
CHAPTER 8 
 

THREE-PHASE TWO-LEG THREE-LEVEL NEUTRAL POINT 

CLAMPED RECTIFIER 

 
8.1 Introduction 

 
 
 
 Three-level neutral point clamped converters were proposed in [4-6] to 

draw the sinusoidal line currents in phase with the supply voltage. The input power factor 

is close to unity. However, 12 power switches and six clamping diodes are used in the 

circuit configuration. Low cost ac drives with four power switches were proposed [73-76] 

to achieve power factor correction and to perform two-level PWM operation. However 

this topology is not suitable for medium voltage applications. Hence a topology with less 

number of devices is being proposed. The proposed converter with less number of 

devices can be used in the high power or medium voltage applications such as shunt 

active filters, series active filters [69], hybrid active power filter, ac voltage regulator, and 

ac motor drives. The PWM switching schemes play the most important role in voltage 

source inverters or converters for high performance ac motor drives and reactive power 

compensation systems.   

Objective of the Control Scheme: 

• To obtain a constant DC bus voltage. 

• To balance the capacitor voltages. 

• To draw sinusoidal currents with unity power factor. 

• Bidirectional power flow. 
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8.2 Circuit Configuration 
 
 
 
 The schematic of the adopted three-level two-leg rectifier is shown in 

Figure 8.1. The phase “c” on the input side is directly connected to the midpoint of the 

split capacitors. There are four power switches for each phase with a voltage rating of  

Vdc / 2 and four clamping diodes to clamp the dc-voltage with a voltage rating of Vdc / 2. 

The converter consists of a boost inductor Ls on the ac side to filter out the input 

harmonic current and achieve sinusoidal current waveforms. Rs is the series equivalent 

resistor. The dc side of the rectifier consists of a split capacitor C1 and C2. The two 

capacitors have the same capacitance i.e., C1 = C2 = C. A load resistor RL is connected 

across the split capacitor. The input side of the rectifier consists of a three-phase balanced 

voltage sources. The input phase currents are represented using i  and the node 

currents are represented by .     

cba ii ,,

123 ,, III

Table 8.1: Description of the circuit components.           . 

Component Description 

Rs Input side series resistance 

Ls Input side boost inductor 

C1, C2 Dc split capacitors 

RL Load resistance 

va, vb, vc Three-phase ac supply 

ia, ib, ic Three-phase input currents 

I3, I2, I1 Output node currents 
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Figure 8.1: Schematic of Three-phase three-level two-leg rectifier. 

 
 

8.3 Modes of Operations of Two-Leg Three-Level Rectifier 
 
  
 In the case of the two-leg three-phase rectifier there are a total of nine 

possible states, which are tabulated in Table 8.2. As seen from Table 8.1 it is clear that 

there three valid states for each leg. 
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Table 8.2 Possible modes of operation of two-leg three-level rectifier 

Mode of Operation Phase – A Phase – B 

1 2 - [ ]3aH  2- [ ]3bH  

2 2- [ ]3aH  1- [ ]1bH  

3 2- [ ]3aH  0- [ ]0bH  

4 1- [ ]1aH  2- [ ]2bH  

5 1- [ ]1aH  1- [ ]1bH  

6 1- [ ]1aH  0- [ ]0bH  

7 0- [ ]0aH  2- [ ]2bH  

8 0- [ ]0aH  1- [ ]1bH  

9 0- [ ]0aH  0- [ ]0bH  

 

Mode 1: 

 In this mode of operation the top two switches in both the legs are turned 

on; i.e.,  of phase-A and of phase-B and current i  and  are 

decreased because 

apap SS 21 , bpbp SS 21 , a bi

cabcab
dc vvv
V

,,
2

>

cI

. From Figure 8.2 the node current  charges the 

upper capacitor. The current is increased because of the condition 

3I

0=++ ca ii bi . The 

output line-line voltages in this mode are 0,
2

,
2

== ab
dc

bc
dc v

V
v=ac

V
v . 

The capacitor equation in this mode will be  

 bbaadcc iHiHIpVC 3311 ++−= .        (8.1) 
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Figure 8.2: Mode 1 operation of three-phase three-level two-leg rectifier. 

 

Mode 2: 
 
 
 In mode 2 of operation the top two switches in leg A and the middle two 

devices of leg B are turned on, i.e.,  of phase-A and of phase-B to 

decrease the inverter current i . From Figure 8.3 the node current charges the upper 

capacitor. The current is increased because of the condition 

apap SS 21 , bnbp SS 12 ,

3I

0=+

a

ci + cb iiai . 

The capacitor equation in this mode will be  

 aadcc iHIpVC 311 +−= .          (8.2) 
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Figure 8.3: Mode 2 operation of three-phase three-level two-leg rectifier. 

 

Mode 3: 

 

 The top two switches in the leg A and bottom two switches in the leg B 

are turned on in this mode; i.e.,  of phase-A and of phase-B to decrease 

the inverter current  and to increase current i . From Figure 8.4 the node currents 

charge the upper and lower capacitor.  

apap SS 21 , bnbn SS 12 ,

ai b

                       The capacitor equation in this mode will be  

 aadcc iHIpVC 311 +−=           (8.3) 

 [ badcc iHIpVC 122 ]+−= .          (8.4) 
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Figure 8.4: Mode 3 operation of three-phase three-level two-leg rectifier. 

 

Mode 4: 

 In mode 4 operation the top two switches in leg B and the middle two 

devices of leg A are turned on; i.e.,  of phase-A and of phase-B. The 

line current i  increases or decreases depending on the sign of the line –line voltage V  

whether it is positive or negative, respectively. The line current i  also decreases and 

charges the capacitor C

anan SS 21 , bpbp SS 12 ,

b

3I

a ac

1. From Figure 8.5, the node current  charges the upper 

capacitor. The capacitor equation in this mode will be  

 bbdcc iHIpVC 311 +−= .          (8.5) 

 

 244



av

bv

cv

sR

sR

sR

sL

sL

sL

apS2

bpS1

bpS2

apS1

ai

bi

ci

1cV1C

3I

2I

aD1

aD2

 

Figure 8.5: Mode 4 operation of three-phase three-level two-leg rectifier. 

 

Mode 5: 

 

 In the operation of this mode, two middle switches in leg A and B are 

turned on; i.e.,  of phase-A and of phase-B. This mode of operation is 

called as null mode. From Figure 8.6 it is clear that the power devices are not connected 

to the capacitors and hence neither of the capacitors gets charged.  The line current i  

increases or decreases depending on the sign of the line –line voltage  whether it is 

positive or negative, respectively.  

apan SS 21 , bnbp SS 12 ,

a

acv
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Figure 8.6: Mode 5 operation of three-phase three-level two-leg rectifier. 

 

Mode 6: 

 

 In this mode of operation the top two switches in leg A and the middle two 

devices of leg B are turned on; i.e.,  of phase-A and of phase-B. The 

line current i  increases or decreases depending on the sign of the line –line voltage of 

 whether it is positive or negative, respectively. The line current i increases and 

charges the capacitor C

apap SS 21 , bnbp SS 12 ,

a

acv

1I

b

2. From Figure 8.7 the node current charges the lower capacitor 

. The capacitor equation in this mode will be  

 [ bbdcc iHIpVC 122 ]+−= .          (8.6) 
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Figure 8.7: Mode 6 operation of three-phase three-level two-leg rectifier. 

 

Mode 7: 

 

 In mode 7 the top two switches in leg B and the middle two devices of leg 

A are turned on; i.e.,  of phase-A and of phase-B to increase the line 

current . From Figure 8.8 the line current  decreases and charges both the capacitor 

C

anan SS 21 , bpbp SS 12 ,

ai bi

1 and C2. The capacitor equation in this mode will be  

 

 bbdcc iHIpVC 311 +−=           (8.8) 

 [ aadcc iHIpVC 122 ]+−= .          (8.9) 
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Figure 8.8: Mode 7 operation of three-phase three-level two-leg rectifier. 

 

Mode 8: 

 

 In mode 8 of operation the top two switches in leg B and the bottom two 

devices of leg A are turned on; i.e.,  of phase-A and of phase-B to 

increase the line current i . Only capacitor C

anan SS 21 , bnbp SS 12 ,

a 2 is charged. The capacitor equation in this 

mode will be  

  [ ]aadcc iHI 122 pVC +−= .         (8.10) 
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Figure 8.9: Mode 8 operation of three-phase three-level two-leg rectifier. 

 

Mode 9: 

 

 In the operation of mode 9 the bottom two switches in leg A and B are 

turned on; i.e.,  of phase-A and of phase-B to increase the line current 

 and . Only the bottom capacitor C

anan SS 21 , bnbn SS 12 ,

ai bi 2 is charged. The capacitor equation in this mode 

will be  

 

 [ bbaadcc iHiHIpVC 1122 ]++−= .        (8.11) 
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Figure 8.10: Mode 9 operation of three-phase three-level two-leg rectifier. 

 

8.4 Mathematical Model of the Circuit 
 
 

            Applying the Kirchoff’s Voltage Law for the input side, we can write the supply 

voltage as the sum of the voltage drop across the input side impedance and   

aoassaa vpiLRiv ++=                         (8.12) 

bobssbb vpiLRiv ++=                  (8.13) 

cocsscc vpiLRiv ++= .           (8.14) 

The node voltage V  appears at point ‘a’ when the upper two switching combination 

occurs, i.e., when are on. Hence the effective voltage that appears at point ‘a’ in 

a cycle is . Similarly the other two node voltages appear when the other switching 

combination occurs, i.e.,  and . Hence the voltage is given by the sum of the 

three effective voltages 

30

S2, apapS1

H

303VHa

2a 1aH aov
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101202303 VHVHVHv aaaao ++=          (8.15) 

101202303 VHVHVHv bbbbo ++=                    (8.16) 

20Vvco = .              (8.17) 

From the switching constraints, in order to avoid the shorting of a leg, the following 

conditions have to be followed. 

1123 =++ aaa HHH             (8.18) 

1123 =++ bbb HHH             (8.19) 

Consider phase A. 

   1123 =++ aaa HHH  

   132 1 aaa HHH −−=⇒  

By substituting the above in output voltage Eq. (8.15)  

( )

( ) ( )

.

1

202113

202010120303

1012013303

VVHVH

VVVHVVH

VHVHHVHv

caca

aa

aaaaao

+−=

+−+−=

+−−+=

 

20V is the voltage between the neutral of the supply to the common point of the 

two capacitors. 

Similarly for the other two phases and  

202113 VVHVHv cacaao +−=           (8.20) 

202113 VVHVHv cbcbbo +−=           (8.21) 

20Vvco = .              (8.22) 

By substituting the expression in Eqs. (8.20-8.22) into Eqs. (8.12-8.14)  
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202113 VVHVHpiLRiv cacaassaa +−++=        (8.23) 

202113 VVHVHpiLRiv cbcbbssbb +−++=        (8.24) 

20VpiLRiv csscc ++= .           (8.25) 

Under balanced condition, from the above  

  ( ) ([ 11233120 3
1

bacbac HHVHHV +++−= )]V .       (8.26) 

As explained in Chapter 4, the switching function of the devices is  

3
11

2 0
3 








+=

d

a
a V

v
H  , 

3
1

2 =aH , 
3
11

2 0
1 








+−=

d

a
a V

v
H .    (8.27) 

The switching pulses can be represented as sum of dc component and cosine or sine 

varying term as 

( )
3
1133 += aa MH .            (8.28) 

  where Ma3 is called the modulation signal. 

By equating the switching functions and Eq. (8.28), 

  ( )
3
11

3
11

2 0 +=







+ a

d

a M
V
v

 . 

Hence the modulation signal for the top devices is 

d

a
a V

v
M 0

3
2

= .              (8.29) 

Similarly for the other devices, the modulation signal is obtained as 

02 =aM  and 
d

a
a V

v
M 0

1
2

−= .          (8.30) 

From Eqs. (8.29) and (8.30) 
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              (8.31) aaa HMM =−= 13

where  Ha is the modulation signal.   

Substituting the above conditions in Eqs. (8.23 – 8.25) 

( ) 2021 VVVHpiLRiv ccaassaa ++++=         (8.32) 

( ) 2021 VVVHpiLRiv ccbbssbb ++++=         (8.33) 

20VpiLRiv csscc ++= .           (8.34) 

The node currents are given by 

bbaa iHiHI 333 +=             (8.35) 

ccbbaa iHiHiHI 2222 ++=           (8.36) 

bbaa iHiHI 111 += .            (8.37) 

Applying Kirchoff’s Current Law (KCL) at node 3, i.e., the current flowing through 

capacitor C  is equal to the difference of the node current and the load current  and 

the current flowing through the capacitor C is given by the KCL equation at node 1. 

1 3I dcI

2

bbaadcc iHiHICpV 331 ++−=           (8.38) 

[ ]bbaadcc iHiHICpV 112 ++−=                      (8.39) 

Substituting the condition in Eq. (8.31) in Eq. (8.33) and (8.34), gives 

bbaadcc iHiHICpV ++−=1           (8.40) 

[ bbaadcc iHiHICpV ]−−−=2 .                (8.41) 
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8.5 qdo Modeling of the Converter 
 
 
 
  Writing Eqs. (8.23-8.25) in the matrix form  

2021

1

13

3

0000
00
00

00
00
00

VVH
H

VH
H

pi
pi
pi

L
L

L

i
i
i

R
R

R

v
v
v

cb

a

cb

a

c

b

a

s

s

s

c

b

a

s

s

s

c

b

a

+















−
















+
































+
































=
















. 

Transforming the above equation to synchronous reference frame using the 

transformation matrix )(θT , where  

3
2

2
1

2
1

2
1

)sin()sin()sin(
)cos()cos()cos(

3
2)( πββθβθθ

βθβθθ
θ =



















+−
+−

=T  

0θωθ += ∫ dte ; 0θ - Initial reference angle. 

qd equations are obtained as 

1231 qcqc
e
dse

e
qs

e
qs

e
q HVHVILpILIRV −+++= ω       (8.42) 

1231 dcdc
e
qse

e
ds

e
ds

e
d HVHVILpILIRV −+−+= ω       (8.43) 

012031000 HVHVpILIRV cc
e

s
e

s
e −++=          (8.44) 

[ ee
dd

e
qqdcc IHIHIHIpVC 0033311 2

3
+++−= ]       (8.45) 

[ 



 +++−= ee

dd
e
qqdcc IHIHIHIpVC 0011122 2

3 ]        (8.46) 

where   

[ ])cos()cos(
3
2

333 βθθ −+= baq HHH  

[ ])sin()sin(
3
2

333 βθθ −+= bad HHH  
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[ ]3303 3
1

ba HHH += . 

Similarly, 

[ ])cos()cos()cos(
3
2

1111 βθβθθ ++−+= cbaq HHHH  

[ ])sin()sin()sin(
3
2

1111 βθβθθ ++−+= cbad HHHH  

[ ]1101 3
1

ba HHH += . 

Assuming 

   qq HH α=3 ; dd HH α=3  

  H qq Hβ−=1 ; dd HH β−=1 . 

By substituting the above expressions in Eqs. (8.42 - 8.46)  

 ( ) qcc
e
dse

e
qs

e
qs

e
q HVVILpILIRV 21 βαω ++++=      (8.47) 

 ( ) dcc
e
qse

e
ds

e
ds

e
d HVVILpILIRV 21 βαω ++−+=      (8.48) 

 
( )[ ]e

dd
e
qqdcc IHIHIpVC ++−= α

2
3

11
        (8.49) 

 
( )[ ]



 +−−= e

dd
e
qqdcc IHIHIpVC β

2
3

22
 .       (8.50) 

From Eqs. (8.49) and (8.50) it can be found that α = β. 

Hence substituting the above condition in Eqs. (8.42-8.45)  

 ( ) qdc
e
dse

e
qs

e
qs

e
q HVILpILIRV +++= ω         (8.51) 

 ( ) ddc
e
qse

e
ds

e
ds

e
d HVILpILIRV +−+= ω        (8.52) 
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( )[ ]e

dd
e
qqdcc IHIHIpVC ++−=

2
3

11
         (8.53) 

 
( )[ ]



 +−−= e

dd
e
qqdcc IHIHIpVC

2
3

22
.        (8.54) 

 
 

8.6 Open-loop Simulation of the Rectifier 
 
 
 
  In the open loop simulation, the modulation signals are assumed such that the 

unity power factor condition is achieved. 

 

8.6.1 Circuit Parameters 
 
 
Input line resistance Ω= 2.0sR  

Input line inductance  mHLs 10=

Input Supply Voltage ( )tva ωcos80=  

     ( )0120cos80 −= tvb ω  

     ( )0120cos80 += tvc ω  

Output dc-capacitance FCC µ220021 ==  

Load resistance  Ω= 75LR

  In the simulation, the modulation signals, which are calculated using the 

assumed voltages and currents, are compared with the two triangles to obtain the 

switching function. Using the equations derived in section 8.5, the converter is simulated 

for unity power factor condition. 
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(a) (vab) 

(b) (va, ia) 

(c) (Vc1) 

(d) (Vc2) 

(sec) 

Figure 8.11: Open loop simulation of the rectifier. Operating Condition 1: V Vdc 300= . 

(a) Line-line voltage vab (b) Input phase voltage ia and input phase current ia showing the 

unity power factor operation (c), (d) Output Capacitor Voltages 

Figure 8.11 show the open loop simulation results for unity power factor operation for an 

operating condition of a dc voltage of 300 V. Figure 8.11 (a) shows the line-to-line 
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voltage Figure 8.11 (b) illustrates the unity power factor operation in which the phase “a” 

voltage and phase “a” current are in phase. The capacitor voltages are illustrated in 

Figure 8.11 (c) and (d), which shows that the capacitors voltages are settled at 150 V each 

with a ripple of 5 V. 

 
 

8.7 Control of Two-Leg Three phase Three-Level Rectifier 
 
 
 
 The control scheme is similar to that explained in Chapter 7 where the controllable 

quantities are time-varying signals and using the natural reference frame controller 

explained in Chapter 5 the signals are controlled. The concept of the natural variables 

makes the control analysis and its implementation simple.  

 

8.7.1 Control Scheme 
 
 
 From section 8.4 

20VVHpiLRiv dcaassaa +++=          (8.55) 

20VVHpiLRiv dcbbssbb +++=          (8.56) 

20VpiLRiv csscc ++= .           (8.57) 

For a balanced case, i ( )bac ii +−= . 

By substituting i in Eq. (8.52)  c

( ) ( ) 20ViipLRiiv bassbac ++−+−= . 

To eliminate the term V , subtract Eqs. (8.55), (8.57) and Eqs. (8.56), (8.57). 20
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  v dcabssbassaac VHpiLRipiLRi ++++= 22       (8.58) 

dcbassabssbbc VHpiLRipiLRiv ++++= 22  .     (8.59) 

Solving for  and  as pIL bs pIL

  sa
dcadcbacbc

as Ri
VHVHvv

piL −
−++−

=
3

22
. 

Rearranging the terms and simplifying  

( ) dcadcbacbcassa VHVHvvpiLRi 223 −++−=+ . 

Assuming ( )assaa piLRi += 3σ ,  

  dcadcbacbca VHVHvv 22 −++−=σ  .        (8.60) 

Similarly 

  dcbdcabcacb VHVHvv 22 −++−=σ  .        (8.61) 

From the above Eqs. (8.60) and (8.61), solving for , the modulation signals as ba HH ,

  
dc

abac
a V

v
H

3
23 σσ −−

=            (8.62) 

  
dc

babc
b V

v
H

3
23 σσ −−

= .           (8.63) 

Adding Eqs. (8.40) and (8.41) gives 

  CpV bbaadcdc iHiHI 222 ++−= .         (8.64) 

By substituting the expressions for  from Eqs. (8.62) (8.63) in Eq. (8.64) ba HH ,

  b
dc

babc
a

dc

abac
dcdc i

V
v

i
V

v
I 







 −−
+







 −−
+−=

3
23

2
3

23
22

σσσσ
CpV  .  (8.65) 
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By simplifying the equation and writing in terms of the phase voltages 

( ) ( ) bbabaabacbbcaadcdcdc iiiivvivviVICpV σσσσ 4242666
2
3 2 −−−−−+−+−=  . 

                  (8.66) 

For unity power factor operation 

  i  and i            (8.67) aa Kv= bb Kv=

where K is constant factor. 

Substituting Eq. (8.67) in Eq. (8.66) and simplifying  

( )[ ]bcbacacbadcdcdc vvvvvKVICpV σσ 2266
2
3 2222 −−+++−= . 

Assuming vdcCpV δ=2

2
3 . 

Solving for the value of K,  

  
∆

+
= dcdcv VI

K
6δ

             (8.68) 

where ( ){ }bcbacacba vvvvv σσ 226 222 −−++=∆ . 

Hence the reference frame currents can be calculated as  

.*

*

bb

aa

Kvi

Kvi

=

=
 

    The functions of the proposed control scheme are to draw the balanced and 

sinusoidal line currents with unity power factor, to control the dc-link voltage to be 

constant. To draw the balanced and sinusoidal line currents from the AC supply system, 

the rectifier is controlled to follow the reference line currents that are generated using the 

control methodology. Figure 8.12 shows the schematic of the control scheme for the 
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Figure 8.12: Block diagram of the control scheme. 

proposed rectifier. Control scheme has a similar structure to control scheme explained in 

the previous chapter for a three-phase three-leg three level inverter scheme. The voltage 

controller acts as the outer loop and the current controllers as the inner loops. The 

controllers are designed such that the response time of the inner control loop is faster than 

that of the outer control loop. Passing the error signal through a PI controller can reduce 

the voltage error between the reference dc voltage and the actual dc voltage. The output 

of the voltage controller is used in calculating the reference currents. Natural reference 

frame controllers are used to track the reference currents. The output of these controllers 

is used in calculating the modulation signals using Eqs (8.62) and (8.63). The appropriate 

PWM generator is used to obtain the switching signals for the power devices.  

 

8.7.2 Controller Structure and Design 
 

  This section presents the controller structures and the procedure to select the 

controller parameters. The transfer functions for the voltage controller and the current 

controller are derived. 
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8.7.3 Natural Reference Frame Controller 
 

 

    The transfer functions of the current controllers are derived in the similar way as 

explained in Chapter 5. Hence the transfer functions of the two current controllers are
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Similar analysis can be done for the phase B current and the transfer function as  
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In designing the parameters of the controller, by comparing the denominator of the 

transfer function with Butterworth Polynomial. The Butter-worth polynomial for the third 

order is as follows: 
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Hence by comparing the denominator of the transfer function with above polynomial 
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Hence by solving above three equations for the three unknowns 0,, ωpi kk and by varying 

the delay angle 1φ  the controller parameters can be calculated. 

 

8.7.4 Voltage Controller 
 

 

The voltage control structure is same as discussed in control scheme A. Hence the 

transfer function of the controller is as follows: 
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The second order Butter Worth polynomial is given by 
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By comparing the coefficients of same exponentials 
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Figure 8.13: Structure of the Voltage controller. 

 

 

 263



In this case 0ω  value depends on the value of 0ω which is obtained from the current 

controller. The value 0ω  of the vo

that of the current controller so a

slower than that of the current con
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Figure 8.14 shows the variation of the control parameters of the current controller 

with the variation of the delay angle. The delay angle is varied from    – pi/2 to + pi/2 and 

the expression 0,, ωip kk obtained by solving expression (8.70-8.72) are evaluated and 

plotted against the delay angle. After getting 0ω from the current controller the voltage 

control parameters are obtained using expressions (8.75). 

 
 

8.8 Simulation Results 
 
 
 
 The simulation results shown in Figures 8.15- 8.19 show the effectiveness of the 

control scheme. As seen from the results, it is clear that the capacitor voltage is being 

regulated well and the unity power factor operation both in the rectifier and the inverter 

mode of operation has been achieved. The circuit components of the adopted converter 

are , , and CΩ= 2.0sR mHLs 10= Fµ2200= . The peak of the input supply voltage is 

80 V and source frequency is 60 Hz. The carrier frequency is 5 kHz. The reference dc-

link voltage is taken as 300 V. Figure 8.15 show the modulation signals which when 

modulated using the carrier based PWM as explained earlier in Chapter 3 achieves the 

voltage regulation and the unity power factor operation in the rectifier mode of operation. 

Figure 8.16 I. (a) shows the line-line voltage generated at the input of the rectifier and (b) 

shows the unity power factor operation of the rectifier. The effectiveness of the natural 

reference frame controller is illustrated in Figure 8.16 (II). The figure shows the effective 

tracking of the reference currents. Figure 8.17 (I) and (II) gives the split dc capacitor 

voltages Vc1, Vc2 , and shows that the capacitor voltages settled to the reference voltages 

of 150 V each with a ripple of 6 V. After the capacitor voltages have settled the load is 

 265



being changed such that the converter is made to operate as an inverter i.e., the power is 

fed from the load to the source. The change of load occurs at t  = 0. 8 sec. Figure 8.17 

(III) shows the change of load, in the simulation the regenerative mode is obtained by 

using a negative resistance of -150Ω. Figure 8.17 (IV) shows the variation of factor K 

which is used to calculate the reference currents and as expected the factor is a constant. 

Figure 8.18 (I) (a) and (b) shows the modulation signals in the inverter mode of 

operation. Figure 8.18 (II) (a) shows the line-line voltage; (b) illustrate the unity power 

factor condition where the load is supplying the power to the source with a power factor 

of unity. Figure 8.19 demonstrates the tracking of the reference currents. Hence the 

simulation results validate the proposed control scheme. 

 

Rectifier Mode of Operation: 

 

Ha (a) 

(b) Hb 

(sec)  

Figure 8.15: Simulation results of the control scheme: Rectifier mode of operation with a 

load resistance of RL = 75Ω. (a) phase a modulation signal (Ha) (b) phase b modulation 

signal (Hb). 
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vab (a) 

I 

va, ia (b) 

(sec)  

ia
*,ia (a) 

II 

ib
*,ib (b) 

 (sec) 

Figure 8.16: Simulation results of the control scheme. Rectifier mode of operation            
I. (a) Line-line voltage vab (b) Unity power factor operation, phase voltage (va) and phase 
current (ia). II. (a),(b) tracking of the reference current and the actual current ( phase-A 
and phase-B). 
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Vc2 
II 
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Change 

III 

 

IV K 
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Figure 8.17: Simulation results of the control scheme. (I). Upper capacitor voltage Vc1, 

(II) Lower capacitor voltage Vc2, (III) Load change at t = 0.8 sec, (IV) Change of factor 

K. 
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Regenerative Mode of Operation: 

Ha (a) 

I 

Hb (b) 

 (sec) 

(a) vab 

II 

va, ia (b) 

(sec)  

Figure 8.18: Simulation results of the control scheme. Inverter mode of operation.            

(I) (a), (b) Modulation signals ( phase-A and phase-B), (II) (a) Line-line voltage vab (b) 

Phase “a” voltage and phase “a” current. 
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*,ia (a) 

ib
*,ib (b) 

(sec)  

Figure 8.19: Simulation results of the control scheme. Inverter mode of operation             

(a), (b) tracking of the reference current and the actual current (phase “a” and phase “b”). 
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