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Welcome to the course on Power Quality and we will like to discuss today control of Unified

Power Quality Compensators.
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Time domain control algorithms

» Synchronous Reference Frame (SRF) Theory, also
known as d-q Theory

» Unit Template Technique or Pl (Proportional-Integral)
Controller Based Theory

* |nstantaneous Reactive Power Theory (IRPT), also
known as PQ Theory or a- Theory

* |nstantaneous Symmetrical Component (ISC) Theory

* Neural Network Theory (Widrow Derived LMS based
Adaline Algorithm)

* Singe-Phase PQ Theory
rgf) » Singe-Phase DQ Theory

NPTEL

Well, we have a control technique based on two classification, one is time domain control
algorithms which are typically like a famous algorithm have been synchronous reference
frame theory also known d-q theory, then unit template or PI control; PI controller based
theory and instantaneous reactive power theory also known PQ theory or alpha-beta theory,
then instantaneous symmetrical component theory, then neural network theory, widrow

derived LMS algorithms and single-phase PQ theory, single-phase DQ theory.
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Time domain control algorithms

* Enhanced Phase Locked Loop (EPLL) based Control
Algorithm

* Adaptive Detecting Algorithm also known as Adaptive
Interference Cancelling Theory

* And many more

5
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Then, enhanced phase locked loop-based control algorithm, then adaptive detecting algorithm
also known as a typically adaptive interference cancelling theory and many more. There are
plenty of algorithm which are I mean available and are used for this typically for the control

of UPQC like. These are time domain control algorithm.
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Frequency domain control algorithms

* Fourier Series Theory

* Discrete Fourier Transform Theory

» Fast Fourier Transform Theory

* Recursive Discrete Fourier Transform Theory

* Kalman Filter based Control Algorithm

* Wavelet Transformation Theory

» Stock-well Transformation (S-Transform) Theory

» Empirical Decomposition (EMD) Transformation
Theory
7~ * Hilbert Huang Transformation Theory
*3  « And many more

NPTEL

There is a another set of algorithm which we call it frequency domain algorithm, they work
like a Fourier series theory and discrete Fourier transform theory, then fast Fourier transform
theory, recursive discrete Fourier transform theory, Kalman filter based control theory,
wavelet transformation theory and stock-well transform, S-transform theory, the empirical
decomposition transformation theory and Hilbert Huang transformation theory and many

more like.

[FL] there are so many control algorithm which can be used for this UPQC.
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Control Criteria of UPQCs

» Control of UPQC as UPQC-Q
» Control of UPQC as UPQC-P

» Control of UPQC as UPQC-S

And coming to let us say control of UPQC, as a UPQC-Q control of UPQC as a UPQC-P

which you discuss in previous lecture and control of UPQC-S like.
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Control of UPQC as UPQC-Q

* |n this mode, a DVR is used mainly for reactive power (Q)
injection for fundamental voltage compensation.
* |n UPQC-Q mode of operation, the DVR can not
compensate for voltage swell.
= |t is considered that DSTATCOM is compensating the
reactive of the consumer load, of course a unity power factor
is realized at the PCC and total reactive power of the system
is compensated by DSTATCOM.
= Moreover, DVR is injecting a voltage at the quadrature with
the ac mains current.
= |n the case of voltage sag compensation also there is
7 limitation of sag compensation depending upon the voltage
@ rating of the DVR.

NPTEL

Well, coming to UPQC-Q, in this mode, a DVR is used mainly for reactive power injection
for fundamental voltage compensation. In UPQC mode of operation, the DVR cannot
compensate for voltage swell, and it is considered that the DSTATCOM is compensating the
reactive power of the this consumer load, of course a unity power factor is realized at PCC

and total reactive power of the system is compensated by the DSTATCOM.

Moreover, DVR is injecting a voltage at the quadrature with the ac mains current and in case
of voltage sag compensation is there is a limitations of sag compensation depending upon the

voltage rating of the DVR.
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UPQC-Q Circuit Diagram and Phasor Diagram
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‘) Phasor of UPQC-Q for Phasor of UPQC-Q for
NIPTEL voltage sag compensation voltage swell compensation

These are typically you can think about in UPQC-Q that in a right-hand, UPQC means
DSTATCOM on right-hand [FL] it can do sag compensation, but it cannot do swell
compensation as you can see here, it is not cutting, it is not possible like in case of [FL] this is
the limitation for this control algorithm that we cannot compensate the swell in this case like I

mean or So.
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* The pu voltage sag can be expressed as,
X={Vie = (Vi = VourdW Ve (1)

= where X is percentage of voltage sag for the compensation,
Vpyris the injected voltage by the DVR and V. is the load
voltage after the compensation normally it is the rated load
voltage or rated PCC voltage.

* The rating calculation of both DVR and DSTATCOM may be
done from phasor diagram as follows.

* The injected voltage by the DVR is as,

Vinj = (V2 -Ved) @)
* The VArating of the DVR is as,
,:% Spyr = Vinjls= Vl cos tand (3)

NPTEL

And the rating as far as for voltage sag compensation, you can calculate the load voltage
minus the under root this V LC square minus DVR square upon V LC that is the kind of per
unit voltage sag can be expressed which we can compensate depending upon the rating of the
DVR and X is the percentage of voltage sag for the compensation and V DR is the injected
voltage by the DVR and V LC is the load voltage after the compensation normally, it is rated
for load voltage or the rated PCC voltage.

[FL] rating calculation for both DVR and DSTATCOM may be done from phasor diagram as
follows. [FL] the injected voltage by the DVR is now, V LC square minus V S square under
root that that is the because we are injecting at the quadrature, that is the relation come for V
in injected voltage and VA rating of the DVR comes is equal to V injected into I S that
becomes V S I L cos phi into tan delta like.
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» where |, and |, are source and load currents. Cos@ is load
power factor and & is the angle between the load voltage and
PCC voltage after the compensation.

tan 5=\(V, 2 -V V.. 4)
* The DSTATCOM current rating is as,

lps7=l [\{(1-X)2+ cosg-2cosBeos(0-8)(1-X)(1-X)  (5)
* The VArating of DSTATCOM is as,

Spsr Ve st =

VI [W(1-X)2+ cos?B-2cos@cos(@-0)(1-X)}/(1-X) ()
= Therefore, total VA rating of the UPQC is as,

SUrqca™ Sowr* Spsr (7

5
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And where the I S and I L, the source and load current and cos phi is the load power factor
and delta is the angle between the load voltage and the PCC voltage after the compensation
which we usually call like a kind of power angle or so and that can be equated under root V

LC square minus V L; V S square under root of that divide by the V S like I mean.

And the DSTATCOM current rating can be like I DSTATCOM I L under root 1 minus X
square plus cos square phi minus 2 cos phi cos phi minus delta and 1 minus X divide by 1
minus X so, that is the rating of typically of DSTATCOM in terms of load current rating and
the VA rating of DSTATCOM with V LC I ST [FL], you can keep the value of I ST and this
is the typical rating of VA rating of the DSTATCOM and therefore, total rating will be I; SU
PQC will be equal to S DVR plus S DST like I mean.
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Control of UPQC as UPQC-P

* |n UPQC-P, the DVR is to inject minimum voltages for both
conditions of voltage sag and swell.
= |n this mode, DVR needs totally active power (P) for voltage
injection of series compensation.
= |n this case, the series voltage is injected in phase with the
ac mains currents or PCC voltages thus requiring only active
power which has to be fed or received by the DSTATCOM
through dc bus.
= |t increases the current and thus kVA rating of DSTATCOM.
However, the kVA rating of DVR is minimal in this operating
mode of UPQC as UPQC-P.
#~ " Moreover, the DVR can compensate for voltage sag and
39 swell in this UPQC-P mode of operation.
NPTEL

[FL] coming to this control of UPQC as a UPQC-P, in UPQC-P, the DVR inject the
minimum voltage for the condition of voltage sag and swell and in this mode, DVR inject the
total active power for the voltage injection of series compensation. In this case, the series
voltage injected in phase with the ac mains current or PCC voltage thus requiring only active

power which can be received by the DSTATCOM through dc bus.

It increases the current rating; current and the thus k VA rating of DSTATCOM. However,
the k VA rating of DVR 1s minimum in this operating mode of UPQC and UPQC-Q and
moreover, the DVR can compensate for voltage sag and voltage swell in this UPQC-P mode

of operation.
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.| Single-phase
Inductive Load

Phasor of UPQC-P for Phasor of UPQC-P for
voltage sag compensation voltage swell compensation

Well, this is the how we are going to compensate typically I mean like a voltage sag [FL], we
are typically injecting the voltage by DVR in phase with the current [FL] that is and in case of
swell, we are just putting the voltage opposite typically in series [FL] that virtually you can
call it like a here it consume the power, it is [ mean release the power I mean and which goes

circulate through DSTATCOM like I mean.
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And the rating can be very simplified calculated as a per unit V LC minus V S upon V LC
and that is V injected by V LC in per unit and this UPQC-P mode of operation of UPQC
require minimum injection voltage thus minimum rating of DVR but at the expense of
DSTATCOM rating, which increases due to large active power flow through the
DSTATCOM and the rating calculation for DVR and DSTATCOM may be done from the
phase diagram and V the injected voltage V LC into V L; LC X and the VA rating of DVR is
Vinjected [ S V LC minus V S into I; I L cos phi [FL] its become V LC into X into I L cos

phi.

= The pu voltage sag can be expressed as,
X=| (VLc_Vs)| / VLc=| ( Vinj)l IV (8)

» This UPQC-P mode of operation of UPQC requires
minimum injection voltage and thus minimum VA rating of
DVR but at the expense of DSTATCOM rating, which
increases due to large active power flow through
DSTATCOM.

= The rating calculations of both DVR and DSTATCOM may
be done from phasor diagram shown in Fig. (c) as follows.

= The injected voltage by the DVR is as,
Vim(ViemVe)= Vi X (9)

= The VA rating of the DVR s totally an active power and is
expressed as,

Sovr = Viy I=] (VieVy)| I .cos =V, X, cosp (10)
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* The DSTATCOM current rating is as,
o=V [{¥(1, 2132+ (X cosp)) (1)

* The VArating of DSTATCOM is as,
Spst= Vi Iosr= Vi VIV, 221+ (X1, coso)] (12)

= Therefore, total VA rating of the UPQC is as,
SUrqca™ Spwr* Spst (13)

%
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And the DSTATCOM rating because you just put the active power here, [FL] that is the
reason it goes to I L square minus I square S square under root plus X L cos phi square like
and the VA rating of DSTATCOM with V L S I LS; DST [FL] you can keep the value of

DST [FL] that give the rating of DSTATCOM and the total rating of UPQC comes like SU
PQC equal to S DVR plus S DST DSTATCOM.
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Control of UPQC as UPQC-S

= This control approach of UPQC-S has been featured as
most generalized one with a number of objectives such as

a) The overall minimum VA of both DSTATCOM and DVR.

b) Full utilization of DVR rating with reduced burden on
DSTATCOM.

¢) Optimum sharing of rating between DVR and
DSTATCOM efc.

* |n UPQC-S, the DVR may inject voltages for both conditions
of voltage sag and swell compensation.

* |n this UPQC-S mode of operation of UPQC, the
DSTATCOM is normally used for all curment based

=
7 s

‘* compensation other than full reactive power of the system.
NPTEL

[FL] coming to as a control of UPQC as a UPQC-S, the control approach of UPQC-S has
been featured as most generalized one with number of objective, the overall VA rating of
both DSTATCOM and DVR, overall minimum rating I mean which consist the rating of
DVR and DSTATCOM full utilization of DVR rating with reduced burden on DSTATCOM,
on a optimum sharing operating between the DVR and DSTATCOM.

[FL] in UPQC, the DVR may inject the voltage both in both the condition of voltage sag and
swell and in the in this UPQC-S mode of operation of UPQC, the DSTATCOM is normally

used for all current based compensation other than full reactive power of the system.
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Control of UPQC as UPQC-S

= |n this case, the DVR injects a voltage in series between ac
mains and the load end at a predetermined phase angle
with the PCC voltage.

» The DVR needs both active power (P) and reactive power
(Q) through the DVR.

= This concept of UPQC-S with the phase angle control (PAC)
of the series voltage injection of DVR has been perceived
very recently for different objectives.

o~
i
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And in this case, DVR inject a voltage in series between ac main and the load end at
predetermined phase angle with the PCC voltage and DVR needs both active power and
reactive power through DVR. [FL] this concept of UPQC-S with phase angle control of series

voltage injection of DVR has been perceived very recently in different; for different objective.
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UPQC-S Circuit Diagram and Phasor Diagram
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Ok ‘ Phasor of UPQC-S for
NFTEL voltage sag compensation voltage swell compensation

And this is the typical I mean phasor diagram for UPQC-S. [FL] here, you can see it is a
voltage sag, [FL] we are injecting the voltage of course, which is not in either phase with the
current or quadrature in the current, [FL] you might be injecting the active as well as reactive
power and this is for the voltage swell, again we are injecting the voltage I mean to reduce the
swell at the point of common coupling that voltage is also injected neither then phase with the
current nor typically at the quadrature of the current [FL] that is typically [FL] part of the

reactive power it can be transfer to the DVR in this case like.
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wiss,  Current based phasor representation of UPQC-S under voltage sag condition

And this is the typically phase current based representation of voltage sag compensation.
[FL], you can just see earlier it is the let say voltage, but one sag come, you inject the voltage

here by DVR and that is the new voltage which across the load.

And of course, when you really have this voltage goes up in a sense in that case, you will find
I mean the with respect to the load voltage, the source current becomes in phase with the
source voltage because you want to have a DSTATCOM [FL], even the partly the rating of
the d; even the DSTATCOM is also reduced in that case and that flow is virtually transferred
partly by the for the DVR like.
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* The voltage injected by DVR is its rated voltage as, Vpr=Vg
and the angle, ypyg at which it is to be injected w.rt PCC
voltage.

Wpvr=lm—cos (V2 Vo2V AM2VeVpr)l] (14)

5
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NFTEL p

[FL], the voltage injected by the DVR is rated at voltage V DR equal to V R and the angle
and your phi DVR at which the voltage injected can be calculated phi DR as a pi C minus cos
inverse V S square plus V DV square plus V LC square divided by 2 V S. [FL], we calculate
this angle virtually this of at which we are injecting, [FL], these are angle at which we are
injecting and from this, typically from this triangle we calculate this relation like for

calculation of this angle like or so.
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= The active power of the DVR are as,

Povr™ Vourls €08 Ypyr (15)
* The reactive power of the DVR are as,
Qo= Vourls Sin Wovr (16)

= This condition of DVR is considered for the compensation by
DVR with minimum active power and maximum reactive
power with full utilization of its rating as Vpz=Vx.

* The VArating of DVR is as,

Sovr= Vowels (17)

* Let § is the angle between the load voltage, V, and PCC
voltage V; after the compensation. It can be calculated as,

() o=si{Vomsin vV (18

NPTEL

And the active power of the DVR we can calculate V DVR I VR and this angle between the
two which phi DVR, we just calculate in the reactive power of the DVR can be your Q V
DVR I DVR and psi phi DVR like.

[FL], this condition of DVR is considered for the compensation by the DVR with minimum
active power and maximum reactive power full utilization of its rating as V DVR equal to V
R and the VA rating of DVR is S DVR equal to V DVR and I S like and let the delta be the
angle between the load voltage V L and PCC voltage V S after the compensation. It can be
calculated as delta equal to sin inverse V S; V DVR sin phi DVR divided by V L because that
is the angle between the typically V DVR and V L.
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» The angle, B between PCC voltage and the consumer load
current after the compensation is as,
p=p-5 (19)
* The DSTATCOM current rating is as,
Ipsr=V{(I_sinB)+{l {(cos B)-(cos B)/(1-X)} (20)
» The angle yper between DSTATCOM current and PCC
voltage is as,
Wosr = (/2)+tan-[{cos B-(cos @)/(1-X)} /sin B] 21)
» The active power of the DSTATCOM are as,
Posr= Vi Ipst ¢0s Ypsr (22)
~ = The reactive power of the DSTATCOM are as,
P;;Q Qpsr= Vilpsr Sin Wpst (23)
e O e e S |

And the angle beta between the PCC voltage and the consumer load current after the
compensation comes beta equal to phi minus delta. [FL], you can consider that compare to
phi now, this angle is reduced and it makes the part of reactive power is compensated by the
typically of DVR and DSTATCOM rating can be calculated now, I S DST I L sin beta square

plus I L cos beta minus cos phi.

And typically, divide by 1 minus X like I mean and the angle phi DST between the
DSTATCOM current and PCC voltage can be calculated from this pi by 2 plus tan inverse
cos beta minus cos phi upon 1 minus X divided by 1 sin beta. And the active power of the
DSTATCOM are as P DST VL I DST cos phi DST like and the reactive power of the
DSTATCOM can phi DST V L I DST sin phi DST.



(Refer Slide Time: 11:38)

» The VArating of DSTATCOM is as,
Spst= Vi Ipst (24)

= Therefore, total VA rating of the UPQC is as,
Stpacs™ Sowr* Spst (25)

= This condition of UPQC-S reduces the burden on DSTATCOM
rating as some part of reactive power of the load is supplied by
DVR. i

And the S D V L into I DST and therefore, the total VA rating of UPQC is the sum of S DVR
plus S DST like. [FL], this condition of UPQC-S reduces the burden on DSTATCOM rating

at some part of the reactive power of the load is supplied by the DVR as the angle is shifted
like.
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SRFT Based Control of UPQC
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Contrel Algorithm for DSTATCOM Portion of UPQC

';é) Block diagram of UPQC control algorithm
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Well, this is a typical control algorithm I mean for using you can call it synchronous reference
frame theory. [FL], typically this is the control of DVR part. [FL], we are sensing the voltage
and converting with the and sensing the current from which we are getting cos theta, sin theta
[FL], we use for synchronous reference frame theory [FL], we may get even because of
voltage unbalance or so repel here [FL], we have to pass on [FL] you can call it like typically

through low pass filter to get dc component.

And similarly, we have a here again the voltage regulation [FL] that give us about typically
about the a voltage component corresponding to the reactive power for voltage regulation or
control and V d, V q with the again with the cos theta, sin theta we convert to the load voltage

I mean that is regulator voltage and we have a feedback voltage [FL] that give the gating



signal for the your series compensator or the DVR devices I mean which are in a part of the

inverter.

And coming to DSTATCOM control, I mean here we are taking again load current and
putting a again d-q transformation and then, using low pass filter, we take a here the
component corresponding to which active component and we take typically of you can call it
dc link voltage control because you have to regulate the DC voltage similar to like a

DSTATCOM.

[FL], that you add it and then, with this with cos theta, sin theta which are obtained from PLL
of voltage [FL], you have a typically like a reference current grid current calculation you have
a sense grid current and 0 sequence neutral current, you keep the 0 you keep the gating signal

for four devices, here for this.

[FL], this is four leg DSTATCOM part and this is your, but the more important part here the
angle is calculated from the voltage PCC voltage and here, your angle is calculated from the
current [FL], this is the basic difference for that and this is typical you can call it voltage
control which we discussed earlier and here, it is typically the current control. [FL]
DSTATCOM operates in current control and your typically the DVR operates in voltage

control mode like that is about the typically of control of.
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Control of DSTATCOM of UPQC

» The objective of the DSTATCOM is to enhance the power
quality of the supply current as well as to support the
common DC bus of DSTATCOM and DVR by absorbing
active power by the DSTATCOM.

* The load currents in the three phases are converted
into the d-q-0 frame using the Park’s transformation

\ T

i 2
cos cos[@—%) cos(9+27”

N /

iLzl iLﬂ
i =§ —sinf —sin(ﬁ—zTﬂ) —sin(b@%”) i
J I 2

il,n 1 1 1 [Lc

0
@ 2 2 2
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[FL], objective of DSTATCOM is to enhance the power quality of the supply current as well
as to support the common DC bus voltage of DSTATCOM and DVR is absorbing active
power by the DSTATCOM and coming to these equations of this algorithm, the load current

in the three phases are converted to typically into d-q reference frame.
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Control of DSTATCOM of UPQC

* Here, 8is the grid voltage phase angle.

* The d-axis and g-axis currents consist of dc (fundamental)
and ripple (negative sequence and harmonics) components.

d = e +l[.dac’ll,q o l[qa‘c + llqac
» These d-q current components of load current are then

passed through low pass filters (LPF) to extract the dc
components of iyyand ig.

* DC link voltage control

* The DC link voltage (V) is controlled to its reference
7 voltage (V. ") using a PI controller and the output of the P!
Uk controller is considered as the loss component of the current
HPTEL to be injected by the DSTATCOM.

Then, where the theta is the angle which calculated from the current and d-q axis of course,
we have consist of dc and ac component. [FL], by using low pass filter we take only dc
component part of it and that we call it like a we extract 1 Ld, i q that is corresponding to
fundamental current like and DC link voltage control, it look like a reference voltage and we

use the PI controller I mean to regulate the voltage and which we consider the loss component

as in case of the DSTATCOM.
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Control of DSTATCOM of UPQC
v, (M) =V, (n)=V,(n)
Ioss(n+) = Tps(m)+ K {vm (n+1)- vm,(n)} +K (v, (n+1)

* The amplitude direct axis (i;) and quadrature axis (i)
components of reference supply current

. ¥ - X . hy
Iy = Lioss+ e I = 0, =0

= For the unity power factor operation, The reference supply
current must be in phase with the voltage at the PCC but
with no zero-sequence component.

A s . x
£ T Therefore, i, and iy are kept zero.

NPTEL

And this is typically the error and this is the typically the PI control equation for calculating
the loss component for regulating the DC link voltage of the typically of DVR and the
amplitude of that fluctuation quadrature axis you can call it that fluctuation I LOSS plus this
load active component of current and quadrature, we keep 0 because you want to have a unity

power factor and the 0 sequence we keep it 0.

Because you do not have a zero-sequence current flowing into the grid like I mean. [FL] for
unity, power factor operation, the reference current must be in phase with the voltage at the

PCC with no zero-sequence current. Therefore, 1 q and i 0 are kept 0.
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Control of DSTATCOM of UPQC

» Estimation of reference supply currents

cosd —sin @ 1. »

= cos(@-z—”] —s'm[ﬂ—z—”j 1
3 3 ;

iIC
c05(0+2—”] —sin(0+2—”) 1
L 3 3 -

» Note: Inverse Park's Transformation matrix for an a-phase to d-axis
alignment
0
LW
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And this is typically you can call it after getting i d, 1 q, you can transform to reference grid

current [ mean typically balance three from this the inverse Park transformation.
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Control of DVR of UPQC

* The PCC voltages are converted to the rotating reference
frame using the Park’s transformation.

. \
cosf cos 6—2—" cos 6+2—Tr
3 3
Vsd 2 2 217 vsa
Vg, |==|-siné -sin(e-—nj -sin(6+—] Vg,
3 3 3
VsO 1 1 Vsc
2 2 2
7~ » The unit vectors (sin6, cos 8 ) derived from the supply

A
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currents using a PLL (phase locked loop) block.

And similarly, you can have a four control of DVR that we sense typically the grid voltages

[FL], we convert t q voltage by this again Park transformation.
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Control of DVR of UPQC

» The components of the PCC voltages in d-axis and g-axis

de 5 Vddc + VdacY qu = quc i vqac
» The harmonics and the oscillatory components (v, Veec)
are eliminated using low pass filters (LPF)

* The amplitude of ac load terminal voltage (V) is
controlled to its reference voltage (V') using a Pl
controller and the output of the PI controller is considered
as the voltage (v,) to be injected by the DVR

/f“ Vqr(n) = Vqr(nfﬂ +KpZ(Vh;(n) -V
B Vi =V Vi)
NPTEL

» -

))* KiZV!e(n)

te(n-1

And typically, again by this we have a dc component, ac component. Dc component is
corresponding to fundamental voltage and ac component is corresponding to like a negative

sequence or harmonics or so.

Harmonics and oscillate component are these ac and are eliminated by low pass filter and the
amplitude of your ac load voltage is a control with the reference of V L using a PI controller
at the output and it is a injected voltage corresponding to we calculate corresponding to this
voltage controller where this is the error is a reference load voltage and this is the feedback

estimated voltage.
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Control of DVR of UPQC

» The direct axis (v') and quadrature axis (v,’) component
of the reference load voltage

Vg =V Vg =Vigge TV, ¥y =0

» The reference load voltages (v, Vi, Vi) in a-b-c frame

. cosf -sin@ 1
Vi, ) (o Vy
V, |= cos[e——") —sin\e-—n 1,
g 3 .3 ,
Vi, [ Vy
,f%) -cos(9+2?") —sin\9+%n) 1_
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And the direct axis component we can calculate, it is a dc component and the quadrature
typically the corresponding to the pi controller as well as those supply voltage and that is 0
sequence 1s 0 and once we get V d, q, we apply the inverse current transformation where theta
is calculated from the PLL from the current [FL], we get the load voltage and this load
voltage with the sense load voltage we put the PLL.

[FL], that is complete the one kind of control, the simplest control of your SRF theory for the
typically for this UPQC like.
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MODELING, SIMULATION AND
PERFORMANCE OF ON UPQC
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Coming to modeling, simulation, and performance of UPQC.
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Performance of UPQC at critical load for neutral current
compensation, load balancing and regulation of load
voltage during voltage Sag
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[FL], this is a typical case performance of UPQC at critical load for neutral current
compensation, load balancing and regulation of load during the voltage sag compensation.
[FL], you can see clearly here it is supply voltage, here it is a voltage sag and corresponding
to voltage sag, certainly for same power which load is drawing because load power remain

constant.

[FL], you will find the current is increase, the supply current increasing, but it is balance and
sinusoidal I mean here and here part of the one phase load is reduced that is the reason current
is reduced and here, you can call it another typically the voltage comes normal [FL], current
reduces and here, again another phase load is reduced, then you get the current in the supply

further lower and then, it comes to a normal condition from where it started.



And you can clearly this is the load voltage it remain regulated, sinusoidal and balance across
the load, but the load current you can call it is a lagging power factor load, here it was two
phase load and single phase load. [FL], load unbalancing, neutral current compensation, all

are taken care and these are of course, DSTATCOM current.

And this is the load neutral current and this is the DSTATCOM fourth leg neutral current, this
is the source neutral current which is regulated 0 and the dc link voltage regulated well and
this is the DVR voltage when voltage sag is there, it is injected that is why the load voltage is

maintained regulated.

[FL], this providing the compensation, keeping a load voltage, sinusoidal balance and the grid
current balance, but the grid current magnitude will change at because it is a in the supply

side for deriving the constant power to the Load like I mean.
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[FL], performance of UPQC at critical load and neutral compensation, load balancing and
regulation, we have already discussed about this what the typically the voltage sag have been,
then load voltage regulated constant and you observed that only voltage sag, voltage injected
by DVR to regulate the load voltage and due to sag in supply, the increment in supply current
is observed and the load is changed from 2 phase and single phase [FL], these are applied

again back to.

At 0.3s, a sag in supply voltage (0.3 pu) is created for 10
cycles.

It is observed that the load voltage is regulated to constant
amplitude under voltage sag and nominal operating
conditions.

It is observed that only during sag, a voltage is injected by
DVR portion of UPQC to regulate the load voltage.

Due to sag in supply voltage, an increment in supply current
is observed.

At 0.4 s, the load is changed to two-phase load and to single-
phase load at 0.6 s. These loads are applied again at 0.7s.
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* |t is observed that supply currents are balanced and are in
phase with supply voltage even under unbalanced load at
supply.

» The load neural current is supplied by fourth-leg of
DSTATCOM.

* Hence the supply neutral current is approximately zero under
all operating conditions.
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[FL], it is observed that supply current are balanced and are in phase with the supply voltage
even unbalanced load supply and the load neutral current is supplied by fourth-leg of
DSTATCOM. Hence, the supply neutral current is approximately zero with all operating

condition.

This is the another case when we have a voltage swell I mean like the UPQC perform. [FL],
you can see here, from here to a there is a voltage swell. For nominal, it is going to little
higher and because of same power that is why current is going to down, but here one phase
load is reduced so current reduces further and here, the voltage comes normal, but current

have to increased typically slightly.



And here, another phase load is reduced [FL], current further reduces on supply, but supply
current are balance and sinusoidal and load voltage regulator across the load and that is why

load current are not affected even the voltage swell here.

But here two-phase load, single-phase load and again back to and here, DSTATCOM current,
this is a load neutral current which is compensated by fourth-leg of the DSTATCOM, this is
the source neutral maintained 0 and dc link voltage regulated to constant and this is the DVR
voltage which are injected to compensate the voltage typically the voltage swell here so that

load voltage is regulated like.

[FL], this is a compensation for voltage swell like. [FL], these are the observation that a
voltage swell is applied of 0.3 per unit for 10 cycle and you observe that load voltage
regulated at a constant amplitude under the voltage swell and nominal operating condition. It
can be observed that only during swell, a voltage is injected by DVR portion of UPQC to
regulate that load voltage and due to swell in supply voltage, a decrease in supply current is

observed.

And the load is changed at this time to two-phase and then, single-phase and these load are
applied again back and it can be observed the supply current are balanced are in phase with
the supply voltage even under unbalanced load and load term and neutral current is supplied
by the fourth leg of DSTATCOM. Hence, the supply neutral current is approximately zero

under all operating conditions.
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[FL], with this, we cover typically the case study. Now, we will like to discuss the numerical

examples of this UPQC like.
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Q.1 A single-phase unified power quality compensator (UPQC
consisting of DSTATCOM and DVR using two VSCs with
common DC bus capacitor) is to be designed for a load of 230
V, 50 Hz, 25A, 0.8 lagging power factor as a Right Hand
UPQC-Q (shown in Fig). There is a voltage sag of -20% in
supply system with base value of 230 V. Calculate (a) the
voltage rating of DVR of UPQC-Q, (b) the current rating DVR
of UPQC-Q, (c) the VA rating of DVR of UPQC-Q, (d) the
voltage rating of DSTATCOM of UPQC-Q, (€) the current rating
of DSTATCOM of UPQC-Q, (f) the VA rating of DSTATCOM of
UPQC-Q, and (g) total VA rating of UPQC-Q to provide
reactive power compensation of the load for unity power factor
at AC mains with a constant regulated voltage of 230 V at 50

.. Hzacrossthe load. '

Fx’ll’ﬁ@ﬂ‘

[FL], coming to the first numerical example, a single-phase UPQC, unified power quality
compensator consisting of DSTATCOM and DVR using two voltage source currents with
common DC bus capacitor is to be designed for a load of 230 volt, 50 hertz, 25 ampere, 0.8
lagging power factor as a right hand UPQC-Q and there is a voltage sag of minus 20 percent
in the supply system with base voltage of 230 volt.

Calculate the voltage rating of the DVR of UPQC-Q, the current rating of UPQC-Q, the VA
rating of DVR of UPQC-Q, the voltage rating of DSTATCOM of UPQC-Q and the current
rating of DSTATCOM of UPQC-Q, the VA rating of DSTATCOM of UPQC-Q and the total
VA rating of the UPQC-Q to provide reactive power compensation of load for unity power

factor at AC mains constant regulated voltage of 230, 50 hertz across the load.
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[FL], this is the typically, the condition where voltage sag is apply because it is a UPQC-Q
[FL], there was a voltage sag, the voltage is reduced from 230 volt to 184 I mean typically for
that much voltage we have to inject like a V DVR equal to after and this is the new voltage
typically in this. [FL], that is the concept of UPQC-Q, there is no reactive power at round
phase [FL], this complete model is developed.

And then, these are the typically the performance result after the simulation. [FL], you can say
supply voltage, supply current, which is at unity power factor, these are load to voltage which
regulated across the load current, and this is the injected voltage by the typically to for the sag

I mean typically to compensate voltage sag from the supply to the load voltage.
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Solution: Given that, V, = 230 V, f=50 Hz, a load of 230 V, 50
Hz, 25A, 0.8 lagging power factor. There is a voltage sag -=20%
in supply system with base value of 230 V.
The active power of the load is, P ;= V,*l, *pf =230*25%0.8=
4600 W.
The supply current during nominal operating condition is as,
|y = P /V;=4600/230 = 20A.
During nominal grid operation,
Vogry =230V
'DSTN = |L5in®=25*\“’(1 '0.82)=1 5A,
Spsmv=VYosm'lpsn=230"1 53450 VA
During nominal grid operation VD{,;;E 0. Hence during nominal
grid operation Spr,=0.
Voltage Sag Compensation by Right Hand UPQC-Q

~  (a)The voltage rating of DVR of UPQC-Q is computed as.

(%} There is voltage sag of -20% in the supply system with base

wik,  value of 230 V.

[FL], coming to numerical part of this, given that V S equal to 230-volt, f equal to 50 hertz, a
load of 230-volt, 50 hertz, 25 ampere, 0.8 lagging power factor and there is a voltage sag of
minus 20 percent in supply system with the base of 230 volt. The active power of the load is
P L equal to V L I L pf [FL], this comes around 4600 watt and the supply current during

normal condition is your P L upon V S [FL], it comes 20 ampere.

And during nominal grid condition, the typically the voltage is 230 volt and | DSTATCOM is
I L sin phi that is 25 under root 1 minus 0.8 square so, it is a 15 ampere and the DSTATCOM
rating is 230 and 15 that become 3450 VA. During normal grid operation, the V DVR is 0.

Hence, during the this is 0, but volt during the voltage sag compensation, I mean during
normal condition DSTATCOM is suppose true, but DVR not suppose true because there is no

voltage sag, but when voltage sag is there, the DVR comes into action [FL], voltage rating of



UPQC is computed as there is a voltage sag of minus 20 percent in supply system with base

of 230 volt.

(Refer Slide Time: 22:55)

Supply voltage reduces to V'=230(1-0.20)=184 V. and X=0.2.
The supply current during voltage sag compensation is as,
Iy =P /V=4600/184=25 A.
The voltage rating of DVR, Vpue=V(V2-V.2) =V(230%-
1842=138 V.
(b) The current rating DVR of UPQC must be same as supply
current after shunt compensation as.
love=ls= The fundamental active component of load current,
s =P, /V=4600/184=25 A.
(c)The VA rating of series element of UPQC-Q is as,
Qovr= Vour Tovr=(138725) VA=3450 VAR.
Poyr=0.0 as the voltage of DVR isinjected at the quadrature
with its current.
Sovr=VPovr* Qpur?)= Qg =138 "25 VA=3450 VA.
_(d) The voltage rating of DSTATCOM of UPQC-Q is equal to
(’;{- AC load voltage of V,=230V, since it is connected across the
M};,m load of 230V sine waveform.

Y T ]

And supply voltage reduces to 230 typically of with 20 percent sag 184 and X 1s 0.2. [FL], we
can calculate the. Now, typically the so, supply current because power is same 4600 divide by
184 [FL], current on the supply it becomes 25 ampere and the voltage rating of the DVR you
can calculate is V L square minus V S square because UPQC-Q we are injecting at the

quadrature with the current [FL], that comes to 138.

And current rating of UPQC is the same as the supply current that is 25 ampere and the VA
rating of UPQC is V DVR I DVR [FL], we get voltage injected there which we calculate here
multiplied the current [FL], it become 3450 VA r and P DVR is 0 because we are not taking



any active power injection for the we are injecting the voltage at the quadrature with the

current [FL], S DVR will be P DVR Q square [FL] that is 138 into 25 [FL] this is 3450.

[FL], voltage rating of DSTATCOM is equal to 230 volt and its connected across the load of

230 volt sine wave.
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(e) The current rating of DSTATCOM of UPQC-Q is computed
as follows.
The DSTATCOM of UPQC-Q is to correct the power factor of
the supply to unity, hence the required reactive power by
DSTATCOM is now lower than the load reactive power as the
angle between supply voltage and load current is reduced to
p=0-3.
Where cos@ is load power factor and & is the angle between
the load voltage and PCC voltage after the compensation. This
angle 3 is computed as follows.
tan & =v(V, 2 - V,2)/V;=138/184=0.75, 5 =36.87°, and
power factor angle is as. @=cos(.08)= 36.87°.
The DSTATCOM current rating is as,
lnsr=I [\{(1-X)*cos2p-2cos@cos(@-8)(1-X)JJ/(1-X)
7 =25[1{0.82+0.82 - 2*0.8%cos (36.87° -36.87°)0.8]/0.8=0A
ti‘) (f) The VA rating of DSTATCOM is as, Sper=Vper Ipst
NIFTEL =230"0 =0-VA.

[FL], current rating of UPQC computed typically to correct the power factor unity hence the
required reactive power of DSTATCOM is now lower than the reactive power of the angle
between the voltage and current [FL], that is phi minus delta and cos phi is the load power

factor and delta is the angle between the load voltage, PCC voltage after the compensation.

[FL], that delta tan delta equal to V LC square minus V S square divide by V S [FL], it comes
0.75, delta is 36.5 and power factor angle is also 36.5. [FL], DSTATCOM current rating if



you put the value, its comes 0 ampere [FL], DSTATCOM because whatever the reactive

power required by the load, it is already compensated by the DVR. [FL], VA rating of the
DSTATCOM will be 0.

(Refer Slide Time: 24:37)

Hence the VA rating of UPQCQ under voltage sag is as,
Supacagunder sag™ Spst+ Spvr=0+3450=3450VA.

Hence considering the overall ratings (both normal and under

voltage sag), the ratings of both the compensators is as,

V=230V, Ips7=15A, Sper=230"15=3450VA.

Voyr= 138V, Ipyr=25A, Spyr=3450VA.

(g) The VArating of UPQC,

Supaca™ Spst+ Spyr=3490+3450=6900 VA.

5
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And typically, the VA rating of the this total UPQC will be DSTATCOM plus DVR. [FL],
DSTATCOM DV DSTATCOM is 0 [FL], DVR takes this much 3450. Hence, considering
the overall rating both normal and under the rating of the both compensator is typically of
DSTATCOM 230 and the nominal condition is 15 [FL], this is the typical rating of
DSTATCOM and DVR rating is typically 3450. [FL], total VA rating will be sum of both

that comes 6900 volt ampere like.
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Q.2 A single-phase unified power quality compensator (UPQC
consisting of DSTATCOM and DVR using two VSCs with
common DC bus capacitor) is to be designed for a load of 230
V, 50 Hz, 25A, 0.8 lagging power factor as a Left Hand
UPQC-Q (shown in Fig.). There is a voltage sag of -10% in
supply system with base value of 230 V. Calculate (a) the
voltage rating of DVR of UPQC-Q, (b) the current rating DVR
of UPQC-Q, (c) the VA rating of DVR of UPQC-Q, (d) the
voltage rating of DSTATCOM of UPQC-Q, (e) the current
rating of DSTATCOM of UPQC-Q, (f) the VA rating of
DSTATCOM of UPQC-Q, and (g) total VA rating of UPQC-Q to
provide reactive power compensation of the load for unity
power factor at AC mains with a constant regulated voltage of
230V at 50 Hz across the load.

5
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[FL], coming to numerical example 2nd, a single-phase UPQC I mean consisting of
DSTATCOM and DVR using two VSCs with common DC bus capacitor is designed for a
load of 230-volt, 50 hertz, 25 ampere, 0.8 lagging power factor as the left hand UPQC and
there is a voltage sag of 10 percent in the supply system with the base supply voltage of 230

volt.

Calculate the voltage rating of DVR of UPQC-Q, current rating of UPQC-Q, VA rating of
UPQC-Q, the voltage rating of UPQC-Q and current rating of UPQC-Q and VA rating of
DSTATCOM UPQC-Q and total VA rating of UPQC-Q for reactive power compensation of
the load for unity power factor at AC mains and with a constant regulated voltage of 230

across the load.
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[FL], this is typically the you can call it how we are doing the compensation. [FL], here we
have a typically the voltage sag and we are injecting the voltage virtually of this one to
compensate, but now, you can say it is a typically I mean like and then, these are the wave

form.
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Solution: Given that,V, = 230 V, =50 Hz, a load of 230 V, 50 Hz,
25A, 0.8 lagging power factor. There is a voltage sag -10% in
supply system with base value of 230 V. -
It means after the voltage supply voltage reduces to
V,'=230%(1-0.10)=207 V, and X=0.1.
The active power of the load is, P =V, *I *pf=230*25%0.8=4600 W.
The supply current during the voltage sag compensation is as
follows, I;'=P /V;=4600/207=22.22 A.
During nominal grid operation,
Vpsmy =230V
lpsmy = | Sin@=25*V(1-0.82)=15A.
Sosmi=Vost'losy=230"15=3450 VA.
Since Vpyry=0, S0 Spyry=0.
Voltage Sag Compensation by Left Hand UPQC-Q
) (a)The voltage rating of DVR of UPQC-Q is computed as.
r%) There is voltage sag of ~10% in the supply system with base value
m;‘réfwn. of 230 V. Therefore, the DVR of Left Hand UPQC-Q must inject at

[FL], given 230-volt, 50 hertz, say load of 230, 0.8 lagging power factor. There is a voltage
sag of minus 10 percent with a 230 volt. It means the voltage is reduces to typically 207 point,
X become 0.1 and the load power factor load power is typically 230 into 4600 and the your
current become 22.22 and voltage rating of DSTATCOM 230 and current rating will be

corresponding to reactive power of 15.

[FL], DSTATCOM rating is typically 3450 and D; your DVR rating is 0 under normal
condition. Now, voltage sag compensation by left hand UPQC, the voltage rating of u DVR
of UPQC is compulsory, there is a voltage sag of minus 10 percent in supply system with

base value of 230.
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quadrature of the load current to provide the required voltage at
the load end.
V' cos@=V, cos, cosp=V, cos@/V,=230*0.8/(230*0.9)=8/9,
B=27.21°, 6= - B=36.87° -27.27° =9.60". .
V,5in3=Vsin(90° - B), Vpye= V' sindlsin(90° - B)=43.17 V.
The voltage rating of DVR, Vpz= V| sind/sin(90° - B)=43.17 V.
(b)The current rating DVR of UPQC must be same as load
current as,
lpve=lL = 25A.
(c) The VA rating of DVR of UPQC-Q is as,
Qovr= Vour lovr=43.17 *25 VA=1079.25 VAR.
Powr=0.0 as the voltage of DVR is injected at the quadrature
with its current.
Sove=V (Pove2*Qove?)= Qg =1079.25 VA=1079.25 VA,
~ (d) The voltage rating of DSTATCOM of UPQC-Ql is equato ac
f% supply voltage of Vp5;=207 V, since it is connected across the
J=%  PCCof 207 V sine waveform.

And therefore, DVR left must inject the voltage at quadrature with provide the load [FL], V L
cos phi equal to V n and cos phi. From this relation, we are able to get typically beta equal to
27.27 and delta equal to 5 minus beta that come 36 [FL], angle comes 9.6 degree and from
this, we can calculate putting the value of beta here [FL], we can find out the rating of V

DVR 43.17.

And the current rating of DVR same as the load rating because it is connected on the typically
of series compensator on the load side and VA rating of UPQC is typically your voltage
rating into current [FL], this come that much DVR and P 0 because it is a UPQC-Q [FL], you
do not inject the any active power and the S DVR will be P DVR that is equal to 1079.29
[FL], that is the VA rating and the voltage rating of DSTATCOM of UPQC equal to the ac



voltage that is 207 because it is connected on the grid side [FL], it is; it connected across PPC

so, it is a 207 sine waveform
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(€) The current rating of DSTATCOM of UPQC-Q is computed as
follows.
The DSTATCOM of UPQC-Q is to correct the power factor of
the source to unity, hence the required reactive power by
DSTATCOM is now lower than the load reactive power as the
angle between supply voltage and load current is reduced to
p=0-5.
The DSTATCOM current rating is as,
Ipsr=l,sin B =25 sin 27.27° =11.45 A.
Qpgr= Vs |’ sin B=20711.45=2370.15 VA.
Posr=0.0, as there no active power consumed by either
DSTATCOM or DVR.
(f) The VA rating of DSTATCOM s as,
Sosriunder sag)=‘/(PDST2+QDéT2)= Qugr =V lpsr=Vs'I'sin B
- =207*11.45=2370.15 VA. g
{3 Hence the VA rétifg of UPQCQ under voltage sag is as,
M‘W!Eﬂ sUPQCQ(under sag)= "SDST+ SDVR=2370‘ 1 5+107925=3/4ﬂg4VA

And the current rating of UPQC is computed typically as follows. The UPQC is correct to
correct the power factor of the source to unity, hence the required reactive power of
DSTATCOM is now lower than the your load reactive power as angle of load current that is a
beta equal to phi minus delta, [FL], you can just calculate the DSTATCOM rating from I sin
phi [FL], it is a 11.45 and Q DST will be here V L I L sin beta [FL], it comes like a 20;
2370.18 after multiplication of this and P DST is 0 because it is not circulating any active

power because DSTATCOM need active power like I mean.



[FL], VA rating of DSTATCOM will be directly Q DST and that is typically 2370 and total
rating of this during sag will have to DSTATCOM rating and the DVR rating typically it
come 3449.4 VA like.
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However, during nominal grid condition, DSTATCOM has to

supply all reactive power of the load, hence its rating is to be

3450VA.

Spst=3450 VA.

Hence considering an overall rating, (both normal and under

voltage sag), the ratings of both the compensators are as,

Vpsr=230'V, Ipgr=15 A.

Spsr= Vst ‘Iost =230*15=3450 VA.

Vo= 4317V, Ipg=25A.

Sove= Vour “lpve =1019.29.VA.

(9) The VA rating of UPQC, Spqcq= Spst+ Spyr=3450+1079.25
Sypqcq =4929.25 VA.

However, during normal condition, DSTATCOM has to supply the all reactive power of the
load, hence its rating have to be like a 3450 and hence, the considering overall rating both
normal and the rating of the typically DSTATCOM is 230, 15 [FL], it come the DSTATCOM
rating and DVR rating voltage is this and current rating is this. [FL], it is a d DVR rating and
total rating will be the sum of both which is sum of these two [FL], it comes 4529.25 VA.
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Q.3 A single-phase unified power quality compensator (UPQC
consisting of DSTATCOM and DVR using two VSCs with
common DC bus capacitor) is to be designed for a load of
230 V, 50 Hz, 25A, 0.8 lagging power factor as a Left Hand
UPQC-Q (shown in Fig.). There is a voltage swell of +10%
in supply system with base value of 230 V. Calculate (a) the
voltage rating of DVR of UPQC-Q, (b) the current rating DVR
of UPQC-Q, (c) the VA rating of DVR-of UPQC-Q, (d) the
voltage rating of DSTATCOM of UPQC-Q, (e) the current
rating of DSTATCOM of UPQC-Q, (f) the VA rating—of
DSTATCOM of UPQC-Q, and (g) total VA rating of UPQC-Q
to provide rech compensation of the load for unity
power factor at AC mains with a constant regulated voltage of
230 V at 50 Hz across the load.

N]P;'T!Fﬂ.
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[FL], coming to a numerical example 3, a single-phase UPQC I mean consisting of
DSTATCOM and DVR using two VSCs with common DC link capacitor is to be designed
for a load of 230 volt, 50 hertz, 25 ampere, 0.8 lagging power factor at the left hand UPQC.

And there is a voltage swell of 10 percent in the supply system with the typically if you
calculate the voltage rating of the UPQC, current rating of UPQC and VA rating of the UPQC
of DVR and then, the current rating of DSTATCOM of UPQC, voltage rating of
DSTATCOM VA rating and the total VA rating of UPQC to provide reactive power

compensation of load and unity power factor at AC mains regulated.
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[FL], you can see here, it is a DSTATCOM which put on left side and DVR on right side and
accordingly, how the voltage injection is taking place. [FL], after making the model, it is

coming typically the waveform.
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Solution: Given that, V, =230 V, f=50 Hz, a load of 230 V, 50 Hz,

25A, 0.8 lagging power factor.

During nominal grid operation,

Vpsny =230V

lpsmy = 1,SiN@=25*\(1-0.89)=15A,

Sost=Vosm Tosry=230*15=3450 VA.

The rating of the DVR is &, Vg0, hence Spygy=0.

The active power of the load is, P =V, *| *pf=230*25"0.8=4600 W.

Voltage Swell Compensation by Left Hand UPQC-Q

There is a voltage swell +10% in supply system with base value of

230 V. It means during the voltage swell, the supply voltage

increases to V;=230%(1+0.10)=253 V.

The supply current during voltage swell compensation is as follows.

=P /V,'=4600/253=18.18 A.

(@) The voltage rating of DVR of UPQC-Q is computed as.
/;9 There is voltage swell of +10% in the supply system with base value
‘x."‘“ of 230 V. Therefore, the DVR of Left Hand UPQC-Q must inject at
NPTEL

[FL], coming to numerical part of this, given that V S equal to 230 volt, a 50 hertz, a load of
230 volt, 50 hertz, 25 ampere and 0.8 lagging power factor and during nominal grid
condition, the voltage is 230 and DSTATCOM supplying reactive power [FL], that comes
your at 0.8 power factor of 25 ampere, it comes 15 ampere. [FL], DSTATCOM computing it
230 into 15 [FL], it become 3450 VA and the rating of DVR we say is 0 volt and the VA
rating of DVR in the normal condition and active power load, you can find out typically 4600.

[FL], that is under normal condition.

Now, coming to voltage swell compensation by left hand UPQC, there is a voltage swell of
10 percent in the supply with the voltage of 230 it means during voltage swell, the supply
voltage increases typically of 253 and supply current during the voltage swell compensation is

typically the current on supply will be your active power force of the load 4600 divided by



253 [FL], current becomes 18.18 and the voltage rating of the DVR from we can calculate

from the voltage swell 10 percent, [FL], we can calculate the value of 230 volt.

(Refer Slide Time: 31:13)

the quadrature of the load current to provide the required voltage
at the load end.
V cos@=V, cosp, cosB=V cosp/V,=230"0.8/(230*1.1)=0.8/1.1,
B=43.34°.
5= B-0=43.34°-36.87° =6.47".
V| sind=Vr 5in(90°-B), Vpz= Y, sind/sin(90°-)=35.64V.
The voltage rating of DVR, Vpyz= V| 'sind/sin(90°-f)= 35.64V.
(b) The current rating DVR of UPQC must be same as load
current as.
lo=l=25A.
(c) The VA rating of DVR of UPQC-Q is as
Qpyr= Vour Toyr=30.64"25 VA=891.15VAR.
Poirz00,
SovraunngsvenV(Povr™*Qoye’ = Qpyr =891.15VA=891.15VA.
~ (d) The voltage rating of DSTATCOM of UPQC-Q is equal to ac
f';? source voltage of Vpsﬁ y_;/=253 V, since it is connected across
wist,  the PCC of 253 V sine waveform.

e e e e

[FL], since it is a DVR put on left side must inject the voltage in quadrature with the current
of the load I mean like and we can find out V L equal to V L [FL] to form this calculation, we

will get beta equal to 43.34 and from this delta, we can calculate the delta beta minus 5.

[FL], it comes like a 6.47 and from this relation of V L sin delta, V DVR sin minus beta [FL],
we can calculate the value of V DVR 35.64 and the voltage rating of the DVR same as this
value and current rating of DVR is the same as the load current that is 25 ampere [FL], VA
rating of DVR will be your voltage rating multiplied by current rating [FL], it becomes
891.15 VAR.



And power rate of course, the power is active power is 0 [FL], the total rating of your DVR
will P square plus Q square [FL], it comes only Q because P is 0 [FL], it comes 89.15 VA.
[FL], voltage rating of DSTATCOM of UPQC is equal to the ac voltage that is V
DSTATCOM equal to V S 253 volt, since it is putting on the left side across the grid and

since its connected across the PCC of 253 voltage sine wave.

(Refer Slide Time: 32:19)

(e) The current rating of DSTATCOM of UPQC-Q is computed
as follows.
The DSTATCOM of UPQC-Q is to correct the power factor of the
source to unity, hence the required reactive power by
DSTATCOM is now higher than the load reactive power as the
angle between supply voltage and load current is increased to
p=@+6.
The DSTATCOM current rating is as,
|psr=I,"sin B =25 sin 43.34° =17.16 A.
Qusr= V1|’ sin B=253"17.16 =4341.01 VAR.
Po=00," o
(f) The VA rating of DSTATCOM is as,
Spsr=V(Posr*Qpsr?) = Qpst
=V,Josr=V,, sin B=253"17.16 =4341.01 VA.
. Hence the VArating of UPQCQ under voltage sivellis as,
39 Supaca(under swell”™ SQST+ Spyr=4341.01 +891.15=5233.13 VA.

NPTEL R s Sk
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And current rating of the DSTATCOM of UPQC is computed as all. The DSTATCOM
UPQC to correct the power factor of the source to unity, hence the required reactive power by
the DSTATCOM is now higher than the load reactive power as angle between the supply

voltage and load current is increased.

[FL], that is beta plus delta and DSTATCOM current rating now is a I L sin beta equal to
typically 17.16 and Q of this will be voltage that is PCC voltage multiply current [FL] it



become 4341.01 VAR and power active power is 0 because UPQC-P [FL], there is no active
power required for DVR that is why DSTATCOM also do not have a to circulate any active

power.

[FL], VA rating of DSTATCOM will be P square Q square [FL], it is Q ST and that is your V
S sin to DST equal to this V S into I L sin beta [FL], this become 253 into 17.16 [FL], it
become 4314 VA. Hence, the total VA rating of UPQC will be your S DVT; S DST plus S
DVR DSTATCOM rating and plus DVR rating that is typically sum of these two [FL], it
become 53; 5233.13 VA like.

(Refer Slide Time: 33:28)

Hence considering an overall rating (both normal and under
voltage swell), ratings of both compensators are as,

Viosr=253 V, lpgr=1716 A, Sper= Vper lpsy =253*17.16=4341 VA
Vour= 35.64 V, 15,525 A, 8= Vi lpg =891.15 VA,
Spsr=4341 VA and S;,.=891.15 VA.

(9) The VA rating of UPQC,
Supaca™ Spsrt Spyr=4341.01 +891.15=5233.13 VA,

-
4 VA
&
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[FL], hence considering the overall rating both normal and voltage swell, the rating of both
compensator I mean we can call it voltage of DSTATCOM 253, current 17.16 [FL], the S
DST becomes like typically 4314 and V DVR is 35.64, voltage rating I DVR 25 ampere [FL],



it becomes like a 891 15 and [FL], your DSTATCOM rating is a1 and DVR rating is 91 [FL],
total rating of UPQC is a sum of both [FL], it become 5233.13 VA like.

(Refer Slide Time: 34:02)

Q4 A single-phase unified power quality compensator
(UPQC consisting of DSTATCOM and DVR using two VSCs
with common DC bus capacitor) is to be designed for a load
of 230 V, 50 Hz, 25 A, 0.8 lagging power factor as a Right
Hand UPQC-P (shown in Fig.). There is a voltage sag of -
20% in supply system with base value of 230 V. Calculate (a)
the voltage rating of DSTATCOM of UPQC-P, (b) the current
rating of DSTATCOM of UPQC-P, (c) the VA rating of
DSTATCOM of UPQC-P, (d) the voltage rating of DVR of
UPQC-P, (e) the current rating DVR of UPQC-P, (f) the VA
rating of DVR of UPQC-P, (g) total VA rating of UPQC-P to
provide reactive power compensation for unity power factor
at AC mains with a constant regulated voltage of 230 V at 50
Hz across the load. T

P
NPTEL
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[FL], coming to numerical example 4, a single-phase UPQC consisting of DSTATCOM and
DVR with a two VSCs common is to be designed for a load of 230-volt, 50 hertz, 25, 0.8
lagging power factor as a right hand UPQC and there is a voltage sag of 20 percent in the
supply system with base impedance of 230 volt.

Calculate the voltage rating of DSTATCOM, the current rating of DSTATCOM, VA rating of
DSTATCOM and the voltage rating of DVR, the current rating of DVR and the VA rating of
DVR, the total VA rating of UPQC to provide the reactive power compensation for unity

power factor ac mains with constant regulated voltage of 230-volt, 50 hertz across the load.



(Refer Slide Time: 34:40)
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[FL], here typically we can call it a (Refer Time: 34:44), typically UPQC P with the right
hand normally. [FL], we are injecting the voltage in phase with the current like you can see so
that active power injected here. [FL], this active power when we are injecting, we are taking
active power from DSTATCOM. [FL], under sag condition, we will take active power and
inject here the voltage and for swell condition, we will take power and feed the voltage to

this. [FL], these are typically waveform.

Once the load voltage is regulated where there is a I mean sag in this [FL], this is the typically
the injected voltage in addition to these that become load voltage and source current
accordingly adjusted, but the load and typically the load current and typically load voltage are

not affected and that is the typical how we are injecting from under sag, this voltage in phase



with the current I mean because power factor unity because it is already making unity this

current [FL], current and voltage both are in phases as far as supply side is concerned.

(Refer Slide Time: 35:32)

Solution: Given that, V; = 230 V, f=50 Hz, a load of 230 V, 50 Hz,
25A, 0.8 lagging power factor. There is a voltage sag -20%
(X=0.2 pu) in supply system with base value of 230 V. -
The active power of the load is, P,=V,*l, *pf=230*25*0.8=4600 W.
During nominal grid operation,
Vsmy =230V -
Insm = 1,8in@=25"V(1 - 0.89)=15 A,
Spstv=Vsmy lpsTn230"15=3450 VA.
The rating of DVR is s, Vpygy=6, hence, Spypy=0.
Voltage Sag Compensation by Right Hand UPQC-P
It means that during the voltage sag, the supply voltage reduces
to Vg = V(1 -X)=2307(1-0.20)= 184 V.
The supply current during voltage sag compensation is as,
I'=P/Vs=4600/184=25 A.
(a)The voltage rating of DSTATCOM of UPQC is equal to AC load
/’;{_ voltage of Vppsr=230V, since it is connected across the load of
‘) 230V sine waveform.
NPTEL -
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[FL], coming to numerical part of it, typically given that the V S equal 230-volt, 50 hertz, a
load of 50; 230-volt, 50 hertz, 25 point ampere point 5, 0.8 lagging power factor. [FL], there
is a voltage sag of minus 20 percent, X equal to 0.2 in the supply system with the base value
of 230 volt and active power of the load is your typically 230, 25 into 0.8 4600 watt and
during normal condition, the V. DSTATCOM is 230 volt and I DSTATCOM will be

corresponding to 15 ampere.

[FL], DSTATCOM rating is your voltage multiply current so, its become 3450 VA. [FL],
rating of the DVR voltage is 0, current VR rating is also, then DSTATCOM rating is DVR



rating is 0 because of nominal condition, we are not injecting any voltage and [FL], there is

no action of the DVR, but DSTATCOM have to still correct the power factor to unity.

Now, coming to the voltage sag compensation by right hand UPQC, it means that the voltage
during sag the supply voltage reduces by 20 percent [FL], this is the typical voltage for the Ps,
your grid voltage or PCC voltage and the current of the grid can be then power divide by this
voltage [FL], it become 25 ampere and the DSTATCOM rating is equal to the your 230 volt,

since connected across the load directly.

(Refer Slide Time: 36:48)

I |
(b) The current rating of DSTATCOM of UPQC is computed as.
The DSTATCOM of UPQC is to correct the power factor load to
unity, hence the required reactive power of the load it must
supply, therefore, |pgrr=reactive current of the load=I, V(1-PF2)
=25"0.6=15A. =
Active power component of the DSTATCOM current,
psta= (Vs™X)*15/V; = (46*25)/230=5 A.
Total current of DSTATCOM, lpsr=\( Ingri®#lpsrsd)=15.81 A.
(c) The VArating of VSC of DSTATCOM of UPQC,
Spsr=Vost'Ipsr=(230"15.81) VA=3636.62 VA.
(d) The voltage rating of DVR of UPQC is computed as,
The voltage rating of DVR, Vpyg=V"X=230"0.20=46 V.
(e) The current rating DVR of UPQC is same as the supply
current after shunt compensation.as.
P Ipyg=ls= the fundamental active component of load current,
’sf) |=P, [V, =46001184=25 A.

NPTEL
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[FL], the rating of the, current rating of DSTATCOM UPQC is computed as all as that the
DSTATCOM UPQC is to correct the power factor of the load to unity, hence the required
reactive power of the load must be supply from the DSTATCOM and that comes like a 25
into 0.6 into 15 ampere and the active power of the DSTATCOM will be corresponding to the



active power required by the your DVR that is the power of DVR divide by 230 [FL], itisa 5

ampere.

[FL], total current of the DSTATCOM will be the reactive current plus active current [FL],
that comes like a typically your 15.81 from 5 ampere and 15 ampere, it become 15.81 and VA
rating of the DSTATCOM will be the voltage multiply the current [FL], it comes 3636.62 and
voltage rating of DVR of UPQC is calculated directly from V S into X [FL], that is a 46 volt
and the current rating of the DVR of UPQC same as the supply after the compensation. [FL],
I DVR equal to I S, the fundamental active component of load current is 4600 divide by 184

that is a 25 ampere.

(Refer Slide Time: 37:52)

(f) The VA rating of DVR of UPQC-P,
Sovr=VowR'Iovr=46"25 VA=1150 VA,

The VA rating of UPQCP during voltage sag s as,
SUPQCP(under sag) SDST+ SDVR_3636 62 +1150-4786 62 VA.
Hence considering an overall rating (both normal and under
voltage sag), ratings of both compensators are as,
Vos=230 V, Ipsr=15.81 A,
Spgr= Vst Ipsr =230° 15.81=3636.62 VA.
Vour= 46 VToye=25 A, Spyr=Vpy Ipye=1150 VA.
Spsr=3636.62VA and Sy 5=1150 VA.
(9) The overall VA rating of UPQC-P is as,
Surace Snsr*' Spy=3636.62 +1150=4786.62 VA.

—
—
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And the VA rating of DVR will be your V DVR into I DVR [FL], 46 into 25 ampere that
becomes your 1150 VA and the VA rating of the UPQC during the voltage sag is your S DST
plus S DVR [FL], it comes your typically 3636.62 divide plus 1150 [FL], it become 4786.62.

Hence, considering the overall rating both normal and under voltage sag rating of both
compensator [FL], DSTATCOM 230 volt with 15.81 ampere [FL], that is the rating of the
typically of DSTATCOM 3636.62 and DVR is compensating 46 volt with a current of 25
ampere [FL], it is a DVR rating is 1150 and the overall rating of the VA of either DV DST
plus DVR [FL], that is 6 point; 3636.62 plus 1150 [FL], it become 4786.62 VA.

(Refer Slide Time: 38:47)

Q.5 Assingle-phase unified power quality compensator (UPQC
consisting of DSTATCOM and DVR using two VSCs with
common DC bus capacitor) is to be designed for
compensation of a load of 230 V, 50 Hz, 25 A, 0.8 lagging
power factor as a Left Hand UPQC-P (shown in Fig.). There
is a voltage sag of -10% in supply system with base value of
230 V. Calculate (a) the voltage rating of DVR of UPQC-P, (b)
the current rating DVR of UPQC-P, (c) the VA rating of DVR of
UPQC-P, (d) the voltage rating of DSTATCOM of UPQC-P, (e)
the current rating of DSTATCOM of UPQC-P, (f) the VA rating
of DSTATCOM of UPQC-P, and (g) total VA rating of UPQC to
provide reactive power compensation for unity power factor at
AC mains with a constant regulated voltage of 230 V at 50 Hz
across the load. o
R‘]‘WFH.

[FL], coming to 5th numerical example, a typically a single-phase UPQC I mean consisting of
DSTATCOM and DVR using two VSCs with common DC bus is to be designed for
compensation of load of 230-volt, 50 hertz, 25 ampere, 0.8 lagging power factor as a left hand



UPQC and there is a voltage sag of minus 10 percent in the supply system with base value of

230 volt.

Calculate the voltage rating of DVR UPQC, current rating of DVR, volt VA rating of DVR,
voltage rating of DSTATCOM, current rating of the DSTATCOM and VA rating of
DSTATCOM and total VA rating of UPQC to provide reactive power compensation for unity

power factor at AC mains constant regulated voltage of 230-volt, 50 hertz across the load.

(Refer Slide Time: 39:30)

[FL], this is typically because we are putting left hand DSTATCOM and it is a DVR on series
on the load side [FL], that is typically the phasor diagram that ok, this is typically how we are

injecting the voltage here and these are the typical waveform.



(Refer Slide Time: 39:42)

Solution: Given that, V = 230 V, =50 Hz, a load of 230 V, 50 Hz,

25 A, 0.8 lagging power factor. There is a voltage sag -10%

(X=0.1 pu) in supply system with base value of 230 V.

During nominal grid operation, =

Vpsty =230V

lostn = 'IszqQ=25*w’(1 - 0.89=15A,

Spsmv=Vosmy'Ipsmy=230"15=3450 VA.

The rating of DVR is as, Vpygy=0, and Spygy=0.

Voltage Sag Compensation by Left Hand UPQC-P_

[t means that during the voltage sag, the supply voltage reduces

to V= V¢*(1 - X) = 230%(1 - 0.10) =207 V.

The active power of the load is, P =V, ‘I, “p=230*25*0.8=4600 W.

The supply current during the voltage sag compensation is as

follows. =P /V'=4600/207=22.22 A.

(a)The voltage rating of DVR of UPQC-P is computed as.
7 There is voltage sag of -10% in the supply system with base
L# value of 230 V. Therefore, the DVR of Left Hand UPQC-P must
witm  injecta '

[FL], coming to numerical portion of it that the V S equal to 230-volt, 50 hertz, a load of
230-volt, 50 hertz, 25 ampere, 0.8 lagging power factor. There is a voltage sag of minus 10
percent and in the supply system with base value of 230 volt. [FL], during normal grid
condition, the V DSTATCOM is 230 volt and current rating is for reactive power of the load
[FL] that is corresponding to 15 ampere and the rating of the DSTATCOM is your 230 into
15, 3450 VA and the rating of DVR is typically 0 because we are not injecting any voltage
and that is the real and VA rating is also there, but for the voltage sag compensation by left

hand UPQC.

Now, DVR have two function for voltage injection [FL], it means that during voltage sag, the

supply voltage reduces to V S equal to let say V S minus 1 X [FL], 230 into 1 minus 0.1 [FL],



it become the voltage typically of 207 volt in place of 230 and the active power of the load
now is V L, I L [FL], that is 230 into 25 into 0.8, 4600 watt.

[FL], supply current during the voltage sag compensation is as a P L upon V S [FL], it
becomes 22.22 because there is a voltage sag here. [FL], voltage rating of that your DVR of
UPQC, the voltage sag 10 percent [FL], typically for nominal voltage of 230 volt.

(Refer Slide Time: 40:59)

. J
voltage in phase of the load current to provide the required
voltage at the load end.

From phasor diagram (Fig.),

V' sin 8=Vpyg sin @ and (V' cos 5+Vpg cos 0)=V)
Substituting values, V,'=0.9"230 V, V,'=230 V, cos ¢=0.8 and
sin ¢=0.6, and solving these above equations, one gets,
Vovr=29.71V and 3=4.94 ° and p=§ +¢=41.83".

The voltage rating of DVR, Vpy,z=29.71 V.
(a)The current rating DVR of UPQC-P must be same as load
current as, Ipyg=l,'= 25 A.
(b)The VA rating of DVR of UPQC-P is as,
QDVR.= 0.0 VAR,
Pove= Vour Tove=(29.71725) VA=T42.75 W.
Sove=(Pove™+Qove2)= Povg =742.75 VA.
- (c) The voltage rating of DSTATCOM of UPQC-P is equal to
(%3}  maximum voltage across it, Vo= V=230 V.

NPTEL
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Therefore, left hand must inject the voltage in phase with the load current to provide the
required voltage. [FL], the from phasor diagram V S sin delta equal to typical putting the
value here [FL], if you put value here, the all the [FL], we get the DVR equal to 29.71 and
delta is 4.94 and beta comes 41 point typically 83.



[FL], VA rating of the DVR will be 29.7 volt and current rating of this will be same as the
load current rating because it is connected on the load side 25 ampere and the VA rating
typically of the your DVR UPQC is your 0 because we are only putting active power not the
reactive power [FL], DVR will be same as here [FL], we put the this voltage and current [FL],
742.75 watt and S DVR will be the same as P DVR [FL] that is 742.75 and voltage rating of
DSTATCOM of UPQC equal to the your 230 volt.

(Refer Slide Time: 41:54)

(d) The current rating of DSTATCOM of UPQC-P is computed as
follows.

The DSTATCOM of UPQC-P is to correct the power factor of
the AC mains to unity, hence the required reactive power by
DSTATCOM is now higher than the load reactive power as the
angle between supply voltage and the load current is changed
to f=@+5.
The DSTATCOM current rating is as,
Qpsr= Vs I’ sin f=20725" sin 41.83%= 3450 VAR
Post= = Pove= Vour love= (29.71°25) VA= = T42.75W.

() The VA rating of DSTATCOM is as,
Spsr=V(Posr*+Qpsr?)= 3529.1VA.
 los™Spst/Vps7=3529.1/207=17.04A.
/’;{, The VA rating of UPQCP during sag compensation is as,
) Supace(under sag™ Spstt Sow @EQH@B =4271.75 VA.

NPTEL

And the current rating of DSTATCOM is computed as follows. [FL], DSTATCOM UPQC is
to correct the power factor of AC mains to unity, hence the required reactive power by
DSTATCOM now higher than the load reactive power as the angle between the supply
voltage and load current is changed beta equal to phi plus delta and DSTATCOM rating is as



your Q equal to V L, I L sin beta [FL], that comes 3450 VAR and P DST equal to your
typically your voltage and current [FL], it become minus 74; 42.75.

And the VA rating of typically of now DST; DSTATCOM will be P 2 plus Q square [FL], it
become 3.3529 which we calculated here and your I DST will be your; S DST will be your
typically your VA divide by voltage [FL], it is 17.04 and voltage rating of UPQC during sag
will be S DVR and plus S DST [FL], it become 3529 plus 742.275 [FL], it is a 4271.75 VA
like.

(Refer Slide Time: 42:56)

Hence considering overall rating (both normal and under
voltage sag), ratings of both compensatars are as,
Vpsr=230 V,
losr=17.04 A,
Spst= Vst lpst =230717.04=3921.2 VA.
Vo= 2,9_?1V Iowe=25 A, Sove= Vorg love =142.75VA.

(f) The VA rating of UPQC-P is as,
Supace= Spsrt Spyg= 3921.2+742.75 =4663.95 VA.

.
NPTEL
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Hence, considering the overall rating for normal and under voltage sag, the rating of both
compensator are DSTATCOM 230 volt and current rating 7.07 and the DSTATCOM rating is
230 into 17 [FL], it become 3921 point VA and DVR voltage rating is 2.71 and current is 25



ampere [FL], its rating come 742.75 and total rating will be S D DSTATCOM, S DVR [FL],
adding these two, it become 4663.95 VA.

(Refer Slide Time: 43:24)

Q.6 A single-phase unified power quality compensator (UPQC
consisting of DSTATCOM and DVR using two VSCs with
common DC bus capacitor) is to be designed for the
compensation of a load of 230 V, 50 Hz, 25 A, 0.8 lagging
power factor as a Left Hand UPQC-P (shown in Fig.). There
is a voltage swell of +10% in supply system with base value
of 230_V. Calculate (a) the voltage rating of DVR of UPQC-P,
(b) the current rating DVR of UPQC-P, (c) the VA rating of
DVR of UPQC-P| (d) the voltage rating of DSTATCOM of
UPQC-P, (e) the current rating of DSTATCOM of UPQC-P, (f)
the VA rating of DSTATCOM of UPQC-P, (g) total VA rating of
UPQC-P to provide reactive power compensation for unity
power factor at AC mains with constant regulated voltage of
230 V at 50 Hz across the load.

5
{
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[FL], coming to 6th numerical example, a single-phase UPQC consisting of DSTATCOM
and DVR using two; V two VSC with the common DC bus capacitor is to be designed for
compensation of load of 230-volt, 50 hertz, 25 ampere, 0.8 lagging power factor as a left hand
UPQC and there is a voltage swell of 10 percent in the supply system with the base value of
230-volt.

[FL], calculate the voltage rating of DVR, current rating of DVR, VA rating of the DVR and
voltage rating of DSTATCOM, current rating of DSTATCOM and VA rating of
DSTATCOM and total VA rating of UPQC-P to provide reactive power compensation for



unity power factor at AC mains with constant regulated voltage of 230-volt, 50 hertz across

the load.

(Refer Slide Time: 44:08)
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[FL], this is you can again see that it is a left hand UPQC yeah, it is a left hand UPQC so,
DSTATCOM put on the grid side and your DVR is put on the load side and this is the
typically the phasor diagram performing to this condition and this is the typically the

waveform after getting the grid model and solving that.



(Refer Slide Time: 44:28)

Solution: Given that, V, =230V, f=5g Hz, a load of 230 V, 50 Hz,
25 A, 0.8 lagging power factor. There is a voltage swell fL(Jf/c. in
supply system with base value of 230 V.
The active power of the load is, P =V, *I, *pf=230*25*0.8=4600 W.
Grid current under nominal operating condition is, -
=P, /V=4600/230=20A.
During nominal grid condition injected voltage by DVR should be
zero hence Vpyry=0, lpyry=1=25A.
During nominal grid condition, [psmn=lSin@=15A.
Voltage Swell Compensation by Left Hand UPQC-P
It means that after the voltage swell voltage increases to
V5=2307(1+0.10) =233 V.
The supply current after the voltage swell compensation is as,
=P /V=4600/253=18.18 A.
_ (a)The voltage rating of DVR of UPQC-P is computed as.
r’ There is voltage swell of +10% in the supply system with hase
yms  valueof 230V Therefore, the DVR of Left Hand UPQC-P must

[FL], coming to the numerical portion of it, given that V S equal to 230-volt, 50 hertz, a load
voltage of 230-volt, 50 hertz of 25 ampere, 0.8 lagging power factor. There is voltage swell of
10 percent in the supply system with the base value of 230-volt and the active power of the
load is V L I L, power factor [FL], it comes like a 4600 watt and grid current under normal

operating condition is P L upon V S.

[FL], it is a typically 20 ampere and during normal grid condition, the injected voltage by
DVR should be equal to 0 and typically, the DVR current is 25 ampere and normal grid
condition the DSTATCOM current is reactive power of reactive current of the load and
voltage typically [FL], is the same at 230 [FL], you have a your DSTATCOM rating 230 into

15 I mean like.



[FL], now coming to voltage swell condition by left hand UPQC means that after the voltage
swell, voltage increases so, it is a 230 into 1.101 [FL], it become 253-volt and supply current
after the voltage compensation is your power divide by V S [FL], it is your current become
18.18 because the voltage increases because of voltage swell across the PCC. [FL], the
voltage rating of DVR for UPQC computed as since there is a voltage swell of 10 percent in

the supply system with base voltage of 230-volt.
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Inject a valtage in out of phase of the load current to provide the
required voltage at the load end.
From phasor diagram (Fig.),
V' sin 5=Vpyg sin @ and V' cos § =V, +Vpg €08 0
Substituting values, V,=1.1230 V. V=230V, cos¢=0.8 and
sing=0.6, and solving these above equations, one gets,
Vpyr=28.05 V and 5= 3.81° and = ¢- § = 33°
The voltage rating of DVR, Vpyg=28.05V.
(b) The current rating DVR of UPQC must be same as load
current as.
lovr=1= 25 A.
(c) The VArating of DVR of UPQC-P is as,
QDVR= 0.0 VAR,
Pove® Vove Tove=28.05"25 VA=7Q1W.
Sovr=V(Povr™*Qove?)* Pove = 101 VA.
7~ (d) The voltage rating of DSTATCOM of UPQC-P is equal to ac
3_?} source voltage of Vipgr=V,'=253V, since it is connected across the
wite.  PCC of 253 V sine waveform.

g —

Therefore, the DVR of left hand UPQC must inject the voltage in out of the phase of load
current to provide the required voltage at load end and from the phasor diagram, we can
calculate the typically the voltage V sin delta equal to V DVR into sin phi [FL], from which
we can calculate putting the value here, we can find out the typically the V VDR equal to

28.05 and the angle beta come 33 I mean that phi minus delta, delta already we calculated.



[FL], VA rating of the DSTATCOM DVR is 28.05 and current rating of DVR is same as the
load one that is typically 25 ampere and the reactive power is 0 because it is only injecting the
active power the your DVR and the power is now voltage multiply the current [FL], 28.05
into 25 [FL], that is 701 watt and S DVR will be the same as P DVR [FL], that is 701 VA.
The voltage rating of DSTATCOM UPQC-P is equal to the AC voltage of V DSTATCOM

253 since it is connected across the PCC of 253 sine wave.

(Refer Slide Time: 46:49)
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(€) The current rating of DSTATCOM of UPQC-P is computed
as follows.

The DSTATCOM of UPQC-P is to correct the power factor of the
source to unity, hence the required reactive power by
DSTATCOM is now lower than the load reactive power as the
angle between supply voltage and load current is reduced to
p=0-0.

The DSTATCOM current rating is as,

Qpsr= V', sin B=253"25%in (33) = 3450VAR.

qurf Pove= Voug Tove=70IW.

(f) The VA rating of DSTATCOM s as,

Spsr=\(Posr+Qpgr’)= = 3520.5 VA
Current through DSTATCOM during voltage swell is
Ips7=Spsr/Vs=3520.5/253=13.91A
7~ The VArating of UPQCP during voltage swell is as,
Hf) Supace(under swell™ Spst+ Spyr=3920.5 +701=42215 VA
NFFEL b i e
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[FL], current rating of DSTATCOM P is connected as follows. The DSTATCOM of UPQC is
to correct the power factor of the source to unity, hence the required reactive power by
DSTATCOM is now lower than the load reactive power as the angle between supply voltage
and load current is reduced to beta which is phi minus delta. [FL], DSTATCOM current



rating reduces to your V L, V S into I L sin beta [FL], it is a 253 into 25 into angle of beta 33
degree [FL], it come 3450 VAR.

And power of course, DVR equal to DST because whatever power DSTAT DVR needs it had
to supply through DSTATCOM [FL], it come same as 701 watt. [FL], VA rating of the
DSTATCOM will be P square plus Q square [FL], it come 3520.5 VA and current rating
through DSTATCOM in voltage swell condition is that typically VA rating divide by the

voltage.

[FL], it say current now DSTATCOM is 13.91 ampere and the VA rating of UPQC will be
your VA rating of DSTATCOM plus VA rating of the DVR [FL], it comes totally adding
two, it become 4221.5 VA.
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Hence considering an overall rating (both normal and under
voltage swell), ratings of both compensators are as,

Vpsr=253 V, =

|DST=15 A,

Spsr= Vogr'lpsr =253*15=3795 VA,

Vpwg=28.05V, S

lDVR=|LE§_§K*

SDVR= VDVR*lDVR =701 VA
—

(g) The overall VA rating of UPQC-P is as,
Supaca™ Spst* Spvr= 3795+701=4496 VA.




Hence, the considering the overall rating both normal and under voltage, the rating of
compensator as V DSTATCOM 253 volt and I DST 15 ampere and S DSTATCOM is
multiplication of those 3795 VA and V DVR equal to 28 volt, I DVR 25 ampere [FL], VA
rating of the DVR is 701 VA and a overall VA rating of UPQC is your DSTATCOM rating
plus your DVR rating so, it become 4496 VA.
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Q.7 A single-phase unified power quality compensator (UPQC
consisting of DSTATCOM and DVR using two VSCs with
common DC bus capacitor) is to be designed for a load
compensation of 230 V, 50 Hz, 25 A, 0.8 lagging power factor
as a Right Hand UPQC-S (shown in Fig.). There is a voltage
sag of -20% in the supply system with base value of 230_V.
Calculate (a) the voltage rating of DVR of UPQC-S, (b) the
current rating DVR of UPQC-S, (c) the VA rating of DVR of
UPQC-S, (d) the voltage rating of DSTATCOM of UPQC-S, (e)
the current rating of DSTATCOM of UPQC-S, (f) the VA rating
of DSTATCOM of UPQC-S, (g) total VA rating of UPQE-S-to
provide reactive pgwer?Bhpensation for unity power factor at
PCC with constant regulated voltage of 230 V at 50 Hz across
the load. Consider same rating of the both VSCs.

- —
&
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[FL], coming to the 7th numerical example, a single phase UPQC consisting of
DSTATCOM, DVR using 2 VSC with common DC bus capacitor is to be designed for a load
compensation of 230-volt, 50 hertz, 25 ampere, 0.8 lagging power factor as a right hand
UPQC and there is a voltage sag of 20 percent in the supply voltage with the base value of
230-volt.



Calculate the voltage rating of DVR, current rating of DVR, VA rating of DVR, voltage
rating of DSTATCOM, current rating of DSTATCOM, VA rating of DSTATCOM and total
rating of the UPQC as to provide the reactive power compensation for unity power factor at
PCC with constant regulated voltage of 230-volt, 50 hertz across the load consider the same

VA rating of both VSCs. [FL], this is a interesting, you can call it the assumption like.
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And why it is this? Because normally the inventory of both, I mean inverter is same. [FL], we
can load keeping the losses also same [FL], it is a right hand UPQC [FL], DSTATCOM on
right side closer to the load and the DVR is in series with the line which is right

configuration, we already discussed earlier now, only the method of control is different here.



[FL], you have a supply voltage, supply current for going to the power and this is the load
voltage, load current and this is the DVR injected voltage so that the load voltage regulated

compared to the there is a voltage sag on the typically.
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Solution: Given that, V; = 230 V, f=50 Hz, a load of 230 V, 50
Hz, 25 A, 0.8 lagging power factor. There is voltage sag of’—2_0%
in the supply system with base value of 230 V. Both VSCs are of
same ratings. R
Under Steady State Condition for Unity Power Factor at ac
Mains without Voltage Sag
The active power of the foad is, P =V, ", "pf=230"25"0.8=4600
W. it e ————
The reactive power of the load is, Q =V, "I *(1 - pf2)
=230*25%0.6=3450 VAR.
The supply current is as, ;=P /V;=4600/230=20 A.
Each VSC has reactive power rating equal to half of the reactive
power of the load, which is equal to
QDST=QDVR=QL/2=345942=J)12MR-
From the following relation of reactive power of DVR, the power
7 angle can be compufed as.
f) Qpr=V, Is sin 8=1725, thierefore, 5=22.02° and

>4 PW -y |i §1 - cos 6‘ =-32 BOW. - o

[FL], coming to the numerical portion, given that V S equal to 230-volt, 50 hertz, a load of
30; 230-volt, 50 hertz, 25 ampere, 0.8 lagging power factor. There is a voltage sag of 20
percent in the supply system with the base value of 230-volt and both voltage source
converter are the same rating [FL], this is interesting case like because you are having a equal

loading of both.

[FL], under a steady state condition for unity power factor without voltage sag the active

power of the load is typically V L I L cos phi [FL], it becomes like your 230 into 25.8 [FL],



4600 watt and reactive power of the load is your Q L equal to your typically 230, 25 into 0.6
[FL], it is a 3450 VAR.

Now, the supply current typically will be your active power divide by 230 that is 20 ampere.
[FL], each VSC reactive power rating have to be half of the reactive power of the load [FL],
which is equal to your Q DST equal to Q DVR equal to Q L by 2 [FL], it is a 3450 by 2 [FL],
each I mean you can call it compensator have a VA rating 7, 1725 VAR.

[FL], from the following relation of reactive power of DVR, the power angle can be
calculated [FL], we know the Q DVR V L I sin delta [FL], it is the 1725 so, there delta we
can calculate and from this P DVR will be from this relation, we can find out will be your

339.69.
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SDVR=‘/(QDVR2+PDVR2)=11§8-12 VA, lovri=ls=20A,
Vourn=Spvr/lovry=87.90 V.

Active power of DSTATCOM is as, Ppgr= - Ppyz=339.69 W.
The voltage rating of DSTATCOM of UPQC is equal to ac load
voltage of V=230V since it is connected across the load
of 230V sine waveform.

The current rating of DSTATCOM of UPQC is computed as.
Therefore, angle between supply voltage and load currentis
as, p=0 - 5= 36.87°=22.02°=14.85°

Therefore, DSTATCOM current is as,

lpsm= 1V [(1+c082@ ~2c0sB cos@)=25+(1+0.82 ~2°0.8*0.967)
=7.64A

The phase angle between DSTATCOM voltage and current
can be calculated as,

‘o Posr =339.69 W=V Ipgry c0s@ps7, Pps;=79.02° and Q=

X‘@ VLIDST SinQDST=_1\7?—5 VAR—_\ R

NPTEL
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Now, the S DVR will be Q DVR plus P DVR [FL], that is typical this VR and I DVR equal to
20 ampere and V DVR equal to now, this much voltage. Once you know VA rating and

current rating, we can find out the voltage rating.

The active power of DSTATCOM is equal to same as the typically of power of DVR that is
339.69 which we calculate earlier and the voltage rating of the DSTATCOM of UPQC equal
to the AC load 230-volt and it is a across the load of this. [FL], current rating of
DSTATCOM is computed from the angle calculation of beta equal to phi and that is 36.87
minus 22 [FL], 14.85.

Therefore, DSTATCOM current rating will be I L I mean 1 plus cos square minus cos 2 that
is the angle between the typical [FL], it comes typically of 7.64 ampere and the phase angle
between the DSTATCOM and current you can call it P DST 339 which is DSTATCOM need
this; DVR need this power [FL], DSTATCOM have to supply 339.69 watt and this can be
equated to V L I DSTN cos [FL], you get the angle for phi DSTATCOM 79.02 and Q
DSTATCOM, we can calculate is 1725 VAR.
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Voltage Sag Compensation by Right Hand UPQC-S
Each VSC has reactive power rating equal to half of the
reactive power of the load, which is equal to Qpgr= Qg = Q2
= 345012=1725-VAR. JEELSE
From the relation of reactive power of DVR (see Phasor
Diagram of Fig.), power angle is cgn_p_t?tg‘dﬁ
It means that after the voltage supply voItEge reduces to
V'=230%(1 - 0.20) =184 V, and X=0.2.
QDVR‘%\{ILTSWBEHZS\V\R, therefore, §=17.46°. (As |;= P,/
V,=4600/184=25Aand V= 230 V).
(a)The voltage rating of DVR of UPQC-S is as,
(BVoug=1(Vi 2,2 - 2°V,V, "0 B)=TZ56 V.,
The current rating DVR of UPQC-S is as, It is connected in
series with the supply, therefore; Tp,z=1;=25 A.

7~ (c)The VArating of DVR of UPQC-S is as,

#f) Sove™ Vour” love=77.56"25=1939.02 VA.

_\\——‘
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[FL], for after coming the voltage compensation, typically by right hand UPQC [FL], each
VSC have a reactive power equal to half of the reactive power load which is equal to like a Q
L Q DST equal to Q VR Q L by 2 that is 1725 VAR. From the relation of reactive power of
DVR, the power angle is computed as typically from this relation [FL], your V supply voltage
reduces to 184 and with the sag of 20 percent, then Q DVR will be a typically I S equal to that

same as the DVR of the already we have given.

[FL], we can calculate delta from here and then, once we know delta, we can find out
typically the given a current in the D; you can call it current in the supply and the voltage
rating of the you can call it of DVR can be calculated from the phase this phasor [FL], it come

77.56 and current rating DVR 1is same as the connected in series with the supply. Therefore, it



isaI DVR equal to I S 25. [FL], VA rating of the DVR can be calculated, this 77.56 into 25
[FL], it become 1939.02 VA.

(Refer Slide Time: 53:19)

| =t ——— e — e e
And the active power flowing through DVR is as,
Pove= = V(Spyr? = Qpyg?)=-885 W. B
This -sign denotes that DVR abs absorbing this active power
which is fed to dc bus and therefore, active power of
DSTATCOM is as, Ppgr= - - Ppy=885 W.
The voltage rating of DSTATCOM | of UPQC-Sis-equal to AC
load voltage of Vpgr= 230 V, since it is connected across the
load of 230 V sme/waveform
The current rating of DSTATCOM of UPQC-S is computed as.
Therefore, an angle between the supply voltage and the load
current is as, = Q_\6-36 1 e 46"-19 41°.
Therefore, DSTATCOM current is as,
Or Ipst= Spsr/Vpst = SpvrlVasr = 1939.02/230=8.4
The phase angle betweeR—DnSﬁ' ATCOM volta age an rrent
- can be calculated as,
{ ) Posr =885 W =V Ipst cos@ps, Bpsr = 62.86° and
wit.  Qpsr= V\ Ipsr indipsr= 1725 VAR,

And the active power flow through DVR will be corresponding to your S square plus minus
Q square [FL], it is a 885 watt and the minus sign denotes the DVR absorbing the active
power which is fed from DC bus therefore, active power of the DSTATCOM is minus DVR
that is 885 and voltage rating of DSTATCOM is same as 230-volt, then it is connected across
the load and current rating of the DSTATCOM UPQC computed. [FL], therefore, angle
between of supply voltage will be beta equal to phi minus delta [FL], it comes for 19.41.

And DSTATCOM current will be then I DST, S DST by typically this. [FL], we know S
DVR because both rating are equal divide by 230 [FL], we get the current of 8.43. [FL], phase

angle between DSTATCOM voltage and current will be now P you know, from P we can find



out the angle of DSTATCOM, 62.86 and Q DST can be calculated that is already 7; 1725

there is equal reactive power.
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(f) The VA rating of DSTATCOM of UPQC-S is as.
Sosr=Sovr= V(Posr+Qpsr?)=1939.02 VA, which  conforms the
solution. g
The VA rating of UPQCS during voltage sag is as,
Supacs(undersag)™ Spstt Spyg=1939.02 +1939.02= 3M
Hence conSIdenng an overall ratmgs (both normal and under
voltage sag), ratings of both compensators are as,
Vovr=Voury=87.90 V, Ipyg= 25 A,
Sove Vovrw “Iovay =87.90725=2197.5 VA.
Vsr=230 V, Ipsr=8.43 A, Spgr= Vpsr Ipsy =230"8.43=1939 VA.
The VArat rating of UPQC S, Supacs= Spstt SDVR—1939+2197 5
=4136.5 VA.
Alternatively, If both the VSC of same VA are considered for
same inventory then, Sper=Spr=2197.5 VA.
3‘9 The overall VA rating of UPQC-S is as,
“ Suracs™ Spstt Spyr=2197.5+2197.5 =4395 VA.

NPTEL

[FL], VA rating of DSTATCOM will be P square Q square that comes 1939.2 VA which
conforms the solution and VA rating during the voltage sag is your S DST that is both equal
and that come 3878.07. Hence considering a overall rating both normal and under rating of
both compensator is 89 into 25 that is 2197.5 and DSTATCOM to 238 point that is comes
1939 [FL], total rating of this is 4136.5. [FL], actually both VSC are of same VA rating, then
the inventory is same [FL], S D are equal to 2197 VA and overall rating will be of sum of
both [FL], that is 439 5 VA like.
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Q.8 A single-phase unified power quality compensator (UPQC
consisting of DSTATCOM and DVR using two VSCs with
common DC bus capacitor) is to be designed for a load
compensation of 230 V, 50 Hz, 25 A, 0.8 lagging power factor
as a Left Hand UPQC-S (shown in n Fig). There is a voltage
sag of -20% in the supply system with base value of 230 V.
Calculate ( ) the voltage rating of DSTATCOM of UPQC-S, (b)
the current rating of DSTATCOM of UPQC-S, (c) the VA rating
of DSTATCOM of UPQC-S, (d) the voltage rating of DVR of
UPQC-S, (e) the currenLLatln DVR of UPQC-S, (f) the VA
rating of DVR of UPQC-S, (g) total VA rating of UPQC-S to
provide reactive power compensaﬂon for unity power factor at
PCC with constant regulated voltage of 230 V at 50 Hz across
the load. Consider same rating of both VSCs.

s
®
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[FL], coming to the example 8, a single-phase UPQC consisting of DSTATCOM DVR using
two VSC with common DC link capacitor is designed for a load compensation of 230-volt,
50 hertz, 25 ampere, 0.8 lagging power factor to the left hand UPQCs and there is a voltage
sag of 20 percent in the supply voltage the base value of 230-volt.

And calculate the voltage rating of DSTATCOM of UPQC, current rating of UPQC and VA
rating of UPQC, the voltage rating of DVR, voltage rating current rating of DVR and VA
rating of DVR and total VA rating of UPQC to provide reactive power compensation unity
power factor with constant regulated voltage of 230-volt, 50 hertz across the load. Consider

the rating of both VSCs same.
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[FL], here what we are putting a DSTATCOM on the left side and DVR on right side. Why
we are taking such numerical? Just to see the relative value with the different configuration
for the same loading condition is same sag or swell conditions [FL], that is typically the

phasor.
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Solution: Given that, V = 230 V, =50 Hz, a load of 230 V, 50
Hz, 25A, 0.8 lagging power factor. There is a voltage sag -
20% in the supply system with base value of 230 V. Both
VSCs are of same ratings.
The UPQC-S operation under nominal grid condition is as,
The active power of the load is,
P =V "l "pf=230"25"0.8=4600 W.
The reactive power of the load is,
Q=Y "1 (1 - p)=230*250.6=3450 VAR
The supply current is as, |:=P, /V;=4600/230=20 A.
Each VSC has reactive power rating equal to half of the
reactive power of the load, which is equal to
Qpsr=Qpyr=Q,/2=3450/2=1725 VAR.
From the following relation of reactive power of DSTATCOM,
. the power angle can be computed as. €
(%} The reactive power DSTATCOMis as, Qpgr=Vs I sin B=1725
win VAR B=1746°,5=0- B=36.87° - 17.46°=19.41°

[FL], coming to numerical part, given that V S equal 230-volt, 50 hertz, a load of 230-volt, 50
hertz, 25 ampere, 0.8 lagging power factor and there is a voltage sag of 20 percent in the
supply system with the base value of 230-volt and both UPQC are of same rating. [FL],
UPQC-S operation under nominal condition is at the active power of the load is equal to V L
I into pf [FL], that is typically 4600 watt and reactive power of the load is your Q L, V L that
is 3450 VAR and supply current will be now power divide by voltage that is 20 ampere.

[FL], each VSC have a reactive power equal to the half of the typically reactive power of the
load which is your typically Q L upon this [FL], it comes 1725 VAR. From the following
relation, the reactive power of DSTATCOM, the power angle can be calculated. [FL], we
know this putting the value here of beta [FL], beta comes 17.46 degree and delta comes 30

typically of 19.41 degree which produces the rating typically corresponding to that [FL].
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Ppst= Vs ls = Vs I, cos p = 4600 - 5485.15= - 885.15 W.
The current of DSTATCOM is as,
Ipsm= Spst NVostv= (V(Posr+ Qosr? )V, osTn=8.43 A.
Bpsr=cos™ (Posr/(Vosy lpsm)=117.22°.
Spst=Vosm psmi=Vs Ipsm=230"8.43=1938.90 VA.
Active power of DVR i as, Ppye= - Ppey =885.45.W.
The current rating of DVR of UPQC-S is equal to ac load
current of Ip=1, =25A, since it is connected in series between
the load. '”
In this case VA rating of both VSC must be_the same,
because of equal sharing of reactive power and same active
power due to common QEEJE.—
The voltage rating DVR of UPQC is computed as.
VDVRN=SD\/R/| D\/RN=1 93890/25=7756M
/’:“ QDVR=VDVRN*|DVBN*§MVR=1 725 VAR, ﬁDVR=62‘790 and

F} Poge-Pog=885.05W.

e

NFTEL Sii i=V§Pii ii2+Qii iiz =1%38.95.VA. -

We can call it active power of DSTATCOM will be equal to typically of VSIS minus V S 1
L cos beta [FL], it comes 885.15 and current rating of DSTATCOM can be calculated from S,
P, Q square under root divide by voltage [FL], it comes 8.43 ampere and angle of
DSTATCOM comes from this power and VA rating [FL], it comes 117.22 degree and the VA
rating of this becomes like a current and voltage [FL], it comes 1938.90 VA and active power

of DVR is same as the DSTATCOM [FL], that is we calculate [FL], it is 885.15.

And current rating of DVR of UPQC equal to the ac load 25, since connected this, [FL], VA
rating of both must be same [FL], because of equal sharing of reactive power, the same power
to common bus. [FL], voltage rating of UPQC should be like your VA rating divide by
current [FL], it is a 77.56 and Q DVR will be voltage into different [FL], that comes typically



putting a value 1725 and the P is same 885 [FL], you can calculate VA rating of your P
square plus Q square under root of that [FL], it becomes 1938.95 VA like.
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First Method: Voltage Sag Compensation by Left Hand UPQC-S
Each VSC has reactive power rating equal to half of the reactive
power of the load, which is equal-to
Qost=Qpyr=Q,/2=3450/2=1725 VAR.
The supply voltage under voltage sag is as,
V= V(1= X)= V5 (1 - 0.2) = 184.V.
From following relation of reactive power of DSTATCOM, the
power angle can be computed as,
The reactive power DSTATCOM is as, Qpgr=Vsl, 'sin p=1725
VAR =
On solving the above equation the different angles are calculated
as, =22.02°, 6=0 - p=36.87° - 22.02°=14.85°.
The active power DSTATCOM is as,
Post= V<l = Vil cos B = Vel = VI, cos B
o~ =230*20-184"25%c0s22.02° = 4600 - 4264.31 = 335.69 W.
(%} (a)The voltage rating of DSTATCOM of UPQCSisas. —
wim  The voltage rating of the DSTATCOM is as. Vpsr =184 V.

[FL], coming to the there are two options [FL], you can calculate two way. [FL], coming to
first method, the voltage sag compensation by left hand UPQC-S. Each VSC has a reactive
power rating equal to the half of the reactive power of the load, which is equal to the Q DST
equal to 3450 by 2, 1725 VAR and supply voltage under voltage sag condition is typically of
184.

[FL], from the relation of reactive power of DSTATCOM angle can be calculated [FL] that is
typically 1725 VAR and solving this equation, we can calculate the beta, it comes to 22.02.
[FL], we can calculate form delta from here [FL], it comes 1.14.85 degree and active power

of DSTATCOM is typically calculated from there [FL], it comes typically the value of



335.69. [FL], voltage rating of DSTATCOM of UPQC it typically 184 because it is connected

across the source.

(Refer Slide Time: 58:50)

(b) The current of DSTATCOM s as,
Iosr=Spst/Vosr=(\(Posr*+ Qusr )} Vosr=1757.36/184=0.55 A.
(c) The VA rating of DSTATCOM of UPQC-Sis as.
Spst=Vst Ipsr=Vs lpsr=184"9.55=1757.36 VA.
Active power of DVR is @s, Ppyg= - Ppsr = - 335.69 W.
The current rating of DVR of UPQC-S is equal to ac load current
of lpyz=1,=25A, since it is connected in sefies between the load
and ac mains.
(d) The voltage rating DVR of UPQC is computed as.
Vour=Sp\rloyr=1757.36/125=70.29 V.
(e) The current rating of the DVR is same as load current as it is
connected in series of the load as, Ipz=l,=25A.
Pove= ~ Ppgr=~ 330.69 W.
Qour=Viur oS Boye=1725.11 VAR
- Spur=" (Pove?+Qpye?)= 1757.36VA.
7%y (f) The VArating of UPQC-S,
“ Suraca™ Spgrt SDVR=1L5L36 +1757.36=3514.72 VA.

NFFEL it el

And current rating of your VA rating know [FL], current rating you can calculate [FL], it is a
P square, Q square under root that V DSTATCOM [FL], it is typically comes in 9.55 ampere
and VA rating of DSTATCOM of UPQC same as your V DST, I DST so, 184 into 95 [FL],
this is a 1757.36 and active power of DVR and DSTAT comes in that is 339.69.

[FL], current rating of DVR is equal to the load current that is 25 ampere. [FL], since it is
connected in series with the load [FL], voltage rating of DVR and UPQC is computed as your
S DVR upon I DVR and it is your typically 1757.36 by 25.



[FL], it comes 70.29 volt and current rating of DVR is the same as the load current that is 25
ampere and P DVR equal to P DST 3359 and Q DVR equal to typically 1725 point on this
relation and S DVR will be like a P square, Q square under root [FL], 15; 1757.36 VA and
voltage rating, VA rating of UPQC will be your DST; DSTATCOM rating, VA rating and
this both are equal [FL], it come 3514.27 like.

(Refer Slide Time: 60:00)

C ethod. Voltage Sag Compensation by Left Han
S
It means after the voltage supply voltage reduces to V'=V*(1 - X)
=230%(1 - 0.20) =184 V. and X=0.2, K,=V,/V,=1.25, n,=1/K,=0.8.
The supply cument after the sag compensation is as,
I;=P V5 =4600/184=25 A.
In Left Hand UPQC-S, each VSC has reactive power rating equal
to half of the reactive power of the load, which is equal to
Qpsr=Qpyr=Q,/2=3450/2=1725 VAR.
(a)Since DSTATCOM is connected across the ac mains so the
voltage rating of DSTATCOM is same as ac mains voltage as,
Vpsr=Vs=230%(1 - 0.2)=184.V.
Under the voltage sag, from following relation of reactive power of
DSTATCOM, the power angle can be computed as.
Qpsr=Vs I’ sin_B= noVil' sin B =1725 VAR B=2202°, 3=0-

. B=36.87°2202°=14.85°

(Y Pogri=Voly - VI, cos B=4600 - 4264.31= 335.69 W.

wiis.  Dpsrtan(Qpsr/Posr)=78.99°

And second method for voltage sag compensation is by left hand UPQC. It means after the
sag compensation reduces to typically 230.8 [FL], it became 184 and K 0 in the phasor
diagram is 1.25, n 0 is 1 upon K 0 0.8 [FL], supply current after the sag compensation is
typically your 4600 divide by 184, 25 ampere. In left hand has the each VSC reactive power
rating equal to the half of the reactive power [FL], that is the load reactive power by 2 [FL],
that comes 1725 VAR.



And since the DSTATCOM is connected across the ac main [FL], voltage rating of the
DSTATCOM same as the voltage rating of the DSTATCOM [FL], it comes like 184 and
under voltage sag from the following relation of reactive power, the power angle can be
calculated typically from reactive power [FL], basically beta comes to 22 and delta comes
typically 14.85 and P we can calculate the power of DSTATCOM. From this relation, it
comes 339.69 and the angle of DSTATCOMs like a 78.99 degree.

(Refer Slide Time: 61:02)

(b) The current of DSATCOM is computed as,
lost=Ppst/(Vpst €08@pst)=9.95 A.
(c)The VA rating of the DSTATCOM is computed as,
Spsr=Vost Ipsr=Vs lps7=184"9.55=1751.36 VA.
The rating of DVR is computed from the common relations of
DSTATCOM and DVR as.
Active power of DVR is @s, Pgyr= — Ppsy = = 335.69 W.
(d) The current rating of DVR of UPQC-S is equal to ac load
current of |ps=1,=25A, since it is connected in series between
the load and ac mains.
(e) The voltage rating DVR of UPQC is computed as.
Vovr=Sove/lovr=1751.36/25=70.29 V,
Povg= = Ppgr= - 330689 W.
(f) The VArating of DVR is computed as.
" Qovr=Vour lovrsin Dpyr=1722.VAR.
{;‘? SDVR=\/(PDVR2+QDVR2)= 1757.36VA.

NPTEL
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And the current rating of DSTATCOM is calculated from P divide by voltage in cos [FL], it
comes 9.55 and VA rating of DSTATCOM is this voltage on the DSTATCOM across 184
into 9.95; 9.55 [FL], it comes 1757.36.

And rating of DVR is computed from common relation of DVR [FL], DVR rating is P equal
to P DST equal to 3359 69 and current rating of DVR is equal to the ac load current of 25



ampere, a connected series with the load and voltage rating of DVR is same, the VA rating
divide by current [FL], which come 70.29 and P is power; active power in both of
DSTATCOM [FL], its comes 33.69 and you can calculate the S DVR, Q DVR equal to this
methoding and S DVR, P square under root [FL], its come 15; 1757.36 like.

(Refer Slide Time: 61:52)

The VA rating of UPQCS during voltage sag is as,
Supacs(undersag™ Spst Spy=1757.36 +1757.36=3514.72 VA.
Hence considering an overall rating (both normal and “under
voltage sag), ratings of both compensators are as,
VDVR-VDVRN-U 55 v, lDVR 25A
Vpg1=230 V, Ipsr=9.58 55 A, Sosr' VDST*IDST-230*9 55=2196 VA.
Hence if both the VSCs share equal VA all the time then
minimum rating required is as, i
(g) The VA rating of UPQC-S,
Supoc_5= SDST+ SQYR=193M955 =4_@\5\VA
Alternately, if both the VSC of same VA are considered for
same inventory then,
Spsr=Spyr=2197.5 VA.
O The VA rating of UPQC-S,
‘@ Supacs™ Spst* Spur=2196.5+2196.5 =4393 VA.
NPTEL

e ————————— ]

[FL], VA rating of UPQC will be your; your VA rating of the DSTATCOM and DVR [FL], it
is a sum of both, both are equal to it become 3514.72. Hence considering the overall rating of
normal, its rating of both compensator are typically DSTATCOM voltage during 7756 and
DVR current rating 25 and the VA rating is your this multiplied by 1939 point VA and V
DSTATCOM 230-volt with the 9.5 [FL], it becomes like a 2196 VA.

Hence the both VSC share the equal at the time of minimum rating [FL], you can call it S VA
rating of the UPQC will be S DST, VA rating of the DSTATCOM plus DVR [FL], it



becomes your 9; 1939 and 2196.5 [FL], it become 4135.5. [FL], alternatively both VSC of the
same are considered [FL], you can call it S DSTATCOM, S DVR 2197.5. [FL], total VA
rating becomes sum of both that is a 4393 VA like.



