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Limit Resolution in the Decoupled UPFC Model for Power Flow
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Abstract - This paper presents new methods to resolve the important limits in the decoupled UPFC model for power
flow, by which conventional power flow program can be performed with addition of two buses per one UPFC. In order
to operate UPFC to the desired value, the series voltage and shunt current of UPFC should be computed. So a method
of calculating these by simple equations after power flow is derived. However, the calculated magnitude of series voltage
and/or shunt current of UPFC may not be allowed because of the UPFC limit due to the ratings of inverters. In this
case, the active power and the reactive power (or the voltage magnitude) of UPFC buses should be revised to resolve
the limit. This paper proposes the Newton Raphson method to resolve these limits. Particularly, when resolving the series
voltage magnitude, three strategies are proposed according to the priority of the active power and the reactive power (or

the voltage magnitude).
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Fig. 1 The Steady-State UPFC model
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Fig. 2 The Decoupled UPFC model
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31PQ)03 -0.3 04 | Ver (02223

4 1 PQ}-04 05 -04f V., |0.2786
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6 |PQJ|O2 0.2 09 I, 0.9465
VSPY
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sh
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Table 4 Series voltage magnitude ( V) limit resolution in

case 1
+8 W dp dv; dv; Ve, |

Arel 1 -0.3 0.07 -0.08 0.17917
N -0.2679 | 0.0625 | -0.0714 | 0.16000
PXEE Py -0.3 -0.005 -0.005 0.14293
P -03 | 00554 | -0.0634 | 0.16000
VEE Vei? 0 0.07 -0.08 0.15624
\% -0.2104 0.07 ~-0.08 0.16000

E+ 5 At 20fM HE Mo 3% (V,,, ) MEgt s

Table 5 Series voltage magnitude ( V) limit resolution in

case 2
+4 Wil dpP dVs dv; Ver
Abg] 2 -0.4 0.08 -0.09 0.21976
N -0.291 0.0582 | -0.0655 | 0.16000
P E¥ Puy-o? -04 -0.005 | -0.005 | 0.19041
Puy-p -0.3359 | -0.005 | -0.005 | 0.16000
VEE Vipog? 0 0.08 -0.09 0.17705
Vap=o 0 0.0723 | -0.0831 || 0.16000

E: 6 Akl 30IAM A Mo 37| (V,,, ) Mst &t sHd

Table 6 Series voltage magnitude ( Vi, } limit resoiution in

case 3
& 3 dP Qs aQ; Ver
Abdl 3 03 -0.3 04 02223
N 0.2193 | -0.2193 | 0.2925 0.1600
PEE Pyuy? 03 0.05 0.05 0.1390
P 0.3 -0.1237 | 0.1690 0.1600
VEE Vipoy? 0 -0.3 04 0.1567
\Y -0.0962 -0.3 04 0.1600

E 7 AR dolM NY M 37| (V,, ) ME U HE

Table 7 Series voltage magnitude ( V) limit resolution in

case 4
&8 13 dP d@s aeQ; Veer
Al 4 -04 0.5 -04 0.2786
N -0.2289 | 02861 | -0.2280 | 0.1600
P Xe Py-o? -04 0.05 -0.05 0.1826
Pav—y -0.3502 0.05 -0.05 0.1600
VEE Vep-y? 0 0.5 -04 0.1999
Vap=g 0 0.3984 | -0.3187 | 0.1600
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Table 8 Shunt current magnitude ( I) limit resolution

in case 5
dP dQs ae; Iy
Abdl 5 0.2 0.2 09 0.9465
e 3 0.2 0.1695 |. 0.7625 0.8106
¢ 0.2 0.1673 0.7527 0.8008
3 0.2 0.1671 0.7520 0.8001
Rk 0.2 0.1671 0.7519 0.8000
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Table 9 Shunt current magnitude (Iy,) limit resolution

in case 6
dP dQs de, Iy,
AL 6 -0.2 0.06 0.12 0.8980
wre 1A -0.2 0.0547 0.1094 0.8180
“ ~-0.2 0.0537 0.1074 0.8031
“ -0.2 0.0535 0.1071 0.8005
28 ~0.2 0.0535 0.1070 0.8000
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Table 10 Shunt current magnitude { I) limit resolution in

T

case 5 (The first stage)

dP d QG d Q7 X“.iﬂ- Vser I sh

23
A 7] 03 [ 09 [ 02 | Vi Ia| 02145 08939
Az 03 [0790]0176] V., | 02021 |08000

E:d 11 A2l 70llA =& Mot 37] (V,,) MEtat st
(H2¢tA)

Table 11 Series voltage magnitude { Vi,) limit resolution
in case 7 (The second stage)

ki 12 Al oM ™ M{ AT ([, Mt Hd
(M1 2hA)

Table 12 Shunt current magnitude ( Iy) limit resolution in
case 8 (The first stage)

dP st dVS X'“ﬁ\‘_}"gk }—‘T”]' Vser Ish
Are 81-03| 0.06 0.12 Veern s 101753 {08857
A |-03]{0.0543 | 0.1085 Ver 0.1712 | 0.8000
k3 13 Atz gollA =& R 37| (V) MEat si
(Hi22tA)

Table 13 Series voltage magnitude ( V) limit resolution
in case 8 (The second stage)

+8 %3 dP | dVs | dVi | Ve | Ia
¥ 13 2% -03 ]0.0543]0.1085) 0.1712 | 0.8000
N -0.2807 | 0.0508 | 0.1016 ) 0.1600 ) 0.7494
P = Py-¢?) -03 |0.08140.08140.1441 | 0.7588
P -0.3 {0.0367 | 0.0735 | 0.1600 | 0.5381
VIEE Vp=g? 0 0.0543 | 0.1085 || 0.0570 | 0.8118
|4 -0.2754 | 0.0543 | 0.1085 | 0.1600 | 0.8022
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o8 Al P | d0s | 40 | Vo, | I, | ~ UPFCY &4 @eg & 4 lev, olo| ela)s UPFCS
FNEE) 03 107990101776]0.2021 | 0.8000] A % &7 dAolw ]8T + Ant
N 0.2344 | 0.6244 [ 0.1387[0.1600 | 0.6463
P EE Pay=?| 03 |04883]04883]0.1423 | 0.8384 o] mEe 19974 FRHEIEAGY AFFEIY
P 03 |0.4266 | 0.0948 ] 0.1600 | 0.4322 A Aol Sae 2anae
VEE Veo?l 0 (0799 [0.1776[0.1487 [ 0.8398
v 0.1292 1 0.7990 | 0.1776 [ 0.1600 | 0.8303
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