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ABSTRACT

This article investigates the impact of DC-link voltage
ripple on the performance of the 5-level cascade H-bridge
induction motor drive, especially focusing on torque
ripple and speed variations. Each H-bridge cell of the
inverter obtains an isolated DC power supply from a
single-phase full-bridge rectifier. Certain capacitance
values are utilized on the output side of rectifiers to
visibly demonstrate the different amounts of ripple in
the DC-link voltage. In this study, the motor speed is
consistently held at 500 rpm throughout the operating
range, while the load torque is considered in both no-load
and with-load conditions. The in-phase disposition level-
shifted technique is employed to produce the switching
signals of the 5-level cascade H-bridge induction motor
drive based on the indirect-rotor field-oriented control
strategy. The validation of the drive system performance
influenced by the quality of the DC-link voltage wave-
form is verified by simulation results.

Keywords: DC-link voltage ripple, Multilevel inverter,
Cascaded H-bridge, Induction motor drive, Torque ripple

1. INTRODUCTION
Cascade H-bridge (CHB) multilevel inverters have

gained prominence in medium-voltage and high-power
motor drive systems due to their low harmonic distortion,
fault tolerance, modular design, and capability to produce
high-quality output voltage waveforms [1]-[3]. Besides,
the switching frequency in the CHB multilevel inverter
is generally set lower than that of a typical two-level
voltage source inverter (VSI), resulting in a considerable
reduction in switching losses [4]-[6]. Therefore, the
CHB multilevel inverter is extensively utilized across
various applications, such as medium-voltage motor
drives, renewable energy sources, high-voltage trans-
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mission systems, photovoltaic power generation system,
and electric vehicles (EVs) [7], [8], [9]. Furthermore,
induction motors (IMs) commonly operate with the CHB
multilevel inverter across numerous fields due to their
advantages, and they are of interest for application in EVs
and hybrid EVs. However, minimizing torque ripple and
speed fluctuations remains a priority [9], [10].

In medium-voltage CHB IM drives, an isolated step-
down transformer in consort with a diode bridge rectifier
is commonly required because it provides an appropriate
voltage level for IM drives and isolates the DC sources in
each H-bridge cell which canmitigate dominant harmon-
ics [6]. The primary trend to consider is the reduction
of DC-link capacitance in the H-bridge cell and the
optimization of power switches [11]. The regenerative
CHB topology is introduced in [12] to produce the DC
source for the CHB multilevel inverter using the PWM
rectifier configuration, which is called the active front
end (AFE), instead of the diode bridge rectifier. This
approach utilizes closed-loop voltage ripple regulator
to reduce the active capacitance by around 25 percent,
and it has been improved to diminish further passive
filters [13]. Likewise, the CHB topology-based the static
synchronous compensator (CHB-StatCom) is presented
in [14] to reduce the capacitance. It employs the
measured DC-link voltage and reactive power to switch
the AFE rectifiers. Based on this method, the lifespan and
reliability of capacitors may diminish under conditions
of high voltage ripple [11]. Although AFE rectifier
topology recovers energy in some specific situations, for
instance, downhill belt conveyors, it requires a larger
footprint and a more efficient heatsink design, which
results in higher costs compared to the diode bridge
rectifier [8]. In [15], the half-bridge inverter is utilized
instead of the full-bridge inverter in H-bridge cells to
reduce the quantity of power switches, whereas the
DC power supply is generated by the AFE rectifier.
However, the quality of the DC-link voltage waveform
would be meticulously evaluated, particularly under load
conditions. Moreover, fluctuations in the DC-link voltage
represent a serious concern that can adversely impact the
performance of motor drives. In [16] the impact of DC-
link voltage ripples on the motor drive performance is in-
vestigated, focused mainly on spectral analysis, while the
supercapacitor is utilized to reduce the DC-link voltage
fluctuations [17]. Although numerous studies examine
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the effects of DC-link voltage fluctuations on the drive
system performance, few examine the consequences on
the torque ripple and speed variations.

A major advantage of the CHB multilevel inverter is
its capacity to proportionally increase the output voltage
in accordance with its voltage levels and its ability to
provide low total harmonic distortion compared with
usual 2-level inverters [18]. Residences, agricultural
applications, and small enterprises can commonly obtain
a single-phase AC power supply, while three-phase AC
motors are required for specific applications. It is noted
that the 5-level CHB inverter with a step-down single-
phase transformer (2:1) in the rectifier part of H-bridge
cell can provide an adequate level of output voltage to
drive three-phase AC motors.

In this paper, the impact of the DC-link voltage ripple
on the 5-level CHB IM drive performance, which focuses
on the torque ripple and speed fluctuations under no-
load and load conditions, is proposed. Employing varied
values of capacitance on the output side of the full-bridge
diode rectifier generates various levels of ripple in the
DC-link voltage. The influence of the DC-link voltage
ripple on the IM drive performance is confirmed by
simulation results.

2. CHB MULTILEVEL INVERTER
2.1 Topology and Operation

The CHB multilevel inverter comprises several H-
bridge cell units arranged in series within each phase,
i.e., the 5-level CHB inverter arrangement depicted in
Fig. 1(a). Indeed, the output voltage can be increased in
proportion to the number of CHB voltage levels, which
is equivalent to the total number of H-bridge cells [2],
as given by (1). The whole number of active switches
utilized in the CHB inverter can be defined by (2).

𝑚 = 2𝐻 + 1 (1)

𝑁𝑠𝑤 = 6 (𝑚 − 1) (2)

where 𝑚 is the number of CHB voltage levels, 𝐻 denotes
the total number of H-bridge cells in each phase, and Nsw
is the whole number of switches.

In Fig. 1(a), the inverter phase voltage can be
determined by (3) based on the series of the top and
bottom H-bridge cells.

𝑉𝑎𝑜 = 𝑉𝐻1 + 𝑉𝐻2 (3)

where 𝑉𝑎𝑜 represents the inverter phase voltage in phase
A relative to the inverter neutral point 𝑜, and 𝑉𝐻1, 𝑉𝐻2
indicate the output voltages of the top and bottom H-
bridge cells, respectively.

Fig. 1 illustrates the CHB multilevel inverter topol-
ogy employed in this study to evaluate the effects of
DC-link voltage ripple. The single-phase full-bridge
diode rectifier, equipped with an isolated step-down
transformer on the input side as shown in Fig. 1(b),
provides an independent DC-link voltage for the 5-level

(a)

(b)

Fig. 1: CHB Multilevel Inverter Configuration.

(a)

(b)

Fig. 2: DC-link Voltage Waveforms.

CHB inverter. Because of the crucial merit of such
an inverter, i.e., raising the output voltage level, it is
capable of delivering adequate output voltage for three-
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phase IM drives with a single-phase AC supply, which
offers simplicity and accessibility in several applications.
Furthermore, the step-down transformer can double the
available current for the CHB-IM drive. Indeed, the
capacitor is often used to reduce the fluctuations in
the output voltage of the rectifier, which can directly
affect the quality of the DC-link voltage waveform in the
inverter. Consequently, the selection of an appropriate
capacitance for the inverter is significant, particularly in
the CHB-IM drive system. Fig. 2 shows a comparison of
the simulation results for the DC-link voltage waveforms
generated by the single-phase full-bridge rectifier under
both no-load and load conditions, as illustrated in Fig.
2(a), and Fig. 2(b), respectively. The capacitance values
of 100 𝜇F, 1,000 𝜇F, and 3,000 𝜇F are compared with no
capacitor and the ideal case. In the no-load condition, as
indicated in Fig. 2(a), the DC-link voltage ripple remains
quite consistent across all capacitance values, close to the
ideal case.

This simulation incorporates the threshold voltage and
internal resistance of each diode rectifier, definitely 0.7 V
and 0.02 Ω. Under the load condition, where the load
current is approximately 10 A as expressed in Fig. 1(b),
the increased capacitance values result in a reduced DC-
link voltage ripple.

2.2 Switching Signal Generation

Pulse width modulation (PWM) techniques for CHB
multilevel inverters can be commonly categorized into
two techniques, i.e., phase-shifted and level-shifted
modulation techniques. Moreover, the level-shifted
modulation can be further classified into three categories
consistent with the arrangement of carrier signals: in-
phase disposition (IPD), alternative phase opposite dis-
position (APOD), and phase opposite disposition (POD)
[2]. However, the IPD method offers the lowest output
voltage harmonics in comparison to other level-shifted
modulations [19], thus it is employed in this study,
as shown in Fig. 3. The modulation signal, which
is generated based on the space vector pulse width
modulation (SVPWM) technique specified as “𝑇𝑎” shown
in Fig. 3(a), is compared with triangular carrier waves
that all have the same amplitude and frequency. The
number of triangular carrier waves is determined by the
CHB voltage levels, calculated as (𝑚−1); for example, the
5-level CHB inverter uses four triangular carrier waves,
as illustrates in the figure based on the IPD approach.

The triangular carrier signals 𝑉𝑐𝑟1 and 𝑉𝑐𝑟1− are used
for the upper H-bridge cell to generate the pulse signals
that activates switches 𝑆𝐴11 and 𝑆𝐴13, respectively, as
illustrated in Fig. 3(a) and Fig. 3(b). The switch 𝑆𝐴11
will be activated when the modulation signal (Ta) is
greater than or equal to 𝑉𝑐𝑟1(𝑇𝑎 ≥ 𝑉𝑐𝑟1), as given in
(4). Nonetheless, the switch 𝑆𝐴13 is activated when the
modulation signal is less than or equal to 𝑉𝑐𝑟1(𝑇𝑎 ≤
𝑉𝑐𝑟1−), as specified in (5) and shown in Fig. 3(b). Switches
𝑆𝐴11 and 𝑆𝐴12 are on the same inverter leg; hence, they
are interlocked to each other, which cannot be activated

(a) IPD level-shifted multicarrier modulation

(b) PWM signal generation

Fig. 3: Switching Signal Generation for 5-level CHB
Inverter Considering in Phase-A.

together, and will be operated in the same way as other
inverter legs. Similarly, the lower H-bridge cell uses 𝑉𝑐𝑟2
and 𝑉𝑐𝑟2− for switches 𝑆𝐴21 and 𝑆𝐴23, respectively. All
gate signals defined in Fig. 3(b) are linked to switches in
the 5-level CHB inverter depicted in Fig. 1(a).

𝑆𝐴11,𝐴21 = {
1 ; 𝑇𝑎 ≥ 𝑉𝑐𝑟𝑥+
0 ; 𝑇𝑎 < 𝑉𝑐𝑟𝑥+

(4)

𝑆𝐴23,𝐴13 = {
1 ; 𝑇𝑎 ≤ 𝑉𝑐𝑟𝑥−
0 ; 𝑇𝑎 > 𝑉𝑐𝑟𝑥−

(5)

where 𝑉𝑐𝑟𝑥+, 𝑉𝑐𝑟𝑥− denote triangular carrier signals
on the positive and negative sides, respectively, and 𝑥
presents a sequence number (𝑥 = 1, 2).

3. CHB IM DRIVE SYSTEM
3.1 Mathematical Model of Induction Motors

Three-phase squirrel cage inductionmotors arewidely
utilized in various applications and have become crucial
to industrial drives because of their advantages, for exam-
ple, robustness, cost-effectiveness, reliability, simplicity,
and low maintenance requirements [20], [21]. The 𝑑-axis
and 𝑞-axis voltages in the synchronous reference frame,
which is suitable for high-precision control of IM drives,
are given by (6) and (7), respectively.

𝑣𝑑𝑠 = 𝑅′
𝑠𝑖𝑑𝑠 + 𝜎𝐿𝑠

𝑑𝑖𝑑𝑠
𝑑𝑡 − 𝜔𝑒𝜎𝐿𝑠𝑖𝑞𝑠 − 𝑅𝑟

𝐿𝑚
𝐿2

𝑟
𝜓𝑑𝑟 (6)
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𝑣𝑞𝑠 = 𝑅′
𝑠𝑖𝑞𝑠 + 𝜎𝐿𝑠

𝑑𝑖𝑞𝑠
𝑑𝑡 + 𝜔𝑒𝜎𝐿𝑠𝑖𝑑𝑠 + 𝜔𝑟

𝐿𝑚
𝐿𝑟

𝜓𝑑𝑟 (7)

where 𝑣𝑑𝑠, 𝑣𝑞𝑠 are 𝑑-axis and 𝑞-axis voltages, respec-
tively, 𝑅′

𝑠 means stator transient resistance (𝑅′
𝑠 =

𝑅𝑠 + 𝑅𝑟(𝐿𝑚/𝐿𝑟)2), 𝑖𝑑𝑠, 𝑖𝑞𝑠 are 𝑑- and 𝑞-axis currents,
respectively, 𝜎 is leakage coefficient (𝜎 = (1–(𝐿2

𝑚/𝐿𝑠𝐿𝑟)),
𝑅𝑟 means rotor resistance, 𝜔𝑒 expresses an electric
angular synchronous speed, 𝐿𝑠, 𝐿𝑟 are stator and rotor
inductances, respectively, 𝐿𝑚 is mutual inductance, 𝜔𝑟 is
the electrical angular speed of the rotor, and 𝜓𝑑𝑟 denotes
the rotor flux of 𝑑-axis.

The induced torque can be determined by (8).

𝑇𝑒 = 3
2

𝐿𝑚
𝐿𝑟

𝑝 (𝜓𝑑𝑟𝑖𝑞𝑠 − 𝜓𝑞𝑟𝑖𝑑𝑠) (8)

where 𝑝 denotes pole pairs, and 𝜓𝑞𝑟 means the rotor flux
of 𝑞-axis.

The induced torque can be expressed by analyzing the
mechanical components, as given by (9). It can be utilized
to define the controller gains of the speed control loop for
high-performance control strategy of IM drives.

𝑇𝑒 = 𝐽 𝑑𝜔𝑟𝑚
𝑑𝑡 + 𝐵𝜔𝑟𝑚 + 𝑇𝐿 (9)

where 𝐽 , 𝐵 mean moment of inertia and friction coeffi-
cient, respectively, 𝜔𝑟𝑚 is the mechanical angular speed
of the rotor, and 𝑇𝐿 is the load-torque.

3.2 CHB-IM Control Strategy
Fig. 4 presents the rotor flux vector control diagram

for IM drives that uses the field-oriented control (FOC)
strategy operating with the 5-level CHB inverter. This
method enables the independent control of rotor flux
and torque by regulating the 𝑑-axis and 𝑞-axis currents,
respectively [22]. The 𝑑-axis reference current, which is
used to generate the rotor flux of the IMs, can be defined
in (10). It is noted that since the IM utilizes the armature
current to generate the rotor flux without the permanent
magnets, the 𝑑-axis reference current would be set to a
positive value based on the rated rotor flux. Meanwhile,
the 𝑞-axis reference current is determined according to
the speed control loop [23], as illustrated in the figure.

𝑖∗
𝑑𝑠 = 𝜓𝑑𝑟

𝐿𝑚
(10)

where ∗ indicates the reference value.
For the IMs, the slip angular speed is determined

by utilizing motor parameters and armature currents
given by (11). It is used to assess an electrical angular
position in combination with the measured mechanical
angular speed, as indicated in (12). Indeed, the electrical
angular position is essential for the efficacy of the drive
system employing the FOC method, as it confirms the
accurate transformation of armature currents into the
𝑑 − 𝑞 axis that aligned with the synchronous reference
frame. Hence, the orthogonality of controlled currents

on the 𝑑 −𝑞 axis can independently control the rotor flux
and torque.

𝜔𝑠𝑙 = 𝑅𝑟
𝐿𝑟

𝑖𝑞𝑠
𝑖𝑑𝑠

(11)

𝜃𝑒 = ∫ (𝜔𝑠𝑙 + 𝜔𝑟)𝑑𝑡 = ∫ 𝜔𝑒𝑑𝑡 (12)

where 𝜔𝑠𝑙 is slip angular speed in rad/s, and 𝜃𝑒 denotes
an electrical angular position.

The FOC approach uses proportional and integral (PI)
current regulators in both d-axis and q-axis because they
are dependable and uncomplicated controllers in vector
control for AC drives [24]. The voltage equations in
(6) and (7) are utilized to determine the PI regulator
gains for the d-axis and q-axis current control loops,
respectively. However, the last two parts of both voltage
equations cannot be included in the transfer function of
current control loops since there are cross-couplings and
mutual voltages from the rotor flux to the stator voltage.
Accordingly, the feedforward voltages are compensated
to both 𝑑- and 𝑞-axes current control loops, as given by
(13) and (14), respectively. It is also indicated in Fig. 4.

𝑣𝑑𝑠𝑐 = −𝜔𝑒𝜎𝐿𝑠𝑖𝑞𝑠 − 𝑅𝑟
𝐿𝑚
𝐿2

𝑟
𝜓𝑑𝑟 (13)

𝑣𝑞𝑠𝑐 = 𝜔𝑒𝜎𝐿𝑠𝑖𝑑𝑠 + 𝜔𝑟
𝐿𝑚
𝐿𝑟

𝜓𝑑𝑟 (14)

The transfer functions that are employed to design the
PI regulator gains for the 𝑑 − 𝑞 axis currents and speed
control loops are presented in equations (15)-(17) [24].

𝑖𝑑𝑠(𝑠)
𝑖∗
𝑑𝑠(𝑠) =

𝑠𝑘𝑝𝑐𝑑 + 𝑘𝑖𝑐𝑑

𝑠2 (𝜎𝐿𝑠) + 𝑠 (𝑅′𝑠 + 𝑘𝑝𝑐𝑑) + 𝑘𝑖𝑐𝑑
(15)

𝑖𝑞𝑠(𝑠)
𝑖∗
𝑞𝑠(𝑠) =

𝑠𝑘𝑝𝑐,𝑞 + 𝑘𝑖𝑐𝑞

𝑠2 (𝜎𝐿𝑠) + 𝑠 (𝑅′𝑠 + 𝑘𝑝𝑐𝑞) + 𝑘𝑖𝑐𝑞
(16)

𝜔𝑚(𝑠)
𝜔∗

𝑚(𝑠) = (𝑠𝑘𝑝𝑠 + 𝑘𝑖𝑠) 𝑘𝑇

𝑠2𝐽 + 𝑠 (𝐵 + 𝑘𝑝𝑠𝑘𝑇 ) + 𝑘𝑖𝑠𝑘𝑇
(17)

where 𝑠 denotes a complex frequency domain in Laplace
transform, 𝑘𝑝𝑐𝑑 , 𝑘𝑖𝑐𝑑 , 𝑘𝑝𝑐𝑞 , 𝑘𝑖𝑐𝑞 are regulator gains of
the 𝑑- and 𝑞-axes current control loops, respectively, 𝑘𝑝𝑠,
𝑘𝑖𝑠 are regulator gains of the speed control loop, and 𝑘𝑇
means the torque constant (𝑘𝑇 = 1.5(𝐿𝑚/𝐿𝑟) · 𝑝𝜓𝑑𝑟).

4. SIMULATION RESULTS
A three-phase squirrel cage type IM with a power

rating of 4.3 kW is utilized to demonstrate the impact of
DC-link voltage fluctuation, resulting from the rectifier
process, on the operation of the drive system. The FOC
strategy with the CHB multilevel inverter is considered
in the drive system, verified via the MATLAB/Simulink
program. The SVPWM switching technique using the
IPD level-shifted approach triggers the top and bottom
H-bridge cells with a switching frequency of 4,500 Hz
for the 5-level CHB inverter. Indeed, a single-phase AC
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Fig. 4: Indirect Rotor Field Oriented Control Strategy of IM Drives Utilizing 5-level CHB Inverter.

Table 1: Motor Parameters.

supply is themain power source, used on the input side of
all rectifiers. In order to clearly evaluate the influence of
DC-link voltage ripple, the capacitance values of 100 𝜇F,
1,000 𝜇F, and 3,000 𝜇F, which are utilized on the output
side of rectifiers, are considered and compared with the
ideal case. The motor parameters are indicated in Table
1. The 𝑑-axis reference current is set at 6.3 A, aligning
with the rated rotor flux. All control settings for the
5-level CHB-IM drive are indicated in Table 2. The PI
regulators of both current and speed control loops are
designed based on the pole placement method since it
offers fast dynamic response, good tracking accuracy,
and high performance for AC drives [25].

The single-phase full bridge rectifier provides a DC
source to the CHB inverter, while the capacitor typically
stabilizes the output voltage; hence, varying capacitance
values can make the ripples in the DC-link voltage more
obvious. Fig. 5 shows the simulation results that validate

Table 2: Control Settings.

the impact of DC-link voltage ripple on the 5-level CHB
IM drive system. Fig. 5(a) shows the DC-link voltage
waveforms produced by using capacitance values of 100
𝜇F, 1,000 𝜇F, and 3,000 𝜇F with the rectifier of each H-
bridge cell. The motor speed is steadily held at 500 rpm
throughout the operating range, while the load torque is
initially from no-load and transitions to 10.0 Nm at 0.4
s, as shown in Fig. 5(b). In the no-load conditions, the
DC-link voltage stays smooth without any fluctuations
across all cases of capacitance values, resulting in no
torque ripple in this range (0 – 0.4 s), as shown in
Fig. 5(b). Likewise, the 𝑑- and 𝑞-axes currents also
remain constant without ripples, as shown in Fig. 5(c)
and Fig. 5(d), respectively. The d-axis currents for all
cases of capacitance values can track with the reference
current, which is defined at 6.3 A, as given in Table 2.
Meanwhile, the speed control loop provides the q-axis
reference current, which will be zero under the no-load
condition. It can be seen that a stable DC-link voltage
can diminish both the torque ripple of the 5-level CHB
IM drive under the no-load conditions and enable the
motor speed to consistently follow its reference without
variation, as illustrated in Fig. 6.

Under load conditions, load torque rapidly changes
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(a) DC-link voltage of a single H-bridge cell

(b) Load torque

(c) 𝑑-axis current

(d) 𝑞-axis current

Fig. 5: Simulation Results.

from no load to 10.0 Nm at 0.4 s, consuming armature
current around 10.5 A, whereas the speed is maintained
at 500 rpm. The intrinsic voltage drop of rectifier units

Fig. 6: Speed Ripple.

would affect the characteristics of the DC-link voltage
waveforms, as shown in Fig. 2(b). Indeed, the threshold
voltage and internal resistance of both diode rectifiers
and switches of the inverter are all set to 0.7 V and
0.02 Ω, respectively. The results show that employing
a low capacitance value of 100 µF in the rectifier
expresses 318.08% of the total harmonic distortion (THD),
higher than capacitance values of 1,000 µF and 3,000 µF,
which are 91.11% and 87.27%, respectively, leading to
significantly greater fluctuations in the DC-link voltage,
as demonstrated in Fig. 5(a). Likewise, the torque ripple
harshens correspondingly as the DC-link voltage ripple
increases, as shown in Fig. 5(b). In Fig. 5(b), the
torque ripple for capacitance values of 100 µF, 1,000 µF,
and 3,000 µF are approximately 2.15%, 0.99%, and 0.31%,
respectively. High torque ripple is definitely not suitable
for operating a motor drive system. The ripples of the
DC-link voltage can impact not only the induced torque
but also the motor speed, as can be clearly seen in Fig.6.
Likewise, the d-q axis currents and motor speed exhibit
considerable variations due to the obvious fluctuations
in the DC-link voltage, as shown in Fig. 5(c), and Fig.
5(d), respectively. In contrast, minimal torque ripple is
observed with capacitance values of 1,000 µF and 3,000 µF
because of the low ripple in the DC-link voltage, which
matches the d-q currents and motor speed. It should
be noted that the PI regulators designed by the pole
placement method of the 5-level CHB IM drive can offer
good dynamic response and excellent tracking accuracy
in both current and speed control loops, which can be
seen in the tracking results in Figs. 5(c)-(d), and Fig. 6 for
the d-q axis currents and speed, respectively.

The torque ripple can be determined by (18) [26],
which is also applicable to the speed ripple.

𝑇𝑟𝑖𝑝𝑝𝑙𝑒 =
√√√√
⎷

1
𝑁

𝑁

∑
𝑘=1

(𝑇𝑒 (𝑘) − 𝑇𝑒,𝑎𝑣𝑔)

2

(18)

where 𝑇𝑟𝑖𝑝𝑝𝑙𝑒 represents torque ripple, 𝑁 is the number
of considered data, 𝑘 is the number of considered points
per cycle (where 𝑘 = 10, 000), and 𝑇𝑎𝑣𝑔 is the average
torque.

It is worth noting that the capacitance values of 100
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𝜇F, 1,000 𝜇F, and 3,000 𝜇F are utilized only to illustrate
the impact of ripples on the DC-link voltage waveforms
generated by the single-phase full bridge rectifier. This
study primarily examines the impact of variations in the
DC-link voltage on the torque and speed ripples of the
5-level CHB IM drive based on the FOC strategy rather
than concentrating on capacitor optimization. Although
the impact of DC-link voltage ripple on the 5-level CHB
IM drive has been illustrated through simulations, the
resultant torque ripple and variations in motor speed can
greatly influence the performance of the drive system,
contingent upon the quality of the DC-link voltage
waveform that should be taken into account.

5. CONCLUSION

This study examines the impact of DC-link voltage
ripple on the performance of the 5-level CHB IM drive,
especially in terms of torque ripple and speed variations.
A single-phase full bridge rectifier is used to generate a
DC source for each H-bridge cell; therefore, capacitance
values of 100 𝜇F, 1,000 𝜇F, and 3,000 𝜇F are utilized to
demonstrate the different amounts of ripple in the DC-
link voltage clearly. In this validation, the motor speed
is consistently held at 500 rpm throughout the operating
range, whereas the load torque is considered in both
no-load and with-load (10.0 Nm) conditions. The results
indicate that the DC-link voltage stays smooth without
any fluctuations across all cases of capacitance values in
the no-load condition, leading to the absence of torque
ripple and motor speed variations. Nevertheless, under
load conditions, the DC-link voltage exhibits increased
fluctuations when a low capacitance value of 100 µF is
utilized in comparison to other capacitance values. As a
result, the torque and motor speed exhibit considerable
variations. Consequently, evaluating the quality of the
DC-link voltage waveform is essential since it directly
impacts the performance of the drive system.
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