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Development cycle of a new numerical relay
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Development cycle of a new numerical relay



Block Diagram of Numerical Relay
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Block diagram of numerical relay.



Comparison of maximum allowable frequency with and without S/H
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Sampling Theorem
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Continued…

S.Padmini A.P(Sr.G)/EEE SRM University 6



Continued…
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Continued…

Phenomenon of aliasing.
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Continued…

Minimum sampling frequencyMinimum sampling frequency
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Continued…
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Practical limit on minimum sampling frequency.



Correlation with a Reference Wave
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Least Error Squared (LES) Technique
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Continued…
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Continued…
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Continued…

S.Padmini A.P(Sr.G)/EEE SRM University 15



Digital Filtering

• Simple Low-pass Filter

A simple running average filter works as a low-pass filter
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A simple running average filter works as a low pass filter



Continued…

• Simple High-pass Filter
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A simple running difference filter works as a high-pass filter



Continued…
• Finite Impulse Response (FIR] FiltersFinite Impulse Response (FIR] Filters

S.Padmini A.P(Sr.G)/EEE SRM University 18

Block diagram of FIR digital filter (canonical



Continued…
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Continued…
• Infinite Impulse Response (IIR) FilterInfinite Impulse Response (IIR) Filter
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Block diagram of IIR digital filter (canonical



Continued…
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Comparison Between FIR and IIR Filters
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Numerical Over-current Protection
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Flowchart for a numerical over-current relay algorithm.



Numerical Transformer Differential Protection
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Block diagram of numerical protection of transformer



Continued…
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Review questions

1. Trace the evolution of protective relays.
2. What are the advantages of numerical relays over conventional relays?
3 What paradigm shift can be seen with the development of numerical relays?3. What paradigm shift can be seen with the development of numerical relays?
4. Draw the block diagram of the numerical relay
5. What do you mean by aliasing?y y g
6. State and explain Shannon's sampling theorem.
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Continued…
7. What happens if the sampling frequency is less than the Nyquist limit?
8. What are the drawbacks of a very high sampling frequency?
9. Is sample and hold circuit an absolute must?
10. A 12-bit ADC has conversion time of 10 microseconds. What is the 

maximum
frequency that can be acquired without using a sample and hold unit?
11. If a sample and hold circuit of 100 picoseconds is available, how will 

the maximum frequency found out in Question 10 be affected?
12. Explain the statement that all numerical relays have the same hardware 

but what distinguishes the relay is the underlying software.
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Continued…
13 l i h l d d i i h d f i i h l d h13. Explain the sample and derivative methods of estimating the rms value and phase
angle of a signal. Clearly state the underlying assumptions.
14. What do you mean by Fourier analysis? Explain.
15. How does Fourier transform differ from conventional Fourier analysis?
16. What do you mean by a full cycle window?
17. What are the advantages and disadvantages of a half cycle window?
18. What do you mean by a digital filter? Explain.
19. Draw the block diagram of an FIR and an IIR filter.19. Draw the block diagram of an FIR and an IIR filter.
20. Compare the FIR and IIR filters.
21. Develop the differential equation algorithm for distance protection of a transmission line.
22. For numerical relaying purpose the differential equation gets converted into a linear algebraic 

equation Explainequation. Explain.
23. Discuss the methods to find numerical differentiation and numerical integration.
24. How can certain frequencies be filtered out in solving the differential equation by integration?
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