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ABSTRACT: This paper proposes novel multilevel ac/dc/ac converters with reduced number of semiconductor devices 
to achieve light weight, efficiency, and better input current quality. The proposed three-phase front-end bidirectional 
seven-level (7L) rectifier and rear-end 7L inverter are constructed based on multiple-pole multilevel diode-clamped 
(M2DCC)approach, which consist a total number of 48 diode components clamped. Based on the M2DCC concept, the 
number of switching devices can be further reduced to construct a new unidirectional front-end rectifier (M2SCR). 
Comparative studies are conducted to analyze the performances of the two proposed front-end rectifiers with 
supportive mathematical derivations. Results obtained show that low current harmonic distortions of 5% and high 
power factor of 0.99 are achieved with small input inductors despite low-switching-frequency operation at 1 kHz. This 
seven level multiple pole ac/dc/ac converter  is fed to permanent magnet synchronous motor (PMSM).   
 
KEYWORDS: Seven-Level (7L) multiple-pole converter, reduce number of semiconductor devices, transformer less  
drive, permanent magnet synchronous motor (PMSM).   
 

I.  INTRODUCTION 
 

Multilevel ac/dc/ac converters (which consist of frontend rectifier and rear-end inverter) for medium- to high 
power motor drives are widely employed in many industries. This configuration is favorable for many applications 
such as heat, ventilation, and air conditioning systems; pump/blower/traction drives; and even permanent-magnet 
synchronous generator wind turbine with grid connected. Due to the advantage of decoupling both front-end source and 
rear-end load through a dc link, simple control techniques can be implemented to achieve optimum performance. 

The commonly used three-level (3L) ac/dc/ac drives can be configured based on a front-end unidirectional 
(such as Vienna rectifier) or a bidirectional (3L neutral-point-clamped rectifier) rectifier. Both of these 3L rectifier 
topologies require high switching frequency in order to mitigate the input cur-rent harmonic distortion. However, the 
output power efficiency is adversely affected. Besides that, the high insulation stress (large dv/dt and di/dt) produced is 
harmful for dynamic load applications [2]. 

Higher n-level (such as 5L and above) ac/dc/ac converter topologies offer an alternative solution to address the 
implications of high-switching-frequency operation. These higher n-level converters have the natural ability to achieve 
better efficiency with lower switching and conduction losses while operating at lower switching frequency [1], [3], [4]. 
Moreover, simple voltage balancing algorithms in [5]–[7] for 3L ac/dc/ac converters, as well as power factor correction 
techniques to achieve low input current distortion in [8]–[11], can be preserved for higher level pulse width modulation 
(PWM) converters as well. 

Nevertheless, the realizing dc-link capacitor voltages are the greatest problem for higher n-level (with more 
than 3L output stepped voltage) diode-clamped converters. Thus, it results to poorer input and output performance. 
This unbalanced condition can be solved with the introduction of a multi winding transformer connected to multi pulse 
diode bridge rectifiers or an additional dc/dc balancing circuit in between front-end rectifier and rear-end inverter. 



  
                 

     
               ISSN(Online): 2319-8753 
          ISSN (Print):   2347-6710                                                                                                                             

                                                                                                               

International Journal of Innovative Research in Science, 
Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 8, August 2016 
 

Copyright to IJIRSET                                                                DOI:10.15680/IJIRSET.2016.0508097                                        14815       

 

Among the two solutions, an additional dc/dc voltage balancing circuit (see Fig. 1) proposed by Hatti et al. [12] would 
be more preferable than implementing a bulky and costly multi winding transformer. 

Many classical configurations of high-power transformer less five-level (5L) ac/dc/ac drive have been 
experimented for the motor drive applications in [12]–[15] by the respective authors, but these would still require 
significant amount of active components. However, the future development of multilevel converters involves reducing 
the overall cost and size needed [1], [3]. The 5L ac/dc/ac drives based on the proposed multiple pole multilevel diode-
clamped converter (M2DCC) approach presented in this paper (see Figs. 1 and 3) drastically reduce the number of 
power diodes required. Good overall performance is also achieved while operating at low switching frequency. 

Two proposed combinations of 5L multiple-pole ac/dc/ac drives are the front-end bidirectional (5L-M2DCR, 
see Fig. 1) and unidirectional (5L M2SCR, see Fig. 3) rectifiers connected to the same rear-end (5L-M2DCI, see Fig. 1) 
inverter. To yield a fair analysis, the performances of both the proposed front-end rectifiers with the 5L-M2DCI are 
evaluated with the proposed power factor correction technique.  
 

 
 
 
                           Fig. 1. Basic 5L bidirectional ac/dc/ac drive based on multiple-pole multilevel diode-clamped converter (5L-M 2DCC) approach. 

      
     

 
 Fig. 2. Classical front-end 5L bidirectional rectifier (5L-MDCR).  Fig. 3. Front-end 5L unidirectional rectifier (5L-M 2SCR). 
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II.RELATED WORK 
 

              The concept of  Multi Level Inverters (MLI) do not depend on just two levels of voltage to create an AC signal. 
Instead several voltage levels are added to each other to create a smoother stepped waveform with lower dv/dt and 
lower harmonic distortions. With more voltage levels in the inverter the waveform it creates becomes smoother, but 
with many levels the design becomes more complicated, with more components and a more complicated controller for 
the inverter is needed. 
              However, the elementary concept of a multilevel inverter to achieve high power is to use a series of power 
semiconductor switches with several low voltage DC sources to perform power conversion by synthesizing a staircase 
voltage waveform.The switching algorithms of switches and commutation of them allow the addition of the capacitor 
voltages as temporary DC voltage sources, whereas the semiconductors should withstand limited voltages of capacitors. 
 

III. OPERATING PRINCIPLES OF BASIC 5L AC/DC/AC TOPOLOGIES 
 

This section presents the operating principles of three different 5L ac/dc/ac PWM converters based on the 
classical MDCC and the proposed M2DCC approaches. The derivation of the proposed M2DCR and M2SCR topologies 
are explained here, whereas the proposed M2DCI topology is detailed in [16]. 
   
  A. Classical Bidirectional Front-End 5L-MDCR With Rear-End 5L-MDCI Topologies 

The classical 5L-MDCC ac/dc/ac converter in [4], [12], and [13] is a back-to-back (BTB) configuration based 
on a frontend bidirectional rectifier (see Fig. 2) and a rear-end 5L diode-clamped inverter. A total of 16 insulated-gate 
bipolar transistors (IGBTs) and 12 diodes in each phase leg is required in this topology to synthesize the 5L input and 
output voltage waveforms (see Fig. 3 for the proposed front-end 5L unidirectional rectifier). The 5L voltage stepped 
waveform is obtained with the switching positions based on a single-pole circuit configuration, as shown in Fig. 4. It 
can be observed directly that the phase voltage levels are achieved across the point Va to the neutral point m. 
 
  B. Basic Bidirectional Front-End 5L-M2DCR With Rear-End 5L-M2DCI Topologies 
  The basic 5L-M2DCC ac/dc/ac drive presented in Fig. 1 consists of a front-end bidirectional 5L-M2DCR and a 
rear-end 5L-M2DCI. This BTB topology requires only eight power diodes in each phase leg to achieve the same input 
and output quality as the classical 5L-MDCC. However, when the number of cells in this basic topology increases, a 
total number of 6(n-3) diode components are reduced. Hence, the 5L input and output voltage stepped waveforms are 
achieved with the proposed multiple-pole configuration according to the corresponding switching state listed in Table I. 

 
 

 
Fig. 4. Circuit diagram of per phase leg single-pole classical   Fig. 5. Circuit diagram of per phase leg multiple-pole 5L-M2DCC 
5L-MDCC  topology with switching position.    topology with switching position.   
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The 5L voltage stepped waveform of the M2DCC topology is achieved with the switching positions based on 
the multiple pole hierarchy, as shown in Fig. 5. The basic 5L-M2DCC topology is configured with two classical 3L-
MDCC cells (Outer cell—Cell 2 and Inner cell—Cell 1) in each phase leg, which is constructed based on the multiple-
pole concepts. 

 
Table I 

SWITCHING LOGIC FOR RESPECTIVE IGBT IN 5L-M2DCC TOPOLOGY 

 
The switching logic followed for the 5L-M2SCR is as shown in the table-I. From the above table each switch 

is in on position in order to get a sector voltage defined in the table with low transition losses. The above table shows 0 
and 1 which indicates switch is in off position and switch is in on position 
 
  C. Basic Unidirectional Front-End 5L-M2SCR With Rear-End 5L-M2DCI Topology 

A bidirectional power flow in the front-end rectifier is not required for certain ac/dc/ac drive applications such 
as propulsion, compressor, or any non regenerative braking system. Thus, a proposed transformer less front-end 
unidirectional rectifier is reconstructed in Fig. 3 with the arrangement of the semiconductor devices in the bidirectional 
M2DCR configuration (see Fig. 1). Hence, the unidirectional 5L rectifier in Fig. 3 is named as multiple-pole multilevel 
switch-clamped rectifier (M2SCR) instead. Each phase leg of the proposed unidirectional 5L-M2SCR also requires two 
cells, as shown in Fig. 5, to achieve 5L input voltage stepped waveform. The states selection of the top and bottom 
diodes of a M2SCR is dependent on 1-Sa1 and 1-Sa2 for the outer cell and similarly for the inner cell. Hence, only two 
switching devices are required in each cell, with four series diodes connected to the terminals of the capacitors in the dc 
link. 
  D. General Characteristic of the Classical and Proposed 5L AC/DC/AC Converters 

The front-end rectifier and the rear-end inverter of 5L ac/dc/ac drives are operated independently with same 
level-shifted PWM (LS-PWM). The LS-PWM requires a reference signal and a set of four 1-kHz triangular carriers to 
achieve the desired switching signals for the respective semiconductor switches. The switching function of the LS-
PWM technique for the 5L rectifiers and inverters is expressed as 

Sୟଵ(t) = Tୟଵ(t) = 2mୟ sinωt− 1 
Sୟଶ(t) = Tୟଶ(t) = 2mୟ sinωt								 
Sୟଷ(t) = Tୟଷ(t) = 2mୟ sinωt + 1 

                                                                    Sୟସ(t) = Tୟସ(t) = 2mୟ sinωt + 2                             (1)                                         
 
     where ma is the ratio of two times the fundamental component of pole voltage to the dc-link voltage. Under the 
condition of steady state and balanced dc-link voltage, the general incremental output pole voltage equation is 
expressed as 
    V௫୫(t) = ୚ౚౙ(୲)

୬ିଵ
ቀ∑ T௫୧ −

୬ିଵ
ଶ

୬ିଵ
୧ୀଵ ቁ                                     (2) 
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Where, ‘x’ represents phase “a”, “b” and “c;” and n is the number of voltage level. T୶୧		is the switching states 
of each switching device depicted in the inverter side. The voltage transfer ratios of the converters system between the 
dc bus voltage to the input and output voltage are defined as follows: 

M௫,୰ୣୡ୲୧ϐ୧ୣ୰(t) = ୚ౚౙ(୲)
୚౮ైషై(୲)

,											M௫,୰ୣୡ୲୧ϐ୧ୣ୰(t) > 1	                     (3) 

M௫,୧୬୴ୣ୰୲ୣ୰(t) = ଶ୚ೣౣ(୲)
୚ౚౙ(୲)

,											M௫,୧୬୴ୣ୰୲ୣ୰(t) ≤ 1                     (4) 
          Where V୶୐ି୐(t) is the line-to-line grid voltage, and	V௫୫(t)  is the output pole voltage referred to the inverter side. 
In general, high modulation index (M௫,୰ୣୡ୲୧ϐ୧ୣ୰(t) > 1) of the front-end rectifier is required to mitigate the input current 
distortion and achieve good voltage tracking due to its boosting effect in nature. Meanwhile, the rear-end inverter must 
be operated at the linear region (M௫,୧୬୴ୣ୰୲ୣ୰(t) ≤ 1) to prevent any high-order harmonic components incurred in the 
load. Thus, low switching frequency can be used for a 5L rectifier to achieve better power conversion efficiency and 
the ripple current is expressed in the following equation based on the previous ones, namely, equations (2),(3) and (4) 
 

∆I୐௫(t) ≈ ௞
௅ೣ௙ೞ

൜ଷ௏ೣ,ైషై(୲)ିଷඥଷ௏ౣ ౤(୲)

ଷ√ଷ
− ୑ೣ,౨౛ౙ౪౟ϐ౟౛౨(୲)௏ೣ,ైషై(୲)

୬ିଵ
ቀ∑ S௫௜,ௗ୬ିଵ

୧ୀଵ − ୬ିଵ
ଶ
ቁൠ                      (5) 

݇ is the duty ratio of switching transition (see Fig 6), and this is expressed  as 
 

   ൝
0 ≤ [݇ = 2 sin߱ݐ] ≤ 1,											0 ≤ ݐ߱ ≤ గ

଺
										

0 ≤ ൣ݇ = 2 (sin߱ݐ − 1
2ൗ )൧ ≤ 1,									 గ

଺
≤ ݐ߱ ≤ గ

ଶ

                      (6)  

The critical input inductance value for front-end 5L-MଶDCR can be estimated with the duty cycle and the 
switching states with respect to the sectors shown in figure 4.6. According to equation (5), the maximum peak value of 
the input ripple current is determined at ߱30 = ݐ◦. Thus, the critical inductance value is estimated as follows 

 
   				L௫,୫ୟ୶ ≈

ସ(଴.ହ୚ೣ೙ି୚೘೙)ି୚ౚౙ
ସ∆୍ైೣ௙ೞ

                                     (7)                               
Where, V௫௡  is the peak value of the grid phase voltage. The minimum capacitance value in the dc link can be 

estimated in equation (8) with the change of ampere-second (∆ܣ௖௔௣ܿ݁ݏ) and the switching state ௔ܶଵ of the rear-end side. 
The expression of ∆ܣ௖௔௣ܿ݁ݏ is obtained by subtracting the peak value of the grid phase current with the average input 
current of the converter. Assume that all the dc-link capacitors are equal to C. Then 

 
ܥ    ≈ ସ∆஺೎ೌ೛௦௘௖

∆௏೎ೌ೛
=

ସ்ೌ భ(ூೌ ିூ೔೙ೡ(ೌೡ೒))

ఌ௏೏೎ிೞ
                      (8)                                                                

where ߝ is the percentage value of the permissible ripple voltage content, and ܫ௜௡௩(௔௩௚) 	is the average input current 
value of the rear-end 5L inverter. 
 
IV.   HIGH-POWER-FACTOR OPERATION OF THREE-PHASE 5L M2DCR AND M2SCR RECTIFIERS 
 

A. Semiconductors Voltage and Current Stresses 
Voltage and current stresses are the dominant factors considered in the converter design, so that the converter 

can achieve optimum performance with higher reliability. Proper selection of device rating for the proposed front-end 
rectifiers is determined based on the global stress analysis. The voltage and current stress expressions for the respective 
front-end rectifiers are derived with the switching function in equations (1) and based on the following factors: 1) high-
power-factor operation; 2) current and voltage ripple free; 3) constant switching frequency; 4) balanced dc-link 
capacitors voltage; and 5) zero voltage dropped across boost inductors (L୶). 

The maximum voltages across the power devices of unidirectional 5L-M2SCR and bidirectional 5L-M2DCR 
are respectively expressed in the following: 
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⎩
⎪
⎨

⎪
⎧ ஽ܸ௔ଵ = ଷ௏೏೎

ସ

஽ܸ௔ସ = ௌܸ௔ଵ = ଷ௏೏೎
଼

஽ܸ௔ଶ = ஽ܸ௔ଷ = ௌܸ௔ଶ = ௏೏೎
ସ

                                                                       (9) 

  																		

⎩
⎪
⎨

⎪
⎧ ௌܸ௔ଵ = ଷ௏೏೎

ସ

ௌܸ௔ସ = ௏೏೎
ଶ

ௌܸ௔ଶ = ௌܸ௔ଷ = ஽ܸ௔ଵ = ஽ܸ௔ଶ = ௏೏೎
ସ

                                          (10)                                              

     Since the maximum voltage stress expressions (9) and (10) are for the power devices in the upper phase leg, the 
respective complimentary power devices in the lower phase leg are also determined using the same expressions. 
      The average current stress is analyzed over one period of the fundamental frequency based on the assumed five 
factors (1)–(5). For simplification, the average current stress is approximated as follows based on respective switching   
functions in equations (1). 
																																											Iୗୟ〈୓୳୲ୣ୰	େୣ୪୪〉(t) = Iୈୟ〈୓୳୲ୣ୰	େୣ୪୪〉(t) 

																																																																									=
1

ߨ2
න ௔ܫ
ଶగ

଴
sin(߱ݐ)ܵ௔〈୓୳୲ୣ୰	େୣ୪୪〉݀߱ݐ 

																																												Iୗୟ〈୍୬୬ୣ୰	େୣ୪୪〉(t) = Iୈୟ〈୍୬୬ୣ୰	େୣ୪୪〉(t) 
                                                  = ଵ

ଶగ
∫ ௔ܫ
ଶగ
଴ sin(߱ݐ) ∗ ቂ2 −

ସ௏ೌ೘(భ)

௏೏೎
sin߱ݐቃ ܵ௔〈୍୬୬ୣ୰	େୣ୪୪〉݀߱(11)             ݐ 

     It is proved that, during the negative cycle of the conduction period, the reverse current through the semiconductor 
switches in the bidirectional 5L-M2DCR will be cancelled out from the current stress during the positive cycle period. 
Unlike the case for the unidirectional 5L-M2SCR, the current only flows through the diodes during the positive cycle 
conduction period. Hence, the final net average current stress of the 5L-M2DCR is found much lower compared with 
that of the 5L-M2SCR. 
    B. Unbalanced DC-Link Capacitor Voltages 

The unbalanced dc-link capacitor voltages may disrupt the smooth operating system and affect the global 
reliability if the power converter is not adequately designed. This disastrous condition will damage the converter by 
overstressing the limited blocking voltage capability of the semiconductor devices. Although this undesirable condition 
can be typically resolved by disabling the rectifier/inverter operation when any fault condition occurs, the overall 
efficiency of the system may be greatly affected. The alternative solution to overcome this issue is to ensure that the 
power device ratings are properly selected during the design according to the worst case scenarios. the maximum 
voltage stress across the semiconductor switches in the proposed 5L rectifiers under unbalanced condition is Vdc , 
unlike in the classical 5L rectifiers, which will be experiencing 2Vdc (twice the dc-link voltage). As a result, it is 
essential to have series-connected switches for the classical 5L rectifiers, but these additional switching devices can be 
avoided for the proposed 5L topologies. 

 
    C. SRF Current Control Scheme 

The Basic control algorithm with power factor correction technique is shown in figure 6. Two control loops, 
i.e., synchronous-reference-frame (SRF) current control and constant switching frequency modulation, are 
implemented to regulate the dc-link voltage and mitigate the current distortions. Due to the simplicity of the control 
strategy, low-cost integrated control circuit can be designed. The balancing control for the dc–dc balancing circuit is 
presented in [5] and [6]. 



  
                 

     
               ISSN(Online): 2319-8753 
          ISSN (Print):   2347-6710                                                                                                                             

                                                                                                               

International Journal of Innovative Research in Science, 
Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 5, Issue 8, August 2016 
 

Copyright to IJIRSET                                                                DOI:10.15680/IJIRSET.2016.0508097                                        14820       

 

 
Fig. 6. Basic front-end rectifier controller for the 5L ac/dc/ac converter 

 
The unity power factor controller for the front-end 5L rectifiers (MଶDCR or MଶSCR) designed in figure 6 is 

based on the SRF current control with the LS-PWM technique. The detailed analyses of the outer-loop dc-link voltage 
control and the inner-loop current control are both presented in [23]. SRF controller provides a good dynamic response 
to achieve high quality input sinusoidal current with constant unity power factor performance. 
 The open-loop transfer function of the dc-link voltage control under steady-state condition is written as 
follows to achieve a stable control system: 

(ܵ)ܮ																																																							 = ௄೛ೄା௄಺
ௌ

. ୐ೣூౚ
େ౛౧୚ౚౙ

.
ቆ
√య౒౦
ైೣ಺ౚ

ቇିୗ

ୗା൬
಺ౚౙ

ి౛౧౒ౚౙ
൰
                           (12) 

Id is the peak value of the reference current, which is obtained from the summation of Idc (output of dc voltage 
control) and feed forward current (output of Kf ). The feed forward current control loop under steady-state condition is 
derived based on the power balanced principle, which is expressed in the following 

  
௙ܭ      = ௏೏೎

√ଷ௏೛
                                           (13) 

 
V. PROPOSED SEVEN LEVEL MULTIPLE POLE PWM AC-AC CONVERTER FED TO PMSM 

 
A. Permanent Magnet Synchronous Machine 

The permanent-magnet synchronous machine (PMSM) drive has emerged as a top competitor for a full range 
of motion control applications. For example, the PMSM is widely used in machine tools, robotics, actuators, and is 
being considered in high-power applications such as vehicular propulsion and industrial drives. It is also becoming 
viable for commercial/residential applications. The PMSM is known for having high efficiency, low torque ripple, 
superior dynamic performance, and high power density. These drives often are the best choice for high-performance 
applications and are expected to see expanded use as manufacturing costs decrease. 

The PMSM is sometimes referred to as a permanent-magnet AC (PMAC) machine or simply as a PM machine. 
In some instances it is referred to as a brushless DC (BDC) machine because by appropriate control it can be made to 
have input/output characteristics much like a separately excited brush-type DC machine.  
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The use of permanent magnets in the rotor facilitates efficiency, eliminates the need for slip rings, and 
eliminates the electrical rotor dynamics that complicate control (particularly vector control). The permanent magnets 
have the drawback of adding significant capital cost to the drive, although the long term cost can be less through 
improved efficiency. The PMSM also has the drawback of requiring rotor position feedback by either direct means or 
by a suitable estimation system. 

A permanent magnet synchronous motor (PMSM) is a motor that uses permanent magnets to produce the air 
gap magnetic field rather than using electromagnets. These motors have significant advantages, attracting the interest of 
researchers and industry for use in many applications. 

Basically, a PMSM machine can be looked at as a transformer with a moving secondary, where the coupling 
coefficients between the stator and rotor phases change continuously with the change of the rotor position. As presented 
above, the machine model can be described by differential equations with time-varying inductances which are functions 
of the rotor position. However, such a model tends to be very complex because of the time varying inductance 
coefficients and associated inductance matrix. 

In the 1920s, R. H. Park presented a new theory for such ac electric machine analysis to eliminate the 
difficulty with the time-varying parameters/inductances, which is usually called the d-q Park’s transformation, or the 
two-reaction theory. Through this method, the variables in the three-phase stationary reference frame will be 
transformed to constants in the synchronously rotating reference frame, which is also called d-q reference frame.The 
voltage transformation can be written as follows: 

቎
ௗܸ

௤ܸ

଴ܸ

቏ = ଶ
ଷ
൦
cos߆ cos(ଶగ

ଷ
(߆− cos(ଶగ

ଷ
+ (߆

sin߆ sin(ଶగ
ଷ
(߆− sin(ଶగ

ଷ
+ (߆

0.5 0.5 0.5

൪      (14) 

 

ௗܸ = ܴ௦݅ௗ + ௗఒ೏
ௗ௧

− ௘߱ߣ௤           (15) 

௤ܸ = ܴ௦݅௤ + ௗఒ೜
ௗ௧

+ ௘߱ߣௗ           (16) 
ௗߣ = ௗ݅ௗܮ +  ௣௠            (17)ߣ
௤ߣ =  ௤݅௤            (18)ܮ

Where, ܮd is the d-axis inductance, ܮq is the q-axis inductance, and ߣpm is the amplitude of flux linkage due to 
the permanent magnet. According to a dynamic equivalent circuit of a PMSM in the d-q frame can be drawn as shown 
in figure 7. 

 
Fig. 7.  Equivalent circuit of a PMSM. 

 
In the d-q frame, the input power of a PMSM can be written as: 
 
																																												 ௜ܲ௡ = ଷ

ଶ
൫ ௗܸ݅ௗ + ௤ܸ݅௤൯																														                                                                 (19) 

Assuming the motor losses are negligible, then the input power equals the output power, ܲout of the motor, 
which can be represented as follows 

 
																																															 ௢ܲ௨௧ = ଷ

ଶ ௘߱(ߣ௣௠݅௤ + ௗܮ) −  ௤)݅ௗ݅௤)                                                   (20)ܮ
Since the output power is a product of the motor mechanical speed time the developed/output torque, the 

output torque can be obtained as: 
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																																								 ௘ܶ = ௉೚ೠ೟
ఠ೘

= ௣
ଶ
ଷ
ଶ

௣௠݅௤ߣ) + ௗܮ) −  ௤)݅ௗ݅௤)                                       (21)ܮ
 

B. Seven Level Multiple Pole PWM AC-AC Converter 
     In this paper the work is extended to seven level multiple pole PWM AC-AC converter. For obtaining seven levels 
output at the inverter side two more switches and two more diodes are added in each pole for every phase at both 
rectifier side and inverter side of five level multiple pole PWM AC-AC converter. 
     The controlling circuit for five level multiple pole PWM AC-AC converter is extended to control triggering pulses 
for seven level multiple pole PWM AC-AC converter.  

 
   Fig. 8. Seven Level Multiple Pole Diode Clamped Inverter 

 
In seven level multiple pole diode clamped converter 12 IGBT switches and 8 clamping diodes are used. In 

overall 72 IGBT switches and 48 clamping diodes utilised. But in classical method 60 clamping diodes are required. So 
12 diodes are saved. 
      

C .Control Theory 
The front-end rectifier and the rear-end inverter of seven level of 7L ac/dc/ac converter are operated 

independently with same Level- shifted PWM (LS-PWM). The LS-PWM requires a reference signal and a set of six 1-
kHz triangular carriers to achieve desired switching signals for the respective semiconductor switches. 

Under the condition of steady state and balanced dc-link voltage, the general incremental output pole voltage 
equation is expressed as  
                                                                       V௫୫(t) = ୚ౚౙ(୲)

୬ିଵ
ቀ∑ T௫୧ −

୬ିଵ
ଶ

୬ିଵ
୧ୀଵ ቁ																																(22) 

Where, ‘x’ represents phase “a,” “b,” and “c;” and n is the number of voltage level. T୶୧	is the switching states 
of each switching device depicted in the inverter side. High modulation index (M௫,୰ୣୡ୲୧ϐ୧ୣ୰(t) > 1) of the front-end 
rectifier is required to mitigate the input current distortion and achieve good voltage tracking due to its boosting effect 
in nature.  

Meanwhile, the rear-end inverter must be operated at the linear region (M௫,୧୬୴ୣ୰୲ୣ୰(t) ≤ 1) to prevent any 
high-order harmonic components incurred in the load There are two control loops in this to regulate the dc-link voltage 
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and mitigate the current distortions. They are synchronous reference frame (SRF) current control and constant 
switching frequency modulation. 

The PI controller which is used as DC voltage control is to estimate peak value of reference current and to 
regulate the dc-link capacitor voltage. SRF controller provides a good dynamic response to achieve high quality input 
sinusoidal current with constant unity power factor performance. 

 
VI. SIMULATION RESULTS 
 

The operation of the proposed bidirectional 7L-M2DCR has been evaluated with the power factor control 
under various load conditions. Figs. 9 and 10 show the unity power factor operation under two different types of 
loading effect. However, the proposed unidirectional 7L-M2SCR topology can only achieve unity power factor without 
any reversal power capability with same performance obtained in Fig. 9.  

 
Fig. 9. Simulation result for rectifying mode 
 

The reversal power capability with the current shaping in Fig. 10 is achieved by connecting a dc source (i.e., 
fuel cell and solar) across the dc link, in order to validate the bidirectional power flow of the proposed 7L-M2DCR. 
Since the power factor of the 7L-M2DCR topology can be controlled to achieve leading/lagging performance, as shown 
in Figs. 11 and 12, hence it is known as a four-quadrant multilevel rectifier. With such inherent performances, it is 
concluded that the 7L-M2DCR can be applicable for reactive power compensator applications with power factor control 
capability, The speed and torque wave forms of  PMSM are shown in Figs.13,14,15 and 16.  

 

 
Fig. 10. Simulation result for inverting mode 
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Fig. 11. Simulation result for capacitive load 
 

 
Fig. 12. Simulation result for inductive load 

 
Fig. 13. Speed waveform of PMSM for rectifying mode 
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Fig. 14. Speed waveform of PMSM for inverting mode 

 
Fig. 15. Torque waveform of PMSM for rectifying mode 

 
Fig. 16. Torque waveform of PMSM for inverting mode 

 
VII. CONCLUSION 

 
A new generation of front-end bidirectional 7L-M2DCR topologies has been introduced in this paper to reduce 

the number of semiconductor devices compared with the conventional converters. Excellent performance and low input 
current distortion with high power factor is achieved with low operational switching frequency of 1 kHz without the aid 
of any bulky LC passive filter. In addition to that, the reduction of component counts allows the proposed converters to 
achieve low voltage/current stress and low switching losses. This is at the small cost of having an additional voltage 
balancing circuitry in the dc link to balance the capacitor voltages. Thus, alternative dc-link balancing strategies such as 
modulation schemes or control algorithms can be implemented to replace the additional balancing circuit. These will 
provide a more cost-effective and energy-efficient solution for a higher level ac/dc/ac drive and can particularly be 
suitable for renewable energy conversion where high efficiency is paramount. 
 Permanent Magnet Synchronous Motor is connected at output side of inverter in seven level multiple pole 
PWM AC-AC diode clamped converter. The speed and torque variations are observed. PMSM rotates with 
synchronous speed in both inverting and rectifying modes. But the PMSM acts as motor in inverting mode and acts as 
generator in rectifying mode. 
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