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Abstract : This paper presents a mathematical and programming model of conventional space vector pulse
width modulation(CSVPWM) and mathematical analysis of new approach for designing SVPWM imaginary
switching times called active zero space vector pulse width modulation AZSVPWM for reducing the common
mode voltage.V., from +Vy/2 to+Vy/6.I1n AZSVPWM method the complexity involved in calculating V¢ and
angle information zero voltage vector are eliminated by simply taking two opposite active voltage vectors.
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l. Introduction
Induction motors were widely used in industries due to its robustness, low-cost and high reliability [1].
To reduce the steady state ripple space vector pulse width modulation (SVPWM) technique has been proposed
in [2-3].This techniques requires angle and sector information and also generates the high common mode
voltageVem. To reduce the complexity involved in calculating the angle and sector information a active zero
space vector concept which does not use the zero voltage vectors with equal time intervals.

1. Conventional Space Vector Pulse Width Modulation
In CSVPWM, the reference voltage space vector or Ve vector is sampled in every sub cycle T in an
average sense. Here two active voltage vectors and zero voltage vectors are used. Given a example figure (1)
where Vi in sector 1 is calculated by two active voltage vectors V; and V, and two zero voltage vectors V, and
V5 are used.
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Fig.1.switching states and corresponding voltage vectors of voltage source inverter (VSI)

Sampling time Ts can be calculated from the equations:
T1=3/1*M*sin (60% [1)/sin60°* T------- (@)

T,=3/*M*(sin J/sin60°)* T------------- 2
M=[] *VrefIZ*Vdc (3)
Here M=modulation index

Tz:TS'(T1+T2) (4)
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1. Active Zero Space Vector Pulse Width Modulation
In the conventional space vector, it can be observed that the switching times T1 and T2 depends up on
the sector calculations mentioned in table (I) .So to eliminate the complexity involved in in calculating the
reference vector is minimized by taking instead of zero voltage vector two active opposite voltage vectors with
equal time duration are utilized for composing the reference vector by using imaginary switching times and
these can be calculated as explained in the Table (1).

Table-1 Imaginary switching times and sector calculations

Tl 12 Angle sector Upper switches Lower switches
(s13353) (s43652)
32*Vref Vdc* Ts 0 0° 0 0
0 3/2*Vref*Ts 60° 1 S1=T1+T2+T0/2 S4=T0/2
S3=T2+T0/2 S6=T1+T0/2
§5=T02 S2=T1+T2+T0:2
S32*VriVde*Ts | 372*Vref Vdc*Ts 120° 2 S1=T1+T0:2 S4=T2+T0/2
S3=T1+T2+T0/2 S6=T02
§5=T012 §2=T1+T2+T0/2
-3/ 2*VrefVdc* Ts 0 180° 3 S1=T0:2 S4=T1+T2+T0:2
S3=T1+T2+T0/2 S6=T012
S5=T2+T0/2 §2=T1+T0/2
0
-3/2Vref VdcTs 240° 4 §1=T0/2 S4=TI1+T2+T0/2
S3=TI1+T0/2 S6=T2+T0/2
S3=T1+T2+T0/2 §2=T0.2
-32*VriVdc* Ts 32*Vref VdcTs 300° § S1=T2+T0/2 S$4=T1+T0/2
S3=T02 S6=TI1+T2+T02
S5=T1+T2+T0/2 §2=T0:2
3/2*Vref Vdc* Ts 0 360° 6 S1=T1+T2+T0:2 S§4=T0:2
S3=T072 S6=TI1+T2+T0:2
$5=T1+T072 S2= T,+Tg/2

From d-q transformation, three phase voltages can be calculated s follows:

Vas= Viercos [ - 5)
Vps= -0.5 Vet cos [1+0.866 V;sin [—(6)
Vs= 0.5V s cos [1-0.866 V gssin [F---- (7)
Where V=YV 24V,

a=tan’ (ValVy)

Actual switching times in sector 1

Tas= (Vas/Vic) TS---mmmmmmmmm- )]
TbS: (Vbs/Vdc)Ts ................... (9)
Tcs: (Vcs/ Vdc)Ts .................. - (10)
T1=TasThs

= (Ts/ Vdc)(Vas'Vbs) """""" (11)
TZ—Tbs'Tcs ________________________________ (12)
To=(T/Vac) (VbsVes) --------- (13)
Where

Ts=sampling time period

In sector one the imaginary switching time proportional to phase A(T,) has minimum value and imaginary
switching time proportional to phase C(T) has minimum value and switching time proportional to phase B(T4s)
has either min or max value as shown below.
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Vas/Vdc Vbs/Vde Ves/Vds

Fig.2 llustration of imaginary switching States

Switching times T,and T, in each sector can be expressed as below:
Tmax=max (Tas,Tbs,Tcs) """" (14)

Trmig=mid (Tas, Tes, Tes)--=---- -(15)
Tmin=min (T, Ths,Tcs)--------- (16), Thus
T1=Tmax-Tmig------====-=-=----- (7)
T2=Tmin- T mig ------------------ (18)

Switching times for all sectors can be shown below table (2)
Table-2 Calculation of Switching times in six sectors

S-l S-11 S-11 S-1Iv S-v S-VI

Tmax Tas Tbs Tbs Tbs Tcs Tas

Tmin Tcs Tcs Tas Tas Tbs Tbs
Tl Tas' Tbs Tbs' Tas Tbs' Tcs Tcs' Tbs Tcs‘ Tas Tas' Tcs
T2 Tbs' Tcs Tas' Tcs Tcs' Tas Tbs' Tas Tas‘ Tbs Tcs' Tbs

V. Common Mode Voltage Vcm
According to switching states common mode voltage Vcy is defined as:
Vem = (VaotViotVeo)/3
Where Vq,Vuo, Voo are the inverter pole voltages.the common mode voltage for the sectors[v1-v6] are shown in
table (3).

% R R H S
- i ;j+ !
Vilod +-—- —- ] |

.llr'-.-l' I:.

Vel | — __|____.._ .
' |

-'n’-.’c-'-:'---l-_._<-_-__ SRR R I T - ]
1 11 3
.|||'$_-"I.'___{___| . L !‘ I | , B
| | N b-———— dorremges 1___|.___|____.
| i 1 . |

(a): Common mode vitage-CSVPWM method

(b): Common mode vitage-AZSVPWM methods

Fig (3): Comparison of common mode voltage in csvpwm method and azsvpwm methods
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Able-3 Sector and Common mode voltages

V.l.Active Zero Pulse Width Modulation 1 &2:
In this method the classical active (adjacent) voltage vectors are complemented with either two near
opposing active vectors[4].The switching states and vector representation are shown in Table(4) & Table (5)

Voltage Switching Vs Vy Ve L) Vao Veo Vab Vie Ve Vas Vau Inverter Vector common
vectors states switch mode
,,,,, Erliir e e VR (PSP [ ey SRR NS SN W S———— - 15T S i voltage
Vo 0 0 0 0 0 0 0 0 ] 0 0 0 0 0 l gl I Voo V' 2
/ W
I J } ‘ +ub
I PV P . - I (NS Y o O b, I ST
Vi 1 0 0 |'vae | O (4] Vs | Ve 0 Ve 2/3 0 I YL ?\Cm‘ Vi 6
Ve Vded Ve l | \
2 ] —
[ I I R I ! Yo Vo
Vi 1 1 O | vdae | vas|© Vaer | Vaea | vaea | 0O v Ve 173 Vio'6
Vde vae'y J f ‘ 1 Yoer ¥
AU e
LM |\,
S .
V3 0 1 o0 Va: | © Vaca | Vac: | Vac | Vae | © 173 | - S TS |
Vdea Ve 1/3v [ l \ ST Ve
de L ‘ | >
T
Ve O T ] vae | vae Vdea | Vaer | Ve 0 vee | 173 Va6
Ve Ve 2/3v [ I | ’ “Nats 1 Yoo
4 = i L k’l
l l J ‘I‘f‘. .V.
Vs 0 0 1[0 0 Vi | - - vaer | 0 Vie | vac 2/3 [ ‘ 3 -Va/6
Vde2 | Vde2 Ve 13v | = \ N
N
dc | Yo Y 3y
| v ab
<
Vs 110 [1 |vae [0 [ va|vaea]- Vaer | vae | vac | O 173 | 1/3v | K| Vie, Va6
Vde2 Vde de = | ‘ |
] ;
il Vel »:-"..
L3
Vi T[T 1 [vae | vac|vac| vaca| vaca | vaca [ 0 [ 0 0 [V ac/2
( [V..¥
]
U N
Ll oL L Y
| ‘n«, -‘\b(
V. Space Vector Pulse Width Modulation-Advanced Techniques

Table 4.Switching states and Vref or Vsample Calculation(CSVPWM and AZSVPWM 1&2)

CSPWM REFVECTOR AZPWMI1 REFVECTOR
CALCULATION FOR CALCULATION FOR
CSPWM AZPWM1

7-72

sector (D12 10)

sectorl(3216-0123)

Vo VLV VT VT VoV v VIVIVIVE | vevive v
vant b et L
Vin——— L 1 van =T e e
Ven - s coe | - Vi s I f

. Ven v —t—t—'o—r—

CSPWM REF.VECTOR AZPWM2 REFVECTOR
CALCULATION FOR CALCULATION FOR
CSPWM AZPWM2
Vaample sector (2235-5322)

sector2(0327-7230)

VO vy vaveVT VI vawe
Vi,
Vi | e e e d
LYY ——— T

Vamnple

Above table shows how to calculate the reference vector by using two active opposite voltage vectors
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V.11. Active Zero Pulse Width Modulation 3 &4:
In this method one of adjacent states and its opposite vector with equal time to effectively create
voltage vectors. The switching states and vector representation are shown in Table (5) .

Table 5.Switching states and Vref or Vsample Calculation(CSVPWM and AZSVPWM 3&4 )

CSPWM REFVECTOR AZPWM3 REFVECTOR
CALCULATION FOR CALCULATION FOR
CSPWM AZPWM3
Sector1:(0127-7210) Sectorl:(2215-5122)
vz B e V3 \;2 Vref
WYL VRVIVIVIVW VZV2VIVE | yay) va've 7
i v | mEE e |
S O \man__jj 7N
Vi 1 >, Vi pes s L - / 2
™ =t : 7> = 1 =T / \
Vioovo Wl S EOR vs \
CSPWM REF.VECTOR AZPWM4 REF.VECTOR
CALCULATION FOR CALCULATION FOR
CSPWM AZPWM4
Sector1:(0127-7210) Sectorl:( 6213-3126)
V2
v VI V2Viyr vavl Yo
) | , Vo yvaviyy | V3VIvavs
. i Vref vy I o
Vin T e W = W o T
' = \'l \'bn_ ' ! .
Vou =1+ v Ve
' - | I NI

V. Implementing SVPWM
The block diagram for proposed PWM algorithams based direct torque controlledinduction Motor
Drive is shown below Fig.3 in the proposed method induction motor torque is controlled by controlling the

inverter pole voltages by selecting appropriate switching states
+DC asuppli
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Fig 4: Block diagram of proposed PWM —-DTC Algorithm

VI. Simulation Results

To validate the proposed PWM Algorithm, numerical simulation studies has been carried out by using
MATLAB/SIMULINK.Here the results of CSVPWM and AZSVPWM techniques have been posted and
compared for the following specifications of 3-phase,400V ,inductor motor drive.
Rr=1.9;
Rs=1.635;
LIs=0.086;
LIr=0.086;
Im=0.243;
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Fig.5. stator voltages of active zero space vector pulse width modulation
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Fig.8. Common mode oltage for AZPWM method
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Fig.9. Speed curve of Induction Motor Drive
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Fig.11.Shunt field current in quadrature axis

VII.  Conclusions
This paper reviewed the complexity involved in calculating the reference vector in conventional space

vector pulse width modulation and the simplicity involved in proposed algorithm. In this paper calculation of
reference vector in both conventional and active zero space vector pwm method has compared in Table 4 & 5. .
The common mode voltage VVcm has been reduced from Vdc /2 in csvpwm to Vdc/6 in the proposed active zero
svpwm and the result has been compared in Fig 2.
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