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Abstract – Medium voltage drive systems driven by high-power multi-level inverters operating at 
low switching frequency can reduce the switching losses of the power device and increase the output 
power. Employing subsection synchronous current harmonic minimum pulse width modulation 
(CHMPWM) technique can maintain the total harmonic distortion of current at a very low level. It can 
also reduce the losses of the system, improve the system control performance and increase the 
efficiency of DC-link voltage accordingly. This paper proposes a subsection synchronous CHMPWM 
approach of active neutral point clamped five-level (ANPC-5L) inverter under low switching 
frequency operation. The subsection synchronous scheme is obtained by theoretical calculation based 
on the allowed maximum switching frequency. The genetic algorithm (GA) is adopted to get the high-
precision initial values. So the expected switching angles can be achieved with the help of sequential 
quadratic programming (SQP) algorithm. The selection principle of multiple sets of the switching 
angles is also presented. Finally, the validity of the theoretical analysis and the superiority of the 
CHMPWM are verified through both the simulation results and experimental results. 
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1. Introduction 
 
The traditional diode clamped five level inverter has 

three clamped neutral point, and that will make the neutral 
point balance very difficult to control. The capacitor 
clamped five level inverter contains lots of clamped 
capacitors, which not only increase the cost and volume 
of the circuit but also complicate the control system [1]. 
To simplify the control system, a hybrid clamped five level 
inverter is presented in [2]. Nonetheless, the cost of the 
system is still expensive because of so many diodes and 
capacitors. ABB company proposed an active neutral-point-
clamped five level (ANPC-5L) inverter in 2005 [3]. 
Compared with the traditional topological five level 
inverter, the ANPC-5L inverter has a lot of advantages, 
such as easier control of the neutral point balance, more 
output voltage statuses and higher reliability. This 
technology has already been developed into a new MV 
Drive, the ACS 2000 [4]. That means the practicability of 
ANPC-5L inverter is well proven. 

However, in high-voltage and high-power traction drive, 
with the increasing operating voltage and output power, 
the switching losses augment accordingly, which is difficult 
for the power devices to dissipate heat. Therefore, the 
reduction of the switching frequency is deadly needed [5]. 

The traditional pulse width modulation (PWM), such as 
space vector pulse width modulation (SVPWM), will 
have large harmonic content of current and voltage while 
operating at very low switching frequency [6], which can 
cause serious heat of power devices and extra losses of 
the system. In that condition, the optimal PWM receives a 
great deal of attention. [7] gives the device loss simulation 
for the EUPEC 6.5kV 600A insulated gate bipolar 
transistor (IGBT) operating at 3.6kV DC-link voltage 
and 80℃ chip temperature while reducing the switching 
frequency from 800Hz at carrier PWM to 200Hz at optimal 
PWM. The results show that the maximum load current 
has increased twice while the total harmonic distortion 
maintains about the same value. 

Nowadays, plenty of scholars have done a lot of 
researches of the optimal pulse width modulations in low 
switching frequency, including torque ripple minimum 
PWM [8], selected harmonic elimination pulse width 
modulation (SHEPWM) [9,10], current harmonic minimum 
pulse width modulation (CHMPWM) [11, 12] and so on. 

Torque ripple minimum PWM can eliminate the low-
order torque ripples, but the establishment of the opti-
mization function needs specific motor parameters and 
instant rotating speed. In some operating conditions, real 
time solution of the optimization function is required, 
which is hard to accomplish. Meanwhile, some of the 
motor parameters vary in real time so that it’s difficult to 
ensure the accuracy of the solved switching angles. 

SHEPWM aims at eliminating the low-order harmonics 
of the output voltage PWM waveform. SHEPWM has 
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better feasibility than the torque ripple minimum PWM for 
its switching angles solution doesn’t need the motor 
parameters. However, the energy of the eliminated low-
order harmonics will transfer to the high-order harmonics. 
The amplitude of the nearest high-order harmonic is 
obviously enlarged, which probably gives rise to the torque 
ripples. 

CHMPWM chooses the total current harmonic distortion 
as the performance index of the switching angles solution, 
so that the system can get the best current harmonic 
performance while ensuring the right output fundamental 
current. CHMPWM is to obtain the minimum total current 
harmonic distortion and, not like SHEPWM, it won’t let 
the amplitude of the nearest high-order harmonic be 
enlarged. Even then, the application of CHMPWM is still 
not as wide as SHEPWM due to its complex solution.  

The mathematical equation of the switching angles of 
CHMPWM can be described as a nonlinear extremum 
optimization problem with constraint conditions. The 
conventional solving method is Newton iteration method. 
However, this algorithm needs a high-precision iterative 
initial value and the initial value is very difficult to gain. 
With the development of computer technology, some 
scholars use intelligence algorithms, such as genetic 
algorithm (GA), particle swarm optimization (PSO) and 
so on, to solve this problem. While facing complicated 
mathematical equations, it’s hard for the intelligence 
algorithms to get the optimal results. That means the 
accuracy of the solution is hard to ensure and it is 
accessible to get the suboptimal solutions.  

This paper has mainly analyzed the principle of 
CHMPWM. The subsection synchronous scheme is obtained 
by the theoretical calculation based on the allowed 
maximum switching frequency. The genetic algorithm 
(GA) is adopted to get the high-precision initial values. To 
get better harmonic performance, this paper use sequential 
quadratic programming (SQP) algorithm to calculate the 
expected switching angles. The simulation comparisons of 
the above solutions show that the SQP method can receive 
the best current harmonic performance. The validity of the 
theoretical analysis and the superiority of the CHMPWM 
are also verified through both the simulation results and 
experimental results. 

 
 

2. Operating Principle of ANPC-5L  
Inverter 

 
Fig. 1 shows the simplified circuit structure of an 

ANPC-5L inverter. The DC-link voltage is 2Vdc and the 
voltages of both capacitor C1 and C2 equal to Vdc. This 
technology contains one floating capacitor (Cf) so that it is 
able to generate five different voltage levels: Vdc, Vdc/2, 0, –
Vdc/2, –Vdc and eight switching states: V1~V8. The voltage 
across the floating capacitor Cf must be maintained at Vdc/2, 
which is one fourth of the DC-link voltage. The charging or 

discharging of Cf occurs at voltage levels –Vdc/2 and Vdc/2 
according to the direction of the load current. Table 1 gives 
all switching states of ANPC-5L inverter and the effects on 
floating capacitor voltage. 

The floating capacitor voltage (VCf) is under the 
influence of four switching states: V2, V3, V6 and V7 
according to Table 1. The floating capacitor is charging in 
V3/V7 and discharging in V2/V6 while the load current 
flows out of the inverter. If the load current flows into the 
inverter, the floating capacitor is charging in V2/V6 and 
discharging in V3/V7. Thus, the floating capacitor voltage 
is to be balanced by rational adoption of these four 
switching states when the output voltage of the inverter is –
Vdc/2 or Vdc/2. The output states of ANPC-5L inverter and 
its chosen switching states for balancing VCf are shown in 
Table 2. 

dc

2
V

 
Fig. 1. Simplified circuit diagram of the ANPC-5L inverter 

 
Table 1. Switching states of ANPC-5L inverter  

Switching element Effect On Cf States 
S1 S2 S3 S4 S5 S6 S7 S8 

Eout Iload>0 Iload <0 
V1 0 1 0 1 0 1 0 1 –Vdc — — 
V2 1 0 0 1 0 1 0 1 –Vdc/2 discharge charge 
V3 0 1 1 0 0 1 0 1 –Vdc/2 charge discharge 
V4 1 0 1 0 0 1 0 1 0 — — 
V5 0 1 0 1 1 0 1 0 0 — — 
V6 1 0 0 1 1 0 1 0 Vdc/2 discharge charge 
V7 0 1 1 0 1 0 1 0 Vdc/2 charge discharge 
V8 1 0 1 0 1 0 1 0 Vdc — — 

 
Table 2. Output states of ANPC-5L inverter and the chosen 

switching states for balancing VCf 

Eout VCf Iload Switching state 
Iload > 0 V2 VCf >Vdc/2 
Iload < 0 V3 
Iload > 0 V3 

–Vdc/2 
VCf <Vdc/2 

Iload < 0 V2 
Iload > 0 V6 VCf >Vdc/2 
Iload < 0 V7 
Iload > 0 V7 

Vdc/2 
VCf <Vdc/2 

Iload < 0 V6 
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3. Rationale of CHMPWM 
 

3.1 Description and analysis of optimal PWM 
waveform 

 
The switching angles of CHMPWM are based on off-

line calculation. The mathematical expressions of the 
amplitudes of the fundamental output voltage and other 
orders voltage harmonics can be got via Fourier analysis of 
the output PWM voltage waveform. Therefore, according 
to the optimal object, the expected switching angles will be 
quantitative calculated, which have the minimum total 
harmonic distortion of the output current. Fig. 2 gives the 
single-phase output PWM voltage waveform in one period. 

Based on the Dirichlet principle, the output voltage 
can be expressed in the following Fourier series: 
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In general, the output voltage of CHMPWM should be 
quarter symmetry, so that the actual waveform only 
consists of odd sine terms [18]. Let the inverter switch N 
times in a quarter period, where the number of the 
switching angles is k when the output voltage is Vdc/2 and 
m when the output voltage is Vdc. Thus, Eq. (1) can be 
simplified into:  
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In three-phase three-wire AC motor load, the triple 
frequency harmonics will not existed in the line voltage, 
and as a result the load current only contains 6n±1th 
harmonic. 

 
3.2 Mathematical model of CHMPWM 

 
The three-phase three-wire squirrel-cage AC asynchro-

nous motor load can be equivalent to symmetrical three-
phase inductive load ignoring the rotor salient effect and 
cogging. The equivalent circuit of AC asynchronous motor 
can be indicated in Fig. 3 [17, 19]. 

The slip ratio sn of nth harmonic is 
 

 1( -1 ) /ns n s n= +  (5) 
 

where, s1 is the fundamental slip ratio. 
It can be seen from Eq. (5) that sn is similar to 1 and 

Rr/sn is approximately equal to Rr if n is large. The voltage 
drop of rotor and stator can be ignored with the motor 
operating at high speed. In the mean time, considering that 
the impedance of the magnetizing branch is much bigger 
than the motor’s leakage reactance, Fig. 3(a) can be 
simplified as Fig. 3(b). Therefore, the relationship between 
harmonic current In and harmonic voltage Un can be 
describe as [20]:  
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where, Lσ=Lls+ Llr. 

The rms of the output harmonic current Irms_n is 
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The total current harmonic distortion THDi is as given 

by: 
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Combining Eqs. (6) and (7) with (8), the detailed 

a

 
Fig. 2. Single-phase output PWM voltage waveform 

 
   (a)                      (b)  

Fig. 3. Harmonic equivalent circuit of asynchronous 
machine: (a) T-type equivalent circuit; (b) simplified
equivalent circuit 
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expression of THDi is as follows: 
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Assuming that the expression of the modulation index 

M is given by: 
 

 1 dc/M b V=  (10) 
 
Then, the Eq. (10) can be expressed as: 
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3.3 Subsection synchronous modulation 

 
In constant V/F control, without consideration of voltage 

compensation, the modulation index M is 
 

 s/M f f=  (12) 
 

where, f is the output frequency of inverter, fs is the rated 
frequency. 

In practical control system, to achieve the best current 
harmonic performance, subsection synchronous modulation 

is necessary, which means choosing different numbers of 
switching angles according to the modulating range [13]. 

The employed subsection synchronous modulation is 
presented in Eq. (13), when fs is 50Hz and the maximum 
switching frequency fsw_max is 250Hz. 
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f

N floor floor
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where, floor() is the rounding function. 

It can be seen from Eqs. (12) and (13) that the 
modulation index decreases with the output frequency of 
the inverter reducing, but the number of the switching 
angles increases on the contrary, which makes the solution 
of the switching angles more difficult. In addition, when 
the output frequency of the inverter reduces to a certain 
degree, the performance of CHMPWM is not as good as 
the traditional PWM and the advantage of subsection 
synchronous modulation is no longer in existence. 
Asynchronous modulation is taken into account if M is less 
than 0.3 [14]. Fig. 4 and Fig. 5 show the M-N and M-fsw 
diagram respectively. 

 
 
4. Optimization Solution of Switching Angles 
 

4.1 Initial values solved by GA 
 
The solution of optimum switching angles of 

CHMPWM is just an extremal problem with subsidiary 
conditions. The optimal objective function is nonlinear that 
makes the selection of initial values very important. 
Appropriate initial value will improve convergence rate 
and prevent computational process from divergency. 

The traditional solution of initial values is to use 
differential method. It can obtain initial switching angles of 
full range through tiny increment of M based on the 
switching angles at M equaling to zero. However, this 
method has a very slow convergence speed and low 
calculating accuracy. When the number of switching angles 
becomes large, it becomes very difficult to solve. Today, 
with the development of computer technology, many 
intelligent algorithms have been demonstrated to tackle 
such complex problems. [15] has presented a optimal 
PWM method using GA and the results is inspiring. 

The GA operates directly on the optimal objective 
function without the limit of continuity and differentiability. 
Moreover, depending on its probabilistic population 
search strategy, GA can automatically gain and accumulate 
the information of the searching space, and also control 
the searching process without certain rules so that it has the 
ability of global optimization. Due to the above advantages, 
GA has been more and more widely used in optimal 
solution process. The flow chart of GA is depicted in Fig. 6. 

The optimizing index of GA depends on the fitness 
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Fig. 4. M-N diagram 
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function. [16] raises two kinds of fitness functions to get 
the initial values for M of different range (M ≥ 0.7 or 
M < 0.7). 

Let the difference between the amplitude of output 
fundamental voltage and the amplitude of the expected 
fundamental voltage be ε1 and the amplitudes of other 
output voltage harmonics be ε2, ε3, ε4 and so on. Thus, the 
major equations are as follows:  
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Then, the fitness function I (Г1) is: 
 

 2 2 2 2
1 1 2 3 41 e e e eG = + + + + +LL  (15) 

 
And the fitness function II (Г2) is: 
 

 2
2 11 eG = +  (16) 

 
When the solution for Г1 is similar to 1, the amplitude of 

the output fundamental voltage is close to the expected 
value and the content of the output voltage harmonics is 
poor. Then the solved initial value has a good effect on the 
inhibition of low-order harmonics. However, when M is 
low and N is larger, the equation Г1 is very complex, which 
makes the solution process difficult and the locally optimal 
solution easy to get. A great number of calculating results 
in this paper show that appropriate increase of the initial 
population size and the mutation can reduce the appearing 
probability of the locally optimal solution. 

Compared with Г1, the expression of Г2 is much simpler 
so that it has a better performance of global convergence 

and a faster solving speed, but it doesn’t do any restrictions 
of the output voltage harmonics. 

In this paper, enormous calculations show that Г2 has 
better performance of THDi while M is high (M ≥0.7). 
However, in low range of M (M<0.7), with the increase 
of N, Г2 has no way to restrict the low-order current 
harmonics. On the contrary, Г1 performs better. The 
parameter settings of GA are presented in Table 3. 

Generally, assuming that N is a constant and αi is the 
switching angle when M equals to Mi, make ΔM as an 
increment of M and then Mi+1=Mi+ΔM. The solution track 
of switching angles is a continuous changing curve based 
on the change of M, so αi can be regarded as the initial 
values at M =Mi+1. Repeat the above steps to acquire the 
switching angles within the full range of M. To the 
subsection synchronous modulation, all switching angles 
will be easily obtained if the initial switching angles of 
each subsection are solved. Table 4 gives the initial 
switching angles of all subsections by GA. 

 
4.2 Solution of switching angles 

 
Generally, the switching angles of CHMPWM are 

calculated by Newton iteration method. However, this 
method needs a very high-precision initial value. Nowadays, 
the most widely used algorithm for the nonlinear extremum 
optimization problem with constraint conditions is the 
series quadratic programming (SQP) algorithm. The SQP 
algorithm is based on the Newton iteration method. It 
structures a simply approximate optimal problem using 

 
Fig. 6. Flow chart of GA 

Table 3. Parameter settings of GA 

Fitness function 
Parameter settings FUNC I FUNC II 

Populationg size 3000 1000 
Crossover fraction 0.91 0.84 
Mutation fraction 0.09 0.02 
Migration fraction 0.26 0.24 
Selection function Roulette Roulette 

 
Table 4. Initial switching angles by GA 

N Initial switching angles /(rad) 
5 [0.0001, 0.8235, 0.9213, 1.323, 1.57] 
6 [0.2292, 0.6836, 0.7707, 1.095, 1.193, 1.56] 
7 [0.2052, 0.281, 0.6827, 1.142, 1.18, 1.396, 1.557] 
8 [0.8278, 0.9308, 0.9876, 1.018, 1.048, 1.092, 1.138, 1.212] 
9 [0.0309, 0.09535, 0.897, 1.097, 1.157, 1.208, 1.238, 1.268, 1.298] 

10 [0.7664, 0.8159, 0.8359, 0.8507, 0.8885, 0.8986, 0.9086, 1.383, 
1.4, 1.565] 

11 [0.0776, 0.1491, 0.8582, 1.081, 1.111, 1.155, 1.185, 1.217, 
1.248, 1.28, 1.57] 

12 [0.7885, 0.8064, 0.8919, 0.95, 0.9668, 0.9796, 0.9898, 1.067, 
1.092, 1.103, 1.116, 1.157] 

13 [0.4176, 0.428, 0.9931, 1.061, 1.076, 1.087, 1.097, 1.107, 1.16, 
1.193, 1.464, 1.474, 1.569] 

14 [0.7962, 0.8262, 0.8562, 0.8862, 0.9162, 0.9462, 0.9762, 1.006, 
1.036, 1.066, 1.096, 1.136, 1.501, 1.531] 

15 [0.9333, 0.9443, 0.9696, 0.9916, 1.002, 1.012, 1.022, 1.032, 
1.045, 1.055, 1.065, 1.37, 1.38, 1.459, 1.469] 
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the relevant information of the original optimal problem. 
While solving the new optimal problem, the current iteration 
point is corrected in real time. A series of quadratic 
programming solutions are used to successively approximate 
the optimal solution of the original optimal problem. The 
SQP algorithm has not only a good global convergence 
but also a faster convergence rate than the line convergence 
if the iterative initial values are appropriate. 

[17] uses GA to solve the switching angles of 
CHMPWM directly with the THDi as the fitness function. 
Although the GA is a global optimizing algorithm, its 
population searching strategy is probabilistic, which can 
not guarantee the accuracy of the solution for CHMPWM. 
This paper considers the switching angles solved by GA 
as the iterative initial values of SQP algorithm, through 
which the expected switching angles are achieved. The 
comparison of load current and THDi between the two 
methods are illustrated in Fig. 7. It can be seen that the 
proposed method has better performance of current 
harmonic. 

 
4.3 Selection principle of switching angles 

 
Solutions of the initial values by GA are different from 

each other. Accordingly, each set of the switching angles is 
not the same. Fig. 8 gives four different switching angles 
trajectories when N is 8 and M belongs from 0.56 to 0.61. 

In the Fig. 8(a) and 8(c), the switching angles are very 
close to each other. And the dead time will influence the 
actual load current very much. In the condition of the Fig. 
8(a), 8(b) and 8(c), because of the jumping phenomenon of 
switching angles, it may cause the lack of voltage phase. 
Fig. 9 indicates the M-THDi curves of four switching 
angles. 

It is obviously that the M-THDi curve of angles_4 is 
lower and smoother than other three M-THDi curves. 
Referring to Fig. 8 and Fig. 9, the jumps of the switching 
angles trajectories cause the jumps of the M-THDi curves, 
which is undesirable in the real operating process. So the 
best set of switching angles is angles_4. 

 
4.4 Comparison between SHEPWM and CHMPWM 

 
SHEPWM, the most widely used modulation, has also 

been simulated in this paper. The comparing simulation 
results for SHEPWM and CHMPWM while N=5 and 
M=0.9 are illustrated in Fig. 10. It is quite clear that 
SHEPWM has already eliminated the selected harmonics, 
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Fig. 7. The comparison of load current and THDi between the two methods using fitness function II: (a) GA; (b) GA-SQP 
 

 
 (a)                       (b)                        (c)                       (d)          

Fig. 8. Switching angles trajectories using fitness function I: (a) angles_1; (b) angles_2; (c) angles_3; (d) angles_4 
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but the amplitude of the nearest high order harmonic has 
been enlarged. Unlike SHEPWM, CHMPWM has the 

minimum THDi and each-order current harmonic component 
is very low. As a consequence, CHMPWM has better 
performance of THDi than SHEPWM. 

 
 

5. Simulation Results 
 
Simulation of CHMPWM has been done in MATLAB/ 

Simulink to prove the validity of the theoretical analysis. In 
the simulation, the DC link voltage is 540V and the load is 
symmetrical three-phase inductive load, whose resistance 
value is 12.6Ω and inductance value is 40mH. In addition, 
with M increasing from 0.32 to 1.0, the given voltage 
frequency extends from 16Hz to 50Hz depending on Eq. 
(12). Fig. 11 gives all sets of the switching angles curves 
employing the proposed subsection synchronous modulation. 
This paper has respectively verified the performance of 
three solution methods: GA, GA-SQP and GA-Newton. 
The GA means that the switching angles are directly 
obtained by GA. The GA-SQP and GA-Newton are both 
using GA to get the initial switching angles as shown in 
Table 4. The difference is that one use SQP to get the 
switching angles and the other one use Newton iteration 
method to acquire the switching angles. The total current 
harmonic distortion curves of all these methods are depicted 
in Fig. 12. It can be clearly seen that the GA-SQP has the 
best harmonic performance. 

The THDi-M curve is smooth when N is a constant. 
And yet, while N changes, the jump of THDi-M curve 
occurs. The reason for this phenomenon is that the switching 
angles trajectories of various N are different. When N 
changes, the switching angles trajectory varies as well and 
then the THDi-M curve jumps accordingly. 

Fig. 13 gives the theoretical value of the load current 
amplitude (i_theory) and its real values (i_real) with M 
changing. The i_real is less than the i_theory on account of 
the effect of current harmonics.  

 
Fig. 9. M-THDi curves of the four switching angles 
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Fig. 10. Output current and its frequency spectrum graph:
(a) SHEPWM; (b) CHMPWM 

 
Fig. 11. Switching angles-M curves 
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Fig. 12. THDi-M curve 

 

 
Fig. 13. The theory and real values of the load current 

amplitude 
 
 

6. Experimental Results 
 
This paper has tested the subsection synchronous 

CHMPWM strategy using ANPC-5L inverter topology and 
given some major experimental results. The experimental 
system has adopted the three-phase symmetrical impedance 
load, whose resistance is 5.1Ω and inductance is 10mH. In 
addition, the controller consists of DSP and FPGA.  

Output waveforms of voltage and current in different 
modulation index are depicted in Fig. 14, 15 and 16. The 
experimental results are as same as the simulation results. 
It can be seen that the output current achieves a good 
sinusoidal wave in the case of low switching frequency, 
which indicates that the proposed CHMPWM method has a 
good suppression on current harmonic. The output voltage 
fluctuation is brought by the floating capacitor and neutral 
point potential fluctuations. 

Fig. 17 shows the dc bus capacitor voltage and the 
floating capacitor voltage. It is obviously that the floating 
capacitor voltage can only be influenced by switching 
states V6, V7 or V2, V3 while the output voltage equals to 

Vdc/2 or –Vdc/2 according to Table 1. Based on the 
symmetry of π/2 and 3π/2, this paper equally distributes the 
operating time of V6, V7 and V2, V3 by turns, which 
makes the charging and discharging time of floating 
capacitor identical in a fundamental period. However, this 
control method is influenced by power factor greatly. So, 
adopting a large floating capacitor is necessary to balance 
the capacitor voltage. To further reduce the floating 
capacitor voltage fluctuation and its capacitance value, 
closed-loop control would be helpful. 

 
 

7. Conclusion 
 
This paper has analyzed the CHMPWM for ANPC-5L 

inverter operating at low switching frequency in detail. 
Conclusions are as follows: 

(1) CHMPWM is able to get the minimum THDi, which 
helps to improve the output power and reduce system 
losses. 

t/(20ms/div)

UAO/(50V/div)

UBO/(50V/div)

 
(a) 

 
(b) 

Fig. 14. Output waveforms of voltage and current when 
f =15Hz, M =0.3 using fitness function I: (a) PWM 
voltage (UAO and UBO); (b) line-to-line voltage
(UAB) and load current (iA) 
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iA/(5A/div)
t/(10ms/div)

UAB/(50V/div)

 
(a)                                            (b) 

Fig. 15. Output waveforms of voltage and current when f=25Hz, M=0.5 using fitness function I: (a) PWM voltage (UAO and 
UBO); (b) line-to-line voltage (UAB) and load current (iA) 

 

t/(10ms/div)

UAO/(50V/div)

UBO/(50V/div)

    

t/(10ms/div)iA/(5A/div)

UAB/(50V/div)

 
(a)                                            (b) 

Fig. 16. Output waveforms of voltage and current when f=40Hz, M=0.8 using fitness function II: (a) PWM voltage (UAO
and UBO); (b) line-to-line voltage (UAB) and load current (iA) 

 

    

UCf/(10V/div)

iA/(5A/div) t/(10ms/div)

 
(a)                                            (b) 

Fig. 17. Output waveforms of voltage and current when f=40Hz, M=0.8 using fitness function II: (a) PWM voltage (UAO) 
and capcitor voltage (UC1); (b) load current (iA) and flying capacitor voltage (UCf) 
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(2) CHMPWM has better current harmonic performance 
than SHEPWM. Because CHMPWM decreases the 
amplitudes of the current harmonics instead of eliminating 
them like SHEPWM does. So the amplitude of the nearest 
high-order harmonic won’t be enlarged. Furthermore, the 
total current harmonic distortion of CHMPWM is less than 
SHEPWM. 

(3)  In some specific high-performance closed-loop motor 
control systems, CHMPWM can decrease the harmonic 
content of feedback current significantly and then enhance 
the motor control performance. 

(4) The GA simplifies the solution of initial values. SQP 
algorithm can help get high-precision switching angles. 
Comparing with a method that using GA directly to get the 
switching angles, the GA-SQP approach has much better 
performance of current harmonic. 
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