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ABSTRACT 
 

This paper focused on the experiment based power quality (PQ) learning issues. Fluke 434 meter has been 
used in the experimental setup for analyzing PQ events. The experiment was conducted for both wye and delta 
connection to analyze the voltage sag/swell and harmonics events. It was found that the PQ problems create not 
much effect of voltage sag and harmonic distortion. However, a significant analysis and understanding have 
been explained in the results. Thus, it fulfills the aim of the experiment to learn about the PQ issues in the 
system.    
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Introduction 
 

Power quality is the set of limits of electrical characteristic which allows electrical systems to function in 
their intended manner without loss of performance or life. Large penetration of power electronics based 
controllers and devices along with restructuring of the electric power industry and small scale distribute 
generator have put more stringent demand on quality of electric power supply to the customer (Hannan et al., 
2012; Hannan et al., 2011; Hannan et al., 2009a; Arrillaga et al., 2000a; Arrillaga et al., 2000b; Dugan et al., 
2003). The power quality term was earliest mentioned in a study published in the following many publications 
(Hannan and Mohamed, 2012; Hannan and Mohamed, 2005; Hannan and Chan 2004; et al., Martzloff et al, 
1998) mentioned PQ as voltage quality with reference to slow variation in voltage magnitude. It defines the 
concept for a multitude of individual types of power system disturbances. Any occurrence manifested in voltage, 
current or frequency deviations which results in malfunction or fail prematurely of end user equipment is 
defined as power quality problem. 

Power quality has become an important issue in power system, as the modern equipment nowadays is 
interconnected and more sensitive to the power quality variations. End user, either industrial or commercial are 
getting more aware of power quality issue as efficiency in production and system stability are vital in their 
business. Increased interconnection, widespread use of power electronics devices with sensitive and fast control 
schemes in electrical power networks have brought many technical and economic advantages, but these have 
also introduced new challenges for the power engineers (Ghani et al. 2012a; Ghani et al., 2012b; Hannan et al., 
2009b; Hannan and Chan 2006; Burke et al, 1990; Domijan et al, 1993). There has been a significant increase in 
embedded generation and renewable energy sources which create new power quality problems, such as voltage 
variations, flicker and waveform distortions. The complex interconnecting systems result in more severe 
consequences if any one component fails. Moreover, various sophisticated power electronics equipments, which 
are very sensitive to the PQ problems, are used for improving system stability, operation and efficiency. 
Introduction of competitive electricity market gives right to the customer to demand high quality of supply 
(Subiyanto et al., 2012; Subiyanto et al., 2011). 

For the PQ detection issue, the interconnected and complexity of the system increase the difficulty for the 
engineer/ maintenance to troubleshoot the exact problems. The interconnected distorted waveform does not 
possess a very clear PQ problem. It is especially difficult through the visual inspection of waveforms by human 
operators. Hence, a comprehensive survey of different classification techniques used for PQ events has been 
discussed and analyzed. PQ falls in the basic two categories which is explained in (Hannan et al., 2005). 
Disturbances are measured by triggering on an abnormality in the voltage or the current. The transients’ voltage 
maybe detected when the peak magnitude exceeds a specified threshold. Example voltage sag or interruptions 
maybe be detected when it exceeds a specified level. Steady state variation is basically a measure of the voltage 
or current of the distorted waveform with the nominal waveform in form of voltage and current. In the case of 
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three phase waveform, the degree of unbalance also will also be measured to account for the degree of distorted 
waveform. These include normal rms voltage variations, harmonic and distortion.  

This paper deals with the Fluke 434 Power Quality Analyzer for power quality analysis like voltage sag and 
harmonics, etc. This device is a powerful equipment help power engineer locate, predict, prevent and 
troubleshoot problems in three-phase and single-phase power distribution systems. It can measures voltage, 
current, dips, swells, interruptions, harmonics, inter-harmonics on EN50160 overview. The analyzer has four 
BNC-inputs for current clamps and five banana-inputs for voltages. In this experiment, the analyzer is used to 
analyze the power quality problems, which are voltage dip and swell and harmonic.  

 
PQ learning issues: 

 
In the real interconnected power environment, it was difficult to identify and classify the real PQ events. 

Below are the major issues and challenges in automatic classification of PQ disturbances. There exist a few 
literatures on automatic classification of PQ event based on underlying cause of the disturbance. Most of the 
methods deal with the type of the PQ event without specifying the underlying cause. For example, for a voltage 
sag event, it is desirable to know not only voltage sag, but also whether it is caused by the switching of a large 
load, a line to ground fault, or any other reason. The work should be extended towards cause based classification 
instead of phenomenon based classification for better understanding of PQ events. 

 Classification of swell, dips and interruption i.e the classification of voltage magnitude events are 
addressed in many classification algorithms. New algorithms for classification of transients and harmonics 
distortion have to be explored. Transient identification requiring high frequency waveform recording devices 
and more robust classification methods is rarely addressed in literature with the exception of (Salam et al., 
2010). 

 Effort should be aimed at incorporating knowledge and expertise of power system engineers in statistical 
classifiers also.  

 The majority of classification techniques proposed is for single disturbances. Therefore, efforts need to 
be done for multiple disturbance classification. Currently, there are different approaches available for multi-
class SVM. These approaches can be tested for their suitability in classification of PQ disturbances. 

 Performance of a classifier is highly dependent on the input extracted features. Fourier Transform or 
model based methods are the optimal starting point for generating features to be proved. The wavelet transform 
has limited utility in detecting, extracting sag disturbances features because the gradient of the disturbance 
events are comparable to that of the background signal.  

 Choice of suitable mother wavelet function is another issue of concern in the classifier with the wavelet 
based extracted features. Because of its compact and localized properties in time frequency plane, Daubechies 
db4 has been the most frequently used. Another issue of concern is the number of decomposition level required 
to avoid possible loss of some important information and to have accurate classifier since PQ disturbances cover 
a wide range of frequency. 

 To properly monitor the PQ events, the power quality monitor are installed in the system. Since, it is not 
possible to install the PQ monitor at all the nodes in the system due to technical and economical reasons, the 
optimal number of monitoring devices are to be placed in the system to get complete information about the PQ 
events. 

 Most of the studies have done training and testing on synthetic data. Therefore, accumulation of a 
comprehensive standard PQ database similar to that of many other signal processing fields, for testing and 
comparisons of the state of the art techniques are also needed. 

 Both the economics and the technical limitations must be considered before reaching at solutions. Also, 
the solutions need to be evaluated using system perspective example possible solutions should be identified at 
all levels of system from utility supply to the end user’s equipment being affected. 

 Noise present in the signal has been a major hurdle in the accurate feature extraction and classification of 
PQ events. Some methods have been proposed to denoise the signal but denoising is still a challenge to power 
engineers working in the area of PQ analysis and classification.  

 
Methods and systems: 

 
Power quality is easily affected by the in house interconnected power system. In this paper, we presented a 

way of varying the load system such as synchronous generator and multiple lighting load system. The 
equipments are as below:  

i. Fluke 434 Power Quality Analyzer, 
ii. Current clamps,  
iii. Voltage banana-inputs,  
iv. Induction motor set, 
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v. Distribution trainer set,  
vi. Fluorescent lamps. 
vii. Test pen is used 

 

 
 

Fig. 1: Induction motor set 
 

           
 

Fig. 2: Distribution trainer set      
 

      
 
Fig. 3: main switch box connections                     Fig. 4: Fluke 434 set up 
 
3.1 Experiments system set up and procedure: 

 
1. First, to ensure personal, equipment and power system safety, the power system is de-energized before 

making any connections. A test pen was used to ensure any potential leakage voltage on the equipment. 
2. A current clamp from Fluke 434 was clammed around the conductors of phase A (L1), phase B (L2), 

phase C (L3), in the main switchboard. 
3. Next, the voltage connection was made by connected the banana-inputs to the Ground and then the 

conductor of phase A (L1), phase B (L2), and phase C (L3), Earth and Neutral (N), as shown in Figures 3 and 4. 
4. The analyzer then setup to configure the connecting system’s configuration (Delta/Wye), nominal 

voltage and frequency of the power system. 
5. The experiment was started with three-phase Wye connection first.  
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6. Pressed the menu button on the Fluke 434 analyzer to enter the necessary measurement set up 
7. The “Volts/Amps/Herts” option was selected to measure the voltage, current, frequency and crest factor 

of the three-phase power system before any disturbance is introduced into the system. The waveform trend of 
the voltage and current of the three-phase power system was observed. 

8. Step 6 repeated with the “Dips and Swell” option is selected to measure and record the voltage and 
current before and after the disturbance was injected into the power system. 

9. The distribution trainer and induction motor set were switched on at the same time for few minutes to 
introduce power quality disturbance into the power system. 

10. The waveform trend of the phase and neutral voltage and current were observed. The minimum and 
nominal values for each set of measurement are obtained and compared. 

11. Step 6 was repeated and the “Harmonic” option was selected to measure the voltage and current 
harmonic, and Total Harmonic Disturbance (THD) value.  

12. Step 9 is repeated and fluorescent lights are turned on as well to generate more harmonics on the power 
system. 

13. The bar graphs of the phase and neutral current and voltage are observed, while the THD value is 
recorded. 

14. Steps 6 to 13 were repeated for Delta connection of the three-phase power system. 
 

Results And Observations: 
 
Three Phase Wye-Connection Power System: 

 
The meter screen menu has many options. Choose the menu “Volts/Amps/Hertz”, as in Figure 5. It showed 

numerical values of voltage, current, crest factor and frequency for all three phases and neutral on single time 
response. The power quality measurement provides an indication value for continuous check on power quality. 
Besides, this numerical value is also useful to detect harmonic interaction between loads and power 
conditioning, high inrush current from equipment startup detected and transient from load switching. From the 
Figure 5, the respective three phase RMS voltage values are 239.3V, 239.6V and 241.0V, and they are ranging 
from +4.04% to +4.78% from the standardized 230V. The values are satisfactory and within the tolerance 
ranges of 230V +10% -6%, according to the IEC standard (IEC 60038:2006). The crest factor, CF is the ratio of 
the crest value of the measured waveform to the RMS of the fundamental. The CF ratio is approximately equal 

to  and thus the Vpeaks are equivalent to . The measured frequency value of 50Hz, is within the 

tolerance range of . The current values for phase A and C showed null as there are no any operating load 
connected to these phases. However, current value for phase B showed 0.05Vrms, it means that there is operating 
equipment connected to phase B. The scope waveform and vector diagram screens, as in Figure 6 shows the 
three phase voltage waveform are having phase difference of 120o relative to each other. Hence, no phase 
unbalance condition observed.  

     

  
 

Fig. 5a: Volts/Amps/Hertz 3-phase Y-connected voltage and current readings of the power system b)  3-phase  
               voltage vector diagram. 
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Fig. 6: 3-phase Y-connected voltage and current waveforms and their datablock. 
 

4.2 Voltage Dips and Swell: 
 
Voltage dips also known as voltage sags, is caused by the abrupt increase in load. There are many events 

that can caused voltage sags included short circuits or faults; motor starting or electric heater turning on or 
increase in the source impedance due to the loose connection. The trend waveforms for three phase voltage and 
neutral current are displayed as in Figure 9. The trend waveforms provides us a better picture on the voltage 
trend over time. Hence, it give us better and easier analysis on the dynamic effect of the equipment startup and 
load switching.The distribution trainer set and induction motor set are switched on simultaneously, at time 
around 21s shown in the trend screen. 21s is using the time displayed-time on the bottom scale which showed 
around 4s. Hence, the trend on the left of the cursor at time 21s is waveform prior to equipment startup, while 
the trend on the right of the cursor is waveform after the equipment startup.  

 
Table 1: Voltage and current value variation for Wye-connection system 
Phase Average voltage before 

motor startup (V) 
Maximum voltage 
during motor startup 
(V) 

Percentage 
change in 
voltage (%) 

Average current before 
motor startup (A) 

Maximum current during 
motor startup (A) 

L1 238.7 233.9 -2.01 0.43 9.82 
L2 239.2 236.3 -1.21 0.43 8.20 
L3 240.4 235.4 -2.08 0.05 1.42 
N 5.5 5.7 +3.64 0.05 0.10 

 
From the result, we observed that when starting the motor. There are obvious voltage dips on the phase L1, 

L2 and L3 after the motor started. L1, L2 and L3 record a 1 to 2% voltage change which are still adhere to the 
IEC standard (IEC 60038:2006) which is lesser than 6%. A severe voltage distorted greater than the specify 
value might caused others interconnected system to be affected.  

 
4.3 Harmonic: 

 
Harmonic are the sinusoidal voltage or current having frequencies that are whole integer multiples of 

frequency of the system that are designed to work. According to the IEEE standard 519-1992 (Development of 
current Distortion limits), The objective of the current limits are to limit the maximum individual frequency 
voltage harmonic to 3% of the fundamental and the voltage THD to 5% for systems without a major parallel 
resonance at one of the injected frequencies. It also mentioned that, if individual customers meet the current 
distortions limits, and there is not sufficient diversity between individual customer harmonic injections, then it 
may be necessary to implement some form of filtering on the utility system to limit voltage distortion levels.  

For the analysis of the harmonic distortion, the measurements are shown in bar graphs, showing either 
voltage or current harmonics and inter harmonics, together with the total harmonic distortion (THD) and 
harmonic DC value. The analyzer with powerful data processing ability has analyzed and performed Fourier 
transform on the voltage and current signal, hence displays the harmonic in frequency response for easier 
analysis, rather than time response which unable to be analyzed easily for harmonic frequencies. 

 
Table 2: THD value for both voltage and current for Wye-connection system 

Phase THDV before 
disturbance (%) 

THDV during disturbance 
(%) 

THDI before disturbance (%) THDI during disturbance 
(%) 

L1 1.7 1.7 124.7 69.8 
L2 1.7 1.8 94.3 42.4 
L3 1.8 1.8 319.7 66.9 
N 60.5 58.5 90.4 226.8 
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Table 2 shows the overall THD value for voltage is within the limit defined by the IEEE standard 519-1992, 
which are 5%. The maximum harmonic voltage distortion of every component also within the limit defined, 
which is 3%.The induction motor set and distribution trainer set were left in operation to observe the effects on 
harmonic distortion. The THD value for three-phase and neutral voltages were seemed to be unaffected much by 
the equipment, as shown in Figures 7-18. Besides, there was only fundamental frequency components found in 
three phase voltage, this is mainly due to no voltage harmonic originated by voltage sources.  

Once the equipment is started, the THD values for three-phase currents were found to be reduced, while 
THD value for neutral current increased. Detail analysis by comparing the currents before and after the motor 
startup showed that the null or low current before motor startup almost identical to the current harmonics and 
inter harmonics level. Therefore, the THD values for phase L1 and L3 currents are very high before motor 
startup. Once motor is started, the variable speed drive of the induction motor introduced odd harmonics current 
more significantly than inter harmonic current. In the same time, the induction motor drawing a high current 
means that magnitude of fundamental frequency current harmonic component is higher than other components, 
hence the THD values are lower after motor startup. As THD value is the ratio of the rms values of harmonic 
components to the rms value of fundamental frequency component. 

From the figure 7-18, we can observe that there are not obvious different THD component inside the 
respective voltage phase. Every phase contain only its own respective fundamental frequency. Hence, there are 
no harmonic voltages for that disturbance. There are various harmonic sources such as converters; generators, 
motors, transformers, computers, electronic ballasts, uninterruptable power supplies and switching power 
supplies. Synchronous motor used in the lab is one of the types of harmonic source.       

 

 
 

Fig. 7: Bar graph of phase L1 voltage before disturbance 
 

 
   
Fig. 8: Bar graph of phase L1 voltage after disturbance  
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Fig. 9: Bar graph of phase L1 current before disturbance 
 

 
 

Fig. 10: Bar graph of phase L1 current after disturbance  
 

 
 

Fig. 11: Bar graph of phase L2 voltage before disturbance 
 

 
 

Fig. 12: Bar graph of phase L2 voltage after disturbance  
 
 



4995 
J. Appl. Sci. Res., 8(10): 4988-4997, 2012 
 

 

 

 
 

Fig. 13: Bar graph of phase L2 current before disturbance 
 

 
Fig. 14: Bar graph of phase L2 current after disturbance  

 

 
 
Fig. 15: Bar graph of phase L3 voltage before disturbance 

 

 
 

Fig. 16: Bar graph of phase L3 voltage after disturbance  
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Fig. 17: Bar graph of phase L3 current before disturbance 
 

 
 

Fig. 18: Bar graph of phase L3 current after disturbance  
 

Conclusion: 
 
The experiment was able to be carried out successfully and all objectives are achieved. The Fluke 434 

Power Quality Analyzer is an easy-to-use and powerful to analyze the power quality variations occurred in the 
power system. Power quality disturbances such as voltage sag/swell and harmonics are analyzed successfully for 
both Wye and Delta connection power system. The results from the analyzer have been used to understand the 
effects of various power quality variations on the voltage and current signal. 
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