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Abstract: The sensitivity of power system stability to generator parameters ( including parameters of generator model, excitation
model and exciter) is analyzed in depth by simulations. Here in this paper the simulated model was created by modeling the various
components of a practically operating canal based small hydro power plant in a Matlab/Simulik based environment. The plant is
located in Bathinda Punjab and is connected to the local grid. Using the model, the aim is to study the behavior of power angle and
electromagnetic torque of the generator. The corresponding results for these are obtained for analysis. Later a Pl controller will be
designed in order to increase its performance.

Index-Terms - Mathematical models, Park Transformation, Small hydro-electric power plants, Controller, Proportional,
Integral, Matlab/Simulink.

1. INTRODUCTION

In Irrigation canal based Small Hydro plants, utilizing the heads available gives more or less constant power generation. But it is
seen that the head available is almost constant whereas there are large variations in the discharge available. The power generation
is completely dependent upon irrigation releases season wise through the canal which depends upon the crop pattern in the region.
Power generation is for nine months as months of April, May and August are not considered since discharge is less than 1 cumecs.
Fig. 1 shows a representation of our model and in the figure & is Power Angle.
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Fig.1 Machine connected to an infinite bus

Under normal operating conditions, the relative position of the rotor axis and the infinite bus axis is fixed. The angle between the
rotor and the infinite bus axis is called the power angle or torque angle 5. Whenever the rotor speed decelerates or accelerates with
respect to the synchronous rotating air gap mmf, the equation describing this relative motion is called the swing equation which is
given by
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As shown in Fig.2, in an unstable system, o increases indefinitely with time and machine looses synchronism. In a stable system, 6
undergoes oscillations, which eventually die out due to damping.
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Fig.2 Power Angle

Il. MATHEMATICAL MODELING

Generally differential equations are used to describe the various power system components. Study of the dynamic behavior of the
system depends upon the nature of the differential equations.

Small System: If the system equations are linear, the techniques of linear system analysis are used to study dynamic behavior. Each
component is simulated by transfer function and these transfer functions blocks are connected to represent the system under study.
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Large System: Here state-space model will be used for system studies described by linear differential equations. However for
transient stability study the nonlinear differential equations are used.

Mathematical Modeling of a Synchronous Machine:

The reason here to choose Park’s transformation is because other approaches create us trouble because of inductances which are
related to the stator-rotor mutual inductances that have time-varying inductances. In order to alleviate the trouble, we project the a-
b-c currents into a pair of axes which we will call the d and g axes or d-q axes. In making these projections, we want to obtain
expressions for the components of the stator currents in phase with the d and g axes, respectively. Although we may specify the
speed of these axes to be any speed that is convenient for us, we will generally specify it to be synchronous speed, ws. Decomposing
the b-phase currents and the c-phase currents in the same way, and then adding them up, provides us with:

iy =K, (i, COSO +i, c0s(0 —120°) +i, cos(0 +120°))
i, =k, (i, sin @+i, sin(@ —120°) +i_sin(# +120°))

Constants kq and kg are chosen so as to simplify the numerical coefficients

We have transformed 3 variables i, ib, and ic into two variables ig and iq. This yields an undetermined system, meaning
» We can uniquely transform i,, iy, and ic to ig and iq
» We cannot uniquely transform ig and iq to ia, in, and ic.

We will use as a third current the zero-sequence current whose value is zero under balanced conditions. This is being done in order
to have a balance:

i0 :ko(ia+ib +ic)

Recall our ig and iq equations:
iy =k (i, cosO +1i, cos(@ —120°) +i, cos(@ +120°))

iy = K, (i, Sin @+, sin(0—120°) +i, sin(6+120°))

We can write our transformation more compactly as
i k,cos@ k,cos(@-120) k,cos(@+120) | i

a a
igy |[=| kysin@ Kk, sin(6-120) k,sin(&+120) | i,
i0 kO kO kO ic

Here, the angle 0 is given by
t
6= | @(y)dy+6(0)

Where y is a dummy variable of integration.

The angular velocity o associated with the change of variables is unspecified. It characterizes the frame of reference and may rotate
at any constant or varying angular velocity or it may remain stationary. We often hear of the “arbitrary reference frame.” The phrase
“arbitrary” stems from the fact that the angular velocity of the transformation is unspecified and can be selected arbitrarily to
expedite the solution of the equations or to satisfy the system constraints.

The constants ko, kg, and kg are chosen differently by different authors. One popular choice is 1/3, 2/3, and 2/3, respectively, which
causes the magnitude of the d-q quantities to be equal to that of the three-phase quantities. However, it also causes a 3/2 multiplier
in front of the power expression (Anderson & Fouad use ko=1/V3, kq=kq=V(2/3) to get a power invariant expression).

I11. Simulation Model developed In a Matlab/Simulink Software Environment.

A typical canal based hydroelectric power plant with a Kaplan turbine, as shown in Fig. 2 reflects the Canal Type Small Hydro
Power Plant in Bathinda Punjab run under Punjab Energy Development Agency (PEDA), and hence all the data of this plant is used
for simulation. The simulation results are all in per unit system and the required data is given below:
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Turbine and Governor Data T, =0.87
h =210 K, =200
henar =274 T, =0.02
T, =3 K, =1
o =93 rpm K =0.03
It =91% Ty =1
Wref =1pu. v =1.2911
T, =0.07
R, =0.05
K, =3

Synchronous Generator

K; =0.10 P, =1.3 MW
K4 =3.26 vV, =415V
T, =0.02 f =50
K, =10/3 X4 =0.911
8min =0.01 X:i =0.408
8max =0.97518 X:il =0.329
Vymin =-0.1 X, =0.580
ngax =0.1 X:; =0.350

X, =0.3

Exciter T, =0.7
Vyer =1 TV =0.035
Veer =1 4 =0.033
T, and T, =0.00001, 0.00001 R¢ =0.03
T, =0.08 H =
Vimax =-15 P =
Vimin =73 V; =

1. SIMULATION
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Fig.4: Simulation Model of Canal Based Small Hydro Electric Power Plant
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IV. RESULTS

1. Response of Power Angle during steady state and transient state with and without P1 Controller

Power Angle without PI Controller
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0. 5: Transient Response of Power Angle without Pl Controller

Power Angle with Pl Controller
I

Fig. 6: Transient Response of Power Angle with Pl Controller

1. Response of Electromagnetic Torque with and without P1 Controller

Response of Electromagnetic Torque without PI Controller
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Fig. 7: Response of Electromagnetic Torque without Pl Controller
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Rmporas of EMcromagress Tonges with  P1 Contsoler

Fig. 8: Response of Electromagnetic Torque with PI Controller

V. CONCLUSION

As it is clear from the results that the average power angle in both the cases, with or without PI Controller is 36°. It can

be seen from Fig. 5, the oscillations are there in steady state as well. Whereas in Fig. 6 the oscillations has completely die-out during
steady state because of Pl Controller. Same is the case with Electromagnetic Torque. In Fig. 7 oscillations are still in steady state,
but with the help of Pl Controller they have been completely eliminated (Fig.8)

REFERENCES

[1] Carmen L.T. Borges, Senior Member, IEEE, and Roberto J. Pinto. Small Hydro Power Plants Energy Availability
Modeling for Generation Reliability Evaluation. IEEE TRANSACTIONS ON POWER SYSTEMS, VOL. 23, NO. 3,
AUGUST 2008.

[2] National Association of State Energy Officials (NASEO). Web site: www.naseo.org

[3] Micro-hydro. Web site: www.geocities.com/wim_Kklunne/hydro/index.html

[4] U.S. Department of Energy Hydropower Program. Web site: hydropower.inel.gov

[5] Volunteers in Technical Assistance (VITA). Web site: www.vita.org

[6] Energy Efficiency and Renewable Energy Clearinghouse (EREC). Web site: www.eren.doe.gov/consumerinfo/.

[7] Prabha Kundur, Power System Stability and Control by Tata McGraw-Hill, New York. A Power System Engineering
Series.

[8] Paul M. Anderson and A.A. Fouad Power System Control and Stability IEEE PRESS. The Institute of Electrical and
Electronics Engineer, Inc., New York.

[9] K.R.Padiyar, Power System Dynamics-Control and Stability, Interline Publishing Pvt. Ltd., Banglore.

[10] Hongging Fang, Long Chen, Nkosinathi Dlakavu, and Zuyi Shen Basic Modeling and Simulation Tool for Analysis of
Hydraulic Transients in Hydroelectric Power Plants. IEEE Transactions on Energy Conversion, Vol. 23, No. 3, September
2008.

[11] FANG Hong-ging, Student Member, IEEE, and SHEN Zu-yi . Modeling and Simulation of Hydraulic Transients for
Hydropower Plants. 2005 IEEE/PES Transmission and Distribution Conference & Exhibition: Asia and Pacific Dalian,
China.

[12] GE Baojun, XIN Peng and LV Yanling. The Excitation System Simulation of Huge Hydro-generator. Harbin University
of Science and Technology Harbin, China, E-mail: Gebj@hrbust.edu.cn, xinpeng4321@sina.com, 978-1-4244-4813-
5/10/$25.00 ©2010 IEEE.

[13] Fang Yang Hao Lei Yuanzhang Sun Wei Lin and Tielong Shen. Control of Hydraulic Turbine Generators Using Exact
Feedback Linearization. 8th IEEE International Conference on Control and Automation Xiamen, China, June 9-11, 2010.

[14]  Tin Win Mon, and Myo Myint Aung. Simulation of Synchronous Machine in Stability Study for Power System World
Academy of Science, Engineering and Technology 39 2008).

[15] Innocent Kamwa, Daniel Lefebvre and Lester Loud, Member, IEEE, Small Signal Analysis of Hydro-Turbine Governors
in Large Interconnected Power Plants, 0-7803-7322-7/02/$17.00 © 2002 IEEE.

[16] Li Wang, Senior Member, IEEE, Dong-Jing Lee, Jian-Hong Liu, Zan-Zia Chen, Zone-Yuan Kuo, Huei-Yuan Jang, Jiunn-

Ji You, Jin-Tsang, Tsai, Ming-Hua Tsai, Wey-Tau Lin, and Yeun-Jong Lee. Installation and Practical Operation of the
First Micro Hydro Power System in Taiwan Using Irrigation Water in an Agriculture Canal. ©2008 IEEE.

JETIR1808989 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 602


http://www.jetir.org/
http://www.naseo.org/
http://www.geocities.com/wim_klunne/hydro/index.html
http://www.vita.org/
http://www.eren.doe.gov/consumerinfo/
mailto:xinpeng4321@sina.com

© 2018 JETIR August 2018, Volume 5, Issue 8 www.jetir.org (ISSN-2349-5162)

[17]

[18]
[19]
[20]
[21]

[22]

[23]

[24]

Fang Yang Hao Lei Yuanzhang Sun Wei Lin and Tielong Shen, Control of Hydraulic Turbine Generators Using Exact
Feedback Linearization. 2010 8th IEEE International Conference on Control and Automation Xiamen, China, June 9-11,
2010.

Shahram Jadid and Abolfazl Salami Accurate Model of Hydroelectric Power Plant for load pickup during Power System
restoration. 0-7803-8560-8/04/$20.00©2004IEEE.

Tin Win Mon, and Myo Myint Aung. Simulation of Synchronous Machine in Stability Study for Power System. World
Academy of Science, Engineering and Technology 39 2008.

www.mathworks.com

Yi-jian LIUT1, Yan-jun FANG2, Xue-mei ZHU1. Modeling of hydraulic turbine systems based on a Bayesian-Gaussian
neural network driven by sliding window data. Journal of Zhejiang University-SCIENCE C (Computers & Electronics)
ISSN 1869-1951 (Print); ISSN 1869-196X (Online).

Cédric JOIN_,Gérard ROBERT and Michel FLIESS. Model-Free Based Water Level Control for Hydroelectric Power
Plants. Author manuscript, published in "IFAC Conference on Control Methodologies and Tecnologies for Energy
Efficiency (CMTEE) (2010)".

Peter Goodwin, Klaus Jorde, Claudio Meier and Oscar Parra. Minimizing environmental impacts of hydropower
development: transferring lessons from past projects to a proposed strategy for Chile. doi: 10.2166/hydro.2006.005.

M. Aktarujjaman, M.A. Kashem, M. Negnevitsky. Dynamics of a Hydro-Wind Hybrid Isolated Power System. School of
Engineering University of Tasmania Tasmania, Australia mda0@utas.edu.au

JETIR1808989 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 603


http://www.jetir.org/
http://www.mathworks.com/
mailto:mda0@utas.edu.au

