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damping of two local modes with frequencies 0.88 and
1.27 Hz are just above 5% and the damping of the mode
with frequency 0.93 Hz is close to 30%. This performance
is compared with a system where WAC as well as all the
three local PSSs are present. Obviously, the performance
for WAC with three local PSSs is much superior to WAC
with two local PSSs. Since this 12-bus system under study
only has dominant local modes instead of inter-area modes,
it is therefore very difficult for the WAC to achieve a very
good performance without the presence of any one of the
local PSSs, although the system can still achieve the
required damping (greater than 5%) with the reduced
number of PSSs in presence of WAC.

5.3 Performance index from
transient energy

In this section, the performance of the local PSSs and the
WAC are compared in terms of transient energies. When a
disturbance occurs in a power system, the transient energy
injected into the system can cause it to go unstable if the
controller does not provide sufficient damping. Therefore a

Table 4 Frequency and damping of the system under case
study 3

No PSS With PSS With WAC

f, Hz z f, Hz z f, Hz z

G4 0.8911 0.0320 0.8920 0.1424 0.8905 0.3457

0.9322 0.0411 0.9334 0.0911 0.9308 0.2010

1.2801 0.0288 1.2796 0.1062 1.2789 0.2931

Table 5 Frequency and damping of the system under case
study 4

No PSS With PSS With WAC

f, Hz z f, Hz z f, Hz z

G4 0.8907 0.0294 0.8912 0.0682 0.8894 0.2000

0.9293 0.0104 0.9300 0.0561 0.9282 0.1743

1.2766 0.0437 1.2741 0.1514 1.2719 0.3441

Table 6 Performance comparison between WAC with two
local PSSs and WAC with three local PSSs

WAC with three
local PSSs

WAC with two
local PSSs

f, Hz z f, Hz z

G4 0.8801 0.2017 0.8814 0.0515

0.9312 0.3001 0.9296 0.2944

1.2701 0.2543 1.2689 0.0643
62
The Institution of Engineering and Technology 2010
properly tuned damping controller is required to minimise
the transient energy injected into the system for various
disturbances.

For the four case studies mentioned in this study, the sum
of transient energies of generators G2–G4 for the first 9 s
after the disturbances are calculated [T ¼ 9 s, given in (4)]
according to the following equation

TE =
∑tf

t=ts

0.5 ∗ {H2 ∗ (Dw2(k))2 + H3 ∗ (Dw3(k))2

+ H4 ∗ (Dw4(k))2} (4)

where H2, H3 and H4 are the inertias of generators G2, G3
and G4, respectively. The performance of the system
without PSS, with local PSSs and with WAC are
compared by defining PI given in

PI = 1

TE
(5)

Table 7 shows the performance comparisons for the four case
studies. The PIs are normalised by dividing the PIs by that PI
obtained without PSS. Owing to this type of representation,
a higher value of PI indicates a better performance. From
Table 7, it is clearly observed that the PI is much higher
with WAC than the local PSSs for all the case studies.

Therefore from both time-domain and Prony analysis
results and also from the transient energy-based PI
calculations, it can be concluded that the designed WAC
has the potential to improve the stability of a power system
when the PEV-based parking lots are in operation and
bulk transactions are carried out.

6 Conclusions
A real-time RTDS model of a fleet of plug-in vehicles
performing V2G power transactions has been presented in
this study. Eight parking lot models, each with a capacity for
800 vehicles and +20 MW power transaction capability, are
connected to the grid and the impact of their bulk level
charging and discharging transients have been evaluated. In
order to improve the stability of the integrated power system
with PEVs, a simple and an effective WAC structure has
been designed for the system. A real-time PSO-based
tuning method is adopted which runs on a DSP in
synchronism with the integrated power system simulated on

Table 7 Normalised performance index for four case studies

Case 1 Case 2 Case 3 Case 4 Overall

no PSS 1 1 1 1 1

local PSS 2.252 2.1613 3.0581 2.1828 2.2280

WAC 3.7724 2.7742 3.6697 3.4194 3.5200
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the RTDS platform. It is observed that a properly tuned WAC
can damp out the oscillations caused by the sudden switching
charging and discharging modes of the PEVs much quicker
than generators equipped with local PSSs only.

The future work can focus on both macro and micro levels
of control. In the micro level, the impact of the transients and
grid faults on the individual inverters of the PEVs can be
studied. This will eventually lead to the protection aspects
for the PEVs. In the macro level, the development of an
adaptive WAC which can modify the control actions online
based on the nature of the disturbance and time delays in
the remote signal transmissions.
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