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Abstract. Almost all today electrical loads are considered non-linear such as switch mode power supply 
(SMPS) for powering computer and mobile phone or variable speed drive (VSD) for driving home and 
industrial electric motors. These loads generate ac non-sinusoidal current containing a lot of harmonics as 
indicated by its high total harmonics distortion (THD) figure. Current harmonics bring negative effects into 
all electrical power system components, including three-phase generator. This paper provides analysis of 
load current harmonics effects on vibration of three-phase generator. Three different laboratory experiments 
have been conducted i.e. three-phase linear resistive loading, non-linear loading with a three-phase ac/dc 
converter and non-linear loading with three single-phase capacitor filtered ac/dc converters. Results show 
that the higher load current harmonics content the higher is vibration of the three-phase generator. Non-
linear loading with a three-phase ac/dc converter that generate about 24.7% THD gives an increase of 4.3% 
and 5.5% in average of vertical and horizontal vibrations of the three-phase generator respectively. Further, 
non-linear loading with three single-phase capacitor filtered ac/dc converters that generate THD as high as 
74.9% gives significant increase of 28.1% and 23.6% in average of vertical and horizontal vibrations 
respectively. 

1 Introduction  
Nowadays, many electrical loads are classified as non-
linear such as switch mode power supply (SMPS) for 
powering computer as well as mobile phone  and 
variable speed drive (VSD) for powering ac three-phase 
motor commonly used in water pump unit, compressor, 
belt conveyor, escalator and lift or robotic arms in an 
industrial production unit [1], [2], [3]. SMPS and VSD 
use single-phase ac/dc converter and three-phase ac/dc 
converter respectively at the input/ac side [4]. Switching 
of these converters produces ac non-sinusoidal current 
containing a lot of harmonics as indicated by the high 
total harmonic distortion figure (THDi). Current 
harmonics bring negative effects such as increasing 
power losses, reducing efficiency, increasing operating 
temperature and disoperation or even failure of many 
electrical power system components. Regarding its 
negative effects, methods are developed to reduce 
current harmonics. By operating converter in pulse width 
modulation modes, its current harmonics can be reduced 
significantly or even minimized [5], [6], [7]. Another 
method is using the phase shifting transformer to 
eliminate certain order harmonic currents [8]. 

Ac three-phase generator, hereinafter referred as 
generator, is a main electrical power system component. 
Generator producing electricity needed by all loads 
connected to an electrical power system [9]. 
Performance of a generator is mainly determined by 

current flowing in its three-phase armature windings. If a 
linear load is connected then harmonics free ac 
sinusoidal current will flow in generator three-phase 
armature windings. However, if a non-linear load is 
connected then ac non-sinusoidal current with harmonics 
will flow in generator three-phase armature windings. 
Obviously, generator performance differs on these two 
loading conditions. Effect of load current harmonics 
generated by non-linear loads on generator performance, 
particularly on its vibration, is investigated throughout 
this paper.  

Vibration is one important parameter of generator 
operation. The others include voltage drop, power losses, 
efficiency and loading capacity. Vibration is frequently 
used as a parameter to identify condition of a turbine-
generator set [10]. When a generator operates or rotates, 
it will vibrate. A factor that determines how high a 
generator vibrates is its loading condition. Vibration on 
no-load condition differs to that on load condition [11], 
[12], [13]. Considering two loading conditions have been 
mentioned above, vibration of a generator on linear 
loading condition will be different to that on non-linear 
loading condition. Further, generator vibration on non-
linear loading differs according to current harmonics 
content generated by the non-linear load. 
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2 Laboratory experiments set up  

To investigate effect of current harmonics on generator 
vibration, three different laboratory experiments have 
been set up.  The first one is linear loading with three-
phase resistive load. The second one is non-linear 
loading with a three-phase ac/dc converter and the last 
one is non-linear loading with three single-phase 
capacitor filtered ac/dc converters connected as per-
phase load of the three-phase generator output terminal.  
The aim of using these three kinds of load is to produce 
ac current with different harmonics content. Linear load 
supposed to produce ac sinusoidal current that contains 
no harmonics. Non-linear loading with a three-phase 
ac/dc converter will produce ac non-sinusoidal current 
that contains odd order harmonics except the triple ones. 
Finally, non-linear loading with three single-phase 
capacitor filtered ac/dc converters will produce ac non-
sinusoidal current that contains all odd order harmonics 
[14].  
 Figure 1, Figure 2 and Figure 3 consecutively show 
the schematic diagrams of laboratory experiment of 
resistive linear loading, non-linear loading with a three-
phase ac/dc converter and non-linear loading with three 
single-phase capacitor filtered ac/dc converters. 

 

Fig. 1. Schematic diagram of laboratory experiment of resistive 
linear loading. 

 

Fig. 2. Schematic diagram of laboratory experiment of non-
linear loading with a three-phase ac/dc converter. 

 

 

Fig. 3. Schematic diagram of laboratory experiment of non-
linear loading with three single-phase capacitor filtered ac/dc 
converters. 

 All three laboratory experiments above have similar 
operation procedure. It differs only on the type of load 
connected to three-phase output terminal of the 
generator. The generator is loaded step by step from no-
load to full load under constant shaft rotation and output 
voltage. Constant shaft rotation achieved by controlling 
speed of electric motor driver while constant output 
voltage achieved by controlling generator excitation 
current [9]. Power capacity of the generator is 5 kW with 
nominal phase to neutral output voltage of 220 V, 50 Hz 
at 3000 rpm shaft rotation speed. The maximum load 
current is 7.4 A. Necessary data to be collected include 
load current magnitude, current harmonics contents 
(THDi) and generator vibration in vertical and horizontal 
directions. Magnitude and profile of load current are 
measured by Three-phase PQ Analyser while generator 
vibration is measured by Vibration Meter. 

3 Results and discussion 
Experiment in which generator is connected to three-
phase resistive load gives the data listed in Table 1 
below. Value of load current (IL) measured is the 
effective (root mean square, rms) one. The effective 
fundamental value (IL1) then determined by following 
equation [15]: 

                                  IL = IL1 (1+THDi2)1/2  (1) 

Figure 4 shows an example of generator load current 
waveform. It is shown that load current of 1.4 A has a 
harmonics content (THDi) of 13.3%. Its spectrum then 
shows that only the third order harmonic emerges. Thus, 
generator load current is not an ideal harmonic free ac 
sinusoidal although the load connected is resistive linear. 
In average, the THDi figure of generator load current is 
about 17.6% when the load varies from 0 (no-load 
condition) to 7.1 A. 
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Table 1. Generator vibration on resistive linear loading 
condition. 

Load 
current, 
IL (A) 

Fundamental 
component of 
load current, 

IL1 (A) 

Vertical 
vibration 
(mm/s) 

Horizontal 
vibration 
(mm/s) 

0.00 0.00 4.10 4.40 
1.40 1.38 4.90 5.60 
3.00 2.95 5.40 6.90 
4.40 4.33 5.80 8.90 
5.70 5.61 6.80 9.70 
7.10 6.99 7.70 10.50 

 

Fig. 4. Generator load current on resistive linear loading. 

Data in Table 1 show that generator vibration both in 
vertical and horizontal directions increase when load 
increases. The data also show that generator vibration in 
horizontal direction is higher than in vertical direction. 
Figure 5 shows comparison between vertical and 
horizontal vibration of generator on resistive linear 
loading with THDi of 17.6% in average. 

 

Fig. 5. Generator vibration on resistive linear loading with 
THDi of 17.6% in average. 

Next, non-linear loading with a three-phase ac/dc 
converter gives the experimental data listed in Table 2. 
Example of generator load current waveform in Figure 6 
shows that it is ac non-sinusoidal with effective value of 
1.4 A and THDi of 27.1%. The current spectrum shows 
that it contains odd order harmonics except the triple 
ones i.e. the 5th, 7th, 11th, 13th, and so on. However, only 
the 5th and 7th current harmonic orders have significant 
effective values as compared to effective value of 
fundamental component. In average, the THDi of 
generator load current reaches 24.7% when load varies 
from 0 to 5.1 A. 

Table 2. Generator vibration on non-linear loading with a 
three-phase ac/dc converter. 

Load 
current, 
IL (A) 

Fundamental 
component of 
load current, 

IL1 (A) 

Vertical 
vibration 
(mm/s) 

Horizontal 
vibration 
(mm/s) 

0.00 0.00 4.10 4.40 
1.40 1.36 5.00 5.90 
2.70 2.62 5.60 6.80 
3.90 3.79 6.10 8.60 
5.10 4.95 6.70 9.70 

 

Fig. 6. Generator load current on non-linear loading with a 
three-phase ac/dc converter. 

Again data in Table 2 show that both vertical and 
horizontal vibrations of the generator increase when load 
increases. Also, horizontal vibration of the generator is 
higher than that in vertical direction. Due to limitation of 
the available load, maximum generator load current on 
this non-linear loading is only 5.1 A or 69% of full load 
capacity.  Figure 7 shows comparison between vertical 
and horizontal vibrations of generator on this non-linear 
loading condition with THDi of 24.7% in average. 
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Fig. 7. Generator vibration on non-linear loading with THDi of 
24.7% in average. 

 Last, non-linear loading with three single-phase 
capacitor filtered ac/dc converters gives the experimental 
data listed in Table 3. An example of generator load 
current waveform on this non-linear loading is shown in 
Figure 8. Clearly it is an ac non-sinusoidal current with 
effective value of 3.4 A and THDi of 77.5%. The current 
spectrum shows that it contains all odd order harmonics 
i.e. the 3rd, 5th, 7th, 9th, 11th, 13th, and so on in which the 
3rd, 5th and 7th become the most significant ones. In 
average, the THDi of generator load current reaches 
74.9% when load varies from 0 to 6.6 A. 

Table 3. Generator vibration on non-linear loading with three 
single-phase capacitor filtered ac/dc converters. 

Load 
current, 
IL (A) 

Fundamental 
component of 
load current, 

IL1 (A) 

Vertical 
vibration 
(mm/s) 

Horizontal 
vibration 
(mm/s) 

0.00 0.00 4.10 4.40 
3.40 2.72 6.90 8.70 
6.60 5.28 8.60 11.60 

 

Fig. 8. Generator load current on non-linear loading with three 
single-phase capacitor filtered ac/dc converters. 

Data in Table 3 shows that vertical and horizontal 
vibrations of the generator increase when load increases. 
The horizontal vibration is higher than vertical vibration. 
Similar to the previous non-linear loading experiment, 
generator cannot be fully loaded.  The maximum load 
current is 6.6 A or 89% of full load capacity.  Figure 9 
shows comparison between vertical and horizontal 
vibrations of generator on this non-linear loading 
condition with THDi of 74.9% in average. 

 

Fig. 9. Generator vibration on non-linear loading with THDi of 
74.9% in average. 

 To investigate effect of load current harmonics on 
generator vibration, the vertical and horizontal vibrations 
of generator on those three different loading conditions 
have to be compared. Figure 10 shows comparison of the 
vertical vibration of generator on resistive linear loading, 
non-linear loading with a three-phase ac/dc converter 
(referred as non-linear loading#1) with 24.7% THDi and 
non-linear loading with three single-phase capacitor 
filtered ac/dc converters (referred as non-linear 
loading#2) with 74.9% THDi. It is seen that the highest 
vertical vibration occurs when generator loaded by three 
single-phase capacitor filtered ac/dc converters while   
the lowest occurs when generator connected to resistive 
linear load. Thus, the higher current harmonics content 
the higher vertical vibration of generator. 

 

Fig. 10. Comparison of the vertical vibration of generator on 
three different loading conditions. 

 Next, Figure 11 shows comparison of the vertical 
vibration of generator on those three different loading 
conditions for same load current magnitude. It can be 
seen that the vertical vibration of generator increases 
about 4.3% in average and 28.1% in average respectively 
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when it loaded by non-linear load with 24.7% THDi and 
74.9% THDi as compared to resistive linear loading with 
17.6% THDi. 

 

Fig. 11. Comparison of the vertical vibration of generator on 
three different loading conditions for same load current 
magnitude. 

 Meanwhile, Figure 12 shows comparison of the 
horizontal vibration of generator on those three different 
loading conditions. Again it is shown that the highest 
horizontal vibration occurs when generator is loaded by 
three single-phase capacitor filtered ac/dc converters 
while the lowest occurs when the generator is connected 
to resistive linear load. Thus, the higher current 
harmonics content the higher horizontal vibration of 
generator. 

 

Fig. 12. Comparison of the horizontal vibration of generator on 
three different loading conditions. 

 In Figure 13, the horizontal vibration of generator on 
those three different loading conditions for same load 
current magnitude is shown. It can be seen that the 
horizontal vibration of generator increases about 5.5% in 
average and 23.6% in average respectively when it 
loaded by non-linear load with 24.7% THDi and 74.9% 
THDi as compared to resistive linear loading with 17.6% 
THDi. 

 

Fig. 13. Comparison of the horizontal vibration of generator on 
three different loading conditions for same load current 
magnitude. 

4 Conclusions 
Loading condition strongly determines generator 
vibration. Higher load results in higher generator 
vibration. Also the higher harmonics contents of the 
load, the higher is vibration of the generator. Results 
from laboratory experiment show that non-linear loading 
with a three-phase ac/dc converter that has about 24.7% 
THDi in average gives an increase of  4.3% in vertical 
vibration and 5.5% in horizontal vibration as compared 
to linear loading with about 17.6% THDi in average. 
Further, non-linear loading with three single-phase 
capacitor filtered ac/dc converter that has about 74.9% 
THDi in average gives an increase of 28.1% in vertical 
vibration and 23.6% in horizontal vibration as compared 
to linear loading with about 17.6% THDi in average. 
 
The author would like to thank Politeknik Negeri Bandung for 
providing fund for this research through scheme of Penelitian 
Mandiri 2017. 
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