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This study investigates the effects of DC-link capacitance on output
voltage quality and load power delivery in a three-phase diode rectifier
circuit. A MATLAB/Simulink model using Simscape Electrical was
developed, consisting of a balanced three-phase AC source, a diode
bridge rectifier, a DC-link capacitor with equivalent series resistance, and
a 20 Q resistive load. Four capacitance values, namely 470 uF, 1000 uF,
2200 pF, and 22000 pF, were evaluated under identical operating
conditions. The DC-link voltage and load current were recorded to
analyze the start-up response, steady-state voltage ripple, average DC-
link voltage, average load power, and power fluctuation. The results show
that increasing capacitance substantially improved voltage quality. The
peak-to-peak voltage ripple decreased from 3.75 V at 470 yF to 0.13 V at
22000 pF, while the ripple percentage decreased from 12.75% to 0.42%.
The average DC-link voltage increased from 29.39 V to 31.25 V. In
addition, the average load power increased from 43.25 W to 48.83 W,
whereas the peak-to-peak power fluctuation decreased from 11.28 W to
0.41 W. The results indicate that larger DC-link capacitance mainly
improves output-voltage and load-power stability, while the improvement
in average voltage and power becomes smaller at very high capacitance
values.

Received 16 June 2026
Revised 25 June 2026
Accepted 26 June 2026
Available online 30 June 2026

Keyword:
Capacitance,
MATLAB/Simulink,
power,

ripple,
voltage



mailto:elysanensy@upi.edu
http://ejournal.upi.edu/index.php/TELNECT/

Elysa Nensi Irawan, Effects of DC-Link Capacitance ... | 8

1. INTRODUCTION

AC-DC conversion is an essential function in many electrical and electronic systems because a
large number of loads, control circuits, and power electronic devices require a stable DC supply [1].
Three-phase diode rectifiers are commonly used for this purpose due to their simple structure, low cost,
high reliability, and ability to provide a higher average DC output than single-phase rectifiers [2]. Despite
these advantages, the output voltage produced by a three-phase rectifier is not perfectly constant [3].
The rectification process generates periodic voltage fluctuations, commonly referred to as DC-link
voltage ripple.

Voltage ripple is an important issue because it affects the quality and stability of the DC supply [4].
When the ripple level is high, the output voltage may vary significantly over time, which can cause
undesirable fluctuations in load current and delivered power [5]. In practical applications, excessive
ripple may also increase electrical stress on downstream circuits, reduce the performance of sensitive
electronic loads, and affect the reliability of power conversion systems [6]. Therefore, smoothing the
rectified voltage is an important consideration in DC power supply design.

A DC-link capacitor is typically connected across the output terminals of a rectifier to reduce voltage
ripple [7]. The capacitor acts as an energy-storage component that absorbs energy when the rectified
voltage reaches a high level and supplies energy to the load when the rectified voltage decreases [8].
Through this charging and discharging process, the capacitor helps maintain the DC-link voltage at a
more stable level [9]. As a result, the capacitance value strongly influences the electrical behavior of
the rectifier output.

In general, a small DC-link capacitor discharges more rapidly between rectifier charging intervals
[10]. This condition leads to a larger voltage drop and more visible ripple in the DC-link waveform.
Conversely, a larger capacitor can store more electrical energy and maintain the output voltage closer
to its peak level [11]. Therefore, increasing capacitance generally improves voltage smoothing and
reduces the amplitude of voltage ripple.

However, selecting a large capacitor is not always the best solution. Larger capacitors require more
physical space and may increase the overall cost of the circuit [12]. In addition, when a circuit is
energized, a large capacitor can initially draw a high charging current [13]. This inrush current may
impose additional stress on the rectifier diodes, source components, wires, protection devices, and the
capacitor itself. Consequently, DC-link capacitor selection involves an important trade-off between
voltage ripple reduction and electrical stress during circuit operation.

The capacitance value also influences transient behaviour [14]. When the input source or load
condition changes, the DC-link capacitor responds by storing or releasing energy to reduce voltage
variation [15]. A small capacitor may respond quickly but may not provide sufficient voltage support
during transient conditions. In contrast, a large capacitor can maintain the voltage more effectively, but
it may require a longer charging period and may increase the magnitude of the initial charging current
[16]. These characteristics indicate that capacitance affects both steady-state voltage quality and
dynamic circuit performance.

In many power-electronic studies, DC-link capacitors are discussed as part of complex systems
such as motor drives [17], inverters [18], renewable-energy interfaces [19], active power filters [20], and
switched-mode converters [21]. In these systems, the behaviour of the capacitor is influenced by
additional factors, including control strategies, switching frequency [22], modulation techniques, and
multiple power-conversion stages [23]. Although these studies are important, the basic relationship
between DC-link capacitance and rectifier output characteristics can become difficult to observe
independently.

A focused analysis of a three-phase diode rectifier circuit is therefore useful for understanding the
fundamental role of DC-link capacitance. Such an analysis can clarify how changes in capacitance
influence DC-link voltage stability, ripple magnitude, charging behaviour, transient response, and
electrical stress. This fundamental understanding is important because the DC-link capacitor is one of
the most frequently used passive components in power conversion circuits. This study focuses on the
effect of different DC-link capacitance values on the output characteristics of a three-phase rectifier
circuit. The objective is to identify the trade-off between voltage smoothing performance and practical
electrical considerations.

2. MATERIALS AND METHODS

This section describes the simulation methodology used to evaluate the effects of DC-link
capacitance on output voltage quality and load power delivery in a three-phase diode rectifier circuit.
The circuit model was developed in MATLAB/Simulink using the Simscape Electrical library.
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2.1 Simulation Framework

Figure 1 illustrates the overall Simulink-based circuit configuration used in this study. The model
was developed in MATLAB/Simulink using the Simscape Electrical library and consisted of four main
sections: a balanced three-phase AC source, a three-phase diode bridge rectifier, a DC-link capacitor
branch, and a resistive load.
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Figure 1. Simulink-based configuration of the three-phase diode rectifier circuit with a DC-link
capacitor and resistive load.

The balanced three-phase voltage source supplied AC power to the input terminals of the diode
bridge rectifier. The source frequency was maintained at 50 Hz throughout the simulations. The rectifier
converted the three-phase AC input into an unregulated DC output. Because the three-phase diode
bridge rectifier produces a six-pulse rectified waveform, the resulting DC output contained periodic
voltage ripple.

A DC-link capacitor branch was connected across the rectifier output and in parallel with the
resistive load. The capacitor absorbed energy during high-voltage intervals of the rectified waveform
and released stored energy when the rectified voltage decreased. This charging and discharging
process influenced the DC-link voltage profile, particularly the voltage ripple and the average DC-link
voltage.

The circuit configuration was intentionally simplified by excluding additional power-conversion
stages, control systems, generators, and renewable-energy sources. This approach allowed the
analysis to focus specifically on the electrical behaviour of the rectifier output and the effect of DC-link
capacitance. Consequently, variations in the DC-link voltage characteristics could be attributed primarily
to changes in the capacitance value.

2.2 Simulation Scenario

The simulations were organized into four capacitance cases under identical source and load
conditions as shown in Table 1. The purpose of this approach was to isolate the influence of DC-link
capacitance on the electrical behavior of the three-phase diode rectifier circuit. At the beginning of each
simulation, the three-phase AC source was energized at (t = 0) s while the initial voltage of the DC-link
capacitor was set to 0 V. This initial condition allowed the capacitor charging process and the associated
inrush current to be observed. The balanced three-phase source voltage, source frequency, rectifier
configuration, capacitor ESR, and load resistance were maintained constant in all cases.

The simulation process was divided into two observation intervals. The first interval corresponded
to the start-up transient period, during which the DC-link capacitor was charged from its initial voltage.
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This interval was used to observe the voltage rise, capacitor charging behaviour and peak inrush
current. The second interval corresponded to the steady-state operating period, during which the DC-
link voltage waveform, voltage ripple, load current, and load power were evaluated.

The transient response was evaluated from the beginning of the simulation until the DC-link voltage
reached a stable level. The steady-state analysis was conducted during the final part of the simulation,
after the initial charging transient had decayed. The same steady-state observation window was applied
to all cases to maintain consistency in the comparison.

TABLE 1. SIMULATION SCENARIO

Scenario Capacitance value Operating condition
S1 470 pF Low-capacitance
S2 1000uF Medium-capacitance
S3 2200 F High-capacitance
S4 22000pF Very-high-capacitance

2.3 Data Analysis

The simulation outputs were exported from Simulink to the MATLAB workspace for time-domain
analysis. The primary signal analyzed in this study was the DC-link voltage measured across the output
terminals of the three-phase diode rectifier. The analysis was divided into two operating periods: the
start-up transient period and the steady-state period. The start-up transient period was used to evaluate
the initial charging behaviour of the DC-link capacitor, whereas the steady-state period was used to
evaluate voltage ripple and the average DC-link voltage.

2.3.1 Start-Up Transient

The start-up transient analysis was conducted from the beginning of the simulation, when the three-
phase AC source was energized and the initial capacitor voltage was set to 0 V. During this interval,
the DC-link capacitor was charged through the diode bridge rectifier until the output voltage approached
a stable operating level. The DC-link voltage rise was observed for each capacitance value to compare
the charging response. The analysis focused on the time required for the DC-link voltage to reach and
maintain a stable level. A larger capacitor was expected to provide greater energy-storage capability;
however, it could also require a longer charging period before reaching steady-state operation. The
start-up results were presented using DC-link voltage-versus-time waveforms from the beginning of the
simulation. The comparison was used to identify differences in voltage rise characteristics among the
low-, medium-, high-, and very-high-capacitance conditions.

2.3.2Voltage Ripple

Voltage ripple analysis was performed during the steady-state operating period after the initial
charging transient had decayed. To ensure a consistent comparison, the final 0.10 s of the 3 s
simulation interval, from 2.90 s to 3.00 s, was selected as the steady-state observation window for all
capacitance cases. The DC-link voltage waveform was examined within this interval to determine the
maximum and minimum voltage levels. The difference between these values was used to represent the
peak-to-peak voltage ripple. Ripple percentage was also evaluated to express the voltage variation
relative to the average DC-link voltage.

A zoomed waveform over the final 20 ms of the simulation was used to clearly show the repetitive
capacitor charging and discharging behaviour between successive rectifier conduction intervals. The
ripple analysis focused on the reduction in voltage fluctuation as the DC-link capacitance increased.
Table 2 shows ripple-related variables were recorded for each capacitance case.

TABLE 2. VARIABLES DESCRIPTION

Variable Description

Maximum DC-link voltage Highest voltage during the steady-state observation window
Minimum DC-link voltage Lowest voltage during the steady-state observation window
Peak-to-peak ripple voltage Difference between the maximum and minimum DC-link voltages
Ripple percentage Relative magnitude of voltage ripple with respect to the average

DC-link voltage

2.3.3 Average DC-Link Voltage

The average DC-link voltage was calculated from the DC-link voltage samples within the same
steady-state observation window. This metric represents the average voltage supplied by the rectifier
circuit after the capacitor filtering effect had been established. The average DC-link voltage was
compared across the four capacitance cases to determine whether an increase in capacitance not only
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reduced voltage ripple but also improved the mean output voltage. A larger capacitance was expected
to maintain the DC-link voltage closer to the peak value of the rectified waveform because it could retain
stored energy for a longer interval between capacitor charging periods. The analysis considered the
relationship between capacitance, average DC-link voltage, and voltage ripple. It examined whether
the improvement in average voltage remained substantial when the capacitance was increased from
2200 pF to 22000 pF.

2.3.4Load Power Delivery

Load power delivery was evaluated to examine how DC-link capacitance affected the electrical
power supplied to the resistive load. A current sensor was connected in series with the load resistor,
while a voltage sensor was connected across the DC-link terminals. The measured load-current and
DC-link-voltage signals were transferred to the Simulink workspace for post-processing. The
instantaneous load power was calculated by multiplying the DC-link voltage and load current at each
time instant as shown in Equation (1).

Pioad(t) = Vpc(t) - lioad(t) (1)

where Pioad(t) is the instantaneous load power, Vpc(t) is the DC-link voltage [V], and li0ad(t) is the
current flowing through the resistive load [A].

The load-power characteristics were evaluated during the steady-state interval to exclude the initial
capacitor-charging transient. For each capacitance case, the analysis included the average load
current, average load power, maximum load power, minimum load power, and peak-to-peak power
fluctuation. The average load power was calculated over the selected steady-state interval as Equation
2,

1 t2 2
Pavg = _f Piload(t) dt (2)
TSS tl

where t1 and t2 represent the start and end of the steady-state observation interval, and T'ss =

t1-t2. This analysis was performed for all DC-link capacitance values to compare the effect of
capacitance on the average power delivered to the load and the stability of the delivered power.

3. RESULTS AND DISCUSSION

This section presents the simulation results obtained for the four DC-link capacitance values of
470 pF, 1000 yF, 2200 pF, and 22000 pyF. The analysis focuses on the effect of DC-link capacitance
on the start-up voltage response, steady-state voltage quality, and load power delivery in the three-
phase diode rectifier circuit.

3.1 Start-Up Transient Analysis

Figure 2 shows the DC-link voltage response during the first 50 ms after the three-phase source
was energized for four DC-link capacitance values: 470 yF, 1000 pF, 2200 pF, and 22000 pF. In all
cases, the DC-link voltage increased rapidly from 0 V to approximately 30 V, indicating that the capacitor
was charged shortly after the rectifier started operating. After the initial charging process, the voltage
waveform exhibited periodic fluctuations caused by the six-pulse output of the three-phase diode
rectifier.

The smallest capacitance, 470 yF, produced the largest voltage variation. Its waveform showed
pronounced voltage drops between successive charging intervals, with the DC-link voltage decreasing
to approximately 27-28 V before being recharged near the next rectified-voltage peak. This behaviour
indicates that the stored energy in the 470 pF capacitor was insufficient to maintain the load voltage
effectively during the interval between rectifier conduction periods.

Increasing the capacitance to 1000 pF reduced the depth of the voltage drops. Although periodic
ripple was still clearly visible, the DC-link voltage remained closer to the upper voltage level than in the
470 uF case. A further increase to 2200 yF improved the voltage smoothing effect, producing a more
stable DC-link voltage waveform with smaller fluctuations.

The 22000 pF capacitor provided the smoothest voltage response among the tested cases. Its
waveform remained close to the maximum DC-link voltage for most of the observation interval,
indicating that the larger capacitor was able to supply stored energy to the resistive load more effectively
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during periods when the rectified voltage decreased. Consequently, the voltage ripple was substantially
reduced.

These results confirm that increasing the DC-link capacitance improves the short-term voltage-
holding capability of the rectifier output. However, the waveform comparison alone is insufficient to
quantify the improvement. Therefore, the subsequent analysis evaluates the average DC-link voltage,
maximum and minimum voltage, peak-to-peak ripple voltage, and ripple percentage during the steady-
state interval.

30
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=
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Figure 2. DC-link voltage responses for different capacitance values during the first 50 ms after
source energization.

3.2 Voltage Ripple Analysis

Figure 3 presents the steady-state DC-link voltage waveforms for the four evaluated capacitance
values over the interval from 9.98 s to 9.99 s. The corresponding quantitative results are summarized
in Table 3. The 470 uF case exhibited the largest voltage variation among all cases. The DC-link voltage
ranged from 28.22 V to 31.97 V, resulting in a peak-to-peak ripple of 3.75 V and a ripple percentage of
12.75%. Its average DC-link voltage was 29.39 V. The waveform shows substantial voltage drops
between consecutive charging peaks. When the capacitance was increased to 1000 pF, the average
DC-link voltage increased to 30.46 V. The minimum voltage increased to 29.47 V, while the peak-to-
peak ripple decreased to 2.45 V. Consequently, the ripple percentage decreased to 8.03%. Compared
with the 470 pF case, the 1000 yF capacitor reduced the peak-to-peak ripple by approximately 34.7%.
Further improvement was obtained with the 2200 pF capacitor. The average DC-link voltage
increased to 31.03 V, while the voltage varied between 30.46 V and 31.73 V. The peak-to-peak ripple
was reduced to 1.27 V, corresponding to a ripple percentage of 4.09%. This represents a ripple
reduction of approximately 66.1% relative to the 470 yF case. The 22000 pF case produced the most
stable DC-link voltage waveform. The average voltage was 31.25 V, while the maximum and minimum
values were 31.32 V and 31.19 V, respectively. The resulting peak-to-peak ripple was only 0.13 V, and
the ripple percentage was 0.42%. Compared with the 470 uF case, the peak-to-peak ripple was reduced
by approximately 96.5%.

Overall, the results demonstrate that increasing the DC-link capacitance substantially improves
output voltage quality by reducing voltage ripple and increasing the minimum DC-link voltage. The
average DC-link voltage increased from 29.39 V at 470 pF to 31.25 V at 22000 yF. However, the
increase in average voltage was smaller than the reduction in ripple. For example, increasing the
capacitance from 2200 pF to 22000 pF increased the average voltage by only 0.22 V, whereas the
ripple percentage decreased from 4.09% to 0.42%. Therefore, the main benefit of increasing DC-link
capacitance in this rectifier circuit is improved voltage stability rather than a large increase in average
output voltage. The 22000 uF capacitor achieved the best voltage quality among the evaluated cases,
while the 2200 pF case already provided a considerable reduction in ripple with an average DC-link
voltage above 31 V.

p- ISSN: 2798-3242 | e- ISSN: 2798-2785



13 | TELNECT, Volume 6 No. 1, June 2026 pp. 7-17

32.5
32

31.5

w
-

30.5

DC Link Volatge [V]

28.5

28
9.98 9.981 9.982 9.983 9.984 9.985 9.986 9.987 9.988 9.989 9.99
Time [s]

—~Capacitance of 470 uF —Capacitance of 1000 uF —Capacitance of 2200 uF —Capacitance of 22000 uF

Figure 3. Steady-state DC-link voltage waveforms for different DC-link capacitance values

TABLE 4. STEADY-STATE DC-LINK VOLTAGE AND RIPPLE CHARACTERISTICS FOR
DIFFERENT CAPACITANCE VALUES

Average DC Link Maximum DC Link Minimum DC Link Ripple Peakto Ripple
Voltage [V] Voltage [V] Voltage [V] Peak [V] Percentage [%]
29.39 31.97 28.22 3.75 12.75
30.46 31.91 29.47 2.45 8.03
31.03 31.73 30.46 1.27 4.09
31.25 31.32 31.19 0.13 0.42

3.3 Average DC-Link Voltage

Figure 4 presents the DC-link voltage waveforms during the steady-state interval from 9.90 s to 9.95
s for the four evaluated capacitance values. The corresponding average DC-link voltages were
calculated from the steady-state data, as summarized in Table 5.

The 470 pF case produced the lowest average DC-link voltage, with a value of 29.38 V. This case
also showed the largest voltage variation during the steady-state interval, where the waveform
repeatedly decreased to a lower voltage level between successive charging periods. When the
capacitance was increased to 1000 uF, the average DC-link voltage increased to 30.45 V. This
represents an increase of 1.07 V compared with the 470 uF case. The voltage waveform also showed
a smaller voltage drop during each ripple cycle.

The 2200 pF capacitor further increased the average DC-link voltage to 31.03 V. Compared with the
1000 PF case, the increase was 0.58 V. The waveform remained closer to the upper voltage level for a
longer period, indicating improved voltage retention during the intervals between rectifier charging
peaks. The highest average DC-link voltage was obtained with the 22000 uF capacitor, reaching 31.25
V. However, the difference between the 2200 pF and 22000 yF cases was only 0.22 V. This result
shows that, although a very large capacitance provides the highest average DC-link voltage, the
additional increase in average voltage becomes relatively small at high capacitance values.

Overall, the average DC-link voltage increased from 29.38 V at 470 yF to 31.25 V at 22000 pF,
corresponding to a total increase of 1.87 V. The results indicate that increasing the DC-link capacitance
improves the voltage-holding capability of the rectifier output. Nevertheless, the improvement at higher
capacitance values is more clearly reflected in the reduction of voltage ripple than in the increase of the
average DC-link voltage.
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Figure 4. Steady-state DC-link voltage waveforms for different DC-link capacitance values from 9.90
st09.95s

TABLE 5. AVERAGE DC-LINK VOLTAGE FOR DIFFERENT DC-LINK CAPACITANCEVALUES

Steady State Start [s] Average DC Link Voltage [V]
9.9 29.38
9.9 30.45
9.9 31.03
9.9 31.25

3.4 Load power delivery

Figure 5 shows the load power waveforms during the steady-state interval from 9.90 s to 9.95 s for
the four DC-link capacitance values. The corresponding average load current, average load power,
maximum load power, minimum load power, and power fluctuation are summarized in Table 6.
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Figure 5. Steady-state load power waveforms for different DC-link capacitance values

TABLE 6. LOAD CURRENT AND POWER DELIVERY CHARACTERISTICS FOR DIFFERENT DC-
LINK CAPACITANCE VALUES

Average Load Average Load Maximum Load Minimum Load Power
Current [A] Power [W] Power [W] Power [W] Fluctuation [%]
1.47 43.25 51.11 39.83 11.28

1.52 46.41 50.92 43.41 7.51

1.55 48.14 50.35 46.40 3.95

1.56 48.83 49.05 48.64 0.41

The 470 yF case produced the lowest average load current and average load power, with values of
1.47 A and 43.25 W, respectively. This case also exhibited the largest power fluctuation. The load power
varied from 39.83 W to 51.11 W, resulting in a peak-to-peak power fluctuation of 11.28 W. When the
DC-link capacitance was increased to 1000 uF, the average load current increased to 1.52 A and the
average load power increased to 46.41 W. The minimum load power increased to 43.41 W, while the
power fluctuation decreased to 7.51 W.

The 2200 uF case further improved the power delivery characteristics. The average load current and
average load power increased to 1.55 A and 48.14 W, respectively. The load power ranged from 46.40
W to 50.35 W, resulting in a power fluctuation of 3.95 W. The 22000 pF case produced the most stable
load power waveform. The average load current reached 1.56 A, while the average load power reached
48.83 W. The maximum and minimum load powers were 49.05 W and 48.64 W, respectively, resulting
in a power fluctuation of only 0.41 W.

Overall, increasing the DC-link capacitance improved both the average power delivered to the load
and the stability of the delivered power. The average load power increased from 43.25 W at 470 pF to
48.83 W at 22000 uF, corresponding to an increase of 5.58 W. At the same time, the peak-to-peak
power fluctuation decreased from 11.28 W to 0.41 W, representing a reduction of approximately 96.4%.
These results are consistent with the DC-link voltage analysis. A lower voltage ripple resulted in a
smaller variation in load current and load power. Although the 22000 puF capacitor provided the most
stable power delivery, the difference in average load power between the 2200 yF and 22000 uF cases
was relatively small, increasing from 48.14 W to 48.83 W. Therefore, the main benefit of the largest
capacitance was the substantial reduction in power fluctuation rather than a large increase in average
load power.

4. CONCLUSION

This study evaluated the effects of DC-link capacitance on output voltage quality and load power
delivery in a three-phase diode rectifier circuit. Four capacitance values of 470 pyF, 1000 pF, 2200 pF,
and 22000 uF were compared under identical source and load conditions. The results showed that
increasing the DC-link capacitance improved the steady-state voltage quality. The peak-to-peak DC-
link voltage ripple decreased from 3.75 V at 470 yF to 0.13 V at 22000 uF, while the ripple percentage
decreased from 12.75% to 0.42%. At the same time, the average DC-link voltage increased from 29.39
V to 31.25 V. The load power results showed a similar trend. The average load power increased from
43.25 W to 48.83 W, while the peak-to-peak power fluctuation decreased from 11.28 W to 0.41 W.
Therefore, the principal benefit of increasing DC-link capacitance was the improvement of voltage and
power stability rather than a substantial increase in average output voltage or average load power.
Among the evaluated cases, the 22000 pF capacitor provided the best voltage quality and the most
stable power delivery. However, the improvement in average DC-link voltage and average load power
from 2200 pF to 22000 yF was relatively small. Therefore, the 2200 yF case may provide a practical
compromise between voltage-ripple reduction, power-delivery stability, and capacitor size. Future work
may include the analysis of capacitor ESR, source impedance, inrush current, non-resistive loads, and
experimental validation of the simulation results.
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