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Abstract— As technology grows every day, the study of
power systems has shifted its direction to power
electronics to produce the most efficient energy
conversion. Power electronics is the study of psete

and controlling the flow of electric energy by slyimy
voltages and currents in a form that is suited fmer
loads. A power electronic system is any technigatesn
which is an assembly of components such as AC to DC
converters (rectifiers) and DC to AC converters
(inverters), that are connected together to form a
functioning machine or an operational procedure.eTh
paper presents the implementation of a three phase
inverter with a front end diode rectifier. The camngnts

are modeled separately using the state space agerag
method.

Keywords— Average Model, Front end diode rectifier

and Three phase inverter.

l. INTRODUCTION
Today, power electronics is a rapidly expandinddfi@
electrical engineering and a scope of the techmyolog
covers a wide spectrum of electronic converterffent
kinds of power supplies are used everywhere in abrm
daily routines in both at home, office work or im a
industrial environment. This is due to the prograss
electronic components and equipment developmertt tha
has been achieved in the last few decades. A power
electronic system assembles rectifiers that coraerto
dc with the adjustment of voltage and current and
inverters which produce ac of controllable magretachd
frequency [1].
In the case of a polyphase rectifier, the phaskeshi
pulses overlap each other which produce a smoatber
output than that made by a single-phase ac reciiie
The modeling of single phase, three phase rectifed
suitable controller design for the modeled reatifigcuit
is presented in [3]. In [4] the authors have pre=gtra
comparative study on the average model of diodefiegc
with the model developed by modified nodal analysis
method. For the analysis and controller design @sggn
inverters, the average modeling method is founbet@n
effective method [5] — [7]. The modified nodal ayssé

method and the state space average method in the
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modeling of a three phase inverter is discusse{Bjn
Conventional switching models and state-space girgga
methods which take dead-time effects into constiera
have been applied successfully in the inverters[19]].
This paper presents the implementation of a thiese
inverter using a front diode rectifier. The sectibigives
the average model of a three phase diode bridddieec
The section Il gives the average model of a tiplease
inverter. The section 1V explains the implementatiof
the three phase inverter with a front end dioddifiec
and the section V discusses the results and siiondat

Il. AVERAGE MODEL OF A THREE PHASE

DIODE RECTIFIER
In order to make prime decisions in the design
procedures, power electronic modeling methods are
widely used. The modeled circuit helps to deternihme
performance of the circuit along with the component
values as well. State space average modeling méshad
common technique that is utilized to obtain modafls
power electronic circuits, for ac and dc power
conversions. The main advantage of this particular
method is that the accuracy can be increased apteri
free waveforms can be obtained.
A simplified three phase diode bridge rectifiesi@wn in
the Fig. 1. The circuit consists of three ac inpoitirces
(Va, Vg and ), input source reactor {), diodes (D to
Dg), output inductance (), output filter capacitance (C)
and resistance (R) which represents the load on the
rectifier [11].

Fig. 1: Simplified circuit model of a three phasedk
bridge rectifier
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Utilizing the general state space averaging mettilog,
switching functions s s, and s for a three phase diode
bridge rectifier can be expressed by a Fourieesarsing
the first harmonic terms of the series as showrhim
equation (1).

Sabc

_2*‘/5[. . 2my 2”]T &)
= T sinwt Ssin (wt - ?) Sin (wt + ?)
The average dc output voltagg,¢an be expressed as the

equation (2).

dig
Vpn = Sgbc *Vape = (Lout * d—tc) + Vac (2)
Also, the dc current equation can be obtaasdhown
in equation (3).
. dvdc Vac
lgc = C_dt + 7 (3)
From the equation (2), the left hand side of theagign
can be expanded as:

T —
Sabc * Vabe = lhs

2%3
N T
* [(sa * va) + (Sb * vb)
+ (sc * )] C)

Now, the right hand side of the equation (2) casdiged
using the Transient simulation method. In this rodth
the differential current equation can be convettiedts
equivalent Forward Euler form and solved to obthie

value for the (n+1) value of the dc current.
m+1

igat —ig,
lhs = (Lout x %) + vge (5)
From the equation (5), the (n¥1yalue of the dc current
can be calculated as:
h
it = [ (ths = Gge # R)| + e (©)

out
where, h’ is the delta constant value or the time step.

Similarly, from the equation (3), the differentiabltage
equation can be converted to its equivalent Forviarer
form and solved to obtain the value for the (f+&}lue
of the dc voltage.

n+1 n
, Vic™ — Vac Vic
fge = C# LT+ 25

N R (7
Thus, from the equation (7), the (n¥Malue of the dc
voltage can be calculated as:
h
ot = [ B = @ae/RO)] + vae ®)
The modeling equation for a three phase diode bridg
rectifier is obtained using the average state spacdel

and the transient simulation techniques. The main
modeling equations are equation (4), (6) and (8).
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M. AVERAGE MODEL OF A THREE PHASE
INVERTER

In the study of inverters and their dynamic perfance,

various switching models are obtained based on the

switching conditions, as in the Modified Nodal Aysik

method explained earlier in the chapter, whicheissible

for a single inverter or a small scale invertertesys

Therefore, in case of large scale inverter systems,

switching models becomes complicated. Hence, & stat

space averaging method is formulated which is &ffec

for the analysis and controller design purposaueiters.

However, it is yet to give guaranteed high accuracy

performance.

A generalized state space averaging model is ceresid

which enhances the fundamental voltage and current

calculation with desired accuracy and precision.thie¢

same time, this method enables the steady statelaas

transient analysis processes [12]. The circuit rdiagof a

3 phase 3 wire Voltage source inverter is as shiovthe

Fig. 2.

load

Fig. 2: Circuit diagram of a three phase three wire
voltage source inverter
In the Fig. 2, assuming that the loads are 3 phase
symmetrical resistive loads in delta connectionosé
value are R, we obtain the equations from (9) #).(1

d(iq —ip) S
Vap = Vq — Vp = Lad—tb'i'rL(la - lb)
+ Vs €)
aci, —ic) S
Vpe =Vp — Vg = L%*”i(lb — i)
+ Vie (10)
d(ic —ig) o
Vea = Ve — Vg = L%*’&(lc - la)
+ Vea (11)
lab C 7 + E Vag (12)
ipe =C dt R Ve (13)
lca=C— =+ g Vea (14)

where, iy, ipe icq are virtual line currents which can be

calculated as mentioned in the equations from (b5)
(20).

(15)
(16)
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=T an
fav = 3 G — i) a8)
e =3 iy~ i) (19)
fow = 5 G~ 1) 20)

Similar to the equation (2) in thmodeling of three phas
diode bridge rectifier by the avemagnodel, it can b
written that:

V. IMPLEMENTATION
The block dagram for the implementation of a thi
phase inverter with a front end diode rectifieagssshowr
in the Fig. 3.

va=R -
vde=1 S —
=V A - = h=7
b=y Three phase diode Three phase Inverter —.‘—
bridge rectifier
—— ve=8
ide=2 ——t————

ve=B

Vap = Va — Vp = (Sq — Sp)-Vac (21)
Vpe = Vp — Ve = (Sp — Sc)-Vac (22)
Vea = Ve — Vg = (Sc - Sa)-Vdc (23)

s

Thus, the conventional state equations of threesg
inverter can easily be constructed.

digp T 1 1
qr = T e —ﬁVAB +37 Vab (24)
dip, T 1 1
F=_Zlbc_ﬁVBC+ﬁ Vpe (25)
digq 1, 1 1
dt = _flca_QVCA'Fi Vea (26)
dVys 1 1
- _RVAB +Elab (27)
AV 1 1
at =_RVBC +Elbc (28)
AV, 1 1
at =_RVCA+Elca (29)

The differential voltage and current equations da

converted to its equivalent Forward Euler form .

substituting the equations (21) to (23) in the Fand

Euler equations we obtain the walfor the (n+1" value

of the corresponding ac voltage and ac cur
[ 1. 1

gyt =hx 7 tav _ﬁvAB +§(5a = sp)-Vac
+igp (30)
n+1 e 1 ]
ipe = hx ~ 7 e T3p £ +§(5b = 5¢)-Vae
+ ipe 31D
n+1 . 1 1 ]
icg =hx _Ilca _QVCA +§(Sc = 5a)-Vac
+ig (32)
h
Vit = C lap + Vagp (33)
h
Vit = I ipc + Vpe (34)
h
V&-H = Eica + Vea (35)
The switching function is given by:
m 1
Sk = 7cos(cot -0 ) + > (36)

where k = a, b, ¢ ; m is the modulation ratio takerd.!
P, = By,0p =Dy —1-23—’I ,0c = 0 —%; where @, is the
initial phase angle.
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b=4
Fig. 3: Block diagram of three phase inverter watffront
end diode rectifie

In the block diagram, the three phase diode ret is fed
by a three phase ac supply R, Y and B. The diockifiez
converts the ac supply to dc values. The nodedd12aat
the output of the rectifier, represents the dcagdtand d
current values respectively. The three phase ieves
used to conert the dc values to ac values. Therefore,
output dc voltage value of the diode rectifier igeg as
input to the three phase inverter. The ac voltage
current values are obtained at the output sidéetliree
phase inverter. The nodes 3, 4 al represent the output
ac phasecurrents and the nodes 6, 7 and 8 represer
output ac phaseoltage values of the three phase inve
fed by a front end diode rectifi

V. RESULTS AND DISCUSSIONS
The waveforms for the implementation of a threesgl
inverter with a front end diode rectifier eobtained. The
graphs include the three phase supply input, tloee
rectifier output and the output voltage and curneaities
of the three phase invertefhe parameter specifications
for the average model of three phase diode bridggfier
are as shown in the Table 1.
Table 1:Parameters for simulation of diode rectifier
average mod

SYMBOL PARAMETER VALUE | UNIT
Vabe Input Voltag: 415 \Y
f Fundamental frequen 50 Hz
L Filtering Inductol 0.05 H
C Filter Capacitol 0.05 F
R Load Resistant 2 Q
h Time ste 100 us

The Fig. 4 shows the three phase input supply ge
(415 V, 50 Hz) given to the diode rectifi
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Three phase input supply to Diode Rectifier
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Fig. 4: Three phase supply the Diode rectifier (415\
50Hz) (X axis: 1 unit=0.1s and Y axis: 1 unit 6@/

The Fig. 5 shows the output dc voltage and cuivehtes

of the diode rectifier obtained at the nodes 1 &

respectively, with the specified modeling param
specifications.
Output DC values of Diode Rectifier

T T T 1
It b Y12
o Vdc (V) "result.bdt” u 1:3 i
resultbd’ u 1:4 ——
_ “resultbd”’ u 1.5 ——
2 ol "result.bt’ u 1:6 g
g “result.bd” u 1:7
g "resultbt’ u 1:8 ——
3 200k “resultbd’ u 1:9 —— o
2 "result.bdt” u 1:10
; “resultbd” u 1:11 ——
= 0 "result.bd” u 1:12 1
&
i
2 00 i
400 - i
1 L - L
0 0.2 0.4 0.6 0.8 1
Time (s)

Fig. 5: Output dc voltage and dc current of a 3 &
rectifier ,Vy. = 687 V and | = 343 A (X axis: 1 unit =
0.2s and Yaxis: 1 unit = 200 units of voltage and-ent)

The parameter specifications for the average mod
three phase invertare as shown in the Tak2.
Table 2: Parameters for simulatiaf inverter in averag

method
SYMBOL PARAMETERS | VALUE | UNIT
Input Voltage (output
Vae of the diode rectifier) 687 v
m Modulation Ratio 0.6 -
‘ Fundamental 50 Hz
frequency
0o Initial phase angle 0 rad/s
Filtering Inductor 1.0 mH
" ESR of filtering 1 248 o
inductor
C Filter Capacitor 1.0 mF
R Load Resistance 10 Q
h Time step 100 us

The simulation waveform for phase currents at tigpat
of the inverter is as shown in the Fig.The figure show
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the ac phaseurrents with a magtude of 143 A at the
nodes 3, 4 and 5 (as in Fig.

Output phase currents of Three phase Inverter

T
300 - “resulttxt’ u 1:2 —— o
“resultbd” u 1:3
"resultbd” u 1:4 ——

200

100

Phase Currents (A)
o

-100

-200 4

‘300 C 1 1l l Il ]

Time (s)
Fig. 6: Output phase current waveform with a magghé
143 A (X axis: 1 unit=0.2s and Y axis: 1 unit& A)

The simulation waveform for phase voltages at the oL
of the inverter is as shown in the Fic. The figure shows
the ac phase voltages with a magnitude ofy/3 = 458
V) for the given input dc 0687 V at the nodes 6, 7 and 8
(as in Fig. 3).

Output phase voltages of Three phase Inverter
800 T T T T T T

T T
"resultbd” u 1:2 ——

“resulttd” u 123
600 - “resultbdt” u 1:4 ——
400
<
g 200
£
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9 0 =
-200
-400
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Time (s)

Fig. 7: Ouput phase voltage waveform with a magnit
458 V for the dc input of 687 V (X axis: 1 unit A9anc
Y axis: 1 unit =200 \

VI. CONCLUSION
The paper presents the implementation of a three
inverter with a front end diode rectifier. The mtidg of
the three phase diode bridge rectifier and the thresse
inverter are done using the generalized state ¢
average method. The three phase inverter is fed fre
output dc values of the diode rectifier. The out
waveforms of the average model of thiode bridge
rectifier and the inverter are obtain The main
advantage of the average model of three phase
rectifier and three phase inverter is that the iiteg
continuous and ripple free wavefori
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