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ABSTRACT

Stability of system is one of the major issues of power system. Voltage, angle and frequency instability are the
basic instability problems. After power system restructuring and the incorporation of distributed generation in
power system, stability and protection coordination issues have become a centre of concern for power
researchers. Frequency instability is the deviation of the frequency from its nominal value. Load shedding is the
principle reason for frequency deviations in power system network. The large frequency variations could lead to
complete power system blackout. History has seen several blackouts due to frequency instability, either due to
supply-demand unbalance or N-1 contingency. Frequency relays are employed to detect and protect the system
from frequency deviations. With distributed generators penetrating into the system and possible islanding issues,
frequency relay has again gain the attention of the researchers and industrialists. The digital relay has
superiority over electromechanical relay in terms of accuracy and speed. This dissertation presents the design
and various data conversion steps of a digital frequency relay. The designed relay will cover both over and
under frequency conditions. To validate the performance of proposed and studied digital frequency relay,
extensive simulations under various conditions of steady state, transient , under frequency and upper frequency,
are carried out in MATLAB/ Simulink environment.
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I. INTRODUCTION

Stability of system is one of the major issues of power system. Voltage, Angle and Frequency instability are the basic
instability problems. After power system restructuring and the incorporation of distributed generation in power system,
stability and protection coordination issues have become a centre of concern for power researchers. Modelling tools are
utilized to simulate the system and see the possible impacts during abnormalities. MATLAB, most widely used
educational and research software, is also among these tools. However, currently MATLAB power system library has
no tool box for power system protection. In this thesis, a digital frequency block is designed. The design block offers
flexibility in terms of further research and improvement. Frequency instability problem arises when there is a large
mismatch between demand and supply or due to N -1 contingency.

Mechanical power is produced from turbine and transferred to the generator shaft. A generator converts the mechanical

power into the electrical power P,. Mechanical Torque T, is created on the turbine from the water or steam power and

electrical torque T, is as a result of load connection. The difference between the two torques(known as acceleration
torque), causes the fluctuation on the generators speed, and thus resulting in speed variation of the frequency of the
power system.

Swing Equation:

The swing Eqgn. (1) demonstrates the relationship between the deviation of the torque and variation of angular

acceleration (5)
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Where J is the total moment of inertia of the rotor mass, w,, is the angular mechanical velocity, B,, and P, are the
mechanical and electrical power , given by Eqgn. (3)

Bn = T P, = wonT, 3
A normalized inertia constant (H)is defined as :

H = Stored kinetic energyat syns.speed (M]) 2

Generator MVA rating

2
Jws

2S‘rated

(®)
If P is the number of poles in synchronous machine then the mechanical speed (w,;,) is related to the electrical speed
(w) by Eqn. (6)

P

Substituting Eqgn. (5) and (6) into Eqn. (2) results in

2H dw

— % *x—=P —P 7
ws rated dt m e (7

Dividing the Eqgn. (7) by Spase

2H S dw P, P,

2« rated = — m_ e (8)
Ws  Shase dat Sbase Sbase

Now, the Eqn. (8) can appear in per unit

2H dw

o Y2 = Pmow ~ Pequy ©)

Where P, (pu) and P,, (pu) are the per unit electrical power and mechanical power. From Eqgn. (9), the relation
between change in frequency and power could be developed, given by Eqn. (10).

U _f

it 2H Ap (10)

Where f,, is the system frequency or rated frequency. From Eqn. (10), it can be observed that the mismatches between
demand and supply results in frequency change.

Il. DIGITAL FREQUENCY RELAY

Digital frequency relay (DFR) is a powerful computing and mathematical tool which have been used independently in
applied signal processing and more importantly in the area of power protection analysis.

A basic difficulty with using and producing electric energy is that apart from short periods of time and small quantities
electric energy cannot be stored. It must be produced at the same time as it is used. To maintain the balance between
power production and consumption, the power plants that produce the energy must be continuously regulated. Power
system control is based on the phenomenon that in case of an imbalance, the AC frequency of the network changes.
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During normal operation of the electric grid, the system frequency kept near a set value, but it is allowed to fluctuate
within certain bound.

OVER-UNDER FREQUENCY RELAY

Frequency relay is commonly used in order to protect the power system from blackout in case of major generation/load
loss or during N-1 contingency. The relay is also used to detect the islanding operation. Islanding operation normally
occurs in case of distributed generation due to loss of mains. The resulting system consisting of distributed generator
and local load is often known as "Power Island”. This presents a threat to the system in terms of power balancing and
controlling. A major threat comes when the power island is reconnected to the rest of the system without synchronising
first. Loss of mains is often detected by measuring rate of change of frequency (ROCOF). However ROCOF method
cannot reliably discriminate between changes in frequency due to loss of mains and changes due to other disturbances.
In this, the author has also proposed the comparison of rate of change of frequency (COROCOF) for loss of main
protection. Stable frequency operation is always demand of customer. Different countries have their own grid codes to
ensure that the quality (voltage and frequency) of electricity supply is maintained within specified standards. For
example, in UK following the Electricity Supply Regulations 1989 and the Grid Code the frequency delivered to the
consumer must not vary more than +1%. Also +6% variation in voltages is allowed below 132 kV whereas £10%
regulation is allowed for voltages higher than 132 kV.

11I.LMODELING AND SIMULATION OF DFR

The Digital Frequency Relay consists of two parts, Frequency Measuring Unit (FMU) and Under-Over Frequency
Detection Element (FDE), as shown in Fig. 1 . FMU is used to measure the digital value of frequency from the PT
while FDE takes appropriate action based on Over Under frequency limit.

Relay Output

Relay Input Signal

Signals

e Frequency Fs Under/Over
-rom ;
Measuring Unit Frequency _@

Detection Element

Fig. 1: Block Diagram for Implementing Over-Under Frequency Relay.

A. FREQUENCY MEASURING UNIT

The FMU is used to measure the frequency of a voltage signal from the Potential Transformer (PT). To measure the
frequency, the time difference between the two consecutive zero crossing (T1 and T2) is measured, as shown in Fig.2"

l(t) A
- T
Ti T

Fig .2: Measuring Frequency of a Signal.

However to measure the total time of a complete waveform, the difference between T1 and T2 is multiplied by factor of
2, as shown in Eq. (11)

T=2* (Tz - Tl) (11)
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The FMU unit implemented on SIMULINK in Fig. 3.
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Fig. 3: Measuring Frequency of Voltage Signal on Simulink

‘Hit Crossing’ block is used to detect the zero crossing. The block passes the input signal at its zero crossings to the ‘if’
block, which in starts sending ramp signal to the output. The time duration of generated ramp is measured and saved to
a variable ‘A’. The variable A is stored in another variable B using the ‘Transport Delay’ block and the time of the next
zero crossing is measured. Subtracting B from A at any instant will give half the time period whose value is held by the
‘Sample and Hold’ block, till the next zero crossing. After performing the necessary computations, given by Eqgn. (13),
the instantaneous frequency is achieved. The output (measured frequency) from FMU sends to the FDE for necessary
tripping action, in case of fault.

B. FREQUENCY DETECTING ELEMENT
The FDE is used to take the necessary action in case of Over Frequency (OF) and Under Frequency (UF). The output

from OF and UF are logically AND. The output of FDE or relay under normal case is set at 1, otherwise 0 (for tripping).
The complete block diagram of the FDE is shown in Fig. 4.
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queney SIAND L double  —()
f
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—Pi1  alp Operator P

Over Frequency

Fig. 4: Block Diagram Of Frequency Detection Element
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The relay setting is given in Table 1. These limits are generalized and could be set to some other values based on

country standards.
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-
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Fig. 5: Logic Diagram for Implementing under Frequency Block.

Fig.5 shows the logic diagram for the implementation of a frequency relay in case of an under-frequency situation. The
frequency of the voltage signal is first measured by the frequency measuring unit (FMU) and then compared with the
threshold under frequency limit i.e. Fu (48.6Hz). If under-frequency condition occurs, the measured frequency ‘f* less
than Fu), 1 will be sent to the integrator and integration will occur. The output of the integrator is then compared with
the set value of K (5secs). If the integrator output exceeds the K value, the relay will trip. This is also a check to see the
abnormality is transient or continuous. If the abnormality persists for K seconds the relay trips. Otherwise either
integrator is reset by the reset logic or no integration occurs under normal conditions. Under normal condition, the

integrator input is set at 0", thus the relay does not operate.
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Fig : 6. Over Frequency Detection Block on SIMULINK.

For relay testing and simulation, a 132kV two bus network is considered. The single line diagram of the network is

shown in Fig.7.
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Fig. 7: Single Line Diagram of a Two Bus 132kV System
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Fig. 8: 132kV System on SIMULINK.

IV.RESULTS

The relay is tested under different test conditions i.e steady state condition and transient condition during load shading.
These tests conditions are given below. Casesl is study state condition while case 2 is transient condition.
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A CONSIDERING ROTOR INERTIA

Although here we are talking

about generator protection, So it will be a meaningless discussion if we are not

considering the inertia of rotor. Practically we can’t neglect inertia of rotor because the size of the generator is very
large. In this we are neglecting the inertia of rotor.. Here we are discussing four cases under different load condition.

Case 1:
In this case, the load is shed in

two stages. Initially from 190MW to 150MW at 0.5 sec, later on further load shed of

70MW is made at 0.7 sec and the relay behavior is observed. Fig.5.1(a) represents the current and relay status under

different load conditions.

Fig. 5.1(a): case 1 load current (A) /frequency(HZ)/electrical/mechanical power(MW)vs time (sec).

Case 2:

In this case, the behavior of relay under transient condition is observed. One of the loads is momentarily disconnects
and then restore, within 0.2 sec. In this case, the system load changes from 220MW to 140MW at 0.5sec, however at
0.7 sec, 80MW load restore. Fig.5.1 (b) represents the current and relay status under different load conditions.
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Fig. 5.1(b): Case 2load current (A) /frequency(HZ)/‘r'néchanical/electrical power(MW) vs time (sec).

Case 3:

In this case, 80MW is added at 0.5 sec in addition to base load of 180MW. Later on further load shed of 80MW is done
at 0.7sec. Fig.5.1(c) represents the current and relay status under different load conditions.
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Fig. 5.1(c): Case 3 load current (A) /frequency(Hi)./éiéctricaI/mechanicalpower(MW) Vs time (sec).

Case 4:

In this case, the behavior of relay under transient condition is observed. In this case, the system load changes from base
load of 190MW to further addition of 80MW at 0.5 sec. However at 0.7 sec, 80MW load restore. Fig.5.1(d) represents
the current and relay status under different load conditions.
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Fig. 5.1(d): Case 4 load current (A) /frequency (HZ) Jelectrical/mechanical power (MW) vs time (sec).

B. Neglecting Rotor Inertia

Here we all knows very well that for fraction of seconds inertia can be neglected. So all the performance is carried out
within 1 second of time100 sec. and assuming the fault should be persist at least 5 sec for relay to distinguish whether it
is a fault or any harmonic. So here also we are discussing four cases under different load condition.

Case 1:

In this case, the load is shed in two stages. Initially from 190MW to 150MW at 70 sec, later on further load shed of
70MW is made at 120 sec and the relay behavior is observed. Fig.5.2(a) represents the current and relay status under
different load conditions.

Fig. 5.2(a): Case 1 load current (A) /frequency (HZ)'/électrical/mechanical power (MW) vs time (sec).

Case 2:

In this case, the behavior of relay under transient condition is observed. One of the loads is momentarily disconnects
and then restore, within 5 sec. In this case, the system load changes from 170MW to 90MW at 70sec, however at 75 sec,
80MW load restore.Fig.5.2(b) represents the current and relay status under different load conditions.
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Fig. 5.2(b):Case 2 load current (A) /frequency (HZ) /electrical/mechanical power (MW) vs time (sec).
Case 3:

In this case, 40MW is added at 70 sec in addition to base load of 150MW. Later on further load shed of 50MW is done
at 120sec. Fig.5.2(C) represents the current and relay status under different load conditions.
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Fig. 5.2(c): Case 3 load current (A) /frequency (HZ')V /électrical/mechanical power (MW) vs time (sec).

V. CONCLUSION

The paper has presented the modeling of the digital frequency relay on MATLAB/SIMULINK ®. The effectiveness of
the proposed relay has been verified by considering different examples as case studies. The proposed model offer
effective means for explaining the behaviours of over-under and under frequency relay under various operating
conditions and changing the design parameters. The relay is more accurate as in digital relay there are only two state
true and false or we say that yes or no. Logic 0 or 1 is used to operate the circuit breaker. Whereas in electro-
mechanical relay, the relay may false trigger the circuit breaker due to over and under reach. But here in this type of
relay there is no such type of condition because here it works any of two states. The digital relay has good advantage in
terms of their sensitivity and wide range controlling.

[1].
2].
31
[4].
[5].

[6].
[71.

8.
[a].

[10].
[11].

[12].
[13].

[14].
[15].
[16].

REFERENCES

S. M. Metev and V. P. Veiko, Laser Assisted Microtechnology, 2nd ed., R. M. Osgood, Jr., Ed. Berlin, Germany:
Springer-Verlag, 1998.

J. Breckling, Ed., The Analysis of Directional Time Series: Applications to Wind Speed and Direction, ser. Lecture Notes
in Statistics. Berlin, Germany: Springer, 1989, vol. 61.

S. Zhang, C. Zhu, J. K. O. Sin, and P. K. T. Mok, “A novel ultrathin elevated channel low-temperature poly-Si TFT,”
IEEE Electron Device Lett., vol. 20, pp. 569-571, Nov. 1999.

M. Wegmuller, J. P. von der Weid, P. Oberson, and N. Gisin, “High resolution fiber distributed measurements with
coherent OFDR,” in Proc. ECOC’00, 2000, paper 11.3.4, p. 109.

R. E. Sorace, V. S. Reinhardt, and S. A. Vaughn, “High-speed digital-to-RF converter,” U.S. Patent 5 668 842, Sept. 16,
1997.

(2002) The IEEE website. [Online]. Available: http://www.ieee.org/

M.  Shell. (2002) IEEEtran homepage on CTAN. [Online]. Available: http://www.ctan.org/tex-
archive/macros/latex/contrib/supported/IEEEtran/

FLEXChip Signal Processor (MC68175/D), Motorola, 1996.

“PDCA12-70 data sheet,” Opto Speed SA, Mezzovico, Switzerland.

Karnik, “Performance of TCP congestion control with rate feedback: TCP/ABR and rate adaptive TCP/IP,” M. Eng. thesis,
Indian Institute of Science, Bangalore, India, Jan. 1999.

J. Padhye, V. Firoiu, and D. Towsley, “A stochastic model of TCP Reno congestion avoidance and control,” Univ. of
Massachusetts, Amherst, MA, CMPSCI Tech. Rep. 99-02, 1999.

Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) Specification, IEEE Std. 802.11, 1997.
Muhammad MohsinAmanand Qadeer Ahmad Khan, “Modeling and simulation of Digital Frequency Relay”, IEEE
Transactions on power and energy; vol. 86, no. 7, December 2012.

H. Saadat, “Power system analysis,” 3rd ed.: WCB/McGraw-Hill Singapore, 2010

P. Kundur, et al., “Power system stability and control vol. 4” : McGraw-hill New York, 1994

ABB, "Solid State Under Frequency Relay. Avaialble from:
http://www05.abb.com/global/scot/scot229.nsf/veritydisplay/294c235c3e25ca9bc1256ed90047clal/$file/sdf-1_ib41-
504b.pdf, Access on: 10 Sept 2013," 2010.

Page | 20


http://www05.abb.com/global/scot/scot229.nsf/veritydisplay/294c235c3e25ca9bc1256ed90047c1a1/$file/sdf-1_ib41-504b.pdf
http://www05.abb.com/global/scot/scot229.nsf/veritydisplay/294c235c3e25ca9bc1256ed90047c1a1/$file/sdf-1_ib41-504b.pdf

International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 4 Issue 7, July-2015

Areva, "MICOM  P921/P922/P923  Voltage and Frequency Relays (Technical Guide) Available
from :ftp://ftp.arevatd.com/P92x_EN_T_F22.pdf.

A. Girgis and F. M. Ham, "A new FFT-based digital frequency relay for load shedding," Power Apparatus and Systems,
IEEE Transactions on, pp. 433-439, 1982.

EURELECTRIC, “Deterministic frequency deviations — root causes and proposals for potential solutions” A joint
EURELECTRIC — ENTSO-E response paper, December 2011.

Niklas Strath, “Islanding Detection in Power Systems” ©NiklasStrath, 2005 Printed in Sweden Lund University, CODEN:
LUTEDX/TEIE-1051/1-129/(2005) .

Szabolcs Horvat, “Frequency fluctuations in power systems” McGraw-hill : Bergen, june 2007.

G. Bright, "COROCOF: comparison of rate of change of frequency protection. A solution to the detection of loss of
mains," in Developments in Power System Protection, 2001, Seventh International Conference on (IEE), 2001, pp. 70-73.
T. Lobos and J. Rezmer, "Real-time determination of power system frequency,” Instrumentation and Measurement, IEEE
Transactions on, vol. 46, pp. 877-881, 1997.

Jun-Zhe Yang and Chih-Wen Liu, “A Precise Calculation of Power System Frequency” IEEE transactions on power
delivery, vol. 16, NO. 3, July 2001.

Klaus Witrisal, Yong-Ho Kim, and Ramjee Prasad, “A New Method to Measure Parameters of Frequency” IEEE
transactions on communications, vol. 49, NO. 10, October 2001.

M. M. Aman;, et al., "Digital Directional and Non-Directional Over Current Relays: Modelling and Performance
Analysis," NED University Journal of Research, vol. 8, 2011.

M. M. Aman, et al., "Modeling and Simulation of Reverse Power Relay for Generator Protection. In 2012 IEEE
International Power Engineering and Optimization Conference (PEOC02012), Melaka, Malaysia: 6-7 June 2012," 2012.
M. M. Aman, et al., "Modeling and simulation of digital negative sequence relay for unbalanced protection of generator,"
in Power Engineering and Optimization Conference (PEDCO) Melaka, Malaysia, 2012 leee International, 2012, pp. 72-77.
Vladimir Chuvychin, AntansSauhats, VadimsStrelkovs, “Problems of frequency control in the power system with massive
penetration of distributed generation” Power System Operation and Control, AT&P journal PLUS2 2008.

National Grid, “Report of the National Grid Investigation into the Frequency Deviation and Automatic Demand
Disconnection that occurred on the 27 May 2008 Public Frequency Deviation Report, issued: feb 2009 (National Grid).

Page | 21



