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Abstract 
 
This article presents the results of a simulation of the electrical system of the "Corveta Classe Barroso" or CCB, a ship in 
the Brazilian Navy, using the MATLAB program. The objective of the simulation is to measure, evaluate, and mitigate the 
harmonics at the output terminals of the ship's generator group, driven by the non-linear loads connected to the Point of 
Common Coupling (PCC) of the distribution system, such as three-phase Static Rectifiers, Specific Loads, and a Water-
Cooling Unit. The simulation was divided into two stages, with the first stage simulating the system without the presence 
of the Shunt Active Power Filter (SAPF) and the second stage including the SAPF. The design of the SAPF was based on 
the IRP p-q theory, and it was found that the SAPF was effective in reducing current and voltage distortions, improving the 
true power factor, reducing harmonic pollution, and reducing voltage modulation. The results obtained during the second 
stage of the simulation that considered the presence of the SAPF indicated that the aforementioned filter was an adequate 
choice for improving the power quality of the ship under study. 
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1. Introduction 
 
The Brazilian Navy Ship is equipped with several equipment 
and sensors of high technological complexity; therefore, it is 
necessary that a good quality of electrical energy is generated 
on board to ensure that the availability, the reliability and the 
efficiency of such devices are maintained during the entire 
period of operation [1,2,3]. In this way, the energy generated 
on board the Barroso Class Corvette (Corveta Classe Barroso 
or CCB) must remain stabilized and with its harmonic 
distortions within the limits established in the current 
regulations [4,5,6,7,8], thus contributing to navigation safety 
and for the measurement accuracy of targets and contacts 
collected by on-board equipment, whether high speed 
(missiles and aircraft) or low speed (ship and submarine). 
 The Active Power Filters (APF), despite having a high 
implementation cost and high operational complexity in 
electrical projects, have been shown to be a more assertive 
option to improve the compensation of harmonic components, 
frequency range diversity, factor correction of power (FP) , 
among other parameters that can contribute to the 
improvement of the electric power quality (EPQ) generated in 
the referred vessel. Given the characteristics and advantages 
of these types of devices, in this work, the harmonic 
mitigation modality is based on Shunt Active Power Filters 
(SAPF) [9,10,11,12,13,14]. The SAPF can be considered an 
electronic converter that can inject harmonic components into 
the system to which it is installed the necessary harmonic 
components to cancel unwanted current harmonics generated 

 
 

at the terminals of non-linear loads. Thus, in order to cancel 
the aforementioned harmonics, the SAPF are installed at the 
Point Common Coupling (PCC) of system of an alternating 
current (AC) to compensate one or several loads. Once 
installed, the harmonic flow of current to the system is 
limited. In addition to compensating current harmonics, 
SAPF can also be used to compensate for reactive power, 
current imbalance, negative sequence current [11,12,13,14]. 
 
 
2. Theoretical Background 
 
This chapter aims to present the main theories consulted and 
used during the research, and which, in some way, contributed 
to the evaluation and analysis of the results, serving as a basis 
for the modeling and simulation of the Generation, 
Distribution, and Consumption Systems of the CBB, as well 
as helping in the development of the SAPF project. Therefore, 
it becomes necessary to define and address some quantities 
considered important in this work, so we have: 
 Voltage Modulation (VM): is the periodic variation of the 
voltage (∆!/2)	allowed by the user in relation to the rated 
voltage (𝑉"). The VM periodicity is considered greater than 
one cycle and less than 10 seconds [4].  
 
VM	 = 	 ∆!

$∗!"
= !&'()!&*"

$∗!"
						             (1) 

 
 Total Harmonic Distortion (THD): is "the root mean 
square ratio of the harmonic content, considering harmonic 
components up to the 50th order and specifically excluding 
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interharmonics, expressed as 1% (one percent) of the 
fundamental. Harmonic components of orders greater than 
50th may be included when necessary." [5,6]. It provides the 
heating potential resulting from distortions generated by 
harmonics (Vh or Ih) in relation to the fundamental (V1 or I1), 
given in relation to voltage (Eq. 2) or current (Eq. 3). 
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 Where V and I are the total voltages and currents that 
consider the harmonic components (Vh or Ih) injected or 
added into the fundamental components (V1 or I1), 
respectively [7]. 
 Total Demand Distortion (TDD): according to [5,6], the 
Total Demand Distortion (TDD) can be defined as "the 
proportion of the root mean square of the harmonic content, 
considering harmonic components up to the 50th order and 
specifically excluding interharmonics, expressed as 1% (one 
percent) of the maximum demand current. Harmonic 
components of orders greater than 50th may be included when 
necessary.” Compares the measured harmonics in relation to 
the total (maximum) demand current of the load (IL), as 
postulated in Eq. 4. 
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 Displacement Power Factor (PFd): The ratio between the 
active power (Pm) and the fundamental apparent power 
(S1rms), can never be greater than unity (PFd ≤ 1) [9,10], with 
the upper limit calculated according to Eq. 5. 
 
PFd = 		PF = 	 9:

;8<:=
= >

?@
= cosφ ≤ 1																																		(5) 

 
 Harmonic Power Factor (PFh): if there is current or 
voltage harmonic distortion, its value is always higher in 
relation to the PFt (1 ≥ PFh > PFt) [9,10], which can be 
calculated according to Eq. 6. 

PFh = 8
A8	B(CDE*)"	

∗ 8
A8	B(CDE+)"	

	,                (6) 
 
if there is THDV and THDI  
 
 True Power Factor (PFt): in nonlinear situations, where 
the signals are not sinusoidal, the displacement angle (αd) is 
different from 0º (zero degrees), so PFt (or cos φt) will be 
different from the displacement power factor (cos φ or cos 
φd), able, according to [9,10], which can be calculated 
according to Eq. 7. 
 
PFt = / 9:

;8<:=
0 ∗ / 8

A8	B(CDE*)"	
0 ∗ / 8

A8	B(CDE+)"	
0					      (7) 

 
 Harmonic Pollution (HP): is the total contribution of all 
harmonic components generated by nonlinear loads and 
injected into the electrical network or circuit. Its calculation 
considers both the voltage total harmonic distortion (THDV) 
and the current Total Harmonic Distortion (THDI) [11], 
according to Eq.8. 
 
HP	 = 			A(THD?)$ + (THD3)$                 (8) 
 
2.1 Characteristics of Shunt Active Power Filters 
(SAPF) 
These types of filters are capable of mitigating most 
disturbances that contribute to the increase in reactive power, 
unbalanced currents, harmonics, and electrical fluctuations in 
voltage and/or current [11,12], as well as for reducing power 
factors (displacement, distorted or true) resulting from 
nonlinear loads coupled to the Electrical Power System 
(EPS), The main function of the SAPF is to mitigate the total 
current distortion (THDI), through the compensation current 
(IC) injected into each phase of the PCC, aiming to cancel the 
harmonics generated. by the nonlinear loads and that, perhaps, 
can be conducted to the generation system or to the source of 
the EPS [11,12,13,14]. The Fig. 1 presents the working 
principle of the SAPF, which is based on the IRP theory to 
generate the filtered compensated currents (filtered IC or ICabc), 
also known as the three-phase compensated currents of said 
filter. 

 

 
Fig. 1. Block diagram containing an SAPF with its main systems 
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 The design of a Shunt Active Power Filter (SAPF) is 
composed of five main circuits [15,16.17.18,19,20,21,22,23], 
as shown in Fig. 1. The first circuit is a Voltage Source 
Inverter (VSI) responsible for generating compensated 
currents (IC or ICabc) and the direct current voltage (VDC) 
[14,15,16]. The second circuit contains three coupling 
inductors (Lf) that couple and decouple the SAPF from the 
Power System and filter the residual harmonics of the 
compensated currents [14,17,18,19]. The third circuit 
includes a Proportional-Integral (PI) controller that keeps the 
voltage in the capacitor constant and generates the power 
(Ploss) needed to compensate for the losses caused by the VSI 
switching [14,20.21.22,23,24,25,26]. The fourth circuit is a 
combined set of circuits (Low Pass Filters and comparators) 
and algorithms (Clarke Transform and Inverse Clarke 
Transform) that calculates the instantaneous powers and 
reference compensated currents and eliminates the oscillatory 
and continuous parts 14,22,23]. Finally, the fifth circuit is 
called Hysteresis Band Current Controller (HBCC) which is 
responsible for generating the pulsed currents (IGabc) sent to 
the VSI to switch the gates of the six Metal Oxide 
Semiconductor Field Effect Transistors (MOSFETs) that 
compose the VSI [27,28,29,30,31]. 
 
2.2 Procedure for generating the reference compensated 
currents (ICabc ref) 
In order to generate the reference compensated currents, two 
changes of coordinates are necessary (from abc to 0𝛼𝛽and 
from 0𝛼𝛽	to abc ), the first uses the Clarke Transform to 
change the abc (120º lag between the voltage or current 
phases) for 0𝛼𝛽	(90º lag between voltage or current phases), 
in this step, in addition to calculating the instantaneous 
powers of zero sequence (P0), active (p) and reactive (q), the 
value of the current of zero sequence (I0). In the second stage 
of the transformation, the Inverse Clarke Transform is used to 
return to the origin coordinates (abc) and, with this, find the 
values of the reference compensated currents in these 
coordinates (ICabc) [10,14,32,33]. In Eq. 9 to 12, the 
aforementioned transformations are shown, such that: 
 Clarke transform: through this transformation, the 
voltages (𝑉FGH), currents (𝐼FGH)	and powers 
(𝑝FGH)	instantaneous in the coordinates) are found 0𝛼𝛽, 
being: 
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 Inverse Clarke Transform: by means of this 
transformation, the reference compensated currents are found 
(𝐼U'VW	XYZ)	from the SAPF in the coordinates abc, where: 
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3. Methodology and Modeling  
 
The simulation was divided into two stages, where in the first 
stage, the APF was considered off (without compensation), 
while in the second stage the said filter was inserted into the 
ship's electrical system in order to compensate for the 
unwanted harmonics conducted by the nonlinear loads (C1 
and C2) connected to the Point of PCC.  Aiming to measure 
the harmonics conducted by the mentioned nonlinear loads, 
in the first stage of the simulation, the loads were connected 
to the EPS as follows: (I) C1, C2, and C3; (II) C1 and C3; and 
(III) C2 and C3. Based on these configurations, the EPS was 
loaded at 85.61% (C1, C2, and C3), 17.58% (C1 and C3), and 
81.31% (C2 and C3), respectively.  
 For a better understanding and visualization of the 
proposed model, Figure 2 presents the Electric Power 
Generation and Distribution Systems (EPGDS) of the CCB, 
containing only the Consumer Units (C or CU, from 1 to 3) 
that will be simulated together with the Genset (GS). 

 

 
Fig. 2. Partial Modeling of Generation and Distribution Systems, containing only the most critical Users to be simulated together with the designed 
SAPF 
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3.1 Partial lifting of the loads 
In Tab. 1, the maximum capacities of the electrical quantities 
of the equipment to be modeled are presented, such as: 
apparent power (SLmax); effective line voltage (VLmax); 

effective line current (ILmax); true power factor (PFt); Line 
impedance (ZL); short-circuit ratio (RSC); and short-circuit 
current (ISC). 

 
Table 1. Capabilities of the Ship Equipment to be Simulated and Modeled. 

Equipment Description SLmax 

(kVA) 
VLmax 

(V) 
ILmax 

(A) 
PFt 
(pu) 

ZL 

(Ω) 
RSC 

(pu) 
ISC 

(A) 
GS Genset 650 450 834 0.80 0.54 ≤ 20 16,680 

C1 or CU-1 24 VDC rectifiers 16 440 20 1 12.7 ≤ 20 400 
C2 or CU-2 * MLS and specific equipment  550 440 721 0.8 0.35 ≤ 20 14,434 
C3 or CU-3 Three-phase Induction Motor 

(TIM) 
105 440 138 0.86 1.84 ≤ 20 2,760 

SAPF Shunt Active Power Filter 170 440 225 0.98 1.13 ≤ 20 4,500 
* MLS: Main Lighting System and specific equipment (radars, sensors, weapons, inverters, and computers) installed on the Ship under study. 

 
3.2 Limits of some electrical parameters established in 
standards 
After the two simulation stages of the proposed model, the 
results that were found were compared with the standardized 

limits [4,5,6] and presented in Tab. 2 in order to evaluate the 
parameters that were measured before and after the 
implementation of SAPF. 

 
Table 2. Ship Power System Voltage and Current Harmonic Distortion Limits. 

VPCC ≤ 1 kV (THD) and 120 V ≤ V PCC ≤ 69 kV (TDD) 
RSC ≤ 20 

(pu) 
PFtEPS  

(pu) 
VMEPS  

(%) 
HPEPS  

(%) 
hEPS  

(pu) 
THDVEPS  

(%) 
THDVEPS  

(%) 
TDDIEPS  

(%) 
20 ≥ 0.80 ≤ 2.00 ≤ 7.00 1 < h ≤ 50 5.00 [4] 8.00 [5] 5.00 

 
 
4. Simulations and Results 
 
As the Three-phase Induction Motor (TIM) of the Water 
Cooling Unit (WCU or C3) does not generate significant 
harmonics with respect to the nonlinear loads (C2 and C3), in 
order to verify the harmonic distortions conducted to the 
distribution system through the PCC, the system loading was 

performed according to the following load configurations: I 
(C1, C2 and C3), II (C1 and C3) and III (C2 and C3), as can be 
seen in Fig. 3, Fig. 4, and Fig. 5.  
 As can be seen in Fig. 3, when connecting the loads C1, 
C2, and C3 to the PCC, the EPS was loaded at 85.61% (546.46 
kVA) of its maximum demand (650 kVA). Under these 
conditions, a PFt value of 0.74 was measured. 

 

 
Fig. 3. Simulation with the ship's EPS loaded in the configuration I (C1, C2, and C3) 
 
 After loading the EPS following configuration II, as 
shown in Fig. 4, the measured value of FPtSEP was equal to 

0.80 for a demand of 17.60% or 114.25 kVA (C1 and C3 
connected to the PCC). 
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Fig. 4. Simulation with the ship's EPS loaded in the configuration II (C1 and C3) 
 
 When loading the EPS according to Fig. 5 (configuration 
III), the demanded power of the system was around 81.31% 

of the maximum demand (650 kVA) and the measured FPt EPS 
was 0.73. 

 
Fig. 5. Simulation with the ship's EPS loaded in the configuration III (C2 and C3) 
 
 
4.1 Analysis of the results found in the first stage of the 
simulation (SAPF off) 
The results found were based on each loading configuration 
(I, II, or III) of the EPS with the SAPF turned off, and 
therefore each condition was performed separately. 
 
4.1.1 Analysis of the results found in configuration I and 
SAPF turned off 
As can be seen in Fig. 6, practically all voltage (VLabc) and 
current (ILabc) harmonic distortions and deformations, 
generated by the CU (on the left side of the figure) coupled to 
the PCC, were conducted to the output terminals of the 
generator set, which causes considerable deformations in the 
shapes of voltage (VSabc) and current (ISabc) waveforms at 
the output of the mentioned generator. 
 According to Fig. 7, the total voltage and current 
harmonic distortions generated by the Consumers (CU-1, CU-
2 and CU-3) were around 1.33% (THDV CU) and 25.58% 
(THDI CU), respectively. Therefore, although the THDV CU 
(1.33%) was within the limits established in the norms (THDV 

norm ≤ 5% or 8%), the value found for the THD I CU (25.58%) 

is in disagreement with relation to the current norms [4,5] 
(THDI CU norm ≤ 5%) and as in the first stage of the simulation 
the SAPF is turned off, most of these distortions were 
conducted to the EPS of the Ship. 
 

 
Fig. 7. Voltage (a) and current (b) harmonic components generated in 
configuration I 
 
 In Fig. 8 shows the values of THDV EPS (0.36%) and THDI 

EPS (25.58%), measured from the output terminals of the GS, 
respectively. It can be verified that, although the THDV EPS 
(0.36%) was within the limits established in norms (THDV norm 

≤ 5% or 8%), the THD I EPS (25.58%) was also outside of the 
limits standardized (THDV norm ≤ 5%). 
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Fig. 6. Voltage and current waveforms at the load (green) and genset (red) terminals in the configuration I 
 
 

 
Fig. 8. Voltage (a) and current (b) harmonic components conducted to 
the EPS in the configuration I 

4.1.2 Analysis of the results found in configuration 
II and SAPF turned off  
According to Fig. 9, the nonlinear load (C1) was not able to 
cause a relevant deformation in the equivalent waveform 
measured at the PCC, indicating that configuration II (C1 and 
C3) did not cause changes outside the standardized patterns or 
that justify the activation of SAPF when the ship is operating 
under these load conditions. 

 

 
Fig. 9. Voltage and current waveforms at the load (green) and genset (red) terminals in configuration II 
 
 The Fig 10 (charts from “a” to “d”) show the THD 
generated by the loads (Fig. 10a and Fig. 10c) and conducted 
to the output terminals of the genset (Fig. 10b and Fig. 10d), 
indicating the voltage and current distortions of the CUs 
(THDVCU=0.02% and THDICU=3.76%) and the EPS 
(THDVEPS=0.02% and THDIEPS=1.59%), respectively. It can 
be observed that all values related to THD remained below 
5% and therefore in compliance with the limits recommended 
by the current standards (Tab. 2). 
 

 
a)THDV (CU) with C1 and C3 coupled to the EPS 
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b) THDV (EPS) with C1 and C3 coupled to the EPS 

 
 

c) THDI (CU) with C1 and C3 coupled to the EPS 
 

 
 

d) THDV (EPS) with C1 and C3 coupled to the EPS 
Fig. 10. THD of voltage and current conducted to the EPS in 
configuration II 

 
4.1.3 Analysis of the results found in configuration 
III and SAPF turned off  
Unlike configuration II, Fig. 11 shows that, when the system 
was operated in configuration III, despite the voltage 
waveforms not suffering considerable distortions, the 
harmonics conducted to the EPS in this configuration were 
able to significantly deform the current waveform (ISabc) of 
the system (graph indicated in red). This distortion is justified 
due to the non-linear load C2 (computers, radars, weapons 
systems, among others), since, as verified in configuration II, 
C3 did not cause deviations outside the standards established 
by regulations, even when operating together with non-linear 
loads represented by the 24Vdc rectifiers (C1). 

 

 
Fig. 11. Voltage and current waveforms at the load (green) and genset (red) terminals in configuration III 

 
 Through the graphs from a) to d) shown in Fig.12, it can 
be verified that the voltage harmonics generated by users in 
configuration III (1.33%) were not sufficient to cause a DHTV 
(0.35%) outside the limits allowed by regulations 
(THDV≤5%) in the ship's system. However, the current 
distortions generated by the loads (26.55%) were entirely 
conducted to the ship's EPS (26.55%), consequently causing 
a THD outside the acceptable limits expressed in Tab. 2. 

 

 
a) THDV (CU) with C2 and C3 coupled to the EPS 
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b) THDV (EPS) with C2 and C3 coupled to the EPS 

 
c) THDI (CU) with C2 and C3 coupled to the EPS 

 
d) THDV (EPS) with C2 and C3 coupled to the EPS 
Fig. 12. THD of voltage and current conducted to the EPS in 
configuration III 
 
 When comparing the values from Tab. 3 with those 
standardized in Tab. 2, it was found that only configuration II 
(C1 and C3) presented values in conformity with current 
standards, indicating that the unit causing harmonic 
distortions in the EPS (outside standardized values) is C2 or 
CU-2. Therefore, it is not necessary to test all configurations 
(I, II, and III) in conjunction with the SAPF. In other words, 
only configuration I (C1, C2, and C3) is sufficient to ensure 
and demonstrate the effectiveness of the SAPF suggested in 
this research. The Tab. 3 presents some results obtained in the 
first stage of the simulation, considering the three types of 
configurations (I, II, and III) mentioned above. 

 
Table 3. Results found in the simulation with SAPF turned off. 

Loading of the system according to the type of 
configuration  
(I, II and III)  

(%) 

THDV 

CU 

(%) 

THDI 

CU 

(%) 

TDDI 

CU 

(%) 

THDV 

EPS 

(%) 

THDI 

EPS 

(%) 

TDDI 

EPS 

(%) 

HP 
EPS 

(%) 

VM 
EPS 

(%) 

PFt 

EPS 

(pu) 

85.61 (I or C1, C2 and C3) 1.33 25.58 25.58 0.36 25.58 25.58 25.61 0.1300 0.74 
17.58 (II or C1 and C3) 0.02 3.76 3.76 0.02 1.59 1.59 1.59 0.002 0.80 
81.31 (III or C2 and C3) 1.33 26.55 25.55 0.35 26.55 25.66 0.44 0.008 0.73 

 
4.2 Simulation with SAPF turned on 
As already mentioned in the first stage of the simulation, the 
most relevant load in relation to the generation of harmonics 
outside the limits established in the standard was C2, 
therefore, it is not necessary to simulate all three 
configurations, that is, to validate the SAPF, it is enough to 
simulate the worst situation with respect to harmonic 
distortions that, in this case, configuration I is the most 
adequate and, therefore, chosen to meet the purpose of this 
study. 
 

4.2.1 SAPF parameters used in the simulation 
In Tab. 4, are presented the main parameters of the SAPF used 
in the second stage of the simulation. Details on the design, 
calculation, and dimensioning of the SAPF can be consulted 
at [10,14,15,14,32,33]. Bearing in mind that, in most cases, 
the SAPF are applied with the purpose of mitigating the 
harmonic current distortions carried to the source by the 
nonlinear loads coupled to the PCC of the EPS and, with this, 
improving, mainly, the following parameters: PFV, HP, THDI, 
TDDI, reactive power and the waveform of the currents 
distortions [4,5,6,10,14,19,20,22,33]. 

 
Table 4. Specifications of the electrical parameters of the SAPF used in the simulation. 

PI Controller  VSI Inductors of 
Coupling 

Low Pass Filters 
(LPF-1 and LPF-2) 

Controller 
(HBCC) * 

GP 

(pu) 
8 VDC 

(V) 
1,300±5% Lf 

(µH) 
70±8% fc1 and fc2 

(Hz) 
70±0.5% GH Hysteresis 

(pu) 
1.27 

GI 

(pus) 
8,000 Imax head 

(A)rms 
225 Vmax 

(V)rms 
600 C1 and C2 

(mF) 
10±0.5% ICabc ref max 

(A)peak 
500 

TI 

(ms) 
1 fSW 

(kHz) 
10 ICabc 

(A)rms 
225±5% Fan and Fa2 

(pu) 
44 Imax head 

(A)peak 
540 

Ploss 
(kW) 

52 h 
(pu) 

19 VPCC 

(V)rms 
440±5% R1 and R 2 

(Ω) 
1±0.5% LB 

(A)peak 

±50.8 

VDCref 

(V) 
1,300 CDC 

(µF) 
1,000±8% - - 𝝉 

(s) 

10 Mistake 
(A)peak 

50.8 

* HBCC: Hysteresis Band Current Controller 
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4.2.2 Simulated system in the configuration 1 (C1, C2, and 
C3 coupled to EPS with the SAPF turned on) 

The Fig. 13 presents the second stage of the simulation, in 
which the Ship's EPS was loaded with all loads (C1, C2, and 
C3) and put into operation together with the SAPF. 
 The Tab. 5 shows the parameters measured during the 
simulation with the SAPF turned. Analyzing the results found 
it is verified that all the values of the electrical parameters of 
the EPS (THDI EPS, TDDI EPS, HPEPS, VMEPS and PFV EPS) were 

within of the normalized limits (Tab. 2). It is worth 
mentioning that the SAPF is not implemented to mitigate the 
harmonics resulting from the CUs, but, through the injection 
of harmonics in the PCC, to prevent the harmonics generated 
by these loads from being conducted to the EPS, this explains 
the reason why the value of THDI CU (26.33%) has remained 
outside the limits provided by Tab. 2, even considering the 
SAPF performance in the Ship's EPS. 
 

 

 
Fig. 13. Modeling and simulation with the Ship's EPS loaded 
 
 
Table 5. Results found in the simulation with SAPF turned on. 

Loading and system configuration 
(CU and %) 

THDV 

CU 

(%) 

THDI 

CU 

(%) 

TDDI 

CU 

(%) 

THDV 

EPS 

(%) 

THDI 

EPS 

(%) 

TDDI 

EPS 

(%) 

HP 
EPS 

(%) 

VM 
EPS 

(%) 

PFt 

EPS 

(pu) 

C1, C2/ and C3 
(85.61) 0.03 26.33 26.33 0.02 0.50 0.50 0.50 0.013 0.97 

 
 Analyzing the Fig. 14, it is possible to observe that the 
SAPF implemented in the simulation managed to 
considerably attenuate the harmonic distortions of the EPS, 
producing voltage and current waveforms very close to a 
perfect sinusoid. 
 As the SAPF injects current harmonics into the CUs, 
aiming to compensate the harmonics generated by these loads 
and, with this, preventing them from being conducted to the 
EPS or to the main power supply of the Ship, there was a small 
increase in total current harmonic distortions. of loads (THDI 

CU), that is, increasing from 25.58% to 26.33%. However, the 
THDV CU decreased from 1.33% to 0.03%, and their respective 
graphs are represented in Fig. 15. 
 As per Fig. 16, it can be seen that the SAPF considerably 
mitigated THDV EPS (from 0.36% to 0.02%), THDI EPS (from 
25.58% to 0.50%) and TDDI EPS (from 25.58% to 0.51%). 
Thus, both results are in accordance with the standardized 
limits (THDV EPS, THDI EPS and TDDI EPS less than 5%). 
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(a)                       (b) 

Fig. 14. Voltage and current waveforms at the load (a) and generator (b) terminals with SAPF in operation and the system loaded at 85.61% of its 
maximum capacity. 

 
 

 
Fig. 15. Voltage (a) and current (b) harmonic components generated by 
nonlinear loads with SAPF acting 
  

 
Fig. 16. Voltage (a) and current (b) harmonic components conducted to 
the genset output terminals with SAPF acting 

 
 

5. Conclusions 
 
The simulation was divided into two stages, where in the first 
stage the SAPF was turned off, while in the second stage the 
said filter was connected to the ship's EPS. In order to verify 
which of the loads (C1, C2, or C3) conducted more harmonics 
to the Ship's EPS, only the first stage of the simulation was 
divided into three distinct load configurations (I-C1, C2, and 
C3, II-C1 and C3, and III-C2 and C3), where it was proven that 
configuration I was the most significant in this regard and, 
therefore, chosen to be analyzed in the second stage of the 
simulation. 
 Through this research, it was possible to prove that the 
SAPF implemented in the vessel's system was able to 

significantly compensate the harmonics generated by non-
linear loads, that is, the parameters were within the limits 
established at current standards (THDV EPS = 0.03%, THDI EPS 
= 0.50%, and TDDI EPS = 0.51%, both less than 5%), resulting 
in a reduction of the Harmonic Pollution of the EPS (HPEPS), 
from 25.58% to 0.005% (below 7%, value established in the 
standard). After the inclusion of SAPF in the simulation, other 
important factors were also improved, they were, the true 
power factor and the voltage modulation, presenting values 
equal to 0.97 (PFt EPS ≥ 0.80) and 0.013% (VM EPS ≤ 2%), 
respectively. 
 In view of the above, the SAPF chosen in this research 
was able to compensate for the current harmonics generated 
by the non-linear consumers of the Ship (C1, C2, and C3) and, 
with that, mitigating the unwanted harmonic components, 
preventing these components were injected into the main 
power supply of the CCB, thus increasing the availability of 
the system and, consequently, contributing to increase the 
quality of electrical energy of the referred vessel, since all 
electrical parameters measured during the simulation with the 
filter acting were in compliance with the standardized values 
(THDV, THDI, and TDD ≤ 5%; PFt ≥ 0.80; HP ≤ 7%; and VM 
≤ 2%). Thus indicating that the choice of SAPF was adequate 
and, as a result, was able to contribute satisfactorily to the 
improvement of the energy quality of the studied ship. 
 
This is an Open Access article distributed under the terms of 
the Creative Commons Attribution License.  
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Nomenclature 
BN Brazilian Navy 
CC BCU or C Corveta Classe “Barroso” 
Consumer Unit 
∆V Variation of the voltage 
EPQ Electric Power Quality 
EPS Electrical Power System 
h Harmonic order 
HP Harmonic Pollution 
I Nonsinusoidal periodical instantaneous current 
Ih Harmonic instantaneous current 
I1 Fundamental instantaneous current 
IRPp-q Instantaneous Reactive Power p-q 
p Instantaneous power active 

q Instantaneous power reactive 
SAPF Shunt Active Power Filter 
TDDI Total Demand Distortion of current 
THDI Total Harmonic Distortion of current 
THDV Total Harmonic Distortion of voltage 
V Nonsinusoidal instantaneous voltage 
V1 Fundamental instantaneous voltage 
Vh Harmonic instantaneous voltage 
VM Voltage Modulation 
Vmin Minimum Voltage 
Vmax Maximum Voltage 
Vn Nominal Voltage 
WCU Water Cooling Unit 

 
 

 


