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Abstract
In 0ris paper the operation of a static var

oompansator and an active filter is simulated by mens
of tranfer firnction (IF) concept of voltage source
in€rter (VSI). This aonoept makes it possible to
simulate VSIs by generally available simulation
packages such as student version ofPspice,Mailab,etc.
in a simple rnanner.Resrlts of simulation show that
using thC TF conoept of VSI solves the problems of
convergence,limitation of numbers of nodes an
excessive run time of this packages.The
PSCAD/EMTDC simulation Package is used to verify
the obtained results.

A. INTRODUCTION
The simulation soffware packagcs can be used for

designing optimization and amlyzing thc different
kinds of syslems. These softnares decrease tbe cost
and time of production especially at the strage of
protot)?e making There are difrerent simulation
programs u'ith difrercnt abilities and fields of
application such as SABE& ICAP/4, KREAN 4.1'
CASFOC, SIMPI.,ORER 3.2, SIMEN, MCROCAP,
SIMI.'LINK ATOSEC 5, EMTP, EMTDC / PSCAD
and Pspioe []. Among these programs the Pspice,
probably because of priority in intrcducing a variable
iime step during lhe transient simulation, srnall size of
memory requirement for installation (spocially in
student version), clreap and considerable facilities in
simulation of electrical circuirs s€ems lo be more
general than others. The main difficulties of Pspice
prognm specially in siinulation of power elecronic
converlers which have many switching elements are:
long run time, oonvergence problem, limitation of
node number and considenable memory requiremenl
of output file during long hansi€nt tim€ simulations.

The trander function idea solves the above
mentioned problems by the simulation of oonverters
as a multiport.network aroiding the oomplexity of
micromodels of oonvcrter sritches [2,31.

This method is used in this paper for simulation of
a VSI as a static rnr compensator aod as a garallel
active filter too. The EMIDC/PSCAD, On is a
professional simulation packagg is used for checking
the results of transfer firnction method. A simple ad
very easy to implemena connol mcthod is used to
ory'ofi control of simulation corverter by
PSCAD/EMTDC.

B. SIMULATION of VSI bY
TRANSF:ER FT'NCTION CONCEPT

The analytical'expression of outprt firnction to
input firnction of a systeur is called trander ftnction
(TF). Usualty the chssical definition of TF is used for
tirrcar systems but it is useful to study the operation of
higNy nurlinear systems such as pourcr electronic
converlers too. The idea ofTF can be used to comPule
a dependent Yariable in terms of inde,pendent
variables. For example in a VSI tlrc dc side cune,nt is
dependent q tuee phase ouput ctrnents and the
sritching firnction of VSI. In addition the output
voltages ofVSI are dependent on dc side voltage ard
the srritching firnction too. This makes lhe use of a set
of dependent orrent and voltage sourees possible to
preseil a VSI such as shonn in fig. l. This model has
tro dc ports (3 and l), three ac ports (7, E and 9),
three dependent voltrage souroes c.(t), q(t) ad e(D
and three dependent currqrt source ir(t), ir(t) and ir(t).
The relations between the parameters of voltage and
cu[ent source arc as follows:

ir{t1=;1,rrtorr,
i2(tFi(r).s:b(l)
i3(tFi(t)rS2dt)
e,(tFV(t)*Sr.(t)
q(tFvd|rS2b(l)
%(tFV(l)*S2Jt)

S:i(t), i=4 b, c, is a twelevel switchittg
firnction. In general case, lh€ svitching fuirction of a
VSI rnay be a two level (Sz(t) or a three-lwel ($(t))
step function. A tu'o-level sle? functiotr is sttown in
fie.2.
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Fig.2 A two level nvitchingfimction S z(l).

C. SIMULATION of VSI as r SVC

It is well knorm 0ut the SVC is a very suitable
system in compensation for reactive poner demard of
loads [41. The parallel conneclion of a VSI rvilh utility
via an induclor, sirnulates the operation of a rctating
synchronous generalor in varcompensation [41. In fact
Oe SVC absofte a cuncnl from the point of ooupling
to utility in such a nay thal tlrc sum of load and SVC
curent be in phase with the voltage ofsource. This is
shoun in fig. 3 by a phasor diagram. In this figure V,
and Is are the roltage and currenl of load rcspeclively.
I,* is lhe current that the SVC absolts and I. is the
ourcc side cunent after compansation. This figure
shorvs tlut the operation of SVC can compensale for
the reactiw power demand of load. Fig 4 shols the
porver circuit of a SVC, a reacti\€ demanded load ard
a three-phase vollage source.

Fig. 3 Description of SVC operation by phasor
diagram

Fig. 4. Simulared po$€r $stem

This system is Simulated by Pspie with TF
oonoept of VSI. A hysteresis'PWM is used to confol
the switchfurg fuirction urd tlrc output curcnt
waveshape of VSI. The referencc current $atrcshape
tlnt the VSI absorbs from the utility io each ofpluses

arc determined in a s$ciranit hbry file by thc narne
of 3[IYS. In facf the naveshape of referenoe crtrrent
must be daermind analyticalty in this library file. Of
oourse, thc magnitude ud treqrcncy of fulrdamenal
harmmic and the rmge of hysieresis band nry be
modilied by rnain progran [3].

The $bcircuit d 3}IYS itsclf calts s)mc
subcircris srch as hysteresis PWIvt, hysteresis
comparalor, oomparalq, currtnt sensor erd three-
phase sinusoidal voltage souces. The lihary file of
these subcirctils are jus as in [3] and the combination
of them as a SVC slrorm the ability of TF idea in
simulation of power eleclronic oonverlers..

Fig.s 5 atrd 6 slnw the SVC cunent l;.lhe load
curent IL, utility phase voltage V., ad utility side
cunenl Ir that are obtained by Pspice simulation only
in phase "a" for simplicity.

These resuhs are checked by PSCAD/EMTDC
simulation package. The simulation of syslem
operation by PSCAD/EMTDC is done in srvitch and
@nverter circtit level [31. This rcsults in oontrolling
each of sritches of converter individually. This
requires a control circuit n'hich can compule the
reference current in each phase, compares il wirh
actual current of tlut phase in a hysleresis conlrol
mode of operation and generales the ory'off signd of
each of converler mitches. In this paper,0re
inslantaneous reaclir€ power theory is used to
compute the desired refercnce current Naveshapes [?].
A new and sirnple circuit for ory'off control of VSI's
GTO sn'itches is introduccd. This circuit is shovm in
lig. 7. In this circuit it is not necessary to control the
svitch by lriting a oomplicate Fortran prognm and it
is enough to use a change-over switch with "integer"
numbers I and 2 as inpuls ard lhe "G" ttut connects
lo the gate of GTO as oulput. Thc inleger number..l"
makes tlrc GTO on and intcger number "2' makes it
off. The commnd for changing the case of chang+
over snilch comes liom thc contrrol cirsuit If ttre
"ctrl" port conn€cts lo integer numbcr '1" then the
s$ilch connects "A'port to "G" por|, etse it connects
ll!'l p.tt to "G" port. The simulared circuit by
PSCAD/EMTDC is shorw in fig. E. In rhis figrre only
the conlroller circuit for lhe srvitches ofphase ..R . is
shoun for simplicity.

o o&l o.oa oB 06
Fig5. Pspice simutaed II and linv vs. tim{sec)
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Fig. l0 PSCAD/EMTDC simutated I' atd V'.

D. Simulation of VSI as an ACTfry'E
FILTER

Active filter is knos'n as a very suitable syslem in
compensalion for hannonics and reactive porver
demand of loads [51. These systems are categorized as
parallel and series active filters. Parallel active filten
due to simpler cdntrol circuit and better operation in
compensation of loads lrre mgre general tlun series
one.

In this section the operation of a VSI.as a parallel
active lilter is simulated by TF concepl of VSI.
Related subcircuits arejust as mentioned in section II.
The porver circuit is as shoun in figure 4 but the load
is changed rvith two parallel connecled current sources
as shou'n in fig. I l.

The inr(t) is a sinusoidal current source n'ilh
fundamental frequency of 50 Hz and 45 degree phase
lag relation to the phase 'R" of utility voltage. This
cunenl sourc€ simulates the reactive power demand of
load. Tlre iRj(t) is an example for simulaton of current
lurmonics that is generated by load. The ins(t) is a
sinusoidal current source uith the frequency of 250
l1z, the magritude of one half of firndamental
frequency and 90 degree phase lag relation to the
pluse "R' of utility voltage.The currenl sources in
pluses "S" and'T'have -120 ald +120 degree phase
shiff relation lo the currenl souroes in phase "R"

respectively.

Fig. ll Model ofa non'linearandreactive power
consumer load in each ofPhascs

For compensation of this load the \alue"
command in the 3HYS zubcircuit is modified in such
a way that the operation of VSI be as ut active filter.
In lhis case, Pspice simulation results are shown in
figures 12 to 14. Fig. 12 shorvs the load current Ir. ard
VSI cunent Ii' respectively. Fig. 13 shows the source
current Is, and source voltage V. This figure stnws
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Fig.1 Presented circuit for on/off control of GTO
svitches in PSCAD/EMTDC Package

The results of PSCADiEMTDC simulation are
shorvn in figures 9 and 10. These rezults conlirm the
results tlul are obtained by TF concept of VSI.

o oo2 ooa 006 008 0 ' l

Fig. 9 PSCAD/EMTDC simulated IL and I.*'
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the ability of active filter in compensation for reactive
power and harmonics ofa non-linear load.

23l| Il3

r r6.667

0

-l r6.667

-23r.3t3

-350
o €

o o@ oo4 o.(lt oG
Fig. 12 Pspice simulatd Ir- and l*.

The upmentioned porver system (uith parallel
connection ofcurrent sources) is used in simulation by
PSCAD/EMTDC too. The porver and conhol circuits
of VSI are just as shonn in fig. 8. The resulls of active
filter simulation by PSCA-D/EMTDC are shonn in
figures 14 and 15. These results confirm the results of
VSI simulation by TF concept of VSI.
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Fig t3 Pspice simulated Is and %

Fig. 15. PSCAD/EMTDC simulared Is and V.

E. CONCLUSION

In this paper TF concept of VSI is used to simulate
a VSI as a SVC and a parallel active filter. The resulls
of simulation shorv the ability of this idea in
simulafion of upmentioned gyslems by a student
version ofPspice. The validig ofresults is checked by
PSCAD/EMTDC. A new method for ory'offcontrol of
GTO switches in PSCAD/EMTDC simularion is
presenled. The obtained rcsults confirm the resuhs of
Pspice simulation of SVC and parallel active filter by
TF concept of VSL
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Fig. 14 PSCAD/EMTDCsimulatedIlard IN.




