Power Quality
Prof. Bhim Singh
Department of Electrical Engineering
Indian Institute of Technology, Delhi

Lecture - 14
Unified Power Quality Compensators (contd.)

Welcome to this course of Power Quality. [FL] We are discussing the numerical problem on

UPQC.
(Refer Slide Time: 00:25)

Q.9 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, 25A, 0.8 lagging power factor
as a Right Hand U@;S (shown in Fig.). There is a voltage
sag of -20% in supply system with base value of 230 V.
Calculate (a) the valtage 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, (&)
the current rating of DSTATCOM of UPQC-S, (f) the VA rating
of DSTATCOM of UPQC-S, (g) total VA rating of UPQC-S to
provide reactive power compensation for unity power factor at
PCC with constant regulated voltage of 230 V at 50 Hz across
the load. Consider same power angle for equal reactive
7~ Ppower sharing in both VSCs in steady state condition for
~*’ unity power factor at AC mains without voltage sag
w#TEL  condition.

P

[FL] Coming to 9th numerical problem is single-phase UPQC consisting of DSTATCOM and
DVR using two VSC with common DC bus capacitor is to be designed for load compensation
of 230 volt, 50 hertz, 25 ampere, lagging power factor at a Right Hand UPQC-S. And there is

a voltage sag of minus 20 percent in supply voltage with 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, to
provide the reactive power compensation for unity power factor at PCC voltage with a
constant voltage regulate across the load. Consider the same power angle for both reactive
power sharing in both VSC in a steady state condition for unity power factor at AC mains

without voltage sag condition.

(Refer Slide Time: 01:15)
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[FL] This is typically the Right Hand you [FL] we have a DSTATCOM on Right Hand side,
and we have a DVR on Left Hand side. This is typically the phasor diagram for the condition
which are given that we are putting a, this typically the angle same in both condition without

sag and with sag. And these are the voltage wave form after making the model of this like.



(Refer Slide Time: 01:34)
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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 -20% in the
supply system with base value of 230 V.
Under Steady State Condition for Unity Power Factor at ac Mains
without Voltage Sag
The active power of the load is, P =V, *I, *pf=230*25"0.8=4600 W.
The reactive power of the load s, =
Qv HM( - pf2)=230"25'0.6=3450 VAR.
The supply current is as, |.=P,/V,=4600/230=20 A.
The power factor angle can be calculated as
cos(pfl=cos™(.8)=36.86° .
In Right 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.
From the following relation of reactive power of DVR, the power
,;é angle is computed as.
) Qovr=V, ls sin 8=1725, therefore, 6=22.02°,

NPTEL !

[FL] Coming to numerical part of this given that voltage 230 volt, 50 hertz at a load of 230
volt, 50 hertz, 25 ampere, 0.8 lagging power factor, there is a voltage sag of minus 20 percent
in the supply system base value of 230 volt. [FL] Under a steady state condition for unity
power factor AC mains without voltage sag the active power of load is typically of your V I,

pf [FL] it comes 4600 watt.

And reactive power of the load is like your 230 into 25 into 0.6 — 3450 VAR. And the supply
current is typically of typically power divide by the voltage 20 ampere. And power factor
angle is 36.86. [FL] In the Right Hand UPQC-S each VSC have a reactive power rating equal
to half of the reactive power of load which is equal to your reactive power, 340, 3450 by 2,
[FL] it becomes like 1725 VAR. And from the following relation of reactive power of DVR,



the power angle computed is typically your from the VAR that comes delta equal to 22.02

degree.

(Refer Slide Time: 02:41)

Povr= = Vi I (1 - cos 8) =-339.69 W.
Sov=V(Qoyr*+Pove?)=1758.12 VA,
Iovrr=ls=20A, Vovry=Sov/lovan=87.90 V.
This -sign denotes that DVR absorbing this active power which
is fed to dc bus and therefore, active power of DSTATCOM is as,
Posr= - Ppy=339.69 W.
The voltage rating of DSTATCOM of UPQC is equal to ac load
voltage of Vpsry=230V,
The current rating of DSTATCOM of UPQC is computed as.
Therefore, angle between supply voltage and load current is as,

B=0 - 5=36.87° - 22.02° = 14.85°
Therefore, DSTATCOM current is as,

Ipsm= 1, V[(1+c0s2@ - 2cosp cos@)

=25v(1+0.82 - 20.8"0.967) =7.64 A

//ﬁ -
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[FL] P DVR from this angle calculation come 339.69; and S DVR is a Q DVR plus P DVR
[FL] it comes 1758.12 angle. And I DVR equal to I s that is 20 ampere; and voltage DVR is
typically S DVR divide by as we know calculated [FL] I DVR [FL] it is a comes 87.90. [FL]
This minus sign denotes the DVR absorbing this active power which is fed to DC bus.

And therefore, active power of DSTATCOM is equal to p DSTATCOM P DVR equal
339.69. And the voltage rating of DSTATCOM, equal to the load voltage that is 230 volt and
current rating of DSTATCOM, can be calculated from angle beta equal to phi minus delta,
[FL] it comes like 14.85. [FL] DSTATCOM current can be calculated I L in terms of load

current and power factor angle and beta angle, it comes 7.644 ampere like.



(Refer Slide Time: 03:33)

The phase angle between DSTATCOM voltage and current can
be calculated as,
Posr =339.69 W=V, |pery €05@pst, Dpsr=79.02° and
QDST= VLIDST SinQDST=1 QQVAR L
Spsr=(V(Ppsr>+Qpsrd)=1758.12 VA.
Voltage Sag Compensation by Right Hand UPQC-S
It means after the voltage supply voltage reduces to V=Vs (1-
X) = 230(1 - 0.20) =184 V. and X=02, K\=V/V=1.25,
n=1K=08.
The supply current is after the sag compensation is as,
|s=P,/V'=4600/184=25A.
In Right Hand UPQC-S, for same power angle §=22.02°, as
above, the reactive power can be computed as,
Quur= KoVslg'sin 8=(V/V5) V'l 'sin & =2155.85 VAR, for same
_ power angle of $=22.02°.
{;%) Pove= = KoVl (mg - cos B)
3 = =(VgV§) VIV V) - cost} = 7\39._55 W.

NPTEL

[FL] Phase angle between the DSTATCOM voltage and current can be calculated 339. P
equal to 339.69 watt. And from this phi DST will be your phase angle will be 79.02 degree.
And Q DST will be 1725 VAR, and S DST will be 1758.12. And voltage sag compensation
of Right Hand UPQC will be equal to the V s dash equal to typically the sag it is a point
typically 8, [FL] supply current after the sag compensation is your typically by active power

4600 divide by 184 because it is a unity power factor it comes like a 25 ampere.

And in Right Hand UPQC, the same power angle Q equal to 20 22.02 degree. And from the
above relation the power can be calculated of Q DVR equal to from this relation [FL] putting
the value it comes 2155.85 VAR. The angle power angle is of 22.22. [FL] We can calculate
the power DVR equal to from this relation, [FL] it comes 730.55 watt.



(Refer Slide Time: 04:37)
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(a)The voltage rating of the DVR is as,
Voue= V| V{1402 - 2n,cosB} = 230+{1+0.82 - 2*0.8*¢0522.02°)
=91.05V.
(b) The current rating of the DVR is as,
The supply current is after the sag compensation is as,
Ipye=ls=P,/V;=4600/184=25A.
(c) The VA rating of the DVR s as,
Sovr=Vour'Iovr=91.05*25=2276.27 VA.
Active power of DSTATCOM is as, Ppgr= = Ppyr= = 730.55 W.
(d)The voltage rating of DSTATCOM of UPQC is equal to ac
load voltage of Vpr=230V,
(e)The current rating of DSTATCOM of UPQC is computed as.
Therefore, angle between supply voltage and load current is as,
p=0 - 5=36.87° - 22.02°=14.85".
. Therefore, DSTATCOM current is as,
{ 99 Iosr= |, [(14K 200820 - 2K cosp cos@)
NIFEL =25v(1+1.2520.82 - 2*1.25*0.8*0.967)=6.46A

The voltage rating of the DVR is equal to typically from the load voltage and from these
factors [FL], it comes 91.05 volt. And current rating of DVR from this voltage sag
compensation will be your power divide by your voltage, [FL] it comes 25 ampere. And VA
rating of DVR is your voltage multiply current [FL] it comes 2276.27 VA, and active power
DSTATCOM is equal to 730.55 watt.

And the voltage rating of DSTATCOM, equal to the typically is a 230 volt. And the current
rating of DSTATCOM is computed equal to beta equal to phi minus delta that is 14.85. [FL]
DSTATCOM current rating comes from this relation, it comes typically putting a value 6.46

ampere.



(Refer Slide Time: 05:24)

The phase angle between DSTATCOM voltage and current can
be calculated as,
Pposr = = 730.55 W=V Ips7 c08@psr, Ppgr=119.5° and
Qpsr= Y, Ipst Sin@psr=1293.88 VA.

(f) The VA rating of VSC of DSTATCOM of UPQC,

SDST—VDST*IDST—23O*6 46 VA=1485.88 VA.
The VA rating of UPQCS during voltage sag is as,
Sypacs(undersag™ Spstt Spyr=1485.88 +2276. 27=3762.15 VA.
Hence considering an overall rating (both normal and" under
voltage sag), ratings of both compensators are as,
Voug= 91.05V, Ipyg=25 A,
Sovr= Vo Ipye=91.05"25=2276 VA.
Vosr=230 V. lpgr=7.64 A
Spst= Vpst lps7=230°7.64=1757.2 VA.
@ () The overall VA rating of UPQC-S [s as,

Supacs™ Spst+ Spyr=1757.2+2276.27=4033 AT VA.

¥l
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[FL] Phase angle between DSTATCOM voltage and current can be calculated from the active
power. And from reactive power that comes from active power phi DST equal to eleven point
119.5 degree. And from which we can calculate now Q DST 1293.88 from putting this

relation here.

And VA rating of VSC of DSTATCOM is equal to VST DST [FL] 230 into 6.46, [FL] it
comes 1485.88 VA. And voltage VA rating of the UPQC during voltage sag composition is
the your S UPQC equal to S DST plus S DVR, [FL] it is virtually 1485.88 plus 2276.27, [FL]
it come 3762.15VA. [FL]

Hence considering the overall rating both normal and under voltage sag, the rating of both
compensator are V DVR equal to 91.05, I DVR equal 25 ampere. And S DVR, V DVR, I
DVR [FL] putting the value voltage and current, it comes to 2276 VA. And V DSTATCOM



is 230 volt, and current is 7.6, [FL] S DST will be your 1757.22. And overall VA rating of the
UPQC-S will be your DSTATCOM rating plus DVR rating that is 1757.2 plus 2276.27, [FL]
it comes 4033.47 VA.

(Refer Slide Time: 06:42)
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Q.10 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, 25A, 0.8 lagging power factor
as a Left Hand UPQC-S (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-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 UPQC-S to
provide reactive power compensation for unity power factor at
PCC with constant regulated voltage of 230 V at 50 Hz across
the load. Consider same power angle for equal reactive
-~ power sharing in both VSCs in steady state condition for
(% unity power factor at ac mains without voltage sag
it condition.

Coming to the 10th numerical problem, a single-phase UPQC consisting of your
DSTATCOM and DVR using two VSC with common DC bus capacitor is designed for a
load compensation of 230 volt, 50 hertz, 25 ampere, 0.8 lagging power factor as a Left Hand
UPQC-S. There is a voltage sag of minus 20 percent in the supply system with the base value
of 230 volt.

Calculate the voltage rating of DVR, the current rating of DVR, VA rating of DVR, voltage
rating of DSTATCOM, current rating of DSTATCOM, and VA rating of DSTATCOM, [FL]



total VA rating of UPQC-S to provide reactive power compensation for unity power factor at

PCC with constant voltage regulate at 230 volt, 50 hertz across the load.

Consider the same power angle for equal reactive power sharing in both VSC in a steady state

condition at for unity power factor AC mains without voltage without voltage sag condition.

(Refer Slide Time: 07:39)
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[FL] This is typically we can call it is a Left Hand UPQC. [FL] This is the circuit of Left
Hand UPQC where DVR is on the right side. This is a phase diagram for a given condition.

And these are the typical waveform.



(Refer Slide Time: 07:50)

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. -

It means after the voltage supply voltage reduces to V=230*(1

- 0.20) =184 V. and X=0.2.

Under Steady State Condition for Unity Power Factor at ac

Mains without Voltage Sag Compensation

The active power of the load is,

P=V 71, *pf=230"25%0.8=4600 W.
The reactive power of the load s,
Q=V, 1 V(1 - pf2)=230*25"0.6=3450 VAR.

The supply current is as, IS=RLN}=4'6,QQQ§0=2,QA‘

In Left Hand UPQC-S, each VSC has reactive power rating
7~  ©qualto half of the reactive power of the load, which is equal to
R} Quer= Qpug=Q,/2=3450/2=1725 VAR.

i

NPTEL

Then coming to the numerical solution. Given that is the V equal 230 volt, 50 hertz, load of
230 volt, 50 hertz to 25 ampere, point lagging power factor load. There is a voltage sag of 20
degree, 20 percent in the supply system with base voltage of 230 volt. Both VSC have a same

rating.

[FL] It means that after the after the voltage supply reduces to 230 with a sag of 20 percent
184, and X is 0.2 that is the typically the level of sag compensation. [FL] Under a steady state
condition for unity power factor AC mains without voltage Sag compensation with the active

power V 1 1L [FL] that is virtually putting a value, it comes 4600 watt.

And the reactive power of the load comes from this 3450 VAR, and supply current from
power and voltage because power factor unity on supply side after compensation, [FL] it

comes 20 ampere. And in the Left Hand UPQC each VSC have a reactive power rating equal



to half of the reactive power of the load which is equal to your Q L upon by 2, [FL] it comes a
1725 VAR.

(Refer Slide Time: 08:50)

From the following relation of reactive power of DSTATCOM, the

power angle can be computed as.

The reactive power DSTATCOM is as,

Qpgr=Vs I sin B=1725 VAR,

B=17.46°, 6=0 - B=36.87° - 17.46°=19.41°.

The active power DSTATCOM is as,

Post=Vs |, = V|, cos B=4600 - 5485.15=-885.15 W.

The current of DSTATCOM is as,

Ips= Spsr Vpsm™ (V(Posr*+Qpsr? )MV psy=8.43 A

@pr=cos™(Pos/ (Vs Tosmy)=117.22"

Spsr=Vsm Iosi=Vs Tpsn=230"8.43=1938.90 VA.

This -sign denotes that Dstatcom absorbing this active power

which is fed to dc bus and therefore, active power of DVR is as,

Pove= = Ppsr =885.15 W.
7 The current rating of DVR of UPQC-S is equal to ac load current
‘@ of Ipyr=1,=25A, i

NPTEL
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[FL] From the following relation of the reactive power of DSTATCOM, the power angle can
be computed. [FL] Reactive power of DSTATCOM is Q DST equal to V L sin beta, [FL] it
comes one point 1725, now where beta can be calculated 17.46 degree. And from which once
you know already phi power factor angle and beta angle there, [FL] delta can be calculated,

[FL] it comes 19.41 degree.

The active power DSTATCOM from this now can be calculated from this relation it comes
885.15 watt. And current rating of DSTATCOM, can be calculated from VA rating of
DSTATCOM divide by voltage rating [FL] this will be P square under Q square [FL] divided



by it come 8.43 ampere. And typically the angle of DSTATCOM I mean becomes 117.22

from this relation from power and VA rating.

And the DSTATCOM VA rating comes like your current multiplied the voltage, it comes
1938.9 VA. And minus sign denotes that the DSTATCOM absorbing this active power which
fed to the DC bus. Therefore, active power of this your DVR is as P DST equal to 885.15
watt. And current rating of DVR of UPQC equal to the AC load current of 25 ampere.

(Refer Slide Time: 10:02)

!e T !age ra!lng Ba! 0! U!!! is compu!e! as.

Voven=Sove/lovan=1938.90/25=77.56 V.
Qovr=VournTovan'sin Dpve=1725 VAR, @p5=62.79°.
Pove= = Pps= 885.15 W.
Sovr=(Povr+Qpye2)=1938.95 VA.
Voltage Sag Compensation by Left Hand UPQC-S
It means after the voltage supply voltage reduces to V,'=V*(1-X) =
230%(1-0.20) =184 V. and X=0.2, “
Kqo=Vy/V,'=1.25, n,=1/K,=0.8.
The supply current after the sag compensation is as,
Is=P/V¢=4600/184=25A.
(@)Vpsr=V5=230%(1-0.2) =184 V.
Under the voltage sag, the same power angle, 19.41° from
following relation of reactive power of DSTATCOM can be
computed as. 6=@-p=36,87°-17.46°=19.41°,
— Qps7=Ys I;'sin B= n,Vsl,'sin B =1380 VAR, for same power angle of
(%} 8=19.41°and p=17.46". .
M"‘F;,m Posr=Vs I = V.l cos B=4600 - 4388.06=211.94 W.

The voltage rating of DVR of UPQC is computed as your VA rating of DVR divide by
current. [FL] This is the VA rating divide by current is 77.56 volt. And Q DVR will be equal
to from this relation, it comes like a 1725 VAR with the angle of 62.79. And P from which

you can calculate the power is same [FL] 885.15.



And S DVR will be under root P square Q square, they will become 1938.95. And voltage,
voltage sag compensation by Left Hand QC, after the voltage sag it means after the voltage
sag supply voltage reduces by 20 percent, [FL] it becomes like 184 with X equal 0.2. And K
is calculated for the depth is the 1 upon 0.8 1.25, and edge equal to 1 upon K 0 0.8.

[FL] Supply current after the sag compensation is your I s equal to P L upon V, [FL] it comes
25 ampere. And V DSTATCOM again comes because its Left Hand and it is a 184. [FL]
Under the voltage sag condition, the same power angle from 91.41 from the following
relation of reactive power DSTATCOM can be computed. [FL] Delta equal to phi [FL] that

comes 19.41.

And from this Q, I mean Q DST can be calculated from this angle, [FL] it comes 1380. [FL]
You can calculate the delta as well as beta comes 17.46 like. And power for DSTATCOM

from this relation equal to 211.94.



(Refer Slide Time: 11:25)
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And your phi DST will be comes from power divide by V I [FL] that is cos inverse of this
[FL] 81.31 degree. And the current rating of DSTATCOM can be computed from power V
and typically this relation from active power [FL] 7.59 ampere; and VA rating of
DSTATCOM computed from V DST, I DST, [FL] it comes like typically from 1396.37 volt

ampere.

[FL] rating of the DVR is computed from the common relation of DSTATCOM and DVR.
And active power of DVR is your DSTATCOM equal to DVR equal to 211.94 watt. And
current rating of DVR, UPQC equal to the AC load current of 25 ampere. And the voltage
rating of DVR is computed as typically the remaining reactive power of the load not supplied

by the DSTATCOM has to be supplied by DVR will be computed here typically from this

gD3T=Cos-1(PDSJ/(VDSIjDST):B1 L3

(b)The current of DSTATCOM is computed as,
Ips7=Pos/(Vpsr"cos@pgr)=7.59 A.

(c)The VA rating of the DSTATCOM is computed as,
Spsr=Vost Iosr=Vs lps=184°7.59=1396.37 VA.

The rating of DVR is computed from the common relations of
DSATCOM and DVR as.

Active power of DVR is as, Ppyg= = Ppr =-211.94 W.

(d) The current rating of DVR of UPQC-S is equal to ac load
current of Ip,g=I,=25A.

(e) The voltage rating DVR of UPQC is computed as.

The remaining reactive power of the load (which not supplied
by DSTATCOM) has to be supplied by DVR, which is
computed s, B
Qpy=3450 - 1380=2070 VAR.

Sour="(Pove™+Qpys?)= 2080.64 VA
Vour=Sovr/Inr=2080.64/25=83.23:V.

3450 that it total load reactive power.




And this is by DSTATCOM [FL] it the D VAR have to supply the 2070 VAR. And you can
find out the DVR VA rating under root P square Q square, [FL] it comes 2080 VA. And V
DVR from this form S and current can be calculated, [FL] it comes 83.23 volt.

(Refer Slide Time: 12:34)

(f) The VArating of DVR is computed as.
Sour=V(Poyr®+Qpyr?)= 2080.64 VA.
The VA rating of UPQCS during voltage sag is as,
SUPQCS under sag) SDST+ SDVR"1 39M0 64= 3477 01VA.
Hence considering overall ratings (both normal and under
voltage sag), ratings of both compensators are as,
Vovr=83.23 V, Ipy= 25.A,
Spvr= Vour Tvr =83.23"25=2080.75 VA.
Vpsr=230'V, Ipsr=8.43 A, Spsr= Vpsr*lnst =230"8.49=1938.9 VA.
(9) The VArating of UPQC-S,
Supac.s= Spsrt Spyr=1938.9+2080.75=4019.55 VA
However in case of same inventory for both 1 the inverters the VA
rating of both the power converters is as,
Spst= Spyr = 2080.75 VA.
. Hence overall rating under same inventory for inverters is given
£ as,
v Sypacs= Spstt Spyr=2080.75+2080.75=4161.5 VA.

NPTEL

And the VA rating of DVR comes from typically P square plus Q square under root, [FL] it is
2080.64. And VA rating of UPQC will be this during the sag will be your DSTATCOM VA
rating and VAR voltage rating, it comes totally 3477.01 VA. Hence considering overall rating
both under this the rating of both compensator are V DVR equal to 83.23, and I DVR 25
ampere, and S DVR equal to giving the value it comes to 2080.75 VA.

And voltage of DSTATCOM current of DSTATCOM [FL] it comes like a typically 1938.9
VA. And the overall VA rating of UPQC come sum of the both, [FL] it is 4019.55 VA.

However, in case of the same inventory for both the inverter same, [FL] power converter can



be of the same rating of S DST equal to as we have 2080.75. Hence overall rating of this
equal to the sum of both, [FL] it become 4161.5.

(Refer Slide Time: 13:33)
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Q.11 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, 25A, 0.8 lagging power factor
as a Left Hand UPQC-S (shown in Fig.). There is a voltage
swell of +20% in 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 UPQC-S to
provide reactive power compensation for unity power factor at
PCC with constant regulated voltage of 230 V at 50 Hz across
the load. Consider same power angle for equal reactive
.~ power sharing in both VSCs in steady state condition for
{%} unity power factor at ac mains without voitage swell
wiit.  condition.

Coming to the numerical example 11, a single-phase UPQC consisting of DSTATCOM DVR
in two VSCs with common DC bus capacitor is to be designed for a load compensation of
230 volt, 50 hertz, the as a Left Hand UPQC. [FL] There is voltage sag swell of 20 percent in
the supply system with the base value of 230 volt.

Calculate the voltage rating of DVR of UPQC, current rating of UPQC, VA rating of DVR,
voltage rating of the DSTATCOM, current rating of DSTATCOM, and VA rating of
DSTATCOM, and VA rating of UPQC to provide the reactive power compensation for unity
power factor at PCC and constant voltage regulated of 230 50 hertz across the load.



Consider the same power angle for equal reactive power sharing in both VSC in a steady state

condition for unity power factor AC mains without voltage swell condition like.

(Refer Slide Time: 14:21)
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[FL] that is typically Left Hand UPQC because DSTATCOM on left side and VAR on right
side. And this is the phase diagram corresponding to this for this swell typically condition.
And this is typically the waveform corresponding to that.



(Refer Slide Time: 14:33)
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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 swell +20% in the
supply system with base value of 230 V. '
Under Steady State Condition without Voltage Swell
The active power of the load is, P, =V, *|, "pf=23025"0.8=4600 W.
The reactive power of the load is, — ~ :
QL=VL*|L*V! 1 'pfz =230m450 MR
The supply current is as, 1,=P /V;=4600/230=20 A.
In Left Hand UPQC-S, each VSC has reacfive power rating equal
to half of the reactive power of the load, which is equal to
Qper=Qpy=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 DSTATCOM is as, Qpgr=V; |, sin =1725 VAR,
p=17.46°, 6= - p=36.87° - 17.46°=19.41°. :
O The active power DSTATCOM is as, Ppsr=V, I - V; I, cos B
’f) =4600 - 5485.15= - 885.15 W, -
NPFTEL T

[FL] coming to the numerical portion given that 230 volt, 50 hertz, a load of 20 volt, 50 hertz,
25 ampere, 0.8 lagging power factor. There is a voltage swell of 20 percent in the supply
system this with the base value of 230 volt. [FL] Under coming to steady state condition
without voltage swell, the active power of load is V L I L into computing a value, it come
4600 watt. And reactive power of the load will be like corresponding to V L I L under root 1
minus power factor square [FL] it putting the value, it come 3450 VAR. And supply current
equal to I s equal to P L upon V s that is 4600 power 230 that is 20 ampere.

In the Left Hand UPQCs, each VSC have a reactive power rating equal to half of the reactive
which is equal to the Q L upon 2 equal to 3450 divide by 2, it comes like a 1725 VAR. And
from the following relation of the phase angle can be calculated, [FL] reactive power of this

equal to the from this [FL] we can calculate the value of beta equal to 1 17.46, phi equal to 7,



19.41. The active power of DSTATCOM equal to from this calculation, we get the 885.15

watt
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The current of DSTATCOM is as, lpsn= Spst Npsm=
(V(Posr+Qosr )iV psmi=8.43 A, =
Dpsr=cos™ (Posr/(Vpsmy Ipsm)=117-22° and

Spst=Vostn Tosty=Vs lpsTy=230"8.43=1938.90 VA.
This —sign denotes that DSTATCOM absorbing this active
power which is fed to dc bus and therefore, active power of
DVR iS as, PD\/R= = PDST = 88515 W
The current rating of DVR of UPQC-S is equal to ac load
current of lpye=l,=25A.
The voltage rating DVR of UPQC is computed as,
VD\/RN=SDVR/| D\/RN=1 938190/2\5'-):77,55 V. -
Qoug=Vourn'love'Sin Ppyg=1725 VAR, @pye=62.79° and
EDVREBP;ST;B'C? =193895 VA which i

v~V (Povr?tQpyg?)=1938. , which is same as

75y DSTATCOMwtng. —

e ———————

[FL] current rating of the DSTATCOM from this relation by putting the value, it comes like
8.43 ampere. And the angle of DSTATCOM virtually comes 117.22 degree, and the VA
rating of DSTATCOM from one this relation 1938.9VA. And minus sign denotes that the
DSTATCOM absorbing this active power which is fed by DC. Therefore, active power of
DVR is same as the DSTATCOM that is 885.15.

And current rating of DVR, is equal to 25 ampere. And the voltage rating of DVR is
computed from here, it comes like a VA rating divided by current, [FL] it is a 77.56. And the
Q I mean reactive power rating of DVR as 1725 [FL] phi DVR equal to 6.79, and P DVR



from 885 [FL] S DVR comes from this [FL] it comes 1938 which is same as the
DSTATCOM rating.
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Voltage Swell Compensation by Left Hand UPQC-S
It means after swell the supply voltage increases to

V=V (14X) = 2307(1+0.20) =276 V. and X = 0.2,

Ko= VV'=1/(1+ X)=1/1.2=0.8333,

ne= 1Ky=1+ X = 1+0.2=1.2.

The supply current after the swell compensation is as,
;=P /V{'=4600/276=16.67A.
(a) Since DSTATCOM is connected across ac mains so voltage
rating of DSTATCOM is same as ac mains voltage as, VDST=V;_=

V (14X)=230%(1+0.2)=276 V.
Under the voltage swell, the same power angle of 19.41°, from

following relation of reactive power of DSTATCOM, can be
computed as.
Qpsr=Vs I, 'sin B= n V'l 'sin B =2070.27 VAR, B=17.46°, 6=0 -
- B=36.87°-17.46°=1941" B
’;? Post=Vs' I - VI, cos B=4600 - 6582.09= - 1982.09 W and
) Spst=V(Ppsr2+Qosrd=V(1 982A092+2070‘272)=2£_%._1,3 VA.

NPTEL

[FL] volt coming to voltage sag compensation by now typically of Left Hand UPQC-S means
after voltage or supply voltage increases to like 230 into point 1.2, [FL] it is 176, 276 volt.
With this and the you can calculate the K 0 that is comes typically 0.833 and it comes 1.2.
[FL] supply current after the swell compensation is typically 4600 divide by 276, [FL] it is a
16.67 on supply side. And since the DSTATCOM is connected AC mains so the voltage of
DSTATCOM is same as the AC voltage [FL] that is typically 276 volt.

Under the voltage swell condition, the same power angle of 19.41 from following relation of
the reactive power of DSTATCOM can be computed. [FL] Q DST equal to Q DST equal to
DSTATCOM rating I mean from this relation, it comes typically like a 2070, and from which



beta it calculates 17.46, and delta say 30 typically 19.41. And the power of DSTATCOM
from this relation 1982.09 watt, and SD S DST under it becomes a P DST plus Q DST under
root of that putting a value it comes 2866.13 VA.

(Refer Slide Time: 17:48)

(b) The current of DSATCOM is computed as,
Ipst=Spsr/Vpgr=10.384 A. i
@psr=cos™(Ppst/(Vpsrlpsr))=133.75°.

(¢) The VA rating of the DSATCOM is computed as,

Sps1=Vost Ips1=Vs lpsr=27610.384=2866.13 VA.

The rating of DVR is computed from the common relations of

DSATCOM and DVR as.

Active power of DVR is as, Ppyz= — Ppgr =1982.09 W.

(d) The current rating of DVR of UPQC-S is equal to ac load

current of Ipyg=l,=25A,

(e) The voltage rating DVR of UPQC is computed as.

The remaining reactive power (not supplied by DSTATCOM) of

load must be supplied by DVR is computed as,

Qpyg=3450 - 2070.27=1379.72 VAR,

. Pove= = Posr™ 1982.00Wand
{; Sgyf\/(Posz*'QDVRz):ZﬂWA- .
v Vo Sogll=2415.02125=96 50V,

[FL] coming to current rating of the VA, [FL] we now VA rating divide by voltage [FL] it
come 10.384. And the angle of DSTATCOM comes from this relation 133.75, and VA rating
of DSTATCOM is your DST it comes like typically 288, 2866.13. And the rating of DVR is
computed from common relation of DSTATCOM DVR, [FL] it is a power is active power
both because whatever power DVR taking DSTATCOM have to be [FL], it comes 1982.08.

And the current rating of DVR for equal is to AC load, it is a 25 ampere. And the voltage
rating of DVR of UPQC computed as the remaining reactive power not supplied by this term
supply from DVR [FL] Q DVR equal to the difference of it. It comes 1379.2. And P



DSTATCOM, this is same that is 1982.09. [FL] S DVR will be equal to square root of both
25, 2415 VA. And V DVR from S DVR by I DVR, it comes like nine six 96.06, 90 point,
96.6 volt. [FL]

(Refer Slide Time: 18:49)

(f) The VA rating of DVR is computed as,

Qpyg= 3450 - 2070.27=1379.72 VAR.

Povg= = Posy=1982.09 W and
Sovr=V(Pove+Qoyr?)= 2415 VA.

The VA rating of UPQC-S during voltage swell is as,
Supacs(under swe™ Spst+ Spyr=2866.13 + 2415 = 5281.18 VA.
Hence considering overall rating (both normal and under
voltage swell), ratings of both compensators are as,

Vo= 96.60 V. Ipg= 234,
SDVR=hV—D‘\/\R*|D\/R = 966*25=/24MIA
Vpsr=276 V., Insr=10.38 A,
Spst= Vst lps7= 276*10.38=2866.13 VA.
(g) The VArating of LH-UPQC-S is as,
Supacs= Spett Spyr=2866.13+2415=5281.18 VA.

~ il —
(¥

£

NPTEL

VA rating of the DVR comes like a VAR of the load minus the DSTATCOM reactive power
that come 1379 VAR. And P DVR DVR both are same as 1882.09. And S DVR is a now
from this relation comes 2415. And VA rating of UP as per voltage swell condition comes

sum of the both VA, [FL] adding this [FL] it comes 5281.18.

Hence considering overall rating both normal and rating of both compensator typically are
[FL] V DVR 96.6, I DVR 25 ampere, [FL] S DVR will be your 2415. And V DST is 276, |
DST is 10.36. Putting the value, it comes 2686.13. [FL] Total rating is the sum of both VA
rating, it comes 5281.18 VA.
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Q.12 A three-phase supply with ac line voltage output of 415 V
rms at 50 Hz is feeding a critical linear load of 50 kVA, 415\ vV,
50 Hz at 0°8 lagging pf. A voltage sag of -1 0% occurs imthe
supply voltage at PCC. Design a three-phase unified power
quality compensator (UPQC consisting of DSTATCOM “and
DVR using two VSCs with common dc bus capacitor) in this
system to compensate the pf of the load to unity at ac mains
and mitigation of the VOIMO
the load. If two three- -phase VSCs are used as a Right Hand
UPQC-Q (shown in Fig.), calculate (a) the voltage rating of
DVR of @Q;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, (g)
. total VA rating of UPQC-Q to provide reactive power
’ ¥ compensation for unity power factor afac mains with constant
wim  regulated voltage of 415 Vat50 Hz.

Coming to numerical problems 12, a three-phase supply with AC line voltage of 415 rms 50
hertz is feeding the critical load of 50 k VA, 415 volt, 50 hertz at 0.8 lagging power factor.
The voltage sag of 10 percent occurs in the supply voltage at PCC. Design a three-phase
UPQC consisting of DSTATCOM and DVR with the common DC bus capacitor in the
system to compensate the power factor of the load to unity and at AC mains and mitigation of

the voltage sag to avoid the interruption of the load.

[FL] if two three-phase VSCs are used as a Right Hand UPQC, calculate the voltage rating of
the DVR, current rating of the DVR, VA rating of the DVR, voltage rating of the
DSTATCOM, current rating of DSTATCOM, and VA rating of DSTATCOM, in VA rating
of total UPQC Q to provide the reactive power compensation for unity power factor AC main

with constant voltage of 415 volt, 50 hertz in three-phase.



(Refer Slide Time: 20:33)

0
)4 X X
X
%0
g KAAKAKA
AVARY
T o /\<\/<\/\/</\< i
0 e
009000

o /\/ ’<./&)‘ ><

100f r\ ‘,-

S0 \ x \
100 /<.. >(\_/ \>

&‘Zx XA K AN
] i q«)&@@u
ﬁ k r:.:m i
Y
NI?WE[L

So, this is you can call it the Right Hand UPQC. [FL] DSTATCOM on right side DVR on left
side. And this is typical because its UPQC [FL] we have to add per phase these are per phase
phasor diagram [FL] we have to add the voltage to bring this both voltage equal I mean, [FL]
so that both voltage are equal. And this is typically you can call it source voltage I mean
because sag, but grid current and the typically the low voltage load current and the DVR

voltage to be injected.
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[FL] Given the condition

50 k VA lagging power factor load. [FL] There is a voltage sag of 10 percent supply system

with a 415 volt. And operation of UPQC under normal condition; [FL] under normal

Solution: Given that, Vg = 415 V, =50 Hz, a load of 415 V, 50
Hz, 50 kVA ’0§,laggmg power wer factor. There is voltage sag gof -
10% in supply system with base value of 415 V.
Operation of UPQC-Q under Nominal Grid Condition
Under nominal grid condition, the D@zero
voltage same as single-phase case. However the DSTSTCOM
injects current in the quadrature to the load voltage for
compensatlon of reactive power of the load.
—VsI/\/3 415/\3=2396 \, VLp—Vu/\3 =4153=2396 V.

The active power of the lo

P=3"V 'l pf=5 000*0.8=40 kW.
The reactive power of the load is,

Q=3 "Iy \/( - pf2)=50000*0.6=30 kVAR.
The supply current before any voltage sag is as,

| lovrn=P/(3"V;)=40000/(3"239.61=55.64 A,
The current supplied by DSTATCOM can be calculated as
lpsv=QU/(3"V =4 LI3A.

that supply voltage is 415 volt, 50 hertz, and load of 415, 50 hertz

condition the DVR of QC inject zero voltage because there is the same single.

However, the DSTATCOM inject the current in the quadrature to the load voltage for
compensation of reactive power. [FL] You can calculate the per phase voltage. Then the
typical here the an active power of the load and from this you can calculate the reactive power

and this reactive power have to be supply virtually from typically from [FL] you can calculate

the supply current. And

reactive power.

then you can calculate the typically a DSTATCOM current from
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Reactive power rating of DSTATCOM is Qpgy=Q,=30 kVAR.
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 -10% in the supply system with base
value 0f239.59 V.
It means after the supply voltage reduces to
Vy=415(1 - 0.10) =373.5 V, Vsp'V5|/\3 21 5.64 V.
The phase load voltage is, Vip =415/3=23959 V.
The phase load current is, ILP-50000/(3*239 59)=69.56 A.
The supply current during the voltage sag compensation is as,
I'=P/(3*V;)=40000/(37215.64)=61.83 A.
The voltage rating of DVR, R
Vipur=WVi2-V,2) =239.59 V(12-0.9%)=0.4359*239.59 V=104.44 V.
(b) The current rahng DVR of UPQC must be same as suggly
current after shunt compensation as.
‘ love= The fundamental active component of load current,
‘@ Is=lpyr=P/( *Vsp) =40000/(3"215.64)=61.83 A.
NIFTEL —

And [FL] DSTATCOM rating is corresponding to load reactive power that is 30 k VAR.
Now, coming to the case of voltage sag compensation by Right Hand u this is Right Hand
UPQC, [FL] voltage rating of the DVR of UPQC 1is 10 percent sag. [FL] It becomes with the
base voltage of 239 [FL] after the sag even call it line voltage become 373.5 volt, and the
phase voltage becomes 215.64 in place of your 239.59.

And phase load current from active power and from this relation you can find out under
normal typically you have 69.59 this much current, and the supply current for the voltage sag
compensation certainly is the active power divide by your voltage and three [FL] it become

61.81.

And the voltage rating of the DVR from this relation because it is a Q [FL] V L square minus
V s square V DVR. [FL] Putting the value, it becomes 104.44 volt. And the current rating of



DVR of UPQC must be the same as the supply current after the, [FL] I DVR equal to the

fundamental active power of the load current that is from this [FL] we can calculate 61.83.
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Qpyr= 3*Vpyr'lpyr=3"104.44 *61.83 VA=19,373 VAR.
Povr=0.0 o
Sour™V(Pove*Qove)= Qi
=3*104.44 61.83 VA=19373 VA=19.373 kVA.
(d) The voltage rating of DSTATCOM of UPQC is equal to ac load
voltage of Vper=239.59 V.
(e) The current rating of DSTATCOM of UPQC-Q is computed as,
The DSTATCOM of UPQC-Q is to correct the power factor of the
source to unity, hence fhe 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=p-0.
where Cosf is load power factor and  is the angle between the
load voltage and PCC voltage after the compensation. This
o angle 3 is computed as follows.
(Y tan 6 =VpR/V,=104.44 /215.64=0.4842, § =25.83°, and power
win  faclorangleisas p=cos(08F3687°. T

And thus the VA rating of the series element will be your VAR, [FL] we have no injected
voltage current multiplied the three four three-phase, [FL] it become typically 19373 VAR
and power is 0. [FL] S DVR because UPQC Q [FL] the VAR rating becomes like a simply
19.373 k VA. And voltage rating of the DSTATCOM is equal to the same as load voltage
rating because coming connected across the load. The voltage compensated there, [FL]

239.59.

The current rating of DSTATCOM is computed as the DSTATCOM UPQC is correct to
power factor of unity, hence the required reactive power by the DSTATCOM is now lower

than the reactive power of the angle between supply voltage and current is reduced to beta



equal to phi minus delta, where cos phi is the load power factor and delta is the angle between

the load voltage and PCC voltage after compensation.

And this angle computed as your v DVR from this. [FL] It come delta equal to 25.83, and the

power where the power factor angle 30 is corresponding cos inverse 0.8 that is 36.86.
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!he BS!A!C% current rating is as,

IDST=IL{V{(1—X)2+09§?,@-2005¢C6§(®:5)(1-X)}]/(1 -X)
=69.56[1{0.92+0.82 - 2*0.8c0s(36.87°-25.83°)*0.9)0.9
=14.796A.
(f) The VA rating of DSTATCOM is as,
Qps7=3"Vpsr"lnsr=3239.59 *14.79 VA=10630 VAR.
PDST=910V
(8) Sosr=(Pos*Qpsrd)= Qove 10630 VA,
The VA rating of UPQC-Q during voltage sag is as,
Supccaundersag™ Spst* Soyr=10830+19373= 30003= 30.003 kVA.
Hence considering the overall rating (both normal and under sag),
ratings of both compensators are as,
Vps1=239.6 V, Ipsr=lpsrn=41.73 A.
Spst=3" Vst Insry=3"239.6*41.73=30000 VA.
Vor=104.44 VI z=61.83 A.
7S Spvr=3" Vourlpvr=19370 VA.
19‘%) (h) The VA rating of UPQC is as,
WJW!FH SUPQC-Q= SDST+ SDVR=3~0-0-09+19370=49370 VA=49.370 kVA.

[FL] Then we can find out the from this relation the DSTATCOM current rating on per phase
basis. [FL] It comes like a 14.796 ampere. And VA rating of DSTATCOM from this relation
comes to be your 10.63 k VA, and active power is 0, because this DVR is not asking any
power because just say UPQC Q. And the VA rating of the DSTATCOM is same as the is Q
rating, [FL] it is a like you can call it 10.63 k VA.



And voltage rating of UPQC during the voltage sag condition [FL] sum of the both, it comes
10630 plus 19373, [FL] it becomes your 30 k VA. And hence considering the overall rating
of both under this, [FL] we have voltage rating of DSTATCOM, 239.6 current rating 41.73
[FL] DSTATCOM rating comes 30 k VA. And DVR voltage rating which comes 104.44 and
current rating 61 [FL] VA rating comes nineteen point, and total rating is the sum of both it

comes like 49.37 k VA.
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Q.13 A three-phase supply with ac line voliage of 415 V rms at 50
Hz is feeding a critical linear load of 50 kVA, 415V, 50 Hz at 0.8
lagging pf. A voltage swell of +10% occurs in the supply at PCC.
Design a three-phase UPQC-P (UPQC consisting of DSTATCOM

and DVR using two VSCs with comiion Gc bus capacitor) in-this
system to compensate M{P/ftﬁe_lmﬂo unity at ac mains and
mitigation of the voltage swell fo avoid the interruption to the load. If
two three-phase VSCs are used as a Right Hand UPQC-P (shown
in Fig.), 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, (¢) the current
rating of DSTATCOM of UPQC-P, (f) the VA rating of DSTATCOM of
UPQC-P, (g) total VA rating of UPQC-P, (h) interfacing inductance,
(i) de bus capacitance of VSCs, (j) dc bus voltage, and (k) tums
ratio of the injection fransformer for DVR. Consider the switching
75 frequency of 20 kHz and dc bus voltage has to be controlled within
Aﬁ) 8% range of nominal value and the ripple current in the interfacing
witEL  inductor is 5%.

T e B TR W

Coming to the numerical 13, [FL] a three-phase supply with AC voltage of 415 volt rms at a
50 hertz is feeding critical linear load of 50 k VA, 415 volt of at 0.8 lagging power factor. A
voltage swell of 10 percent is occurs in the supply. Design a three-phase UPQC consisting of

DVR and DSTATCOM. The common DC capacitor in this system to compensate the power



factor load to unity at the AC mains mitigation of voltage swell to avoid the interruption of

the to the load.

And if the three-phase VSCs are used as a Right Hand UPQC-P ok, calculate the voltage
rating of the DVR, current rating of the DVR, voltage rating of DVR, current voltage rating
of DSTATCOM, current rating of DSTATCOM, VA rating of DSTATCOM, and total VA
rating of the UPQC, interfacing inductance, DC bus capacitance, DC bus voltage, turns ratio
of injection transformer; [ mean consider the switching frequency of 20 kilo hertz, DC voltage
have to be controlled within 8 percent of the range value, and ripple current in the interfacing

inductor is 5 percent. [FL]
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This is again you can call it Right Hand UPQC means and which is connected across the load,

and series is in series with the line. And these are typically phasor diagram corresponding to



this typically the swell compensation. These are the I mean supply voltage, supply current

load voltage and load current, and the DVR voltage to be injected.

(Refer Slide Time: 26:11)

Solution: Given that, V = 415V, =50 Hz, a load of 415 V, 50
Hz, 50 kVA, 0.8 lagging power factor. There is a voltage swell of
+10% in ‘supply system with base value of 415 V. e
The phase load voltage is as, V ”4MM
The phase load currentis as, ILp-I s=00000/(37239.59) =69.56 A.
The active power Ver of the load i is,
P=3"V"l,,"pf=50000"0. 8=40 kW.
The supply current before the voltage swell is as,
1;=P/(3"V,)=40000/(3"239.6)=55.64 A.
Voltage Swel Compensation by Right Hand UPQC-P
After the voltage swell, the supply voltage increases to
Vy=415%(1+0.10) =456.50 V, V;=V//\3=263.56 V.
(a)The voltage rating of DVR of UPQC-P is computed as.
For UPQC-P the injected voltage is in phase with source voltage
~ hence the value of injected voltage is algebraic dlfference
(';? between load and source voltage.
. Vovr=Vsy — Vsp =263.56 - 239.6=23.96 V.

NPTEL S —

[FL] Coming to the solution. Given that the supply voltage 415 volt at 50 hertz, and load
voltage is 50 hertz for 15 50 hertz 50 k VA 0.8 lagging power factor. There is a voltage swell
of 10 percent, and supply voltage 415. [FL] The phase voltage comes like typically 415 by
root 3, 239.59. And the typically the phase load current is your active power divide by your 3
times voltage, [FL] it is 69.56. And active power comes typically of your from this relation 40

kilowatt.

And the current of a grid is typically in the normal condition comes 55.64 ampere. The

voltage swell compensation by Right Hand UPQC. The after voltage swell the supply voltage



increases to 10 percent voltage swell, [FL] it comes 456.54 or phase voltage is typically

263.56 in place of 239.39.

[FL] The voltage rating of the DVR of UPQC is computed as for UPQC-P the injected
voltage in phase with the source voltage. And the value of injected voltage is algebraic sum of
the difference of the two, [FL] you can find out DSTATCOM DVR voltage equal to directly
23.96 volt.
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(b) The current rating DVR of UPQC must be same as supply
current during voltage swell compensation.
lg= 7&/(3*V5p‘)=4}@g07(372'6_3T6)=M‘8_9»A.
For Voltage Swell Compensation
(c) The VA rating of series element of UPQC-P s as,
Povr=3"Vovg loyg=3"23.96"50.58 W=3636.4 W=3.6364 kW.
Q=00 ~
Sovr="(Povi*Qoye?)= Poug =3636.4 VA.
(d) The voltage rating of DSTATCOM of UPQC s equal to ac
load voltage of Vpgr,=239.59 V. B
(e) The current rating of DSTATCOM of UPQC-P is as follows.
Qps7=Q,=3*V, ", *sin@=50000"0.6=30000 VAR,
Pos=Pove=3636.4 W.
Sps7="(Ppsr?*Qpsr?)= 30220 VA
~ The DSTATCOM current rating is as,
%Y los= Sost/(3Vovsr) =42.04 A

NPTEL
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And the current rating of DVR of UPQC might be the same as the current rating of the swell
condition [FL] from this we can find out the current from typically on the grid side, [FL] it
50.5. And [FL] for the voltage swell compensation the VA rating of series element of UPQC
is P DVR equal to 3V DVR I DVR [FL] it becomes like a typically your 3.6364 kilo watt.



And Q equal to 0 and S DVR equal to P Q under root, [FL] it becomes 3636.4 VA. And the
voltage rating of the DSTATCOM same as equal to the AC load voltage because its
connected across the load [FL] its come 239 point 239.59. And current rating of
DSTATCOM as the UPQC P is the same VA rating is the same reactive power of the load,

and active power is the same as your DVR 3636.4.

And S DVR under root of Q P square plus Q square, [FL] it comes 30.22 k VA. And from
this way, we can calculate the current rating of typically of DSTATCOM, it come forty 42.04

ampere.
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(f) The VA rating of DSTATCOM is as,
Spsr=V(Post*Qpsr?)= 30220 VA

The VA rating of UPQC-P during voltage swell is as,

Supac.p= Spstt Spyr=30220+3636.4 =33856.4 VA.

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

Vpsr=239.6 V, Ipgr=42.04 A, Spg7=3"Vpgr'lpgr=30220 VA.

Voir=23.96 V, Ipyz=55.64 A, Spyg=3"VigIy=3899.4 VA

The VA rating of UPQC,

Supace= Spstt Spyr=30220+3999.4 =34219 VA.

(g) The turn’s ratio of the injection transformer for DVR is as.

The dc bus voltage of 750 V (decided for 415 V for
DSTATCOM), canbe used to obtain a 415 V across the line at
the output of VSC using PWM controller. However, DVR

R requires only 23.96 Viphase. Therefore, the turns ratio of the
{; injection transformer s as,

wins Kovr=Nysc/Npye=415/(13"23.96)=10.

[FL] VA rating of DSTATCOM, comes under root P square plus Q square [FL] it is a 30.22
VA k VA. And the VA rating of the UPQC during voltage swell comes sum of both, [FL] it
comes 33.856 k VA. Considering the overall rating of both typically under normal and swell



condition, [FL] it comes DSTATCOM voltage rating of 239 with a current rating of 42, [FL]
S VA rating on 30.22 k VA.

And DVR current voltage rating two 23.96, current rating 50.64, [FL] VA rating comes 39.99
k VA. And overall rating is a sum of both, it come 34.22 VA, k VA. The turns ratio of the
injection transformer is now correspond to DC bus capacitor of 750 volt, 415. And
DSTATCOM can be obtained 415 across the line of this PWM. However, the DVR require

this much. [FL] Therefore, the turns ratio of this can be calculated from here around 10.

(Refer Slide Time: 29:24)

(i) The dc bus voltage is decided based on the ac voltages
impressed across the VSCs.

V=242 (V N3)im,=2+2 *415/3/0 9=752.99=750V.

(j) The interfacing inductances are required in VSCs, which are
working as DSTATCOM and DVR.

The interfacing inductance of the DSTATCOM,

Lost= {(¥3)/2)m, V- /(BafAlnsr)
={(\3)/2}*.9*750/(6*1.2"20000*2.1002)= 1.93 mH.
The interfacing inductance of the DVR,

Love= {(V3)/2}m,Vee Koyr/(BafiAlnyg)=
={(\'35m0'ffo7(6ﬁ§%%0*2.53)= 16mH.
(k) The dc bus capacitance of VSCs is computed as,
The change in stor\eaienergy during dynamics,
AE=7%Cy, (Vdcapfi- Voerinapt)=3"Vosr Tosr ™M
 AE=Y%C (7507 - 6902) = 3*239.642.04 *10/1000 (Considering
7YY A=10ms)
Cqy =7018.28 pF.

NPTEL

And the dc bus capacitor decided according to this value [FL] it comes 752, we can select
750. The interfacing inductance required for which is this, [FL] we can calculate

DSTATCOM rating from this relation, [FL] it comes 1.93. And DVR current rating from this



relation comes to 1, 16 milli Henry. And the dc bus capacitance of this from this dynamics of

this which we calculated for other compensators also it comes like a 7018.28 micro Farad.

(Refer Slide Time: 29:51)

Q.14 A three-phase supply with ac mains voltage of 440 V, 50
Hz has voltage sag of -20% due to a rural feeder and a
nearby factory. A hospital needs a three-phase 415 V, 100 kVA,
at 0.8 lagging PF, 50 Hz linear load in critical equipment. If a
Right hand-UPQC-S (consisting of DSTATCOM and DVR
using two VSCs with common dc bus capacitor) is used as a
unified power quality compensators (shown in Fig.), then
calculate (a) the rating of the shunt and series components of
UPQC to provide rated voltage across the load and to realize a
unity power factor at ac mains, if an injecting transformer is
used to inject the valtage in DVR, calculate (b) tums ratio of
injecting transformer, (c) values of interfacing inductors, and (d)
the value of dc bus capacitor. Consider the switching frequency
of 10 kHz and dc bus voltage has to be controlled within 8%
7~  fange and ripple current in inductor is 10%. Consider,dsam—e
{‘) rating of the mSCs.

NPTEL

P

[FL] Coming to the numerical number 14, a three-phase supply with a ac mains voltage of
440 volt, 50 hertz has a voltage sag of 20 percent due to rural feeder and nearby factory. A
hospital needs a three-phase 415 volt, 100 k VA, 0.8 lagging power factor linear load in

critical equipment.

If the Right Hand UPQC considering the DSTATCOM DVR using two UPQC with common
capacitor is used as a UPQC, then the calculate the rating of the shunt and series component,
UPQC to provide the rated voltage across the load and to realize the unity power factor ac
mains if the an injecting transformer is used to inject the voltage here. Calculate the turns

ratio of the injecting transformer, interfacing inductors, and the value of dc link.



Consider the switching frequency of 10 kilohertz, and dc link voltage have to controlled

within 8 percent of range and ripple 10 percent consider the same rating of both VSC.

(Refer Slide Time: 30:44)
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[FL] It is we have a again Left Hand sorry Right Hand UPQC and injection transformer with
DVR is on the left side. And this is the typical phasor diagram corresponding to that. These

are the typical waveform for.
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[FL] Coming to the numerical portion given that the voltage is 440 volt, 50 hertz, a load 415,
100 k VA, 0.8 lagging power factor. [FL] There is voltage sag of 20 percent due to rural
feeder. And the it means the voltage supply reduces to your 440 into 0.8 [FL] it becomes 352,
and phase voltage become 203. However, load voltage is your 239.59, [FL] your phase

current becomes from the typically I mean your 100 k VA divide by this valuve, it is become

one-third 139.12 ampere.

And power active power

after the volt compensation from this kilowatt divide by the voltage into, [FL] it become

131.22. [FL] Under the st

compensation the active power of the load is 80 kilowatt. And the reactive power is typically

60 k VAR.

Solution: Given that, V, = 440 V, =50 Hz, a load of 415 V, 50
Hz, 100 kVA, 0.8 lagging power factor. There is voltage sag of -
20% dueto a rural feeder and a nearby factory.

It means after the supply voltage reduces to

V,=440*(1 - 0.20) =352V, V, o=Vl 3=203.22V.

The phase load voltage is, Vi, —415/\3_23&5QV

The phase load current s, ILp-100_0_QOL 239. 59) 39.12 A

The active power of the Toad is,

P=3"V,,"l,,"pf=100000"0.8=80 kW.

The supply current during the voltage sag compensation is as,
1s=P /(3"V,,)=80000/(3*203.2 22)=131. 22A.

Under Steady State Condition for Unlty Power Factor at ac
Mains and Voltage Compensation across the Load

The active power of the load is, '\

P=3"V\, "I\, "pf=1000000.8=80 kW.

The reactlve power of the load is,

Q.= P=3"V,, "I, V(1-pf2)= 1000000.6=60 kVAR.

becomes like a 100 k VA into 0.8, 80 kilowatt. And supply current

eady state condition for unity power factor ac mains and the voltage
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And voltage rise for the compensation for Right Hand UPQC. [FL] Even under normal grid

condition [FL] voltage is

under normal condition 6 percent higher, and you can calculate all the constant. [FL] You can

calculate current on this on supply side, [FL] it comes like a from this voltage it comes 104.99

ampere.

In the Right Hand each UPQC has a reactive power of half of the this equal to, [FL] it is a 60
by 230 k VAR. [FL] Under normal voltage rise condition from the following relation, we can

find out the Q DVR. [FL] From this, we can calculate the delta equal to 23.43; and P DVR

Voltage Rise Compensation by Right Hand UPQC-S under
Nominal Operating Condition

even under nominal grid qugigoﬂlspﬂ{w% V =254 Vlphase.
The per unit extra voltage is estimated as,

X=[{(Vig/ Vi) ViV J=1{(254/239.6)-239.6}/239.6]=0.06 pu,
Ko= Vip/Vp =239.6/254=0.943, n,=1/K;=1+X =1+0.06=1.06,

The supply current during-voltage swell compensation is as,
IS=PL/(3VSP)=SDD091’(3‘{25 )=104.99 A.

In Right Hand UPQC-S, egc_hwmve power rating
equal to half of the reactive power of the load, which is equal ta

QDST=QDVR=QL/2=60/2=ﬂkyAR-
Under the voltagé”\r';;e/mmiiuun._lmm—lhe following relation of
reactive power of DVR, the power angle is computed as.
Qpyr=3KVs I sin 8=3(V/V,) Vsl sin & =30000 VAR, therefore,
06=23.42°.
PDVR= = 3KUVS lS (no = C0s 5)

== 3(ViVy) Vs I {(Vg/V)) - cosd} = - 10766.15 W.

254. And the per unit extra voltage is typically you can call it an

from this relation we get 107.66, 110.77 kilowatt.
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[FL] Voltage rating of the DVR from this relation, we can calculate [FL] it comes 101.12.
And current rating of DVR, from this relation from power and voltage, we can calculate the

104.99, and VA rating of the DVR comes from typically voltage and current [FL] it comes

31.87k VA.

And active power of DSTATCOM virtually the same active power of the DVR that is 10.75
kilowatt. And voltage rating of DSTATCOM, is same as the load 239.6. [FL] current rating of
DSTATCOM is computed that is corresponding to this angle beta equal to phi minus, [FL] it

comes 13.45. Therefore,

which comes 44.34.

The voltage rating of the DVR is as,
VDVR—VL\I{1 +n;2 -2n,cos8}=239.6\{1+1.062 - 2*1.06*c0s23 42°
=101.12 V.
The current rating of the DVR s as,
love= =P /(Y )= 80000/(3*254)= =104.99A.
The VArating of the DVR is as,
Sovr=3"Vour loyr=3"107.2 104.98=31873.37 VA.
Active power of DSTATCOM is as,
Ppgr= = Povg=10747.15 W.
The voltage rating of DSTATCOM of UPQC is equal to ac load
voltage of Vp5;=239.6 V.
The current rating of DSTATCOM of UPQC is computed as.
Therefore, angle between supply voltage and load current s as,
B=0 - 5=36.87° - 23.42°=13 45".
Therefore, DSTATCOM current is as,
lDST” (1 +K020052® 2K,cosp cos@)
=139.12V(1+ 0.943%°0.82 - 2'0.943'0.8"0.973)=44.34 A.
e

_—

DSTATCOM current rating from this relation giving the value
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The phase angle between DSTATCOM voltage and current can
be calculated as,
Pogr =10747.15 W=3V Ipsr cos@ngr, @per=70.29°
= sin@psr=30000 VA.
The VA rating of VSC of DSTATCOM of UPQC,
SDST=3*VDST*|DST=3*/239'6*44'34VA=31 BMVA
The VA rating of UPQC-S, ‘
Sypac.s= Spsrt | SDVR—31873 16+31873.37 =63746.53 VA.
Voltage Sag Compensation by Right Hand UPQC-S
After the voltage sag, the supply voltage re reduces to
V=440*(1 - 0.20) =352 V. V/ -V5|/V3 =203.22 V.
The phase load voltage is, VLP—415/\/3 =239. 59 V.
It means after the voltage supply voltage reduces to
V,=203.22 V, and X=0.152, K0=1.179, no=0.848.
7 The supply current is after the voltage sg compensatlon is as,
t@ =P /(3"V/s)=80000/(3"203.22)=131.212 A.

NPTEL

And phase angle between the DSTATCOM voltage and current I mean from typically the
power here is [FL] form active power we can calculate the angle of the DSTATCOM 70.29.
And the reactive power corresponds to 30 k VA, and voltage rating of DSTATCOM is
typically of 239. [FL] We can find out VA rating voltage and current [FL] that comes 31.87 k
VA.

And VA rating of the UPQC the sum of the both DSTATCOM and DVR, [FL] it comes
63.75 k VA. And voltage sag compensation by Right Hand after the voltage sag, [FL] it will
be reduces to typically like your 8352 volt. And phase voltage becomes 2 by root 3 203.22.
And phase load, however, load voltage supply regulated to 239.59. It means after the voltage
supply reduces to with this [FL] we have a sag of 15.2. And performing this, [FL] we can find
out the typical say supply current for performing this voltage, [FL] it comes to 139.212.
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In 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=Qpyr=Q,/2=60000/2=30000 VAR.
Under the sag, from the following relation of reactive power of
DVR, the power angle can be computed as.
Qour=3KoVs s sin 8=3(V,/Vs) V1 sin 6 =30000 VAR, therefore,
8=18.55°.
PD\/R= = 3K0VS |s (nO-CO&ﬁ)
== 3(Vi/Vg) Vg Ig {(V/V, )-cosd} = 9419.9 W.
The voltage rating of the DVRUis as,
Vo=V {14+ng2-2n,c0sB)=239.6+({1+0.8482-2*0.848*cos 17.46°)
=79.88 V.
The current rating of the DVR is as,
The supply current is after the sag compensation is as,
Fo Ipvr= I5=P/(3V5)=80000/(3"203.22)=131.212 A.
ﬁ‘f) The VArating of the DVR is as,

NFTEL Siii=3*Vmﬁ*liiii=3*79.88*131 212=31444 33 VA,

And in the Right Hand UPQC each VSC have a reactive power rating equal to half of the
reactive power [FL] that is 60 by 230 k VAR. Under the voltage sag, the following relation of
reactive power angle to be computed, [FL] it comes delta equal to 0.85 from this relation.

And P DVR from giving the value, it comes 9.42 kilowatt.

And voltage rating of DVR comes from this relation 79.88, I mean putting the value, [FL]
current rating of DVR comes from this active power on the grid side [FL] it comes like a

131.21. [FL] VA rating of the DVR comes 3 times voltage current, it comes 31.44 k VA.
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Active power of DSTATCOM s as, Ppgr=-Ppg=-9419.9 W.
The voltage rating of DSTATCOM of UPQC is equal to ac load
voltage of Vpr=239.6V, since it is connected across the load of
239.6V sine waveform. -
The current rating of DSTATCOM of UPQC is computed as.
Therefore, angle between supply voltage and load current is as,
p=(0 - 5=36.87° - 18.55° =18.32°
Therefore, DSTATCOM current is as,
losr= 1.1[(1+K 2cos2 = 2K cosB cos@)
=139.12V(1+1.1792:0.82 - 2*1.179°0.8"0.949)=43.74 A.

The phase angle between DSTATCOM voltage and current is
calculated as,
Post = = 9438.71 W=3V|lps7 c08Bps, Bpsr=10747°.
Qpsr= 3V lpsr sin@psr=29990 =30000 VA.

#~  TheVArating of VSC of DSTATCOM of UPQC,

18 SDST=3*VDST*IDST=3*2§%§*43.74 VA=31444 VA.

NPTEL o T

[FL] Active power DSTATCOM equal to same as DVR because DVR taking same DST [FL]
9.42 kilowatt. And the voltage rating of DSTATCOM of UPQC equal to the AC load voltage
that is 239 point, [FL] since it is connected across the load. And current rating of
DSTATCOM UPQC computed from the angle between the supply voltage that is beta equal
to phi, [FL] 18.32.

Current from this relation can be is calculated 40 to 43.74. And phase angle between
DSTATCOM voltage and current is calculated from the active power, [FL] it comes from
107.47. And the reactive power from putting this value it come 30 k VA. And VA rating of
DSTATCOM is 3 times voltage current, [FL] it comes 31.44 k VA.
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The VA rating of UPQC-S during voltage sag is as,
Supacs(under sag/™ Sost SDVRf31444+3141213‘62888 VA.
Hence considering an overall rating (both normal and under
voltage sag), ratings of both compensators are as,
Vps1=239.6 V, Ipgr=44.34 A, Sper=3"Vps1Ips7=31871.59 VA,
Voye=101.12V, Ipe=13121A,
Spvr=3"VourIoyr=39803.86 VA.
(a)The total VA rating of UPQC-S considering both VSC share
equal VArating all the time,
Supacs™ Spert Spyr=31871.59+39803.86=71674.86 VA.
The total VATating considering same inventory for VSCs is as,
Sps1=Spyr=39803.86 VA.
The VA rating of the UPQC-S is as,
Syrac.s™ Spst + Spyr=39803.86+39803.86=79607.72 VA.
7 (b) The tumn'’s ratio of the injection transformer for DVR is
X‘)‘% KDVR=NVSC/ND\/R=41—5_/_('V3*1 01. 12)=237=2¢0
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[FL] VA rating of UPQC-S is sum of the both k VA, [FL] it comes typically double of this
[FL] say 62.88 VA k VA. Hence considering the overall both normal this rating [FL]
DSTACOM voltage rating current rating, and the total rating is the 31.1 0.87 k VA. And the
DVR voltage and current and it comes the typically the KV rating of DSTATCOM, 39.80 k
VA.

The total VA rating of considering the both share equally [FL] sum of both, it comes typically
70, 71.67 k VA. And total VA rating considering the inventory same, [FL] it is a 39.98. [FL]
Overall VA rating comes sum of both, [FL] it is a 79.61 k VA. [FL] Turns ratio of the
injection transformer of this, I mean from correspond to the voltage 415 we have to generate

to 101, this [FL] turns ratio comes around 2.
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The dc bus voltage across the VSCs is
V=212 (V, ¥3)im, =212 *415/Y3/0.9=752.99=750V.
(c) The interfacing inductances are requires in VSCs, which
are working as DSTATCOM and DVR.
The interfacing inductance of the DSTATCOM, L=
{(\3)2im,V. (BatA)
={(13)/2}°0.9*750/(6*1.2*10000%4.374)= 1 86 mH.
The interfacing inductance of the VSC of DVR is s, Lyyz=
{(\3)/2}m,V i/ (6af Al s/ Kpye)=
={(V3)/2}°0.9*750/(6*1.2*10000*13.112/2)= 1.238 mH.
(d) The dc bus capacitance of VSCs is computed as,
The change in stored energy during dynamics,
BE=": G (Vg ~ Vcrinat )3 Vs Ipsr At
AE =% Cy (7562—6902)=3*239.6*43.74 *10/1000
7 (Considering At=10ms)
% Cyc =7227.85 yF.
_ it
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And the DC link voltage from the basic relation can be calculated, it comes 750 volt. And
interfacing inductance required for typically from this relation putting the value, it come from
1.86. Interfacing inductance for VSC of DVR, it comes from 1.238; and DC bus capacitance
for dynamics of energy storage, it comes 7227.85.
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I |
SUMMARY

* UPQC offer best retrofit solution for both current and
voltage based power quality problems

s
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[FL] With this we like to summarize that UPQC is offers best retrofit solution for both
current and voting based power quality problem. It is able to compensate voltage sag swell
especially the voltage based compensation as well as current base compensation. And we
have seen the variety of the numerical problems, the rating differs with the configuration of
the placing of your whether you are putting DSTATCOM on the load side or on the grid side.
But preferred configuration is certainly putting the DSTATCOM on load side, I mean that we

have concluded.

And it is able to compensate and with we have to give the right control with the typically I
mean with this with the maybe with the UPQC-S like I mean or so. [FL] It is capable of
supplying the regulated voltage across the load and maintaining the unity power factor on the

grid side in spite the voltage may be unbalance or the typically current maybe also unbalance.



Well, with this now we like to summarize this lecture on unified power quality compensators.
The UPQC offers the best retrofit solution for current and voltage based quality problem. We
have discussed the configuration of UPQC, the best configuration among the various
configuration is that we put the DSTATCOM version compensated on the load side that is on
right side, and the DVR on left side.

And the as far as the typically the control power is typically from UPQC-S that is correspond
to control with the angle control I mean like. And with typically I mean it can provide you
very clean voltage across the load with a you can call it balance and a unity power factor

current on the supply side like. [FL]

Thank you very much.



