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A three-bus power injection model of UPFC and its engineering application
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Abstract: In particular practical engineering application, the parallel side transformers of UPFC are integrated to the low
voltage buses. Due to the special structure of UPFC, it is difficult to analyze the impact of UPFC on low voltage buses,
neighboring substations and transmission lines with existing model. A three-bus power injection model of UPFC is
proposed in this paper in order to solve this problem. Based on power injection method, the mathematical expression of a
three-bus power injection model of UPFC is derived. A three-bus power injection simulation model is established by using
the User Defined (UD) function of Power System Analysis Software Package (PSASP). In this model, the UPFC parallel
power injects into the low voltage buses, which overcomes the limitation of existing model since they cannot reflect the
impacts of UPFC on low voltage buses, connected substations and transmission lines. This three-bus power injection
model has been put into practice successfully in the simulation of the Nanjing UPFC project. Simulation results reveal the
accuracy and reliability of this UPFC model.
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Fig. 1 Basic structure of UPFC
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Fig. 2 Equivalent circuit of UPFC
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1.3 UPFC =T FFNREEFHES
R4 3 Bt sehs AL UPFC £54y, 153
1% UPFC PSSk, Wik 4 fros.

Gl . V40

4 —FL R T2 H Y UPFC E{E B ERE
Fig. 4 Equivalent circuit of UPFC in certain UPFC project
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Fig. 7 220 kV network near the line of Tiebei to Xiaozhuang
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Table 1 Power flow of Nanjing grid with UPFC three bus power injection model

p.u.
s P F AR foHHEREN B2 UPFC AL i B
’ Line ref Qiine et Vet Bl Oine Vs V40, Van L0y,
1 1.80 -0.54 1.000 1.800 1 -0.5400 1.000 0 0.0690£ —93.56° 0.9499/-0.09
2 2.78 -0.54 1.002 2.7800 -0.5399 1.002 1 0.0336£-99.42° 0.97592£-0.10°
3 3.76 -0.54 1.004 3.760 1 -0.5399 1.003 9 0.0072£158.49° 0.9946/-0.12°
4 4.74 -0.54 1.006 4.740 0 -0.5401 1.006 0 0.0392/102.40° 1.0112£-0.13°
5 5.72 -0.54 1.007 5.7195 -0.5401 1.007 0 0.0746.£97.20° 1.0148£-0.15°
6 6.70 -0.54 1.009 6.699 5 -0.540 3 1.009 0 0.1103£96.02° 1.02252-0.17"
% 2 UPFC =PRI FENRE S YA ERII
Table 2 Comparison between three bus power injection UPFC model and existing model
p-u.
P F AR &2 UPFC AL i & B2 UPFC AL i B
e Line ref Oline ret Vet V.26, V,Z0, V.26, V,Z0,
1 1.80 -0.54 1.000 0.0690£ -93.59° 0.9990.£0.06° 0.0690£ —93.56 0.9499/-0.09
2 2.78 -0.54 1.002 0.0336£-99.26° 1.0238£0.04° 0.0336£-99.42° 0.97592£-0.10°
3 3.76 -0.54 1.004 0.0073£158.67° 1.0441£0.03° 0.0072£158.49° 0.9946/£—-0.12°
4 4.74 -0.54 1.006 0.0392/102.42° 1.059820.01° 0.0392./102.40° 1.0112£-0.13°
5 5.72 -0.54 1.007 0.0746.£97.23° 1.0633£-0.01° 0.0746.£97.20° 1.0148£-0.15°
6 6.70 -0.54 1.009 0.1103£96.01° 1.0702£-0.03° 0.1103£96.02° 1.02252-0.17"
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Table 3 Comparison of the current of Yanziji-Tiebei line and high voltage side of Yanziji transformer using two models
p-u.
- P H bR KA 45 UPFC %Y KA B UPFC #5%Y
Bline et Oline et Vet FEFHL-ERALmIZk H g ] R =y S 1SN A ] 7 | b A T2 22 A 1 =192 1 L
1 1.80 -0.54 1.000 1.7337 1.114 1 1.699 3 1.0377
2 2.78 -0.54 1.002 1.729 8 1.1130 1.619 8 1.2719
3 3.76 -0.54 1.004 1.7259 1.1119 1.589 8 1.4170
4 4.74 -0.54 1.006 1.722 0 1.1107 1.5823 1.5319
5 5.72 -0.54 1.007 1.720 1 1.110 1 1.602 0 1.569 7
6 6.70 -0.54 1.009 1.716 3 1.1090 1.622 9 1.628 3
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