.8,0.8), s3(0.9,0.8,0.4), s4(0.2,0.8,0.4).   

In Case 4, the PD2 source with the coordinate (0.2,0.3,0.2) is at bottom corner in front side of 
transformer. The arrangement and coordinate of sensors are same as case 1. 

In Case 5, the PD2 source is at the bottom corner side of transformer and the placement of 
sensors are bottom each side of transformer. The coordinate of each sensor is s1(1.3,0.4,0.15), 
s2(0.65,0.8,0.15), s3(0.65,0,0.15), s4(0,0.4,0.15). 

In Case 6, the sensors are installed in front side of transformer. The coordinate of each sensor is 
s1(1.0,0,0.8), s2(0.3,0,0.8), s3(1.0,0,0.4), s4(0.3,0,0.4). The location of PD2 source is same as case 4 
and case 5. 
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Table 1  
Sensor coordinate at PD1 for case 1,2 and 3 

PD 1 

 Cases 
Sensor 
Type 

Sensors Coordinate 

x(m) y(m) z(m) 

1 

s1 1.3 0.4 0.45 

s2 0.65 0.8 0.45 

s3 0.65 0 0.45 

s4 0 0.4 0.45 

2 

s1 1.3 0.4 0.75 

s2 0.65 0.8 0.75 

s3 0.65 0 0.75 

s4 0 0.4 0.75 

3 

s1 0.2 0.8 0.8 

s2 0.9 0.8 0.8 

s3 0.9 0.8 0.4 

s4 0.2 0.8 0.4 

 
Table 2 
Sensor coordinate at PD2 for case 4,5 and 6 

PD 2 

Cases 
Sensor 
Types 

Sensors Coordinate 

x(m) y(m) z(m) 

4 

s1 1.3 0.4 0.45 

s2 0.65 0.8 0.45 

s3 0.65 0 0.45 

s4 0 0.4 0.45 

5 

s1 1.3 0.4 0.15 

s2 0.65 0.8 0.15 

s3 0.65 0 0.15 

s4 0 0.4 0.15 

6 

s1 1 0 0.8 

s2 0.3 0 0.8 

s3 1 0 0.4 

s4 0.3 0 0.4 

 

 

2.2 Calculation of PD Location using TDOA Techniques 
 

The coordinates of the PD source (x, y, z) and the arrival time (T) between sensor and PD source 
are the unknown variables. Since there are four unknowns, a minimum of four sensors are required 
in order to locate the PD source. The formula for distance can be calculate by following Equations 1 
to 4 [21]. 
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L1= VsT1=VsT                                                               (1) 

L2= VsT2=Vs(T+t12)                                                              (2) 

L3= VsT3=Vs(T+t13)                                                              (3) 

L4= VsT4=Vs(T+t14)                                                              (4) 

where Ln is distance from sensor to PD source, while Tn is time from PD site to the sensor, t1n is time 
delay between S1 and Sn and Vs is velocity in oil. Thus, from the relationship between position of 
sensors and PD site as follow as Equations 5, 6, 7 and 8: 

(x -xs1)2+(y - ys1)2+(z -zs1)2=(Vs∙T)                                                            (5) 

(x -xs2)2+(y - ys2)2+(z -zs2)2=(Vs∙(T +t12))2                                                            (6) 

(x -xs3)2+(y - ys3)2+(z -zs3)2=(Vs∙(T +t13))2                                                            (7) 

(x -xs4)2+(y - ys4)2+(z -zs4)2=(Vs∙(T +t14))2                                                            (8) 

Assume time delay is known and solve equation above by least square algorithm. Then, T and 
coordinate PD(x,y,z) are determined by simple iteration method [21] 
 

 

 

 

 

 

  

 

 

 

 

 

The flowchart in Fig. 3 is the process of calculation for PD origin and T in each case. 
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Fig. 2. Flowchart for calculation PD origin and T 

 
3. Results  
3.1Time arrival between PD source and sensor in each case 
 

Table 3 shows the result of time arrival between PD source and sensor using Equations 5 until 8 
by substitute the value of velocity oil, PD 1 and PD 2. In this result, the artificial PD1 and artificial PD2 
were set (1.2,0.6,0.8)m and (0.2,0.3,0.2)m respectively. The value of velocity oil is 1431m/s while the 
value of coordinate of sensor is based on Fig. 2, Tables 1 and 2. The value of velocity in oil will affect 
the time arrival of acoustic signal to the sensors based on the calculated value. However, the different 
of oil can effect to the accuracy to identify the PD position in the power transformer. 
 

 

 

 

Start

Set the sensor 

coordinate,velocity and 
time delay

Set the initial value 

(x,y,z,T) for simple 

iteration method

Evaluate the four set 
equation 5 to 8 by 

substituting initial value, 

then solve using least 

square method

End

set the initialize; 
iter<=10

No

Yes



Journal of Advanced Research in Engineering Knowledge 

Volume 6, Issue 1 (2019) 15-22 

21 
 

Table 3 
Result of Time Arrival 

PD location 
 

Cases Time Arrival (ms) 

T1 T2 T3 T4 

 
PD 1 

1 0.29 0.48 0.62 0.88 

2 0.16 0.41 0.57 0.85 

3 0.79 0.50 0.38 0.77 

 
PD 2 

4 0.79 0.50 0.42 0.23 

5 0.77 0.47 0.38 0.16 

6 0.73 0.47 0.61 0.26 

 
 

4. Conclusions 
 

In this works, the six different cases for acoustic sensor placement and PD location have been 
analysed. The mathematical equation can use to identify the time arrival from origin PD signal travel 
to the different sensors as a preliminary result before the simulation and experimental work 
assessment. The TDoA technique can be improve in order to reduce the percentage error for further 
analysis on PD location technique. 
 
Acknowledgement 
The authors would like to thank Centre of Excellence for Renewable Energy, School of Electrical 
System Engineering, Universiti Malaysia Perlis, UniMAP for facilities and financial support. This work 
also was supported by Ministry of Higher Education Malaysia under the Fundamental Research Grant 
Scheme (FRGS/1/2018/TK04/UNIMAP/02/14). 
 
References  
[1] Yusoff, Nur Afifah, Muzamir Isa, Haziah Hamid, Mohd Rafi Adzman, Mohamad Nur Khairul Hafizi Rohani, Chai 

Chang Yii, and Nurul Nadiah Ayop. "Denoising technique for partial discharge signal: A comparison performance 
between artificial neural network, fast fourier transform and discrete wavelet transform." In 2016 IEEE 
International Conference on Power and Energy (PECon), pp. 311-316. IEEE, 2016.  

[2] Mukhtaruddin, Azharudin, Muzamir Isa, Mohd Rafi Adzman, Syed Idris Syed Hasan, Muhamad Nur Khairul Hafizi 
Rohani, and Chai Chang Yii. "Techniques on partial discharge detection and location determination in power 
transformer." In 2016 3rd International Conference on Electronic Design (ICED), pp. 537-542. IEEE, 2016.  

[3] Wu, Min, Hong Cao, Jianneng Cao, Hai-Long Nguyen, Joao Bartolo Gomes, and Shonali Priyadarsini Krishnaswamy. 
"An overview of state-of-the-art partial discharge analysis techniques for condition monitoring." IEEE electrical 
insulation magazine 31, no. 6 (2015): 22-35. 

[4] A. Peimankar, A. Kazemi, S. Mohammad, and T. Bathaee, “Evaluation of Partial Discharge in Power Transformers 
by Acoustic Emission Method and Propagation Modeling of Acoustic Signal,” vol. 1, no. 4, pp. 182–187, 2013. 

[5] Yaacob, M. M., Malik Abdulrazzaq Alsaedi, J. R. Rashed, A. M. Dakhil, and S. F. Atyah. "Review on partial discharge 
detection techniques related to high voltage power equipment using different sensors." Photonic sensors 4, no. 4 
(2014): 325-337.  

[6] Hekmati, Arsalan, and Rasoul Hekmati. "Optimum acoustic sensor placement for partial discharge allocation in 
transformers." IET Science, Measurement & Technology 11, no. 5 (2017): 581-589. 

[7] Rohani, M. N. K. H., C. C. Yii, M. Isa, S. I. S. Hassan, Azharudin Mukhtaruddin, N. A. Yusof, and B. Ismail. "Evaluation 
of Rogowski coil sensor performance using EMTP-ATP software." In 2016 3rd International Conference on 
Electronic Design (ICED), pp. 446-451. IEEE, 2016.  

[8] Wang, Yan-Bo, Yu-Hang Fan, Shao-Rui Qin, Ding-Ge Chang, Xian-Jun Shao, Hai-Bao Mu, and Guan-Jun Zhang. 
"Partial discharge localisation methodology for power transformers based on improved acoustic propagation route 
search algorithm." IET Science, Measurement & Technology 12, no. 8 (2018): 1023-1030.  

[9] Soomro, Irfan Ali, and Md Nor Ramdon. "Study on different techniques of partial discharge (PD) detection in power 



Journal of Advanced Research in Engineering Knowledge 

Volume 6, Issue 1 (2019) 15-22 

22 
 

transformers winding: Simulation between paper and EPOXY resin usingg UHF method." International Journal of 
Conceptions on Electrical and Electronics Engineering 2, no. 1 (2014): 57-61.  

[10] Ramírez-Niño, J., and A. Pascacio. "Acoustic measuring of partial discharge in power transformers." Measurement 
Science and Technology 20, no. 11 (2009): 115108.  

[11] Hoek, Stefan, and Udo Ranninger. "Acoustic localisation of partial discharge in power transformers." Transformers 
Magazine 2, no. 4 (2015): 88-95.  

[12] Xiaoyun, Hu, Li Yifeng, and Lu Yi. "Study of PD detection and location by means of acoustic measurements 
transformer." In Proceedings of the 6th International Conference on Properties and Applications of Dielectric 
Materials (Cat. No. 00CH36347), vol. 2, pp. 753-756. IEEE, 2000. 

[13] Yii, C. C., M. N. K. H. Rohani, M. Isa, S. I. S. Hassan, B. Ismail, and N. Hussin. "Multi-end partial discharge location 
algorithm based on trimmed mean data filtering technique for MV underground cable." In 2015 IEEE Student 
Conference on Research and Development (SCOReD), pp. 345-350. IEEE, 2015.  

[14] Pattanadech, N., S. Potivetkul, and P. Yuttagowith. "Corona phenomena of various high voltage shielding types." 
In 2006 International Conference on Power System technology, pp. 1-6. IEEE, 2006. 

[15] B. Ratha and T. Mishra, “A Study of Partial Discharge Characteristic in High Voltage Insulator Department of 
Electrical Engineering National Institute of Technology , Rourkela Odisha,” 2012. 

[16] Lazarevich, Alison Kay. "Partial discharge detection and localization in high voltage transformers using an optical 
acoustic sensor." PhD diss., Virginia Tech, 2003.  

[17] Rosmi, A. S., M. Isa, B. Ismail, M. N. K. H. Rohani, and Y. Wahab. "An Optimization of Electrical Output Power for 
Piezoelectric Energy Harvester using Different Micro-Cantilever Beam Geometries." In Journal of Physics: 
Conference Series, vol. 1019, no. 1, p. 012033. IOP Publishing, 2018.  

[18] Al-Masri, Wasim MF, Mamoun F. Abdel-Hafez, and Ayman H. El-Hag. "Toward high-accuracy estimation of partial 
discharge location." IEEE Transactions on Instrumentation and Measurement 65, no. 9 (2016): 2145-2153.  

[19] Wang, Yan-Bo, Ding-Ge Chang, Yu-Hang Fan, Guan-Jun Zhang, Jiang-Yang Zhan, Xian-Jun Shao, and Wen-Lin He. 
"Acoustic localization of partial discharge sources in power transformers using a particle-swarm-optimization-
route-searching algorithm." IEEE Transactions on Dielectrics and Electrical Insulation 24, no. 6 (2017): 3647-3656. 

[20] T. Committee, “IEEE Trial-Use Guide for the Detection of Acoustic Emissions from Partial Discharges in Oil-
Immersed Power Transformers,” IEEE Std C57.127-2000, pp. 1–23, 2000. 

[21] Lu, Y., X. Tan, and X. Hu. "PD detection and localisation by acoustic measurements in an oil-filled transformer." IEE 
Proceedings-Science, measurement and technology 147, no. 2 (2000): 81-85. 

 
 

  
 


