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Multi-phase (6-Phase & 12-Phase) Transmission Lines:
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Abstract—: Problems regarding power flow and stability,
particularly the voltage stability are of vital importance at EHV
(Extra High Voltage) and UHV (Ultra High Voltage) level because
of its sensitivity with real and reactive power changes. The problem
has been studied to a great extent in case of three-phase systems;
however the multi-phase (phase order more than three) system has
received little attention. An investigation of these aspects has been
carried out in this paper by extending the well understood techniques
of three-phase systems to multi-phase lines as well as construction of
performance characteristic curves relating to power flow and voltage
stability performance of such system. A quantitative and qualitative
comparison of multiphase phase systems presented in the paper can
be used for planning, development and design of multiphase
transmission network
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I. INTRODUCTION

HE deregulation and competitive environment in the

contemporary power system network are poised to a new

scenario in terms of load and power flow conditions
leading to problems of line capacity. In this regard multi-
phase power transmission systems have been investigated [1]-
[9] as potential alternative to increase transmission capacity
without increasing system voltages which have already
reached extremely high level i.e. EHV and UHV. Further, due
to constraints on land availability and several environmental
problems, a fresh and renewed interest set in motion in search
of techniques and technologies for improvement in power
carrying capacity of existing system by multi-phase systems
keeping the same rights-of-way and it has been found that 6-
phase and 12-phase in particular are quite promising.

The problems concerning power flow and stability,
particularly voltage stability are of particular interest in EHV
three-phase as well as multi-phase power systems because of
its sensitivity with changes in real and reactive power. In this
connection, a proper analysis is essential to observe the
behavior of the system when real and reactive power changes
in a given system. Voltage stability is obtained by keeping
specified voltage magnitude within the set of operating limits
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under steady state conditions. When the voltage stability limit
is crossed, it is not possible to bring back the receiving end
voltage at its nominal value even with any variation in
reactive power. The problem has been studied to a great extent
in case of three-phase systems [10]-[19]. However the multi-
phase system has received little attention and needs similar
study. This paper deals with investigation of these aspects by
extending the well understood techniques of three-phase
systems to multi-phase lines. A number of performance
characteristic curves have been constructed relating to power
flow and voltage stability of such system. Considering the
multi-phase line as longitudinal or radial or the one linking to
systems on either end, several performance characteristics
such as, (i) load end real and reactive power operating contour
maps, (ii) reactive power loss characteristics, (iii) voltage-
power characteristics (under loading conditions), (iv) reactive
power requirements characteristics, (v) optimal reactive power
at voltage stability limit, (vi) shunt capacitive support at
voltage stability limit using characteristic of voltage
dependant load, and (vii) loadability curves are constructed.
Employing a sample system a quantitative as well as
qualitative analysis is carried out to highlight relative
performances of such systems as compared to their three-
phase counterparts. It is believed that such performance
curves would be highly helpful in planning and evaluating
performance of multi-phase as compared to conventional
three-phase systems.

This paper is the extended version of our earlier reported
work [9]. The paper is organized as follows: Various
performance characteristics for multiphase transmission
system have been derived and graphically analyzed in section
IIT to compare the advantages and limitations of multiphase
system with conventional three phase system. The analysis of
reactive power requirement for voltage stability of multiphase
and three phase system has been carried out in section IV.
Loadabilty analysis of multiphase system with compensator
has been reported in section V.

II. BASIC CIRCUIT MODEL AND SAMPLE SYSTEM

The basic circuit model with lumped parameters adopted
for the appropriate characteristics analysis of un-compensated
EHV power transmission system is represented on single
phase equivalent basis as shown in Fig. 1. Let E5 and I4
represent the voltage and current at sending end whereas Ep
and Iy are the voltage and currents at receiving end side. Yr
and Ygy in Fig. 1 represent equivalent series and shunt
admittance of an equivalent pi-model of the transmission line.
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Eg

Fig.1 Basic circuit model

In order to construct and evaluate the appropriate
characteristics curves, three transmission alternatives (3, 6 and
12-phase) with same number of conductors, same right of way
and utilization of the same air space for power transmission
are considered. Each system is energized at 462 kV line-to-
ground (L-G) voltages and has the same thermal rating. The
line-parameters are based on assumptions of complete
transposition of conductors are depicted in Table 1.

TABLE I
TEST SYSTEM SPECIFICATION & LINE PARAMETERS

3-Phase line 6-Phase line 12-Phase line
462 kV (L-G) 462 kV (L-G) 462 kV (L-G)
SIL = 3275 MW SIL = 4494 MW SIL = 5485 MW

7=(0.0063+j0.398)
Q /mile
Y=j10.638uS/mile

7=0.0126+j0.4726
Q /mile
Y=j8.96061S/mile

7=(0.025+j0.5667)
Q /mile
Y=j7.483uS/mile

III. PERFORMANCE CHARACTERISTICS
A. Load End Real and Reactive Power Operating Contour
Maps
With reference to Fig.1, load end real and reactive power

operating contour maps [14] can be described by the
following expression

£ 2 _ *
|SB| - ‘YBBEB‘ - ‘eYBBEB‘ (1)
. . . . . * 2
The above equation is an equation of a circle with ‘YBBEB‘ as
* * . . .
centre and ‘e YBBEB‘ as its radius. Thus all states having the

constant amplitudes of € (=E, Y, /Yg)lie on the circles
with these parameters on the S-plane (Fig. 2). Each circle

(Fig. 2) represents the locus of|SB , the receiving end

complex power, for a stable value of Ep (receiving end
voltage), varying within the range of 0.95 p. u. to 1.05 p. u.

Employing (1) and assuming sending end voltage E4 to be
constant at 1.0 p.u., the load end real and reactive power
operating contour maps, for 3, 6 and 12-phase are constructed
for 462 kV and 500 km transmission lines, on p.u. basis, are
as shown in Fig. 2. It is evident from the curves in Fig. 2 that
the power handling capacity of multi-phase (employing more
than 3-phase) transmission system is higher for specified
sending
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end and receiving end voltages while maintaining the similar
nature of variation.

: Ep17Egz=Ep3

Fig. 2 Real & reactive power operating contours with same
receiving end voltages (Eg=0.95 p. u.)

Furthermore, Figs. 3(a-c) confirm enhancement of power
handling capacity for 3, 6 and 12-phase transmission system
with 5% increase of receiving end voltage Eg; = 0.95, Eg, =
0.99 and Eg; = 1.05 p.u. maintaining sending end voltage (E,)
as it is i.e. E5 = 1.0 p.u. It is observed that reactive and real
power handling capacity for 3-phase, 6-phase and 12-phase
systems are increased by 11.85 %, 8.33 %, 7.71 % and 5 %,
4.385 %, 4.384 % respectively. As supplement, it can be seen
from Figs. 3(a-c) that increment in real and reactive power
capacity for 3-phase, 6-phase and 12-phase takes place with
an increase of 10 % in Ep (within voltage stable zone) keeping
E, constant at its previous value i.e. Ex=1.0 p.u.. It is
observed that the corresponding percentage increase of in real
and reactive power capacity of 3-phase, 6-phase and 12-phase
are found to be 10, 8.77, 8.73 and 17.41, 13.88 and 15.40
respectively.

Fig. 3 (a) Real & reactive power contours of a 3-phase line
with Eg; =0.95,E,=0.99 and Eg;=1.05 p.u.
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Fig.3 (b) Real & reactive power contour maps of a 6-phase
line with Eg;=0.95,Ep;=0.99 and Eg;=1.05 p.u

Fig.3 (b) Real & reactive power contour maps of a 12-phase
line with EBI = 095, EBZZ 0.99 and EB3: 1.05 p.u

It is evident from the above contour maps that the reactive
power transfer capacity increases with the increase of number
of phases. Thus it can be inferred from the load end real and
reactive power counter maps that the multi-phase transmission
systems will be inherently more stable from voltage stability
point of view than the traditional three-phase transmission
systems.

B. Reactive Power Loss Characteristic

The net series reactive losses (Qs ) in an EHV power
transmission line are described by

2
=Egl
QSL — 12X — (QSLO B B) X (2)
B
For the assumed constant power (Qg; , = Egly), the rate of

change of series reactive power losses with voltage is obtained
from (2) as:

_ 2(QSLO)2X

dQ
SL . 3)

v~ E,
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It is evident from (3) that rate of change of reactive power loss
with respect to receiving end voltage is inversely proportional
of the cube of receiving end voltage. Therefore, an increment
in series reactive power losses (dQs;) would be possible with

L i . 3
a decline in the transmission voltage in order of E;”.

Employing (3) curves of (dQg. /dEg) versus Ep (p.u.) are
drawn for the sample cases of 3, 6 and 12-phase lines and
depicted in Fig. 4 for a length of 500 km.

2
0.94 0.95 0.98 1 1.02 1.04 1.06
—*Ep iy

Fig. 4 Reactive power loss characteristics of three
transmission alternatives

From the curves in Fig. 4, it is observed that the series
reactive power losses are relatively lesser in multi-phase
transmission lines than that in its three-phase counterpart. This
implies that the voltage stability limit of multi-phase
transmission systems will be increased, making multi-phase
systems more secured from the voltage stability view point.

Euation (2) can further be written as

1 (B L)
=Byl ) e
Qg = (E,l,) 5% s 4)

where, SIL is the surge impedance loading and is given

by EB2 / X . Based on (4) the results are shown in the plots
of QSL versus SIL vide Fig. 5 for a length of 500 km.

G5

0 02 0.4 0.6 0.8 1 12 1.4
Ling loading in terms of SIL (pu)

Fig. 5 Profile of series reactive power losses (Qgp) verses
surge impedance loading (SIL).
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It is also evident from Fig. 5 that the reactive power
losses are comparatively lesser in multi-phase lines than
that of its 3-phase counterpart. In view of this, multi-phase
systems (employing more phases than three) will be more
secured from voltage stability view point.

C. \Voltage- Power Characteristics

If a power transmission line is assumed to be lossless, then
the sending and receiving end voltages can be expressed as
follow [17]-[19]:

. P.— ]
E,=E cos@+ jZ sind P~ Qs (5)
B
Es
Equation (5) on simplification becomes

_E, (E2 -2Z,P,(sin26))"
i 2cos0

Where Z is characteristic impedance and O is electrical

E (6)

line length expressed as 0.0743ohms/ km. The expression vide
(6) indicates that if sending end voltage is fixed (E,=1.0 p.u.),
the receiving end voltage varies with load power factor and
line length. Making the use of (6), the Py_Eg curves are
constructed in Figs. 6(a-c) for three alternative transmission
systems i. e. 3, 6 and 12-phases assuming line length 500 Km.
These figures represent the plots between receiving end
voltage and power under specified operating conditions. From
Figs. 6(a-c), it is observed that for each load power factor the
maximum receiving end power is found largest for 12-phase
power transmission system.

Thus it can be concluded that with increase number of
phase maximum power at the receiving end will be
progressively enhanced maintaining the voltage stability at
various power factor of the load. The above statement is also
true for specified load power factor and varying the length of
transmission systems, which is clearly visible through Figs. 7
(a-b)

Egipu) g7
0.6
05
0.4
0.3

0z

a1

0 | ; ‘ i |

Fig. 6 (a) Receiving end voltage profile for varying power
flow at p.f.0.95 lag for a 500 km lin
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Fig. 6 (b) Receiving end voltage profile for varying power
flow at p.f .u. for a 500 km line

Fig. 6(c) Receiving end voltage profile for varying power
flow at p.f. 0.95 lead for a 500 km line

1.4 T T T T T T

FUnity pf :
H 1 Ling length=400Km ;
(] R S e et oo o

: ‘ i3ph  Eph  i12ph

0 0.5 1 15 2 25 3 35
F‘B(pu) —_—

Fig.7 (a) Relationship between receiving end voltage and
power at u.p.f and line length of 400 km.
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Fig.7 (b) Relationship between receiving end voltage and
power at u.p.f and line length of 600 km.

IV. ANALYSES OF REACTIVE POWER REQIREMENTS

Assuming E4 leads Eg by an angle 3, E, can be written as
E® =E, (cos &+ jsin d) (7)
Substituting (7) in (5) and equating real and imaginary parts of
the resulting equation, the relationship between receiving end
reactive power and voltages can be written as
B E.(E cosd — Eg cosd)

= 8
Qs Z.sind@ ®

Similarly,
Q,=—-E,(Egcosd—E,cos0)/Z.sinb )
IfE,=Egp then

Qs =—Q, =E;(cosd —cosO)/Z.sinb (10)
For lossless line, cos O =1, (10) reduces to
Qg =E, (1-cosd)/Z, sin@ (11)

where O is the transmission angle, Z¢ is the characteristic
impedance and O is electrical line length expressed as 0.0013
rad./ km. Employing (11) the terminal reactive power curves
as a function of power transmitted for different line length are
constructed in Figs. 8(a-b)

03 T

0g=-Qp
 Line length=300 Km

3
12-ph

02k

-0.3

04 i i
0

Fig. 8 (a) Terminal reactive power as a function of power
transmitted for 300 km lines
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Fig. 8 (b) Terminal reactive power as a function of power
transmitted for 300 km lines.

Figs. 8 (a-b) represent the curves between per unit reactive
power and per unit active power for several lengths of 3-
phase, 6-phase and 12-phase transmission systems
respectively. From examination of these curves, the following
observations and conclusions can be derived.

When Pg < Py (SIL), there is obviously an excess of line
charging found. As a result, Q4 is found negative and Qg is
obtained positive. This clearly indicates that the reactive
power is being absorbed by the system at both ends. Therefore
a reactive (inductive) compensation is essential for
maintaining the voltage stability.

While Py >P, reactive power is being generated at both
ends. Obviously lagging power factor operation is inevitable.
Hence, capacitive compensation is needed for maintaining the
voltage stability of the system.

Now from the above comparative analysis of the Figs. 8 (a)
& (b), it is clearly evident that the reactive power requirement
to maintain stable voltage varying load is least for highest
multi-phase system (12-phase). In other words as the phase
order increases, the requirement of reactive power is reduced
gradually for different transmission line lengths. This also
implies that the rating of the compensating devices for multi-
phase system will be lower as compared to their lower phase
order counterparts

A. Optimal Reactive Power at Voltage Stability Limit

In the lossless line case, the power flow equations can be
written as

PB — EAEB

sin & (12a)

E.Ee

Qs =

The determinant of the Jacobian [19] of load flow equations in
a loss less network is given by

A[J]z%(— E,E, +2E2E, cosd)

cos5—% (12b)

(13)
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with A[J ] = 0 at voltage stability limit, the receiving end
voltage can be written as

E, =2E; cosd (14)
Using (14) in (12b), the value of reactive power at the limiting

stage of voltage stability is given by
2

Q. = %cos 26 (15)

where, Q . represents the limiting value of reactive power

transfer in a transmission system and it is critical value for
voltage breakdown.

A study of Q, with respect to E; has been carried out

employing (15) and it is illustrated through plots in Fig. 9.
This figure (Fig. 9) indicates that the reactive power limit for
maintaining the voltage stability at different receiving end
voltages for transmission line of length of 500 Km with the
range of variation from 1.0 pu. to 0.90 p.u.. The curves shown
in Fig. 9 are obtained for various transmission systems i.e. 3, 6
and 12-phase. Over and above it is further observed that the
reactive power limit is gradually reducing as the phase- order
is increasing from 3-phase to 12-phase at each and every point
of per unit receiving end voltage within the range from 1.0
p.u. to 9.0 p.u. Under the circumstances, with increase of
number of phases the rating of the devices required from the
point of view of compensation is gradually diminished. This
also implies that the even in uncompensated mode, the higher
phase order system performs well from the voltage stability
view point since the requirement of reactive power is
gradually reduced.

Dy, 0
{p.u

e T e e

CY IS . ——
L e
e S e

00 foeeeeat

Fig. 9 Reactive power limit profile for various systems to have
voltage stability for different receiving end voltages

B. Shunt Compensation for Voltage Stability

Shunt capacity support at voltage stability limit using
characteristics of voltage dependent load [14] is illustrated by
the following equation

ExllYes
mPO‘EgH‘sec;é —2|E,|

|YSH | =

Y|

(16)

Issue 2, Volume 1, 2007

where Pg is the power at rated voltage Eg and m is the load
characteristics for the voltage dependant loads.
Equation (16) provides a relationship for the minimum

of Yy, at load end for getting a stable voltage state under set

of specified operating conditions. Figs. 10 (a) and (b) exhibit
the magnitude of the minimum receiving end bus admittance
at different per unit voltages for different power factors in
case of multi-phase systems (3, 6 and 12-phase). The above
cases are shown for M =0.5 and M =1.0 It is observed that
enhancement of shunt capacitive support is required to
improve the receiving end voltage magnitude from the point
of view of the stability of the system voltage in case of voltage
dependent load (i. e. M < 1). It is further clarified that the
requirement of shunt capacitive support rating for voltage
dependent load is gradually reduced as the phase-order of the
system is increased from 3 to 12.

11 T T

| | m=05
i p.f=0895lag
3-ph ‘B-ph

33-ph iﬁ-ph i12ph

5 i I
0.65 0.7 0.75 0.8 0.85 0.8 0.95 1
Eglpu) ————————»

Fig.10 (a) Profile of minimum magnitude of load end bus
admittance at different voltages with 0.95 p.f. lagging at
voltage stable states

; : ‘ ‘ 3-ph iB-ph i12-ph

2

fiEs 07 075 08 085 0s 05 1
EBlpy) ——»

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fig.10 (b) profile of minimum magnitude of load end
admittance at different voltage with u.p.f. at voltage stable
state
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The same analysis has been carried for variation of length of
transmission line and it has been given in Fig. 11. For
analysis, in place of the variation of receiving end voltage, the
length of transmission line is varied and the similar curves are
drawn, then the same observations are noticed. Figs. 11 (a)
and (b) represent the curves - shunt admittance

(Yoy =Y 'e8) versus length (L) for different power factors

(0.95 lagging & unity) at m = 0.5 and m = 1 in case various
multi-phase transmission systems (3, 6 and 12 —phase). It can
be concluded that with increase of number of phases the value
of the shunt capacitive rating is reduced for voltage dependent
load at voltage stability limit.

Yag )

TS
i f =S lag.
3-ph Biph 12ph

R R S N R
200 260 300 380 400 480 500
Likm) — o

0 T i
o s 100 10

Fig. 11(a) Profile of load end admittance for varying line
length with p.f.0.95 lag at voltage stability limit.

i3ph iB-ph 12-ph

R R S N R
o 0 100 160 200 280 300 340 400 450 &00
L) ———

0 i i i

Fig. 11 (b) Profile of load end admittance for varying line
length with u.p.f. at voltage stability limit.

V. LOADABILITY CHARACTERISTICS FOR SERIES
COMPENSATED LINE

The equivalent series circuit of multi-phase transmission line

with series compensator (for example a thyristor controlled
series compensator (TCSC)) is shown in Fig. 12. It has been
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assumed in the analysis that capacitive compensation of the
transmission line has been carried out, although both
capacitive and inductive compensation are possible. In a
practical system, a capacitive compensation is more practical
and therefore the characterization has been carried for this
only in this paper.

E, 20, sz

L]

Fig. 12 circuit model for power and loadability study.

The power flow at sending end bus the can be written and
computed as follows.

P, =|E[[E |Cos(B+5)/|B|+|A|E,|"Sin(B - ) /B
=P, (17)

where A & B are the generalized parameters of the
transmission network including compensation device Xrcsc (y)

and O is the angle between voltages Eg and Ej [9]. The

P, divided by SIL yields the loadability in per unit. ¥ degree
of compensation is shown in Table 2

TABLE 2
Y DEGREE OF COMPENSATION

Deg. of 3-phase 6-phase 12-phase
Com- ‘i‘(degr XTCSC(w) ‘P(deg XTCSC(w) ‘i‘(deg XTCSC(w)
pensatin ee) ree) ree)
25% 51.60 0.0995 51..60 | 0.1181 51..60 | 0.1415
50% 40.56 0.1990 40..56 | 0.2363 | 40..56 | 0.2800
75% 36.99 0.2985 36.99 | 0.3544 | 36..99 | 0.4245

A. Line Loadability Analysis

For the model shown in Fig. 12, the transmission line is
represented by an equivalent m model with the terminals
(sending and receiving ends) as Thevinian’s equivalents [20],
[21] whereas the model of TCSC [9] as series resistance and
reactance of the line. The transmission line consists of positive
sequence inductive and capacitive parameters. The
Thevinian’s equivalent impedances are determined from short
circuit strengths of the systems and the voltages |E1| and
|E2’ are specified as 1.0 and 9.7 p.u. respectively based on
A.C. load flow. The power flow and loadability analysis are
carried out on three transmission alternatives namely 3-phase,
6-phase and 12-phase for which system voltage is 462 kV, L-
G. The specification of 3-phase, 6-phase and 12-phase used as
sample system are given in Table 1.
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B. Line Loadability Analysis

The power flow and loadability analyses are carried out on
three alternatives as described in Table 1. Initially power flow
for uncompensated line (250 km length) and employing
various degree of compensation for three alternatives
transmission system (3, 6 and 12-phase) are computed,
recorded and plotted as shown in Figs. 13(a-d). Next, with all
known voltages and other parameters mentioned above, the

ratio P,/SIL for uncompensated and various degree of

compensation for the three alternatives, for 5% voltage drop
and 30% stability margin criteria, have been plotted against
line length between 100 and 600 miles as shown in Figs. 14.
The loadability characteristics depicted in Fig. 14 (a-d) are
used to study qualitative and quantitative benefits in each
case.

W ! ! ! ! ‘ ‘ ‘ !

Pa(p.u.)
25

0¥ i i i i i i i i :
o 20 40 =] 80 100 120 140 160 180
Angle displacement(degree) ——

Fig. 13 (a) Power-angle curve for line length 250 km with
no compensation.

40 ! ! ! ! ‘ ! 1 !
: : iph (25% comp.);

______________________

i i i i \ i ] i Y
a 20 40 =] a0 100 120 140 160 180
Angle displacememnt (degree) —

Fig. 13 (b) Power-angle curve for line length 250 km with
25% compensation
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En : : : ‘ : '

124phi50% comp) !

o¥ i i i i i i i i %
1] 20 40 =] =il 100 120 140 160 180
Angle displacement (degree)] ————

Fig. 13 (c) Power-angle curve for line length 250 km with
50% compensation

4D ‘ ! ! ‘ ! ! 1
: : : ! 12 ph(75% comp) |
Pa, (p.u.% v H :

100

] 20 40 B0 50 100 120 140 160 160
Angle diplacement (degres) —— -

Fig. 13 (d) Power-angle curve for line length 250 km with
75% compensation.

i Terminal System S/CHE0
i Line vdltage dtop=5%; |
! 5-5 Stability margin=230%

Line Loadability in p.u.of SIL
()

________

{Line loadahitty curves witthout TGS )
| | 1 | | |

0 R
100 150 200 250 300 350 400 450 500 550 GO0
Line Length (In Miles)

Fig. 14 (a) Loadability curves for three alternatives lines (3-
phase, 6-phase & 12-phase) with no compensation
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L
: ‘ | 25% Competsation with TGSC__ :

i Terminal System SIC=50KA
Ling: vuhage dro 25/6 :

Line Loadahility in p.u.of SIL

0
100 150 200 250 300 350 400 450 500 550 GO0
Line Length (In Miles)

Fig.14 (b) Loadability curves for three alternatives lines (3-
phase, 6-phase & 12-phase) with 25 % compensation.

it [ [ T [

ED% Cnmpenaatlnn with TCSC :
Tefmlnal Fystem B/C= EUKA : :
T Uﬁé'v'n'lfég'e' H?ﬁ;’a’;’ﬁ‘.’f """""" T A T
55 Stab\llty margm—S% H

Line Loadability in pou.of SIL

o i
100 150 200 250 300 350 400 450 500 550 GO0
Line Length {n Miles)

Fig.14 (c) Loadability curves for three alternatives lines (3-
phase, 6-phase & 12-phase) with 50 % compensation.

e — A T T

L 75% Compenéahon wiith TCSC

1 Termiral Sys SAC=50KA
S S Stability l‘ﬂargm%D%
%

i A REEER R

Line Loadability in p.u.of SIL

0
100 150 200 250 300 350 400 450 500 550 60O
Line Length (In Miles)

Fig. 14 (d) Loadability curves for three alternatives lines (3-
phase, 6-phase & 12-phase) with 75% compensation.
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It is to be noted that the power flow and loadability analysis
has been carried out on three transmission alternatives
described in Table 1. The power flow for the case of
uncompensated line (250 km length) and employing various
degree of compensation are calculated and plotted as in Fig.13
(a-d). It is evident from Figs. 13 (a-d) that steady—state

stability limit (Pmax) as shown in Figs.13 (a-d) called steady

state limit) is higher for multi-phase lines as compared to its 3-
phase counterpart. The loadability studied for uncompensated
line as well as compensated line with several degree of
compensation (by varying Xrcscq)) revealed remarkable
benefits as evident from Fig. 14 in line loadability of multi-
phase lines than its lower phase counterpart

VI. CONCLUSION

In this paper the existing 3-phase concepts have been
extended and employed to construct and analyze various
performance characteristics curves on power flow and voltage
stability of the multi-phase line. Based on the investigations of
6-phase and 12-phase transmission lines and their comparison
with the conventional 3-phase system, following conclusion
may be made.

The multi-phase lines (6-phase and 12-phase) show
progressively increased power handling capacity, reduced
reactive power losses, increased power at the receiving end,
reduced reactive power requirement for maintaining stable
load voltage, reduced rating of compensating devices, better
voltage stability in case of voltage dependent load and
increased line loadability in uncompensated as well as
compensated condition as the phase order is increased. Theses
aspects of multi-phase lines may be very attractive and
beneficial to electric transmission utility.
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