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The IFPFR can be used as inter-line dynamic voltageorer

Abstract—The Inter feeder Power Flow Regulator (IFPFR)JDVR [2-5], in this mode of operation, the basiceogting

proposed in this paper consists of several volsma&ce inverters
with common dc bus; each inverter is connecteceites with one of
different independent distribution feeders in thevpr system. This
paper is concerned with how to transfer power betwbe feeders for
load sharing purpose. The power controller of eaclerter injects

the power (for sending feeder) or absorbs the pdfeerreceiving

feeder) via injecting suitable voltagehis voltage injection is
simulated by voltage drop across series virtual eidgmce, the
impedance value is selected to achieve the comdguiwer exchange
between the feeders without perturbing the loathgel magnitude of
each feeder. In this paper a new control scheme#af sharing using
IFPFR is proposed.

Keywords—IFPFR, Load sharing, Power transfer

|. INTRODUCTION

N general, the droop technique [1] has been widsbd as a

load-sharing scheme in conventional power systeitin wi

multiple generators. In this droop method, the gatoes
share the system load by dropping the frequencyearth
generator with the real power delivered by the getoe. This
allows each generator to share changes in total loaa
manner determined by its frequency droop charatierand
essentially utilizes the system frequency as a camication
link between the generator control systems. Sitgilar droop
in the voltage amplitud®/,.x with reactive power is used to
ensure reactive power sharing. This load shariogrigue is
based on the power flow concept in an ac transamssystem,
which states that the flow of the active power aadctive
power between two sources can be controlled bysédgithe
power angle and the voltage magnitude respectivElis
concept is explained in Fig. 1. Fig. 1 shows twdtage
sources connected to a load through feeder impedartoe
real power flow is mostly influenced by the powergkesd;
andd,, while the reactive power flow depends on theagss
E; and & [1].

A new proposed technique for load sharing usingltier
feeder Power Flow Regulator (IFPFR) is proposedthis
paper. The IFPFR consists of several voltage soureaters
connected to different distribution feeders in tloaver system
with common dc bus; Fig. 2 shows the inter feedrrgy flow
regulator with two radial independent feeders. Modtage
source converter (VSC) is connected in series with grid.

principle of the inverter is to inject an appropeiaoltage in
series with the supply through injection transforméenever
voltage sags or swells take place. A new mode efaijpn is
introduced in this paper; it is the power transfesde. This
mode of operation allows transferring power betwésaders
for load sharing purpose.
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A

Fig. 1.Two sources connected to a load
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_@ "D IFeedeM Load 1
inverter-1
) Ve % | Fooder2
_® D I — Load 2 —IVFL
inverter-2

Fig. 2.Inter feeder power flow regulator (IFPFRY) fawo feeder
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Fig. 3.Inter feed_er power flow regulator with twadial independent
feeders

Il. POWER CONTROLLER WITH VIRTUAL IMPEDANCE INJECTION
FOR SENDING FEEDER

For inter feeder power flow regulator with two raldi
independent feeders, if it is desired to transfewgr from
feeder 1 (sending feeder) to feeder 2 (receiviredde) as
shown in Fig.3. The inverter 1 will be responsifile pumping
the required power to the dc bus via injectingahlé virtual
impedance. Assuming that the feeder is feedingeetphase
balanced load, Fig. 4 shows per phase equivaleotitiof
feeder 1 with series virtual impedance injectioig. & shows
the corresponding phasor diagram. Since the thinese load
is balanced, all the following analysis will be @ofor per
phase circuit. The voltage injection is simulatsdavoltage
drop across series impedance. The impedance mjentust
not perturb the load voltage magnitude. Moreoviee, power
consumed by this impedance represents the reqpoegr to
be transferred. To transfer power and to keepdhd Voltage
magnitude unchanged, the injected voltage must hewe

components, namebly,; which is in phase with current phasor,

andV,;, which is perpendicular to the current phasoistasvn

Fig. 5 Phasor diagram of feeder 1

The supply power is given by (2), as indicatedhia phasor
diagram shown in Fig. 5.

Ri+4P =1V cos(¢; - f,) )

Hence
'81 = ¢1 - Cos’l(w)

IV, ®)

The maximum value for angfeis the load power factor angle
¢, where the supply input power factor will be unity.
Moreover, the maximum allowabl&P corresponds to unity
input power factor. For a given load power facttng
maximum value foAP is given by (4)

AP, =1, Vi(1-cos(¢,)) 4

The resistance, which represents absorbed active power from

feeder, is given by

_ 4P _ 1V, (cos( 4, - B,) - cos( ¢,))
2 2

Iy I

£

(©)

From the phasor diagram, shown in Fig. 5, the clabrténgth
is given by

in Fig. 5. TheV;; component absorbs active power from sourcgence, the capacitive reactangesan be calculated as

(AP) and V,, component keeps the load voltage magnitude

unchanged. For a given transferred poweP, the

corresponding value for the capacitive reactancshould be
estimated from the following relations to ensur@stant load
voltage magnitude. The load power is given by (1)

R =1V, cos(¢, ).

@)

Fig. 4 Feeder 1 circuit with virtual impedance aijen

chord(ab) = 2V, sin(0.58, ) = yVr,? +Vx2 (6)
X = ]’ ( ab2|_zvr12 : ¢

Substituting (6) in (7), yields
X, = \/{4:’—122 sin?(0.58,) - rfj (8)

Fig. 6 shows the relation betwea® (i.e. r;) andx; for
different values of load power factor assuming=1f.u,
Zi0ad1p.u with respect to the feeder 1 base values.
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IV. POWER CONTROLLER WITH VIRTUAL IMPEDANCE INJECTION
FOR RECEIVING FEEDER 0.8 ‘ T T

The inverter 2 will be responsible for absorbinge th
transferred power via injecting suitable virtualpiedance Fig.
7 shows per phase equivalent circuit of feeder th weries
virtual impedance injection. Fig. 8 shows the cepanding
phasor diagram. The voltage injection is simuldig voltage
drop across series impedance. The impedance mjentust
not perturb the load voltage magnitude. Moreovee, power
generated by this impedance represents the abspdvest.

For each received powaP, inductive reactancg, should
be estimated from the following relations to guéearkeeping
the voltage magnitude unchanged.

The load power is given by (9)

R, =1,V,cos(g,). 9)
The supply power is given by (10), as indicatedhi& phasor :
diagram shown in Fig. 8. : : : : 30 0.4
R,—-4P=1,V,cos(¢, +5,) (10
4, P,—4P Fig. 6 Relation betweefiP (or r;) andx, for different values of load
B, =—¢, +cos (LI—V) (11) power factor
272
The resistance,, which represents received active power, is from dc bus
given by P /P P,
-AP _ 1.V, (co + - o 2 ¥ __ —
r,=—p =2 2(cos(#; ’22) 5¢.) (12) P,-4P ['T,(-ve) X
|2 |2 L2 2 2 |
v _
From the phasor diagram, shown in Fig. 8, the clabrténgth i Fo—-—-—= |
is given by vl nj2 - ;s [
chord(ab) = 2V, sin(0.58, ) = /Vr,” +Vx,’ (13) s2) g
Hence, the inductive reactangecan be calculated as @ Vi 3
2 _\p 2 - -
y, = (V) | iy (14)
Substituting (13) in (14) yiezlds Fig. 7 Feeder 2 circuit with virtual impedance atjen
\V/ 2 ) T ¥inj2
X, = || 4—2 sin*(0.58,)-T, (15) ~
I, N
V. N \

Fig. 8.Phasor diagram of feeder 2

Fig. 9 shows the relation betwea® andx, for different
values of load power factor assuming=¥p.u, Z.&1p.u
with respect to the feeder 2 base values. In FigoOcertain
load power factor as the received power incredsefmtiuctive
reactance increases even locus gf,Xafter that inductive
reactance decreases as the received power incrétasas be
illustrated from the phasor diagram shown in Fi@ 4s
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follows, as the length off, (r;) term increases the tertp(xy)
increases even reach maximum length this happees wWie
Vg phasor is perpendicular tg phasor i.e. zero input power
factor, i.e. the supply out zero power, and alereed power
fed to the load. In this case if power comman®)(increased
the received power will fed both the load and thearse.

In case 0K, the anglé is given by (16)

B,=90"-¢, (16)

2517-9438
No:9, 2010

IIl. PROPOSED CONTROL SCHEME

For each feeder if the angle of voltage pha%gris
assumed zero. For giveyP and measured signals V, pf) a
voltage source inverter is used to inject a sutalltage in
series with the grid; this injected voltage has efenence
magnitude is equal toj (/r2 + x? ) Wherer, x calculated from
Egs (5), (8) for the sending feeder, but for theeieing feeder
Eqgs (12), (15) can be used. The phasor of thetageeoltage
for feeder 1 will lag the \ phasor by 980.53 as shown in

The value ofX. is given by (17), as indicated in the phasoFig. 5, but the phasor of the injected voltagefémder 2 will

diagram shown in Fig. 10.
_bc_ac-ab _V,-V,sin(4,)

X e (17)
I 2 I 2 I 2
Hence the per unit value ¥f. is given by (18)
Xex(PU) =1=sin(4,) (18)

1 1
-0.8 -0.7

-0.6

-0.5 -0.4

power (p.u)
Fig. 9 Relation between transmitted power (i;6.andx, for
different load power factor

If a load of 0.8 lag power factor connected to fiseder 2,
the Xux from (18) will equal to (1-0.6=0.4 p.u). This resid
similar to the data of graph shown in Fig. 9. Aistbase the
received power=0.8 p.u and the load power=0.8 that
means the supply out zero power; i.e. zero inputgpdactor.

~
——< — = _N
~ ~
N ~N.C
~
<t
N N
s SEN D
7 3 N1 \ N
o7
<7, 2N
a D, Vi-V: -

Fig. 10 Phasor diagram of the receiving feeder

lead the \{, phasor by 980.53 as shown in Fig. 10.The control
block diagram of the IFPFR when power transfer mixie
applied is shown in Fig. 11.

IV. CASE STUDIES

Case 1; for inter feeder power flow regulator with two rad
independent feeders in low voltage distributiontesys it is
desired to transfer power equal to 0.1p.u from éeed to
feeder 2 for 0.1<t<0.8s. Assume same base valuebdih
feeders, the system data is tabulated in tabldné. Simulation
results are shown in Fig. 12a, 12b.

TABLE | CASE 2 DATA

Vg1 1p.u
Vo 1p.u
Loadl | 1 p.uimpedance with 0.8 pf lag
Load2 | 1 p.uimpedance with 0.8 pf lag

The inverter 1 will be responsible for pumpihe required
power the dc bus via injecting suitable virtual edpnce
which equal to fi-jx;) wherer;=0.1, x,=0.1641 p.u. In the
other hand, the inverter 2 will be responsibledbsorbing the
transferred power via injecting suitable virtual pedance
which equal to r+jx,) wherer,= -0.1, x,=0.1141 p.u. From
Fig. 12a, the power transfer is achieved withoutysbing the
load voltage magnitude at each feeder. The supmlyepPs
increased when load sharing mode is applied, howasl
power P g1 did not change, the difference between and
Ploaa1 is fed to the dc bus via injecting,,, The interaction
between this injected voltage the feeder curkteptoduces the
power to be transferred to the other feeder.
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Reference Vinj1 ror >
(Vp1 3 va generatior.
‘ Vi 1 angi -2 : : L 1 L
0 0.2 0.4 0.6 0.8 1 1.2
0.5 T T T T T
deg F-3
v v Distributior Dl >
s Feeder # e ) ) ) . .
RS S A = o 0.2 0.4 0.4 0.3 1 12
+ - L 2 T T T T T
] i
? of
>—I
Fori= =P -zo 0.2 0.4 0.6 0.8 1 1.2
1 T T T T T
— L
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2 Reference Siestimated)
= (v, 1, Pf, generatior. 0 1 ! ! L L
Q : 0 0.2 0.4 0.6 0.8 1 1.2
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E v TV Distributior Lo P'-°“dil““"'“‘°dl
8 * inverte! Feeder # — 01:' 0.‘2 D.‘-’I D.‘G oja ; 1.2
- — Vinj]uf Tlrne H
Fig. 12b Time response of receiving feeder varmfde case 1,
all in p.u values
) _ However from Fig. 12b, the supply powey decreased
Fig. 11 Control of IFPFR under load sharing mode when load sharing mode is applied, however loadgp®ag
did not change, the difference betweP., and Py is
2 . . . absorbed from the dc bus via injectiNg,,, The interaction
@ ol between this injected voltage the feeder curtgptoduces the
> power to be received from the other feeder.
-20 0.2 0.4 0.6 0.8 1 1.2
LB ‘ ' ' ' ‘ Case 2; for inter feeder power flow regulator with twodial
F °_WMMMN\WMWWNWM7 independent feeders, it is desired to transfer paagpial to
= 0.1p.u from feeder 1 to feeder 2. Assume same \mses for
) 02 04 04 0e | 12 both feeders, the system data is tabulated in thbkhe time
U ‘ ' ' ' ‘ response of the sending feeder variables is showigi 13.
=
s
o W\MW“ TABLE Il CASE2 DATA
% o2 o 04 o8 1‘ 12 V1 =lp.u
T ‘ . . . ‘ ] Vs =1 p.u
Loadl | =1 p.u impedance with 0.8 pf lag for 0<t<0.6s
0.5 q
PSl[einmuled] and
s on o Py o " m =1.1 p.u impedance with 0.7pf lag for t>0.65
L ‘ ' ' 5 ‘ Load?2 | =1 p.u impedance with 0.8 pf lag
0.5 b
Ploqd.[.‘sn...ma] . . . ‘ In this case the inverter 1 will be responsible pomping
% 0.2 0.4 0.6 0.8 1 12 the required power the dc bus via injecting suéabirtual
Time, s impedance which equal to;{x;) wherer;=0.1,%,=0.1641 p.u

for 0<t<0.6s and;=0.1219 ,x,=0.2087 p.u for t>0.6s. The
impedance value is changed because the feedernturre
changed at t=0.5s with constant required powr In the
other hand, the inverter 2 will be responsibledbsorbing the

Fig. 12a Time response of sending feeder varidblesase 1;
all in p.u values
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transferred power via injecting suitable virtual pedance
which equal tori+jx,) wherer,=-0.1,%,=0.1141 p.u.

& ol
>
2 I ! ! ! I
0 0.2 0.4 0.6 0.8 1 1.2
2 T T T T T
== 0
_2 1 Il Il Il 1
0 0.2 0.4 0.6 0.8 1 1.2
0.5 T T T T T
F ool I
> |
05 1 Il Il Il 1
0 0.1 0.4 0.6 0.8 1 1.2
2 T T T T T
3.
g 0 |
-l
>
_2 1 Il Il Il 1
0 0.2 0.4 0.6 0.8 1 1.2
1 T T T T T
A
0.8 T 7
0.6 l . . == Ploudi[eslimulecl]
0 0.2 0.4 0.6 0.8 p
Time, s Sifestimated)

Fig. 13 Time response of sending feeder varialoesdse 2;
all in p.u values

V. CONCLUSION

A new proposed technique for load sharing usinglffRFR
is proposed in this paper. One of the invertersl i
responsible for pumping the required power to thébds via
injecting suitable virtual positive resistance iarigs with
virtual capacitor through its feeder. The othereiter will be
responsible for absorbing the transferred powerinjecting
virtual negative resistance in series with virtuatuctor
through its feeder. The power will transfer fromedieeder to
another without perturbing the load voltage magtetin each
feeder. The proposed load sharing technique islatediusing
MATLAB/SIMULINK to check its validity, and the simation
output was satisfactory.
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