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Abstract — In power system so many disturbances and faults are there and to detect them is another problem. In
actual power system to know what happen when fault is occurring is another problem. We can’t check the system
or operate the system in fault condition. So, to observe the system in different fault condition some simulation
method is required. Dynamic phasor model of the system provide time invariant model the system which makes
study easy.

Keywords- Power system, Dynamic phasor model, MATLAB (Simulink)

l. INTRODUCTION

A power system is a very vast combination of transformers, generators and transmission lines. To simulate the system is difficult task
for system operator. We can make mathematical model of the system but due to mutual coupling present in the system analysis of the
system become difficult and we have to find another simulation technique. We also have park transformation model but that also not
useful in unbalanced system operation as 95% system faults are unbalanced in nature.

Il.  DYNAMIC PHASOR MODEL

A. Introduction
“Dynamic phasors are time varying Fourier coefficients of the time domain signals. These phasors are the state
variables in dynamic phasor based models. Dynamic phasor models are suitable for Eigen analysis of
unbalanced systems. Moreover, they are also suited for the simulation of circuits involving periodically
switched power electronic devices, which contain steady state harmonics.”

Any periodic waveform can be represented in terms of the complex Fourier coefficients over a window
length ‘T’ as given below:

o0

X(z) = D (0, (D"

k=—0
Usually Ws corresponds to the nominal supply frequency in rad/s. Moreover, kth Fourier coefficient
(Dynamic Phasor) can be computed using the following equation.

(X0, () = % [\ x@e*de

The symbol <ik> is used throughout the thesis to represent kth dynamic phasor of instantaneous signal
x(t). As the window of length ‘T’ slides over the waveforms of interest with time, the corresponding dynamic
phasors vary accordingly. Note that if x(t) is periodic with a period T, corresponding dynamic phasors are
constants.

B. Important properties of dynamic phasors [1]

1.Derivative of the dynamic phasor is given by the following equation. The result can be easily verified using the
definition of dynamic phasor and integration by parts.

doo, /dx\ .
dt _<dt>k Jkeo, (X,

2.Dynamic phasor of the product of two signals u(t) and v(t) can be obtained by the discrete convolution of the
corresponding dynamic phasors as follows:
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3.Following are also the important results.

In order to effectively use the models, it is necessary to select the appropriate minimal set of dynamic
phasors which is adequate to correctly capture the transients of interest.

C. Example of dynamic phasor model (RLC series circuit)

Consider a series RLC circuit connected to a sinusoidal voltage source. The circuit diagram for the same is
given in Fia.

Current

e
@ AC Voltage Source &
| 1

The time domain equation for this circuit is:
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Fig.1 RLC series circuit

The corresponding dynamic phasor model is given by:

l<Xr>l [A] kwI“<Xr> [[B] “<Xr>
datl< Xi >1 |=kwl  [A] <Xi> 18] <Xl>

X >=2Xr> +j<Xi>

The dynamic phasor model of the above circuit considering fundamental phasors (i.e. k = £1), is given
below. The real and imaginary parts of the complex differential equations are separated and repeated equations
are removed to get a second order model. i1R and ill represent the real and imaginary parts of the dynamic
phasor hiil respectively.

Comparison result of time domain model and dynamic phasor model
From this we can say that dynamic phasor model gives quite accurate result
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Fig.2 Result of RLC series circuit

I1l. DYNAMIC PHASOR MODEL OF SMIB

This example is given to explain the time invariance of the dynamic phasor model even with phase imbalance.
Consider the schematic of a synchronous machine shown in Fig. 1.8. The time domain model of a synchronous
machine in terms of ‘abc’ parameters as described in [9] is given below. For simplicity, we have neglected the
saliency in the rotor, for the model discussed in this chapter.

dipg

= _[Ré]zs — s C“’s LSS Lsr(g) Ly
d({{ and = 7
1“; — _[RI}“ — Ur Zr““"r L,S(Q) er ir
dt
do
— =W —Wws
dt
dw i
E - 7(11771 Te)

As the model is used for analysis with phase imbalance, the stator abc quantities are transformed to pnz quantities using
following transformation.
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IV.  MATLAB (Simulink model)

Dynamic phasor model of synchronous generator connected with infinite bus is simulated using MATLAB (Simulink) and
Simulink model is given below.
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Fig.4 Simulink model of SMIB
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Fig.6 Simulink model of rest of the system

V. RESULTS

e Here we simulate the SMIB with two different model methods. First we simulate the system with DQO model and
then we simulate the system with dynamic phasor model.
And results present below are validate the dynamic phasor model for the simulation purpose.

e Also dynamic phasor model gives time invariant model with no mutual coupling between two equations

Due to dynamic phasor modeling of the system is become easy as well as system easily become linearized so tuning
of the controller become easy.
e Here, we make short circuit fault at generator terminal for 0.2 s.

All Rights Reserved, @IJAREST-2017 761



International Journal of Advance Research in Engineering, Science & Technology (IJAREST)
Volume 4, Issue 4, April 2017, e-ISSN: 2393-9877, print-ISSN: 2394-2444

25

' DQO model
Dynamic Phasor model

Fig.7 Load angle

25 T T T

DQO model
Dynamic Phasor model

15—

05 -

Fig.8 Electrical torque

All Rights Reserved, @IJAREST-2017 762



International Journal of Advance Research in Engineering, Science & Technology (IJAREST)
Volume 4, Issue 4, April 2017, e-ISSN: 2393-9877, print-ISSN: 2394-2444

324 T T I |

DQO model
322 Dynamic Phasor model
320 a |
318 _
316 _
314 =] -
32 _
310 _
308 |- _
306 u _
304 | | l |
0 5 10 15 20 25
Fig.9 Speed of the generator
25 | ; ;
2 I = |
15 |
1 I o
05 _
0 [ —
05 | | | |
0 5 10 15 20 25
Fig.10 Current (id)
3 T T T T
2 I -
1 I —
0 I~ —
BT . —
2+ B
3 ! l 1 |
0 5 10 15 20 25

All Rights Reserved, @IJAREST-2017 763



International Journal of Advance Research in Engineering, Science & Technology (IJAREST)
Volume 4, Issue 4, April 2017, e-ISSN: 2393-9877, print-ISSN: 2394-2444
Fig.11 Current (iq)
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Fig.12 Rotor and stator fluxes
VI. CONCLUSION

By the simulations we observed that dynamic phasor model is faster and gives good results comparing to other modeling
techniques. Dynamic phasor model gives time invariant model with no mutual coupling between the rotor and stator
flux. With dynamic phasor model we can also simulate the unbalanced faults in power system. So, dynamic phasor
model is good choice for system simulation.

REFERENCES

[1] Aleksandar M. Stankovic and Timur Aydin, “Analysis of Asymmetrical Faults in Power Systems using Dynamic Phasors,”
IEEE Trans. Power Syst., vol. 15, no. 3, pp. 1062-1068, Aug. 2000.

[2] Paolo Mattaveli, George C. Verghese and Aleksandar M. Stankovic, “Phasor Dynamics of Thyristor-Controlled Series
Capacitor Systems,” IEEE Trans. Power Syst., vol. 12, no. 3, pp. 1259-1267, Aug. 1997.

[3] P.C. Stefanov and A. M. Stankovic, “Modeling of UPFC Operation Under Unbalanced Conditions With Dynamic Phasors,”
IEEE Trans. Power Syst., vol. 17, no. 2, pp. 395-403, May 2002.

[4] E. Zhijun, D.Z. Fang, KW. Chan and S.Q. Yuan, “Hybrid simulation of power systems with SVC dynamic phasor model,”
International Journal of Electrical Power and Energy Systems, vol. 31, no. 5, pp. 175-180, June 2009.

[5] M. A. Hannan, A. Mohamed and A. Hussein, “Modeling and Power Quality Analysis of STATCOM using Phasor
Dynamics,” in IEEE International Conference on Sustainable Energy Technologies, Singapore, Nov. 2008, pp. 1013-1018.

[6] Haojun Zhu, Zexiang Cai, Haoming Liu, Qingru Qi and Yixin Ni, “Hybrid-model Transient Stability Simulation using
Dynamic Phasors based HVDC System Model,” Electric Power System Research, vol. 76, no. 6-7, pp. 582-591, Apr. 2006.

[7] Wei Yao, Jinyu Wen, Shijie Cheng and Haibo He, “Modeling and Simulation of VSC-HVDC with Dynamic Phasors,” in
Third International Conference on Electric Utility Deregulation, Restructuring and Power Technologies, Apr. 2008, pp. 1416
1421.

[8] T. H. Demiray, G. Andersson and L. Busarello, “Evaluation Study for the Simulation of Power System Transients using
Dynamic Phasor Models,” in IEEE transmission and distribution conference and exposition, Latin America, Aug. 2008, pp.
16.

[9] T. H. Demiray and G. Andersson, “Using Frequency-Matched Numerical Integration Methods for the Simulation of Dynamic
Phasor Models in Power Systems,” in Sixteenth Power System Computation Conference, Glasgow, Scotland, Aug. 2008.

[10] T. H. Demiray, F. Milano and G. Andersson, “Dynamic Phasor Modeling of the Doubly-fed Induction Generator under
Unbalanced Conditions,” in IEEE Power Tech 2007, Lausanne, July 2007, pp. 1049-1054.

All Rights Reserved, @IJAREST-2017 264



International Journal of Advance Research in Engineering, Science & Technology (IJAREST)
Volume 4, Issue 4, April 2017, e-ISSN: 2393-9877, print-ISSN: 2394-2444
[11] T. H. Demiray, “Simulation of Power System Dynamics using Dynamic Phasor Models,” Ph.D. dissertation, Swiss Federal

Institute of Technology, Zurich, Switzerland, 2008. [Online]. Available: http://www.eeh.ee.ethz.ch/en/power/power-systems-

laboratory/publications/phd-theses.html
[12] B. Grecar, J. Ritonja, B. Polajzer and A. M. Stankovic, “Estimation Methods using Dynamic Phasors for Numerical Distance

Protection,” IET Trans. Generation Transmission Distribution, vol. 2, no. 3, pp. 433-443, May 2008.

All Rights Reserved, @IJAREST-2017 765


http://www.eeh.ee.ethz.ch/en/power/power-systems-laboratory/publications/phd-theses.html
http://www.eeh.ee.ethz.ch/en/power/power-systems-laboratory/publications/phd-theses.html

