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(Deepak Tripathi)
ABSTRACT

Present power system is a complex network comprising of various power plants interconnected through transmission lines in a grid meeting the growing need of power. With the complexity in network and power distribution, the power system is subjected to constant disturbances created by random load changes, by faults created by random load changes, by faults created by natural causes, and sometimes as a result of equipment or operator failure. to overcome such faults and to isolate faulty equipment we go for power system protecting relaying.

The function of a power system relaying is to cause the prompt removal from service, of any element of power system, when it is subjected to short circuit or it starts to operate in any abnormal manner that might cause damage or otherwise interfere with the effective operation of the rest of the system. Over current and earth fault relays are one of the most widely used relays in power system..

The working of typical over current and earth fault relay is presented in this project .the necessary algorithms required for this purpose are also developed. Digital relays can be designed to deliver better performance like speed, security and consistency over electromechanical and solid state relays.  
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                                                         CHAPTER-i
INTRODUCTION
1.0
GENERAL 
Electric energy is one of the fundamental resources of the modern industrial society.  Electric power is available to the user instantly, at the correct voltage and frequency, and exactly in the same amount that is needed.  This remarkable performance is achieved through careful planning, design, installation, and operation of a very complex network of generators, transformers, and transmission and distribution lines.  To the user of electricity, the power system appears to be in a steady state imperturbable, constant, and infinite in capacity.  Yet, the power system is subjected to constant disturbances created by random load changes, by faults created by natural causes, and sometimes as a result of equipment or operation failure.  In spite of these constant perturbations, the power system maintains its quasi steady state because of two basic factors: the large size of the power system in relation to the size of the individual loads or generators, and correct and quick remedial action taken by the protective relaying equipment.
Relaying is the branch of electric power engineering concerned with the principles of design and operation of equipment (called ‘relays’ or ‘protective relays’) which detect abnormal power system conditions, and initiate corrective action as quickly as possible in order to return the power system to its normal state.  The quickness of response in the protection system operation is not possible.  The response must be quick, automatic and should cause a minimum amount of disruption to the power system.  It 
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should be clear that the extensive and sophisticated equipment is needed to accomplish these tasks.

1.1
STATE OF ART On numerical RELAY
Three generations of power system protective relays have been evolved till date:

Electromechanical relays, solid state relays and digital relays. Electromechanical relays consist of plungers, induction disks or cups. Electromechanical relays are robust and generally immune from electromagnetic interference. They require fairly high amount of energy to operate, thereby posing a high burden on the voltage and current transformer.

Solid state relays came to prominence in the late 1950’s: these were designed with electronic components such as diodes, transistors, and operational amplifiers. Early models of solid state relays did not performed well under the harsh substation environmental conditions. Design improvements such as better shielding and application of surge suppression components improved the performance of these relays. Modern solid state relays are reliable and offer faster response time of the order of one power frequency cycle.

 
Electromechanical and solid state relays installed several decades ago are still in service today. Recently, however several relay manufacturers have stopped producing electromechanical and solid state relays due to the non-availability of parts and an increase in manufacturing costs.

Numerical relays, introduced in 1980’s employ microprocessor which offers numerous advantages over electromechanical and solid state relays:
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1. The cost of electromechanical and solid state relays has steadily increased, whereas the cost of digital relays has decreased over the same time period. Present day digital relays can offer economic savings for both retrofit and new installations.

2. Digital relays can be designed to deliver better performance over electromechanical and solid state relays. Complex relay characteristics can be easily programmed. Additionally, the characteristics of digital are more stable relative to ambient temperature, age, or between different samples.

3. A digital relay can be programmed to monitor its hardware and software subsystems continuously and can alert relay maintenance staff of malfunction or failure. It can be designed to fail in a safe mode, i.e., to take itself out of service and send an alarm if a failure is detected. Even though digital relays are more complex than electromechanical and solid state relays, as a system. They can be more reliable due to its self checking capability.

4. Programming and communication capabilities allow, digital relays to offer another advantage over conventional relays, i.e. the ability to change the relay settings as the system conditions warrant (adaptive relaying).

5. Test and calibration procedures can be automated, thereby eliminating manual adjust.

The following are the areas of technical advancements that are anticipated in the digital relaying area:

(i).   With the availability of powerful microprocessors and digital signal processors, many protective and non-protective functions are being integrated in to a single multi
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function relay. This trend will continue and more functions, inputs outputs and communication ports will be added to multifunction relay. These devices will offer an integrated package of digital protection, metering and control of power systems at economical prices.

(ii).   Communication technology has advanced tremendously over past decade and future digital relays will benefit from the application of new communication technologies. High speed Local Area Networks (LANs) entered into substations several years ago and wireless LANs are beginning to enter substation as well.

(iii).   The availability of digital multifunction relays with their inherent flexibility to change there operating characteristics based on various conditions in the power system have made it possible to implement adaptive relaying schemes. These schemes enhance the protection of power systems and improve security. Advances in communication technologies are key factors in bringing adaptive relaying schemes to practice.

Most modern multi function relays include multiple relay setting groups. Different setting groups can be dynamically applied based on the prevailing conditions of the power systems. Therefore, one can optimize the settings for each of the power system conditions.

In generator protection applications, algorithms that are accurate over a wide frequency range can be dynamically switched when the generator is offline to maintain high measurement accuracy for relaying functions.

In transformer protection applications, the differential relay pick-up can be dynamically adjusted based upon the 5th harmonic content of the differential current.
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1.2
SCOPE OF the present WORk

Programming and communication capabilities allow, digital relay to offer a major advantage over conventional relays, i.e., the ability to change the relay settings as the system conditions warrant.



Test and calibration procedures can be automated, thereby eliminating manual adjustments. Several protection characteristics can be included in digital relay so that the user can select the best suitable characteristics depending upon the application.

(i).   The programming of digital relays is based on C language. Different programs were developed and implemented for the calculation of various electrical quantities necessary for relay operations using specific design algorithms.

(ii).   The hardware of digital relays were tested using the developed programs and test results obtained are verified with the theoretical results for different settings in the relays and verified the performance of relay characteristics.

1.3
programming of rabbit microprocessor based NUMERICAL relay  

The Rabbit microprocessor shares a similar architecture and a high degree of compatibility with Z80, Z180 and HD64180 microprocessors, but it is a vast improvement over them. 

The Rabbit has been designed in close cooperation with Z-World, Inc., a long-time manufacturer of low-cost single-board computers. Z-World's products are supported by an innovative C-language development system (Dynamic C). Z-World is providing the software development tools for the Rabbit.                                                                      
The Rabbit 2000 is easy to use. Hardware and software interfaces are as uncluttered and are as foolproof as possible. The Rabbit 2000 has outstanding computation speed for a microprocessor with an 8-bit bus. This is because the Z80-derived instruction set is very compact and the design of the memory interface allows maximum utilization of the memory bandwidth. The Rabbit races through instructions. 

Traditional microprocessor hardware and software development is simplified for Rabbit users. In-circuit emulators are not needed and will not be missed by the Rabbit developer. Software development is accomplished by connecting a simple interface cable from a PC serial port to the Rabbit-based target system.

1.3.1
FEATURES AND SPECIFICATIONS of rabbit microprocessor
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· 100-pin PQFP package. Operating voltage 2.7 V to 5 V. Clock speed to 30 MHz. All   specifications are given for both industrial and commercial temperature and voltage ranges. Rabbit microprocessors cost under $10 in moderate quantities.
· Industrial specifications are for a voltage variation of 10% and a temperature range from -40°C to +85°C. Commercial specifications are for a voltage variation of 5% and a temperature range from 0°C to 70°C.
· 1-megabyte code space allows C programs with up to 50,000+ lines of code. The extended Z80-style instruction set is C-friendly, with short and fast instructions for most common C operations. 
· Four levels of interrupt priority make a fast interrupt response practical for critical applications. The maximum time to the first instruction of an interrupt routine is about 1 µs at a clock speed of 25 MHz. 

· Access to I/O devices is accomplished by using memory access instructions with an I/O prefix. Access to I/O devices is thus faster and easier compared to processors with a restricted I/O instruction set. 

· The hardware design rules are simple. Up to six static memory chips (such as RAM and flash EPROM) connect directly to the microprocessor with no glue logic. Even larger amounts of memory can be handled by using parallel I/O lines as high-order address lines. The Rabbit runs with no wait states at 24 MHz with a memory having an access time of 70 ns. There are two clocks per memory access. Most I/O devices may be connected without glue logic. 

· The memory cycle is two clocks long. A clean memory and I/O cycle completely avoid the possibility of tri-state fights. Peripheral I/O devices can usually be interfaced in a glueless fashion using pins programmable as I/O chip selects, I/O read strobes or I/O write strobe pins. A built-in clock doubler allows ½-frequency crystals to be used to reduce radiated emissions. 

· The Rabbit may be cold-booted via a serial port or the parallel access slave port. This means that flash program memory may be soldered in unprogramed, and can be reprogrammed at any time without any assumption of an existing program or 
· BIOS. A Rabbit that is slaved to a master processor can operate entirely with volatile RAM, depending on the master for a cold program boot. 

· There are 40 parallel I/O lines (shared with serial ports). Some I/O lines are timer synchronized, which permits precisely timed edges and pulses to be generated under combined hardware and software control. 

· There are four serial ports. All four serial ports can operate asynchronously in a variety of customary operating modes; two of the ports can also be operated synchronously to interface with serial I/O devices. The baud rates can be very high--1/32 the clock speed for asynchronous operation, and 1/6 the clock speed externally or 1/4 the clock speed internally in synchronous mode. In asynchronous mode, the Rabbit, like the Z180, supports sending flagged bytes to mark the start of a message frame. The flagged bytes have 9 data bits rather than 8 data bits; the extra bit is located after the first 8 bits, where the stop bit is normally located, and marks the start of a message frame. 

· A slave port allows the Rabbit to be used as an intelligent peripheral device slaved to a master processor. The 8-bit slave port has six 8-bit registers, 3 for each direction of communication. Independent strobes and interrupts are used to control the slave port in both directions. Only a Rabbit and a RAM chip are needed to construct a complete slave system if the clock and reset are shared with the master processor 

· The built-in battery-backup time/date clock uses an external 32.768 kHz crystal. The time/date clock can also be used to provide periodic interrupts every 488 µs.
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  Typical battery current consumption is 25 µA with the suggested battery circuit. An alternative circuit provides means for substantially reducing this current. 

· Numerous timers and counters (six all together) can be used to generate interrupts, baud rate clocks, and timing for pulse generation.
· The built-in main clock oscillator uses an external crystal or more usually a ceramic resonator. Typical resonator frequencies are in the range of 1.8 MHz to 29.5 MHz. Since precision timing is available from the separate 32.768 kHz oscillator, a low-cost ceramic resonator with ½ percent error is generally satisfactory. The clock can be doubled or divided by 8 to modify speed and power dynamically. The I/O clock, which clocks the serial ports, is divided separately so as not to affect baud rates and timers when the processor clock is divided or multiplied. For ultra low power operation, the processor clock can be driven from the separate 32.768 kHz oscillator and the main oscillator can be powered down. This allows the processor to operate at approximately 100 µA and still execute instructions at the rate of approximately 10,000 instructions per second. This is a powerful alternative to sleep modes of operation used by other processors. The current is approximately 65 mA at 25 MHz and 5 V. The current is proportional to voltage and clock speed--at 3.3 V and 7.68 MHz the current would be 13 mA, and at 1 MHz the current is reduced to less than 2 mA. Flash memory with automatic power down (from AMD) should be used for operation at the lowest power. 

· The excellent floating-point performance is due to a tightly coded library and powerful processing capability. For example, a 25 MHz clock takes 14 µs for a floating add, 13 µs for a multiply, and 40 µs for a square root. In comparison, a 
                                                          9
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·  386EX processor running with an 8-bit bus at 25 MHz and using Borland C is 10 times slower. 

· There is a built-in watchdog timer. 

· The standard 10-pin programming port eliminates the need for in-circuit emulators. A very simple 10 pin connector can be used to download and debug software using Z-World's Dynamic C and a simple connection to a PC serial port. The incremental cost of the programming port is extremely small. A block diagram of rabbit microprocessor is shown in Fig.1.

1.3.2
ADVANTAGES OF RABBIT microprocessor in NUMERICAL relays

There are serial ports and they can communicate very fast. 

· Precision pulse and edge generation is a standard feature.
· Interrupts can have multiple priorities. 

· Processor speed and power consumption are under program control. 

· The ultra low, the glueless architecture makes it is easy to design the hardware system. Power mode can perform computations and execute logical tests since the processor continues to execute, albeit at 32 kHz.
· The Rabbit may be used to create an intelligent peripheral or a slave processor. For example, protocol stacks can be off loaded to a Rabbit slave. The master can be any processor. 

· The Rabbit can be cold booted so unprogrammed flash memory can be soldered in place. 
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· You can write serious software, be it 1,000 or 50,000 lines of C code. The tools are there and they are low in cost. 

· If you know the Z80 or Z180, you know most of the Rabbit. 

· A simple 10-pin programming interface replaces in-circuit emulators and PROM programmers. 

· The battery backup time/date clock is included. 

· The standard Rabbit chip is made to industrial temperature and voltage specifications.
1.4
CONCLUSION
With the advent of microprocessor and micro controllers, the field of relaying has advanced to a great extent. Digital relays can be designed to deliver better performance (speed, security and consistency) over conventional relays. Complex relay characteristics can be easily programmed. 

Many protective and non-protective functions are being integrated into a single multi function relay using powerful microprocessor and digital signal processor. Communication technologies have advanced over the passed decade and future digital relays will benefit from the application of new communication technologies.
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                                                       CHAPTER-ii                            
PROGRAMMABLE NUMERICAL RELAYS

2.0
GENERAL

The field of numerical relaying started in the mid sixties. Rockefeller [2] undertook a study of power system equipment protection in a substation utilizing a digital computer. The problem associated with the use of digital computers for performing all the protective functions in a substation is clearly recognized. This paper inspired the development and field installation of the worlds’ first high speed relay for transmission line protection in 1971. Even though system was bulky and expensive, it remained in service for eight years with excellent performance.

Since then, a number of universities, relay manufacturers and electric utilities have conducted research in this area, resulting in an understanding of basic principles advantages and limitations of digital relaying. Initial research in the digital relaying area was task for the digital processor as a result great deal of research has been done in this area. Other applications of digital protective relaying that were investigated included transformer protection and generator protection.

Digital relays combine several protective functions in a single unit, offering performance and economic advantages over discrete relays. The following are the areas of technical advancements that are anticipated in the digital relaying area:

(i).
With the availability of powerful microprocessors and digital signal processors, many protective and non-protective functions are being integrated in to a single multi function relay. This trend will continue and more functions, inputs, outputs and communication ports will be added to multifunction relay. These devices will offer an integrated package of digital protection, metering and control of power systems at economical prices.

(ii).
Communication technology has advanced tremendously over past decade and future digital relays will benefit from the application of new communication technologies. High speed local area networks (LANs) entered into substations several year ago and wireless LANs are beginning to enter substation as well.

(iii).
The availability of digital multifunction relays with their inherent flexibility to change there operating characteristics based on various conditions in the power system have made it possible to implement adaptive relaying schemes. These schemes enhance the protection of power systems and improve security. Advances in communication technologies are key factors in bringing adaptive relaying schemes to practice.

Most modern multi function relays include multiple relay setting groups. Different setting groups can be dynamically applied based on the prevailing conditions of the power systems. Therefore, one can optimize the settings for each of the power system conditions.

In generator protection applications, algorithms that are accurate over a wide frequency range can be dynamically switched when the generator is offline to maintain high measurement accuracy for relaying functions.

In transformer protection applications, the differential relay pick-up can be dynamically adjusted based upon the 5th harmonic content of the differential current.

2.1
CLASSIFICATION OF RELAYs

Relays can be divided into six functional categories.

                                                13

(i).   Protective relays:  protective relays detect abnormal conditions in electric circuits by constantly measuring the electrical quantities (voltage, current, phase angle and frequency) which are different under normal and fault conditions, and operate to complete the trip circuit.

(ii).   Monitoring relays: verify conditions on the power systems or in the       protection system. These relays include fault detectors, alarm units, channel monitoring relays, synchronism verification and network phasing.  

(iii).   Re-closing relays:   establish a closing sequence for a circuit breaker following tripping by protective relays.

(iv).   Regulating relays:  are activated when an operating parameter deviates from pre determined limits. Regulating relays function through supplementary equipment to restore the quantity to the prescribed limits.

(v).   Auxiliary relays:  operate in response to the opening or closing of the operating circuit to supplement another relay or device. These include timers, contact multiplier relays; ceiling units, isolating relays, lock out relays, closing relays and trip relays.

(vi).   Synchronizing relays: assure that proper conditions exist for interconnecting two sections of a power system.

2.2   ELECTROMECHANICAL RELAY

It can be classified as:
(i).   Electromagnetic relays: moving plunger, moving iron attracted armature hinged and balanced beam types of relays are various examples. Such relays are actuated by DC or AC quantities
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(ii).   Electromagnetic induction relays: these relays use the principle of induction motors for there oppression. Such relays are actuated by AC quantities only.

2.3   STATIC RELAY

These relays employ various low power components like diodes, transistors, thyristors, thermistors, varistors and capacitors to obtain the operating characteristics.

2.4   numerical RELAY

These relays are used in modern day; the numerical relay is controlled by a single board microcomputer. These relays are future classified as:
a).   Depending upon the application such as:

(i).   Under voltage, under current and under power relays in which operation takes place when voltage, current or power falls below a specified value. 

(ii).   Over voltage, over current and over power relays in which operation takes place when voltage, current or power rises above a specified value. 

(iii).   Directional current relays: operation occurs when the applied current assumes a specific phase displacement with respect to the applied voltage and the relay is compensated for falling voltage.

(iv).   Differential relay: in which operation occur at some specific phase or magnitude difference between two or more electrical quantities.

(v).   Distance relays: in which operation depends upon the ratio of voltage to current.
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b).   Relay may also be classified depending upon their time of operation as:

(i).   Instantaneous relay : in which time of operation takes place after a negligibly small interval of time from the incidence of current and other quantity which causes operation.

(ii).   Definite time lag relays: in which the time of operation is quite independent of the magnitude of the current or other quantity, which causes operation.

(iii).   Inverse time lag relays: in which the time of operation is approximately inversely proportional to the magnitude of current or other quantity causing operation.

(iv).   Inverse definite minimum time lag or I.D.M.T. relays : in which the time of operation is approximately inversely proportional to the smaller values of current or other quantities causing operation and tend to a definite minimum time as the value increases without limits.

2.5 conclusioN

Numerical relays have succeeded in making their importance felt in the field of power system production over the last decade. Due to their versatility and user friendly operation, they are gaining more importance over their conventional counterparts like electromechanical and solid state relays. 

Today numerical relays are being used for various motor protection, generator protection, transformer protection, feeder protection, breaker protection and several other protection applications.

Though numerical relays are still in embryonic stage, they have a scope of wide application with the advancement of communication technology
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FIG. 3.1   BLOCK DIAGRAM OF NUMERICAL RELAY HARDWARE
CHAPTER-III
HARDWARE DESIGN OF NUMERICAL RELAYS

3.0
GENERAL


A numerical relay can be divided into hardware and software components. The software component provides better flexibility and control of the relay. Adaptive relaying also increases the scope of application depending upon the field conditions. Hardware components provide the necessary user interface, which is used to communicate with the real time world.

3.1
hardware of numerical relays

A general block diagram of digital relay hardware is illustrated in Fig. 3.0. A digital relay monitors several analog signals like voltage and current. The primary voltage and current signals of power systems range up to hundreds of kilovolts and kilo amperes. These voltage and current signals are reduced to 120 V or 69 V and 5 A or 1A using potential and current transformers (PTs and CTs) respectively.(( FIG.3.1))

The signals from secondaries of PTs and CTs are connected to analog input subsystems. The analog input subsystem isolates and scales the signals using additional PTs and CTs in the digital relay to make voltage and current signals compatible with the input signal range of the analog to digital converter (ADC). The scaled signals are low pass filtered to minimize aliasing problems. The filter signals are multiplexed and rescaled before sampling and analog to digital conversion. The ADC converts sampled analog signals to digital values and transfers them to micro computer subsystem.
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The digital input subsystem provides the relay with the status of circuit breakers, nearby relays, potential transformer, fuses and keyboard interface. Isolation and protection circuits are also provided at the digital input subsystem. The digital input subsystem is 

responsible for sending trip and alarm output contacts and for controlling the target LEDs and the LCD display for the human machine interface. The relay output contacts provide trip signals to the circuit breakers, front panel trip target, and alarm and annunciation signals operators.

The micro computer is the heart of digital relay and is responsible for processing of the input signal and making protective relaying decisions. The relay software executes a variety of signal processing algorithms and calculates several system parameters. The relay logic software compares these parameters against relay settings to detect the fault and abnormal conditions. Communication ports provide remote communication capabilities to the outside world. The digital relay also requires a power supply to provide various dc voltages required for its internal operations

3.2 hardware design 0f numerical relays

The hardware block diagram of digital relay is shown in Fig.3.2.Hardware configuration of digital relays range from a simple, single processor configuration to a complex multiprocessor system. For any of these relays, general design principle remains same.

Hardware of numerical relays involved design of the following units.
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3.2.1 line Interface
The analog input circuit starts from line interface and provides the basic functions of signal scaling, protection and isolation. Protection and isolation is needed from over voltages, fault current, transients radio frequency interference and other system disturbances.

The voltage input of the relays are scaled down from the nominal 120 V / 69 V to a low level using potential transformers (PTs) inside the relay. The current input to the relay from nominal 5 A or 1 A are stepped down using current transformer (CTs) internal to the relay. The internal CT secondary is connected to a resistive burden that develops a voltage proportional to the input current. Internal PTs and CTs, in addition to providing signal scaling also provide electrical isolation.

3.2.2 Analog Preprocessing
All line interface outputs must be low passed filtered before they are sampled by sample and hold circuit. Since the signals are being sampled, they must be band limited to prevent aliasing of the sampled data. Aliasing is the reflection of high frequency component into the lower frequency band due to sampling of signal below the Nyquist sampling frequency (twice the highest frequency component in the signal).

The protective relaying application dictates the total amount of filtering required. For example distance relay applications require only 60 Hz component of the signal whereas a transformer protection application requires up to fifth harmonic component (300 Hz) in the signal.
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                       FIG. 3.3                  ANTI ALIASING FILTER CIRCUIT
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                     FIG.3.4   ANTI ALIASING FILTER FREQUENCY RESPONSE
If the sampling frequency is  fs then cut-off frequency of these filters should be such that they provide sufficient attenuation to signal frequencies above  fs / 2.

Anti-aliasing filters can be designed with resistors and capacitors or op-amps. Both the above components have been used in the digital relay designs. In most applications, a simple two-pole RC filter would provide acceptable performance. The transfer function of a two-pole RC filter shown in Fig.3.3 is given by:

H (jw)  =  1 / ( 1+ jw ( R1C1 +  R2C2  + R1C2 )  –  w 2 ( R1C1R2C2 ) ) .

Where R1, R2, C1 and C2 are values of resistance and capacitance respectively.

The values of R1, C1, R2 and C2 can be selected to give the desired frequency response.

3.2.3   Sampling of Analog Signals
The analog signals are sampled continuously to measure the instantaneous values of the signals at sampling rates ranging from 240 Hz to 2 kHz for various digital relay designs.

The sampling can be synchronous or asynchronous. In the synchronous sampling mode, and integral number of samples are taken for each cycle of the input signal using some form of phase locked loop to generate synchronized sampling instance. If the input frequency deviates from rated value, the sampling rate is changed proportionally. 

In the case of asynchronous sampling, the sampling frequency remains fixed irrespective of the signal frequency. The sampling instance must be precisely controlled in order to preserve the phase angle of the signal. A programmable hardware timer either external or internal to the micro-processor generates the sampling clock.
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Two sampling schemes are used in relay design i.e. simultaneous sampling and sequential sampling. In the case of simultaneous sampling each input analog signal after low 
pass filtering, is connected to a separate sample and hold (S / H) circuit. This ensures sampling of all the analog signals at the same instant and this scheme requires the separate 

(S / H) circuit on each channel increasing the cost and complexity of circuit.

In sequential sampling, the sampled signals from various channels contain a time skew. If the ADC is sufficiently fast, the samples can be considered simultaneous. If the channels skew is not acceptable, it can be corrected in time domain and in phasor domain, by using simple interpolation formulae and by rotating the phasor by an angle equal to channel skew respectively.

3.2.4 Analog Multiplexer

Analog multiplexer allows the use of a single ADC for converting several analog channels by successively selecting one input at a time for subsequent scaling and analog to digital conversion. A high input impedance stage must follow the multiplexer in order to avoid the errors due to high ON resistance of the multiplexer. Crosstalk between multiplexer channels should be kept to a minimum.

3.2.5 Programmable Gain Amplifier

A programmable gain amplifier (PGA) is used to optimize the gain scaling of analog channel. In over current applications, the current signals are expected to have a very wide dynamic range and it is difficult to maintain sufficient resolution at low current pickup values. By adjusting the gain of current channels the resolution can be improved.
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3.2.6 Analog To Digital Converter (ADC)
After the signal is scaled by PGA, the analog signal is presented to the ADC, which converts it to a digitally coded signal that can be read by the micro-computer. Since the analog signals are bi-polar, an ADC with bi-polar analog input is required. A unipolar ADC can be used by level shifting the analog input signals. There are several types of ADC’s available depending on the type of conversion technique used. The ADC must provide sufficient resolution, speed, and accuracy for the intended relay application. The selection of an ADC for relay application depends on the quantization error and its effect on relay output algorithms.

3.2.7 Microcomputer
The micro-computer is the heart of digital relay and is responsible for processing the data received from the ADC. The processing involves estimation of several signal parameters using digital signal processing ( DSP ) algorithms and execution of relay logic to determine if tripping is required. The micro-computer is also required to serve communication ports, the user interface, updating and scoring targets, storing oscillographic data and self checking functions. For heavy computational burden of DSP algorithm, a dual processor architecture using a DSP processor, dedicated for signal processing tasks and a second general purpose processor for the execution of logic and other overhead tasks have been used.

The micro-computer sub system also includes several types of memory elements: flash memory for storing programs, random access memory for storing temporary data
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 and electrically erasable programmable read only memory to store set point configuration and calibration data.
3.2.8   Digital Input and Output Interface Circuits
The status of circuit breakers, isolators, potential transformer, fuses and other protection and controlled devices are provided to the micro computer through a parallel digital input port.
The output contacts of relay, which are used to send trip, alarm, and control signals are driven by the micro-computer, through its parallel output port.

Serial data communication ports provide remote access to the relay, such as reading fault records, reading and changing set points, reading metering information, etc.

3.3 SIGNAL CONDITIONING

The voltage and currents received by the relay especially during the fault conditions contain harmonics components in addition to fundamental frequency components. It is the fundamental frequency component of input signal that is utilized by the relay to judge the severity of the fault. The harmonics play no role in relay operations and therefore must be eliminated from the input signals. This is done with the help of filter circuits used within the relay. The filter circuit removed unwanted frequency component from the input signal .apart from the filter circuit attenuators are provided to bring down the input signal to the relay from several hundred kilovolts and kilo amperes to the nominal value of relay voltage and current ratings. The attenuators along with the filter circuit constitute the signal conditioning components of the relay.
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3.4 CONCLUSION

The numerical relays apart from having voltage and current transformers to step down voltages and current to their nominal values have four major components. These components are the power card to supply suitable AC / DC voltages for other components of relay for their operation. The filter card is used to filter out unwanted signals and extract the usable in the signal obtained from the field. The microcomputer card which is the heart of the relay to store and continuously run the various programs written in its memory and provide logic signal to the last stage of the relay card, which outputs the signal to the external environment depending upon whether the circuit breaker has to trip or not.
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CHAPTER-iv
DESIGN ALGORITHM FOR numerical RELAYS
4.0 GENERAL 
Digital signal processing and estimation theory is a broad discipline that has applications in a number of areas. Several digital relaying algorithms [1-24] were developed by researchers during past thirty years .Mann and Morrison proposed short window techniques for impedance relay measurements that compute voltage and current phasors from sampled data and estimate impedances from relay location. Hope and Horton applied long window algorithms that are based on Fourier and related algorithms. The short window algorithms are affected by noise and harmonic component of voltage and current signals. These algorithms should be preceded by analog / digital filers to minimize errors due to harmonics. The long window algorithms, if properly designed, can provide very good filtering of harmonics and noise components.

Sachdev and Baribeau [16] applied least-squares curve fitting algorithms which can be designed to reject exponentially decaying dc component in addition to harmonics. Yalla [8] applied Kalman filtering techniques for digital relaying. Most of the algorithms noted above can be classified as algorithms based on the wave model transform. 

The voltage and current signals of power system are essentially periodic. Ideally, these signals are sinusoidal at the power system frequency. Some non linear devices such as transformers and thyristor converters create harmonic distortion in the voltage and current signals seen by protective relays during the power system fault and disturbance conditions  Not only contain harmonic distortion, but also time varying components, such as an exponentially decaying dc offset.
4.1   ALGORITHM FOR DIFFERENT RELAY APPLICATION
Depending upon the relay application, various algorithms are required to calculate a variety of signal parameters.

Some of the important signal parameters that are required in digital relaying include:

1. 
Peak or RMS value of sinusoidal voltage and current signals for over current and over/ undervoltage protection functions.

2.  
Fundamental frequency, voltage and current phasors for impedance, directional over current, reverse power and negative sequence over current protection functions.

3. 
The fundamental frequency of a voltage signal for over / under frequency and volts-per-hertz protection.

4.
The magnitude of harmonics in current waveforms for harmonic restraint in current transformer.

5.         The magnitude of third harmonic voltage in the neutral circuit for generator ground   fault protection.

4.1.0
Peak Value Calculation Algorithm 

The peak value of a sampled periodic signal algorithm, Zk, is given by:  

                                  Zp = Max. of  |Zk-r|N-1 ,                                                  (4.1)
 
Where, r = 0, 1, 2………………..N-1.
 
And, z1, z2, z3……………z (N-1) = 0.
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The value of Zp is the peak value of the unfiltered signal Zk. This means decaying dc offset, harmonics, and noise components are included while calculating Zp. The above approach was used to calculate the peak voltage for the over voltage function in a multi function relay to provide protection against Ferro-resonance.

The accuracy of peak voltage measurements depends upon sampling frequency, magnitude and phase characteristics of the anti aliasing filter. In order to obtain high accuracy, the sampling frequency, fs should be sufficiently high to detect higher order harmonics in the signal.

4.1.1 RMS Value Calculation Algorithm 

The root mean square (RMS) value of a periodic signal z (t) with a period of 2π is defined as:

                 ZRMS  =  [(1/2π)  ∫]                                                                    (4.2)
For a sampled signal, Zk, the RMS value can be calculated as:

       









      (4.3)
Where, z-1, z-2, z-N = 0. The quantity ZRMS, represents the RMS value of the entire signal considering DC, fundamental, and up to nth harmonic, where n= ((N/2)-1).

The equation can be rewritten in a recursive form to reduce the computations as follows:                
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          Fig. 4.1 Flowchart for calculating the RMS value of given voltage wave. 

                    Uk2  =  Uk-1 2 +  Zk 2 -  Z k-N 2                                                     (4.4)                                                   
Where, U12 = 0, and Z-1, Z-2, ……….Z –N  =  0.            
The RMS value is given by:

                             ZRMS k  =  √ ( Uk 2 / N ).                                              (4.5)                                                                                                                  

The flow chart depicting the implementation of RMS value calculation of algorithms for voltage and current signals using C language is shown is shown in Fig.4.1.

4.1.2
Frequency Value Calculation Algorithm 
Frequency can be measured by measuring the time duration between the two successive zero crossings of the system voltage. The performance of these relays is adversely affected by the presence of harmonic distortion and noise which shifts the zero crossing or creates multiple zero crossing. The digital frequency measurement technique is a direct by-product of the phasor estimates obtained using the DFT. It gives an accurate frequency measurement when the positive sequence voltage phasor is used. Also, the use of the positive sequence voltage phasor eliminates any concern about losses of the sampled phase due to a single phase fault.

Let, Va, Vb and Vc be the phasor voltages obtained for the three phases, then the positive sequence voltage phasor can be obtained as :

         V1 =  ⅓ (Va + αVb + α2Vc ) ,                          (4.6)                                                
Where α = 0.5 + j 0.866.
If the input signal frequency is changed slightly from its nominal value (fo) by an amount ∆f, while the sampling frequency remains constant. Assuming the sampling frequency of 16fo, the phase angle of the positive sequence phasor has at the kth instance can be represented as:

   


 θ k =  θ k-16  +  ( ∆f / fo) 2π                                                               (4.7)
and,                        ∆f = (1/2 π) dθ / dt = 1/ 2π (θ k - θ k-16 ) fo                                          (4.8)                                                                              

Hence the rate of change of phase angle of the positive sequence phasor is directly related to ∆f. in the above equations it is assumed that the frequency is computed once every cycle ( 16 samples ).

4.1.3
Real and Reactive Power Calculation Algorithm 

The real and reactive power can be obtained using fundamental frequency phasors. Let, V and I be the complex phasors of voltage and current signals, then the complex frequency is given by:

                            S  =   VI *  =  P  +  j Q.                                                                    (4.9)                                      
Where P and Q are the real and reactive components of complex power S respectively. The total power in a three phase system is the sum of individual power in each phase.                      PT + j QT = Va Ia * + Vb Ib * + Vc Ic*                                       (4.10)                                      
The power factor (PF) is given by:

                                 PF = P / √ (P2 + Q2).                                                                            (4.11)         
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4.1.4
Design Calculation
A numerical example to describe various signal processing algorithms is given here. A voltage waveform of 100 V peak, fundamental component at 45 degree phase angle, 33.33 V third harmonic component at 0 degree phase angle and 20 V fifth harmonic component at 90 degree phase angle. The voltage equation in time domain is given as;

V(t)  =  100 Sin ( ωt  +  45 )  +  33.33 Sin ( 3ωt )  +  20 Sin  (  5ωt + 90 )
If we sample this signal at 16 times the fundamental frequency cycle, the sampled voltage values are as follows:

	 k
	      0
	       1 
	     2  
	      3
	      4
	     5       
	    6 
	     7 

	Vk
	  104.04
	  123.62
	  62.29
	  53.94
	  90.71
	  61.41
	 9.43
	-32.55

	k
	      8
	      9
	    10  
	    11
	    12
	    13       
	   14 
	   15
	    16 

	Vk
	 -104.04
	 -123.62
	 -62.29
	 -53.94
	 -90.71
	 -61.41
	-9.43
	32.55
	104.04


The peak value of the signal is given to be 123.62 V in the above table. The true peak value is approximately 130 V. The error is introduced due to sampling of the signal. If the sampling rate is increased the error will get reduced.

The RMS value can be calculated by dividing the peak value by √ 2. Now assuming all the sampled values prior to k = 0 are zero, the RMS value can be calculated using eqn .1 of RMS value calculation algorithm given in this chapter.
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The RMS value reaches its steady state value in 16 samples and it is equal to 75.875 V. Calculating RMS value from the known values of fundamental, third  and fifth harmonic components gives same results :

RMS Value = [ (100 / √2 )2 + (33.33 / √2 )2 + (20 / √2 )2 ]1/2  = 75.875 V

It can be seen that RMS algorithm require one cycle response time to reach its steady state value. The phase angle also requires one cycle to reach its steady state magnitude value.

4.2      CONCLUSION

Algorithms are important for fast and rapid calculation of data required for various relaying application. These Algorithms provide the basic computation techniques used by the microprocessor. The calculated values of voltage, current, frequency, impedance etc. are compared with the respective electrical quantities set by the operator as per his choice and consequently the relay gives the logic output depending upon whether or not, it has to give the trip signal. 
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                                             CHAPTER-V
RESULTS AND DISCUSSIONS
5.0
GENERAL 
A detailed study of numerical relay based on BL2000 micro controller and Rabbit microprocessor has been made for over current and earth fault operation of numerical relays. The different operating characteristics such as normal inverse, very inverse and extreme inverse, have been programmed using C-language on the Wild Cat single board computer (BL 2000).
The programmed relay characteristics have been implemented through hardware of digital relays for over current and earth fault under normal inverse, very inverse and extreme inverse characteristics and simulated and experimental results are obtained and analyzed.

For different types of plug setting, the time taken by relay to trip for the normal inverse, very inverse and extreme inverse characteristics is given by the standard formulae given below:

Normal inverse time       t = 0.14 / ( plug 0.02 – 1 )                                                 (5.1)                                      
Very inverse time          t = 13.5 / ( plug -1 )                     


        (5.2)
 Extreme inverse time      t =  80 / ( plug2 – 1 )                                                       (5.3)
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Fig. 5.1 Variation of Overcurrent Relay with Plug Settings.
4.1 performance characteristics of numerical overcurrent relay

The program performance characteristics of an Over current Numerical Relay for different pickup settings are obtained and shown in following tables. Throughout the testing 1 p.u ( 100 % ) current is equal to one ampere and Over current High set pickup is equal to 400 %.

TABLE 5.1   Normal inverse characteristics of over current relay for 10% pick-up setting.
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.*Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.2
	    10.63
	     1.063
	     10
	    0.98

	     2.
	     4 
	      0.4
	      5.25
	     0.523
	     5.18
	    0.518

	     3.
	     6
	      0.6
	      4.03
	     0.405
	     3.93
	    0.390

	     4.
	     8
	      0.8
	      3.41
	     0.340
	     3.375
	    0.337

	     5.
	    10
	      1.0
	      3.01
	     0.300
	     3.03
	    0.302


- Theoretical Time.

Table no.5.1 shows the variation of operating time of relay with different values of plug settings for Normal Inverse Characteristics of Over current numerical relay for 10% pick-up settings. The same variation is shown in Fig.5.1, and it is observed from Fig.5.1 that as the plug setting varies from 2 to 10 the operating time varies from 10.63 s to 3.01 s. The actual time curve varies in close coincidence with theoretical time curve. 
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Fig. 5.2 Variation of Overcurrent Relay with Plug Settings.
TABLE 5.2   Normal inverse characteristics of over current relay for 25% pick-up setting.
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.5
	    10.57
	     1.063
	     10
	    0.98

	     2.
	     4 
	      1.0
	      5.25
	     0.523
	     5.18
	    0.518

	     3.
	     6
	      1.5
	      4.03
	     0.405
	     3.93
	    0.390

	     4.
	     8
	      2.0
	      3.40
	     0.340
	     3.375
	    0.337

	     5.
	    10
	      2.5
	      3.02
	     0.300
	     3.03
	    0.302


Table no.5.2 shows the variation of operating time of relay with different values of plug settings for Normal Inverse Characteristics of Over current numerical relay for 25% pick-up settings. The same variation is shown in Fig.5.2, and it is observed from Fig.5.2 that as the plug setting varies from 2 to 10 the operating time varies from 10.57 s to 3.02 s. The actual time curve varies in close coincidence with theoretical time curve. 
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Fig. 5.3 Variation of Overcurrent Relay with Plug Settings.
TABLE 5.3   Normal inverse characteristics of over current relay for 50% pick-up setting.
	 S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      1.0
	    10.05
	     1.060
	     10
	    0.98

	     2.
	     4 
	      2.0
	      5.29
	     0.521
	     5.18
	    0.518

	     3.
	     6
	      3.0
	      4.00
	     0.405
	     3.93
	    0.390

	     4.
	     8
	      4.0
	      3.43
	     0.342
	     3.375
	    0.337

	     5.
	    10
	      5.0
	      3.03
	     0.300
	     3.03
	    0.302


Table  no. 5.3  shows  the  variation of operating time of relay with different values of 

plug settings for Normal Inverse Characteristics of Over current numerical relay for 50%

 pick-up settings. The same variation is shown in Fig.5.3, and it is observed from Fig.5.3 

that as the plug setting varies from 2 to 10 the operating time varies from 10.05 s to 3.0 s.   

The actual time curve varies in close coincidence with theoretical time curve
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Fig. 5.4 Variation of Overcurrent Relay with Plug Settings.
TABLE 5.4   Normal inverse characteristics of over current relay for 100% pick-up setting.
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      2.0
	    10.30
	     1.033
	     10
	    0.98

	     2.
	     4 
	      4.0
	      5.27
	     0.525
	     5.18
	    0.518

	     3.
	     6
	      6.0
	      4.00
	     0.405
	     3.93
	    0.390

	     4.
	     8
	      8.0
	      3.41
	     0.340
	     3.375
	    0.337

	     5.
	    10
	    10.0
	      3.06
	     0.303
	     3.03
	    0.302


Table no.5.4 shows the variation of operating time of relay with different values of plug settings for Normal Inverse Characteristics of Over current numerical relay for 100% pick-up settings. The same variation is shown in Fig.5.4, and it is observed from Fig.5.4 that as the plug setting varies from 2 to 10 the operating time varies from 10.30 s to 3.06 s. The actual time curve varies in close coincidence with theoretical time curve.
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Fig. 5.5 Variation of Overcurrent Relay with Plug Settings.
TABLE 5.5   very inverse characteristics of over current relay for   10% pick-up setting.
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.2
	    13.60
	     1.33
	     13.50
	    1.35

	     2.
	     4 
	      0.4
	      4.89
	     0.487
	       4.50
	    0.45

	     3.
	     6
	      0.6
	      2.94
	     0.292
	       2.70
	    0.27

	     4.
	     8
	      0.8
	      2.03
	     0.200
	       1.93
	    0.193

	     5.
	    10
	      1.0
	      1.63
	     0.165
	       1.50
	    0.150


Table no.5.5 shows the variation of operating time of relay with different values of plug settings for Very Inverse Characteristics of Over current numerical relay for 10% pick-up settings. The same variation is shown in Fig.5.5, and it is observed from Fig.5.5 that as the plug setting varies from 2 to 10 the operating time varies from 13.60 s to 1.63 s. The actual time curve varies in close coincidence with theoretical time curve.
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Fig. 5.6 Variation of Overcurrent Relay with Plug Settings.
TABLE 5.6   very inverse characteristics of over current relay for    25% pick-up setting.
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.5
	    13.60
	     1.35
	     13.50
	    1.35

	     2.
	     4 
	      1.0
	      4.96
	     0.495
	       4.50
	    0.45

	     3.
	     6
	      1.5
	      2.92
	     0.292
	       2.70
	    0.27

	     4.
	     8
	      2.0
	      2.06
	     0.205
	       1.93
	    0.193

	     5.
	    10
	      2.5
	      1.62
	     0.162
	       1.50
	    0.150


Table no.5.6 shows the variation of operating time of relay with different values of plug settings for Very Inverse Characteristics of Over current numerical relay for 25% pick-up settings. The same variation is shown in Fig.5.6, and it is observed from Fig.5.6 that as the plug setting varies from 2 to 10 the operating time varies from 13.60 s to 1.62 s. The actual time curve varies in close coincidence with theoretical time curve.
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Fig. 5.7 Variation of Overcurrent Relay with Plug Settings.
TABLE 5.7   very inverse characteristics of over current relay for    50% pick-up setting 

	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      1.0
	    13.70
	     1.380
	     13.50
	    1.35

	     2.
	     4 
	      2.0
	      4.91
	     0.491
	       4.50
	    0.45

	     3.
	     6
	      3.0
	      2.93
	     0.293
	       2.70
	    0.27

	     4.
	     8
	      4.0
	      2.09
	     0.209
	       1.93
	    0.193

	     5.
	    10
	      5.0
	      1.62
	     0.162
	       1.50
	    0.150


Table no.5.7 shows the variation of operating time of relay with different values of plug settings for Very Inverse Characteristics of Overcurrent numerical relay for 50% pick-up settings. The same variation is shown in Fig.5.7, and it is observed from Fig.5.7, that as the plug setting varies from 2 to 10, the operating time varies from 13.70 s to 1.62 s. The actual time curve varies in close coincidence with theoretical time curve.
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Fig. 5.8 Variation of Overcurrent Relay with Plug Settings
TABLE 5.8   very inverse characteristics of over current relay FOR 100% pick-up setting

	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      2.0
	    13.74
	     1.377
	     13.50
	    1.35

	     2.
	     4 
	      4.0
	      4.89
	     0.490
	       4.50
	    0.45

	     3.
	     6
	      6.0
	      2.95
	     0.293
	       2.70
	    0.27

	     4.
	     8
	      8.0
	      2.10
	     0.209
	       1.93
	    0.193

	     5.
	    10
	     10.0
	      1.60
	     0.162
	       1.50
	    0.150


Table no.5.8 shows the variation of operating time of relay with different values 
of plug settings for Very Inverse Characteristics of Overcurrent numerical relay for 100% 
pick-up settings. The same variation is shown in Fig.5.8, and it is observed from Fig.5.8, that 

as the plug setting varies from 2 to 10, the operating time varies from 13.74 s to 1.60 s. 

The actual time curve varies in close coincidence with theoretical time curve
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Fig. 5.9 Variation of Overcurrent Relay with Plug Settings
TABLE 5.9   extreme inverse characteristics of over current relay for 10% pick-up setting.

	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time *(TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.2
	    26.98
	     2.70
	     26.67
	    2.667

	     2.
	     4 
	      0.4
	      5.72
	     0.575
	       5.33
	    0.533

	     3.
	     6
	      0.6
	      2.31
	     0.230
	       2.286
	    0.228

	     4.
	     8
	      0.8
	      1.35
	     0.133
	       1.27
	    0.127

	     5.
	    10
	      1.0
	      0.85
	     0.082
	       0.808
	    0.080


Table no.5.9 shows the variation of operating time of relay with different values 
of plug settings for Extreme Inverse Characteristics of Overcurrent numerical relay for 10% 
pick-up  settings. The same variation is shown in Fig.5.9, and it is observed from Fig.5.9, that 
as the   plug setting varies from 2 to 10, the operating time varies from 26.98 s to 0.85 s. The 
actual time curve varies in close coincidence with theoretical time curve
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Fig. 5.10 Variation of Overcurrent Relay with Plug Settings
TABLE 5.10   extreme inverse characteristics of over current relay for 25% pick-up setting.

	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time *(TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.5
	    26.92
	     2.70
	     26.67
	    2.667

	     2.
	     4 
	      1.0
	      5.80
	     0.579
	       5.33
	    0.533

	     3.
	     6
	      1.5
	      2.34
	     0.233
	       2.286
	    0.228

	     4.
	     8
	      2.0
	      1.39
	     0.136
	       1.27
	    0.127

	     5.
	    10
	      2.5
	      0.90
	     0.089
	       0.808
	    0.080


                Table No.5.10 shows the variation of operating time of relay with different values 
of plug   settings for Extreme Inverse Characteristics of Overcurrent numerical relay for 25% 
pick-up settings. The same variation is shown in Fig.5.10, and it is observed from Fig.5.10, 

that as the plug setting varies from 2 to 10, the operating time varies from 26.92 s to 0.90

 s. The actual time curve varies in close coincidence with theoretical time curve.
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Fig. 5.11 Variation of Overcurrent Relay with Plug Settings
TABLE 5.11   extreme inverse characteristics of over current relay for 50% pick-up setting.

	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time *(TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      1.0
	    27.02
	     2.70
	     26.67
	    2.667

	     2.
	     4 
	      2.0
	      6.00
	     0.592
	       5.33
	    0.533

	     3.
	     6
	      3.0
	      2.37
	     0.235
	       2.286
	    0.228

	     4.
	     8
	      4.0
	      1.42
	     0.139
	       1.27
	    0.127

	     5.
	    10
	      5.0
	      0.93
	     0.089
	       0.808
	    0.080


     Table no.5.11 shows the variation of operating time of relay with different 
values of plug  settings for Extreme Inverse Characteristics of Overcurrent numerical relay 
for 50% pick-up settings. The same variation is shown in Fig.5.11, and it is observed from 
Fig.5.11, that as the plug setting varies from 2 to 10, the operating time varies from 27.02 s to 
0.93 s. The actual time curve varies in close coincidence with theoretical time curve





43
[image: image16.emf]0

5

10

15

20

25

30

1 2 3 4 5 6 7 8 9 10

PLUG SETTINGS

TIME (seconds)

ACTUAL TIME THEORETICAL TIME


Fig. 5.12 Variation of Overcurrent Relay with Plug Settings
TABLE 5.12   extreme inverse characteristics of over current relay for 100% pick-up setting.

	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time *(TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      2.0
	    26.96
	     2.68
	     26.67
	    2.667

	     2.
	     4 
	      4.0
	      5.69
	     0.571
	       5.33
	    0.533

	     3.
	     6
	      6.0
	      2.30
	     0.235
	       2.286
	    0.228

	     4.
	     8
	      8.0
	      1.40
	     0.139
	       1.27
	    0.127

	     5.
	    10
	     10.0
	      0.914
	     0.090
	       0.808
	    0.080


                 Table no.5.12 shows the variation of operating time of relay with different values 
of plug-settings for Extreme Inverse Characteristics of Overcurrent numerical relay for 100% 
pick-up settings. The same variation is shown in Fig.5.12, and it is observed from Fig.5.12, 
that as the plug setting varies from 2 to 10, the operating time varies from 26.96
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Fig. 5.13 Variation of Earth Fault Relay with Plug Setting

4.2 performance characteristics of numerical EARTHFAULT relay

The program performance characteristics of a Earth fault Numerical Relay for different pickup settings are obtained and shown in following tables. Throughout the testing 

1 p.u ( 100 % ) current is equal to one ampere and Earth fault  High set pickup is equal to 1000 %.

TABLE 5.13   normal inverse characteristics of  earth fault relay for 10% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time *(TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.2
	    10.67
	     1.063
	     10
	    0.98

	     2.
	     4 
	      0.4
	      5.24
	     0.523
	     5.18
	    0.518

	     3.
	     6
	      0.6
	      4.02
	     0.405
	     3.93
	    0.390

	     4.
	     8
	      0.8
	      3.42
	     0.340
	     3.375
	    0.337

	     5.
	    10
	      1.0
	      3.06
	     0.300
	     3.03
	    0.302


Table no.5.13 shows the variation of operating time of relay with different values of plug settings for Normal Inverse Characteristics of earth fault numerical relay for 10% pick-up settings. The same variation is shown in Fig 5.13, and it is observed from Fig 5.13,  that as the plug setting varies from 2 to 10, the operating time varies from 10.67 s to 3.06 s. The actual time curve varies in close coincidence with theoretical time curve.
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Fig. 5.14 Variation of Earth Fault Relay with Plug Settings
TABLE 5.14   Normal inverse characteristics of  earth fault relay for 25% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.5
	    10.62
	     1.065
	     10
	    0.98

	     2.
	     4 
	      1.0
	      5.26
	     0.525
	     5.18
	    0.518

	     3.
	     6
	      1.5
	      4.03
	     0.402
	     3.93
	    0.390

	     4.
	     8
	      2.0
	      3.41
	     0.339
	     3.375
	    0.337

	     5.
	    10
	      2.5
	      3.10
	     0.308
	     3.03
	    0.302


Table no.5.14 shows the variation of operating time of relay with different values of plug 

settings for Normal Inverse Characteristics of earth fault numerical relay for 25% pick-up

 settings. The same variation is shown in Fig.5.14, and it is observed from Fig.5.14, that as 

the plug setting varies from 2 to 10, the operating time varies from 10.62 s to 3.10 s. The

 actual time curve varies in close coincidence with theoretical time curve.
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Fig. 5.15 Variation of Earth Fault Relay with Plug Settings
TABLE 5.15   Normal inverse characteristics OF EARTH fault relay for 50% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      1.0
	    10.71
	     1.07
	     10
	    0.98

	     2.
	     4 
	      2.0
	      5.25
	     0.524
	     5.18
	    0.518

	     3.
	     6
	      3.0
	      4.03
	     0.402
	     3.93
	    0.390

	     4.
	     8
	      4.0
	      3.40
	     0.341
	     3.375
	    0.337

	     5.
	    10
	      5.0
	      3.11
	     0.314
	     3.03
	    0.302


Table no.5.15 shows the variation of operating time of relay with different values of plug settings for Normal Inverse Characteristics of earth fault numerical relay for 50% pick-up settings. The same variation is shown in Fig.5.15, and it is observed from Fig.5.15, that as the plug setting varies from 2 to 10, the operating time varies from 10.71 s to 3.11 s. The actual time curve varies in close coincidence with theoretical time curve
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Fig. 5.16 Variation of Earth Fault Relay with Plug Settings
TABLE 5.16   normal inverse characteristics of  earth fault relay for 100% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      2.0
	    10.70
	     1.069
	     10
	    0.98

	     2.
	     4 
	      4.0
	      5.26
	     0.527
	     5.18
	    0.518

	     3.
	     6
	      6.0
	      4.03
	     0.405
	     3.93
	    0.390

	     4.
	     8
	      8.0
	      3.41
	     0.340
	     3.375
	    0.337

	     5.
	    10
	    10.0
	      3.05
	     0.304
	     3.03
	    0.302


Table no.5.16 shows the variation of operating time of relay with different values of plug settings for Normal Inverse Characteristics of earth fault numerical relay for 100% pick-up settings. The same variation is shown in Fig.5.16, and it is observed from Fig.5.16, that as the plug setting varies from 2 to 10, the operating time varies from 10.70 s to 3.05 s. The actual time curve varies in close coincidence with theoretical time curve
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              Fig. 5.17 Variation of Earth Fault Relay with Plug Settings
TABLE 5.17   very inverse characteristics of  earth fault relay for 10% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time *(TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.2
	    13.65
	     1.35
	     13.50
	    1.35

	     2.
	     4 
	      0.4
	      4.87
	     0.487
	       4.50
	    0.45

	     3.
	     6
	      0.6
	      2.89
	     0.292
	       2.70
	    0.27

	     4.
	     8
	      0.8
	      2.03
	     0.200
	       1.93
	    0.193

	     5.
	    10
	      1.0
	      1.62
	     0.165
	       1.50
	    0.150


Table no.5.17 shows the variation of operating time of relay with different values of plug settings for Very Inverse Characteristics of earth fault numerical relay for 10% pick-up settings. The same variation is shown in Fig.5.17, and it is observed from Fig.5.17 that as the plug setting varies from 2 to 10, the operating time varies from 13.65 s to 1.62 s. The actual time curve varies in close coincidence with theoretical time curve
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                    Fig. 5.18 Variation of Earth Fault Relay with Plug Settings
TABLE 5.18   very inverse characteristics of  earth fault relay for 25% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.5
	    13.68
	     1.36
	     13.50
	    1.35

	     2.
	     4 
	      1.0
	      4.92
	     0.495
	       4.50
	    0.45

	     3.
	     6
	      1.5
	      2.93
	     0.292
	       2.70
	    0.27

	     4.
	     8
	      2.0
	      2.06
	     0.205
	       1.93
	    0.193

	     5.
	    10
	      2.5
	      1.64
	     0.162
	       1.50
	    0.150


Table no.5.18 shows the variation of operating time of relay with different values of plug settings for Very Inverse Characteristics of earth fault numerical relay for 25% pick-up settings. The same variation is shown in Fig.5.18, and it is observed from Fig.5.18, that as the plug setting varies from 2 to 10, the operating time varies from 13.68 s to 1.64 s. The actual time curve varies in close coincidence with theoretical time curve
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Fig. 5.19 Variation of Earth Fault Relay with Plug Settings
TABLE 5.19   very inverse characteristics of  earth fault relay for 50% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      1.0
	    13.68
	     1.371
	     13.50
	    1.35

	     2.
	     4 
	      2.0
	      4.91
	     0.492
	       4.50
	    0.45

	     3.
	     6
	      3.0
	      2.93
	     0.292
	       2.70
	    0.27

	     4.
	     8
	      4.0
	      2.07
	     0.209
	       1.93
	    0.193

	     5.
	    10
	      5.0
	      1.60
	     0.162
	       1.50
	    0.150


Table no.5.19 shows the variation of operating time of relay with different values of plug 

settings for Very Inverse Characteristics of earth fault numerical relay for 50% pick-up 

settings. The same variation is shown in Fig.5.19, and it is observed from Fig.5.19, that as the 

plug setting varies from 2 to 10, the operating time varies from
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Fig. 5.20 Variation of Earth Fault Relay with Plug Settings
TABLE 5.20   very inverse characteristics of  earth fault relay for 100% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time (TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      2.0
	    13.65
	     1.364
	     13.50
	    1.35

	     2.
	     4 
	      4.0
	      4.95
	     0.494
	       4.50
	    0.45

	     3.
	     6
	      6.0
	      2.92
	     0.294
	       2.70
	    0.27

	     4.
	     8
	      8.0
	      2.08
	     0.209
	       1.93
	    0.193

	     5.
	    10
	     10.0
	      1.62
	     0.162
	       1.50
	    0.150


Table no.5.20 shows the variation of operating time of relay with different values of plug 

settings for Very Inverse Characteristics of earth fault numerical relay for 100% pick-up 

settings. The same variation is shown in Fig.5.20, and it is observed from Fig.5.20, that as the

plug setting varies from 2 to 10, the operating time varies from 13.65 s to 1.62 s. The actual

 time curve varies in close coincidence with theoretical time curve
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Fig. 5.21 Variation of Earth Fault Relay with Plug Settings
TABLE 5.21   extreme  inverse characteristics of  earth fault relay for 10% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time *(TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.2
	    26.93
	     2.70
	     26.67
	    2.667

	     2.
	     4 
	      0.4
	      5.73
	     0.575
	       5.33
	    0.533

	     3.
	     6
	      0.6
	      2.52
	     0.245
	       2.286
	    0.228

	     4.
	     8
	      0.8
	      1.47
	     0.144
	       1.27
	    0.127

	     5.
	    10
	      1.0
	      0.923
	     0.091
	       0.808
	    0.080


Table no.5.21 shows the variation of operating time of relay with different values of plug settings for Extreme Inverse Characteristics of earth fault numerical relay for 10% pick-up settings. The same variation is shown in Fig.5.21, and it is observed from Fig.5.21, that as the plug setting varies from 2 to 10, the operating time varies from 26.93 s to 0.923 s. The actual time curve varies in close coincidence with theoretical time curve.
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Fig. 5.22 Variation of Earth Fault Relay with Plug Settings
TABLE 5.22   extreme  inverse characteristics of  earth fault relay for 25% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time *(TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      0.5
	    26.88
	     2.71
	     26.67
	    2.667

	     2.
	     4 
	      1.0
	      5.87
	     0.586
	       5.33
	    0.533

	     3.
	     6
	      1.5
	      2.59
	     0.237
	       2.286
	    0.228

	     4.
	     8
	      2.0
	      1.44
	     0.142
	       1.27
	    0.127

	     5.
	    10
	      2.5
	      0.914
	     0.092
	       0.808
	    0.080


Table no.5.22 shows the variation of operating time of relay with different values of plug 

settings for Extreme Inverse Characteristics of earth fault numerical relay for 25% pick-up 

settings. The same variation is shown in Fig.5.22, and it is observed from Fig.5.22, that as the 

plug setting varies from 2 to 10, the operating time varies from 26.88 s to 0.914 s. The actual 

time curve varies in close coincidence with theoretical time curve
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Fig. 5.23 Variation of Earth Fault Relay with Plug Settings
TABLE 5.23   extreme  inverse characteristics of  earth fault relay for 50% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time *(TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      1.0
	    26.92
	     2.70
	     26.67
	    2.667

	     2.
	     4 
	      2.0
	      5.83
	     0.592
	       5.33
	    0.533

	     3.
	     6
	      3.0
	      2.61
	     0.259
	       2.286
	    0.228

	     4.
	     8
	      4.0
	      1.47
	     0.142
	       1.27
	    0.127

	     5.
	    10
	      5.0
	      0.918
	     0.092
	       0.808
	    0.080


Table no.5.23 shows the variation of operating time of relay with different values of plug settings for Extreme Inverse Characteristics of earth fault numerical relay for 50% pick-up settings. The same variation is shown in Fig.5.23, and it is observed from Fig.5.23, that as the plug setting varies from 2 to 10, the operating time varies from 26.92 s to 0.918 s. The actual time curve varies in close coincidence with theoretical time curve.
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Fig. 5.24 Variation of Earth Fault Relay with Plug Settings
TABLE 5.24   extreme  inverse characteristics of  earth fault relay for 100% pick-up setting
	  S.No.
	  Plug
	Current(A)
	ActualTime  (TMS = 1)
	ActualTime (TMS=0.1)
	Th.Time *(TMS=1)
	Th.Time (TMS=0.1)

	     1.
	     2
	      2.0
	    26.90
	     2.68
	     26.67
	    2.667

	     2.
	     4 
	      4.0
	      5.88
	     0.571
	       5.33
	    0.533

	     3.
	     6
	      6.0
	      2.55
	     0.235
	       2.286
	    0.228

	     4.
	     8
	      8.0
	      1.41
	     0.139
	       1.27
	    0.127

	     5.
	    10
	     10.0
	      0.904
	     0.090
	       0.808
	    0.080


Table no.5.24 shows the variation of operating time of relay with different values of plug settings for Extreme Inverse Characteristics of earth fault numerical relay for 100% pick-up settings. The same variation is shown in Fig.5.24, and it is observed from Fig.5.24, that as the plug setting varies from 2 to 10, the operating time varies from 26.90 s to 0.904 s. The actual time curve varies in close coincidence with theoretical time curve.
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5.3
CONCLUSION

 The programming and detailed testing of numerical relay was carried out for Over current and earth fault conditions. The test input data to the relay was provided with the help of three phase relay test kit. It consists of four units to provide various voltage and current to the relay. The display unit displays the value of operating current and the time taken for the relay to trip. The relay testing kit is connected to the relay unit.

Using keyboard interface the relay is set to operate at various settings of relay characteristics. For different values of plug the time taken by the relay to trip is noted. Results obtained are given in the tabulated form and the actual time of operation and theoretical time of operation are given in the tables, which can be used as a reference for design data for application of numerical relays.The relay was found to follow the performance characteristics satisfactorily.
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                                                     CHAPTER-VI
CONCLUSION AND FUTURE SCOPE OF WORK
6.0
MAIN CONCLUSION 
The working of a digital over current and Earthfault relay has been presented in the present work. The prototype’s normal inverse time characteristics were similar to that of theoretical characteristics of conventional relays. The algorithms for RMS calculation, FOURIER NOTCH, impedance, digital filter which are required for extracting the fundamental wave from the distorted wave and for peak value calculation, were developed and implemented, using C language on single board computer.

With the advent of microprocessor and micro controllers, the field of relaying has advanced to a great extent. Digital relays can be designed to deliver better performance such as speed, security and consistency over conventional relays. Complex relay characteristics can be easily programmed and implemented for variety of application.

Many protective and non-protective functions are being integrated into a single multi function relay using powerful microprocessor and digital signal processor.

6.1
FUTURE SCOPE 
The following areas of technical advancements are anticipated in digital relaying area 

1). Multifunction protection 

With the integration of many protective and non protective functions into a single multifunction relays, these devices will offer an integrated package of digital protection, metering and control of power systems at economic prices.

                                                58

2). Advanced communication  

Due to tremendous advancement of communication technology over the past decade the future digital relays will benefit from the application of new communication technologies. High speed LAN’s entered into substations several years ago. New applications, which utilize peer to peer communication capability, are emerging.

3). Adaptive relaying 

The digital relays with there inherent flexibility to change there operating characteristics based on various conditions in the power system have made it possible to implement adaptive relaying schemes. These schemes enhance the protection of power systems and improve security. Advances in communication technologies are the key factors in bringing adaptive relaying schemes to practice. 
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APPENDIX  I

/* PROGRAM FOR CALCULATING THE RMS VALUE OF A WAVE */
# include<stdio.h>

# include<math.h>

# include<conio.h>

# include<iostream.h>

main ()

{

clrscr ();

int a,i;

float b,d, sum=0;

for ( i=1, i<=8,i++);

{

printf (“\n enter the value of a “);

scanf (“ %d”,&a);

b=(a*a)/8;

sum =sum + b;

}

d = sqrt(sum);

printf (“ \n in the rms value is %f “,d);

getchar();

return (d)

}                                                               60

                  /* PROGRAM FOR CALCULATING THE RMS IMPEDANCE  */
# include<stdio.h>

# include<math.h>

# include<conio.h>

# include<iostream.h>

main ()

{

clrscr();

int i,Q,V,I;

float a,b,c,d,e,f,g,sum1=0,sum=0,P;

printf(“ \n enter the value of V”);

scanf(“%d”,&I);

for(i=1,i<=9,i++)

{

printf(“\n enter the value of Q”);

scanf(“%d”,&Q);

P = (22.00/(7.00*180.00)*Q);

a = V*sin(P);

b= I*sin(P);

c= (a*a)/9;

d=(b*b)/9;

sum1=sum1+c;
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sum = sum+d;

}

e=sqrt(sum1);

f=sqrt(sum);

printf(“\ n rms value of voltage is % f”,e);

printf(“\n rms value of current is % f”,f);

g=e/f;

printf(rms value of impedance is % f”,g);

getchar();

return(g);

}
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/* PROGRAM FOR CALCULATING IMPRS DIGITAL FILTER  */
# include<stdio.h>

# include<math.h>

# include<conio.h>

# include<iostream.h>

main ()

{

clrscr();

int i,x,a;

float y,b,c,w,S1,S2,S3,S4,S5,S6,S7,y1,d;

printf(“\n enter the value of i”);

scanf(“%d”,&i);

printf(“\n enter the value of a”);

scanf(“%d”,&a);

 printf(“\n enter the value of x”);

scanf(“%d”,&x);

y=(22.00/(7*180.00) *x);

 y1=(22.00/(7*180.00) *a);

w=y+y1;

S1= i*sin(w);

S2= i*sin(w+(90*0.01745));

S3= i*sin(w+(180*0.01745));
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S4= i*sin(w+(270*0.01745));

S5= i*sin(w);

S6=S1-S2-S3+S4;

S7=S2-S3-S4+S5;

b=(S6*S6)+(S7*S7);

c=sqrt(b)/2;

d=c/sqrt(2);

printf(“\n the peak value is %.2f”,d);

getchar();

return (d);

}
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/* PROGRAM FOR EXTRACTING THE FUNDAMENTAL WAVE FORM FROM 
A  DISTORTED WAVE  */

# include<stdio.h>

# include<math.h>

# include<conio.h>

# include<iostream.h>

main ()

{

clrscr();

int i,x;

float sum1=0,sum2=0,sum3=0,sum4=0,sum5=0,sum6=0;

float a,b,c,d,e,f,g,h,j,A,B,C,D,y,v1,v2,v3;

printf(“\n enter the value of v1”);

scanf(“%f”,&v1);

printf(“\n enter the value of v2”);

scanf(“%f”,&v2);

printf(“\n enter the value of v3”);

scanf(“%f”,&v3);

for(i=1,i<=8,i++)

{

printf(“\n enter the value of x”);

scanf(“%d”,&x);
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P = (22.00/(7.00*180.00)*x);

a = v1*sin(y);

b= a*sin(y);

sum1=sum1+b;

printf(“\n  the value of  sum1 is%f”,sum1);

c = v2*sin(y);

d = c*sin(2*y);

sum2=sum2+d;

printf(“\n  the value of  sum2 is%f”,sum2);

e = v3*sin(y);

f = e*sin(3*y);

sum3=sum3 + f;

printf(“\n  the value of  sum3 is%f”,sum3);

A=sum 1 + sum 2 + sum 3

printf(“\n  the value of A is%f”,A);

g = a*cos(y);

sum 4 = sum 4 + g;

printf(“\n  the value of  sum4 is%f”,sum4);

h = c*cos(2*y);

sum 5 = sum 5 + h;

printf(“\n  the value of  sum5 is%f”,sum5);

j = e*cos(3*y);

sum 6 = sum 6 + j;
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printf(“\n  the value of  sum6 is%f”,sum6);

B = sum 4 + sum 5 + sum 6;

printf(“\n  the value of B is%f”,B);

}

C = (A*A) + (B*B);

D = (2*sqrt(C))/8;

printf(“\n  the value of D is%.2f”,D);

getchar();

return (D);

}
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APPENDIX  II

rabbit microprocessors instructions
Spreadsheet Conventions

ALTD ("A" Column) Symbol Key
	PRIVATE
 

Flag 
	Description 

	f

	ALTD selects alternate flags


	fr

	ALTD selects alternate flags and register


	r

	ALTD selects alternate register


	s

	ALTD operation is a special case



IOI and IOE ("I" Column) Symbol Key
	PRIVATE
 

Flag 
	Description 

	b

	IOI and IOE affect source and destination


	d

	IOI and IOE affect destination


	s

	IOI and IOE affect source
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Flag Register Key
	PRIVATE
 

S 
	Z 
	L/V 
	C 
	Description 

	*

	

	

	

	Sign flag affected


	-

	

	

	

	Sign flag not affected


	

	*

	

	

	Zero flag affected


	

	-

	

	

	Zero flag not affected


	

	

	L

	

	LV flag contains logical check result


	

	

	V

	

	LV flag contains arithmetic overflow result


	

	

	0

	

	LV flag is cleared


	

	

	*

	

	LV flag is affected


	

	

	

	*

	Carry flag is affected


	

	

	

	-

	Carry flag is not affected


	

	

	

	0

	Carry flag is cleared


	

	

	

	1

	Carry flag is set



	PRIVATE
1 The L/V (logical/overflow) flag serves a dual purpose--L/V is set to 1 for logical operations if any of the four most significant bits of the result are 1, and L/V is reset to 0 if all four of the most significant bits of the result are 0.
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Symbols

	PRIVATE
Rabbit 
	Z180 
	Meaning 

	b 

	b

	Bit select:
000 = bit 0, 001 = bit 1,
010 = bit 2, 011 = bit 3, 
100 = bit 4, 101 = bit 5, 
110 = bit 6, 111 = bit 7


	cc 

	cc

	Condition code select: 
00 = NZ, 01 = Z, 
10 = NC, 11 = C


	d 

	d

	7-bit (signed) displacement. Expressed in two's complement.


	dd 

	ww

	Word register select destination: 00 = BC, 01 = DE, 10 = HL, 11 = SP


	dd'

	

	Word register select alternate: 00 = BC', 01 = DE', 10 = HL'


	e 

	j

	8-bit (signed) displacement added to PC.


	f 

	f

	Condition code select:
000 = NZ (non zero), 001 = Z (zero), 
010 = NC (non carry), 011 = C (carry), 
100 = LZ1 (logical zero), 101 = LO2 (logical one), 
110 = P (sign plus), 111 = M (sign minus)


	m 

	m

	MSB of a 16-bit constant.


	mn 

	mn

	16-bit constant.


	n 

	n

	8-bit constant or LSB of a 16-bit constant.


	r, g 

	g, g'

	Byte register select: 
000 = B, 001 = C, 
010 = D, 011 = E, 
100 = H, 101 = L, 
111 = A




	ss

	ww

	Word register select (source): 00 = BC, 01 = DE, 10 = HL, 11 = SP


	
	
	

	v 

	v

	Restart address select: 
010 = 0020h, 011 = 0030h, 
100 = 0040h, 101 = 0050h, 
111 = 0070h


	
	
	

	xx 

	xx

	Word register select: 00 = BC, 01 = DE, 10 = IX, 11 = SP


	yy 

	yy

	Word register select: 00 = BC, 01 = DE, 10 = IY, 11 = SP


	zz 

	zz

	Word register select: 00 = BC, 01 = DE, 10 = HL, 11 = AF



	PRIVATE
 Logical zero if all four of the most significant bits of the result are 0.

 Logical one if any of the four most significant bits of the result are 1.




 Load Immediate Data 

Instruction   clk   A  I S Z V C  Operation
LD IX,mn      8          - - - -  IX = mn
LD IY,mn      8          - - - -  IY = mn
LD dd,mn      6     r    - - - -  dd = mn
LD r,n        4     r    - - - -  r = n

 Load & Store to Immediate Address 

Instruction   clk   A  I S Z V C  Operation
LD (mn),A     10       d - - - -  (mn) = A
LD A,(mn)     9     r  s - - - -  A = (mn)
LD (mn),HL    13       d - - - -  (mn) = L; (mn+1) = H
LD (mn),IX    15       d - - - -  (mn) = IXL; (mn+1) = IXH
LD (mn),IY    15       d - - - -  (mn) = IYL; (mn+1) = IYH
LD (mn),ss    15       d - - - -  (mn) = ssl; (mn+1) = ssh
LD HL,(mn)    11    r  s - - - -  L = (mn); H = (mn+1)
LD IX,(mn)    13       s - - - -  IXL = (mn); IXH = (mn+1)
LD IY,(mn)    13       s - - - -  IYL = (mn); IYH = (mn+1)
LD dd,(mn)    13    r  s - - - -  ddl = (mn); ddh = (mn+1)

 8-bit Indexed Load and Store 
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Instruction   clk   A  I S Z V C  Operation
LD A,(BC)     6     r  s - - - -  A = (BC)
LD A,(DE)     6     r  s - - - -  A = (DE)
LD (BC),A     7        d - - - -  (BC) = A
LD (DE),A     7        d - - - -  (DE) = A
LD (HL),n     7        d - - - -  (HL) = n
LD (HL),r     6        d - - - -  (HL) = r = B, C, D, E, H, L, A
LD r,(HL)     5     r  s - - - -  r = (HL)
LD (IX+d),n   11       d - - - -  (IX+d) = n
LD (IX+d),r   10       d - - - -  (IX+d) = r
LD r,(IX+d)   9     r  s - - - -  r = (IX+d)
LD (IY+d),n   11       d - - - -  (IY+d) = n
LD (IY+d),r   10       d - - - -  (Iy+d) = r
LD r,(IY+d)   9     r  s - - - -  r = (IY+d)

 16-bit Indexed Loads and Stores 

Instruction   clk   A  I S Z V C  Operation
LD (HL+d),HL  13       d - - - -  (HL+d) = L; (HL+d+1) = H
LD HL,(HL+d)  11    r  s - - - -  L = (HL+d); H = (HL+d+1)
LD (SP+n),HL  11         - - - -  (SP+n) = L; (SP+n+1) = H
LD (SP+n),IX  13         - - - -  (SP+n) = IXL; (SP+n+1) = IXH
LD (SP+n),IY  13         - - - -  (SP+n) = IYL; (SP+n+1) = IYH
LD HL,(SP+n)  9     r    - - - -  L = (SP+n); H = (SP+n+1)
LD IX,(SP+n)  11         - - - -  IXL = (SP+n); IXH = (SP+n+1)
LD IY,(SP+n)  11         - - - -  IYL = (SP+n); IYH = (SP+n+1)
LD (IX+d),HL  11       d - - - -  (IX+d) = L; (IX+d+1) = H
LD HL,(IX+d)  9     r  s - - - -  L = (IX+d); H = (IX+d+1)
LD (IY+d),HL  13       d - - - -  (IY+d) = L; (IY+d+1) = H
LD HL,(IY+d)  11   r  s - - - -  L = (IY+d); H = (IY+d+1)

 16-bit Load and Store 20-bit Address 

Instruction   clk   A  I S Z V C  Operation
LDP (HL),HL   12         - - - -  (HL) = L; (HL+1) = H. 
                                  (Adr[19:16] = A[3:0])
LDP (IX),HL   12         - - - -  (IX) = L; (IX+1) = H. 
                                  (Adr[19:16] = A[3:0])
LDP (IY),HL   12         - - - -  (IY) = L; (IY+1) = H. 
                                  (Adr[19:16] = A[3:0])
LDP HL,(HL)   10         - - - -  L = (HL); H = (HL+1). 
                                  (Adr[19:16] = A[3:0])
LDP HL,(IX)   10         - - - -  L = (IX); H = (IX+1). 
                                  (Adr[19:16] = A[3:0])
LDP HL,(IY)   10         - - - -  L = (IY); H = (IY+1). 
                                  (Adr[19:16] = A[3:0])
LDP (mn),HL   15         - - - -  (mn) = L; (mn+1) = H. 
                                  (Adr[19:16] = A[3:0])
LDP (mn),IX   15         - - - -  (mn) = IXL; (mn+1) = IXH.
                                  (Adr[19:16] = A[3:0])
LDP (mn),IY   15         - - - -  (mn) = IYL; (mn+1) = IYH.
                                  (Adr[19:16] = A[3:0])
LDP HL,(mn)   13         - - - -  L = (mn); H = (mn+1). 
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                                  (Adr[19:16] = A[3:0])
LDP IX,(mn)   13         - - - -  IXL = (mn); IXH = (mn+1).
                                  (Adr[19:16] = A[3:0])
LDP IY,(mn)   13         - - - -  IYL = (mn); IYH = (mn+1).
                                  (Adr[19:16] = A[3:0])
Note that the LDP instructions wrap around on a 64K page boundary. Since the LDP instruction operates on two-byte values, the second byte will wrap around and be written at the start of the page if you try to read or write across a page boundary. Thus, if you fetch or store at address 0xn,0xFFFF, you will get the bytes located at 0xn,0xFFFF and 0xn,0x0000 instead of 0xn,0xFFFFand 0x(n+1),0x0000 as you might expect. Therefore, do not use LDP at any physical address ending in 0xFFFF. 

 Register to Register Moves 

Instruction   clk   A  I S Z V C  Operation
LD r,g        2     r    - - - -  r = g; r,g any of B, 
                                  C, D, E, H, L, A
LD A,EIR      4     fr   * * - -  A = EIR
LD A,IIR      4     fr   * * - -  A = IIR
LD A,XPC      4     r    - - - -  A = MMU
LD EIR,A      4          - - - -  EIR = A
LD IIR,A      4          - - - -  IIR = A
LD XPC,A      4          - - - -  XPC = A
LD HL,IX      4     r    - - - -  HL = IX
LD HL,IY      4     r    - - - -  HL = IY
LD IX,HL      4          - - - -  IX = HL
LD IY,HL      4          - - - -  IY = HL
LD SP,HL      2          - - - -  SP = HL
LD SP,IX      4          - - - -  SP = IX
LD SP,IY      4          - - - -  SP = IY
LD dd',BC     4          - - - -  dd' = BC (dd': 00-BC', 
                                  01-DE', 10-HL')
LD dd',DE     4          - - - -  dd' = DE (dd': 00-BC', 
                                  01-DE', 10-HL')
 Exchange Instructions 

Instruction   clk   A  I S Z V C  Operation
EX (SP),HL    15    r    - - - -  H <-> (SP+1); L <-> (SP)
EX (SP),IX    15         - - - -  IXH <-> (SP+1); IXL <-> (SP)
EX (SP),IY    15        - - - -  IYH <-> (SP+1); IYL <-> (SP)
EX AF,AF'     2          - - - -  AF <-> AF'
EX DE',HL     2     s    - - - -  if (!ALTD) then DE' <-> HL 
                                   else DE' <-> HL'
EX DE',HL'    4     s    - - - -   DE' <-> HL'
EX DE,HL      2     s    - - - -  if (!ALTD) then DE <-> HL 
                                  else DE <-> HL'
EX DE,HL'     4     s    - - - -  DE <-> HL'
EXX           2          - - - -  BC <-> BC'; DE <-> DE';
                                  HL <-> HL'
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 Stack Manipulation Instructions 

Instruction   clk   A  I S Z V C  Operation
ADD SP,d      4     f    - - - *  SP = SP + d -- d=0 to 255
POP IP        7          - - - -  IP = (SP); SP = SP+1
POP IX        9          - - - -  IXL = (SP); IXH = (SP+1);  
                                  SP = SP+2
POP IY        9          - - - -  IYL = (SP); IYH = (SP+1);  
                                  SP = SP+2
POP zz        7     r    - - - -  zzl = (SP); zzh = (SP+1);  
                                  SP=SP+2 -- zz= BC,DE,HL,AF
PUSH IP       9          - - - -  (SP-1) = IP; SP = SP-1
PUSH IX       12         - - - -  (SP-1) = IXH; (SP-2) = IXL; 
                                   SP = SP-2
PUSH IY       12         - - - -  (SP-1) = IYH; (SP-2) = IYL; 
                                  SP = SP-2
PUSH zz       10         - - - -  (SP-1) = zzh; (SP-2) = zzl; 
                                   SP=SP-2 --zz= BC,DE,HL,AF
 16-bit Arithmetic and Logical Ops 

Instruction   clk   A  I S Z V C  Operation
ADC HL,ss     4     fr   * * V *  HL = HL + ss + CF  -- ss=BC, 
                                  DE, HL, SP
ADD HL,ss     2     fr   - - - *  HL = HL + ss
ADD IX,xx     4     f    - - - *  IX = IX + xx  -- xx=BC, 
                                  DE, IX, SP
ADD IY,yy     4     f    - - - *  IY = IY + yy  -- yy=BC, 
                                  DE, IY, SP
ADD SP,d      4     f    - - - *  SP = SP + d -- d=0 to 255
AND HL,DE     2     fr   * * L 0  HL = HL & DE
AND IX,DE     4     f    * * L 0  IX = IX & DE
AND IY,DE     4     f    * * L 0  IY = IY & DE
BOOL HL       2     fr   * * 0 0  if (HL != 0) HL = 1, 
                                   set flags to match HL
BOOL IX       4     f    * * 0 0  if (IX != 0) IX = 1
BOOL IY       4     f    * * 0 0  if (IY != 0) IY = 1
DEC IX        4          - - - -  IX = IX - 1
DEC IY        4          - - - -  IY = IY - 1
DEC ss        2     r    - - - -  ss = ss - 1 -- ss= BC, 
                                  DE, HL, SP
INC IX        4          - - - -  IX = IX + 1
INC IY        4          - - - -  IY = IY + 1
INC ss        2     r    - - - -  ss = ss + 1 -- ss= BC, 
                                  DE, HL, SP
MUL           12         - - - -  HL:BC = BC * DE, signed 
                                  32 bit result. DE unchanged
OR HL,DE      2     fr   * * L 0  HL = HL | DE -- bitwise or
OR IX,DE      4     f    * * L 0  IX = IX | DE
OR IY,DE      4     f    * * L 0  IY = IY | DE
RL DE         2     fr   * * L *  {CY,DE} = {DE,CY} -- 
                                  left shift with CF
RR DE         2     fr   * * L *  {DE,CY} = {CY,DE}
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RR HL         2     fr   * * L *  {HL,CY} = {CY,HL}
RR IX         4     f    * * L *  {IX,CY} = {CY,IX}
RR IY         4     f    * * L *  {IY,CY} = {CY,IY}
      SBC HL,ss     4     fr   * * V *  HL=HL-ss-CY 
                                  (cout if (ss-CY)>hl)
 8-bit Arithmetic and Logical Ops 

Instruction   clk   A  I S Z V C  Operation
ADC A,(HL)    5     fr s * * V *  A = A + (HL) + CF
ADC A,(IX+d)  9     fr s * * V *  A = A + (IX+d) + CF
ADC A,(IY+d)  9     fr s * * V *  A = A + (IY+d) + CF
ADC A,n       4     fr   * * V *  A = A + n + CF
ADC A,r       2     fr   * * V *  A = A + r + CF
ADD A,(HL)    5     fr s * * V *  A = A + (HL)
ADD A,(IX+d)  9     fr s * * V *  A = A + (IX+d)
ADD A,(IY+d)  9     fr s * * V *  A = A + (IY+d)
ADD A,n       4     fr   * * V *  A = A + n
ADD A,r       2     fr   * * V *  A = A + r
AND (HL)      5     fr s * * L 0  A = A & (HL)
AND (IX+d)    9     fr s * * L 0  A = A & (IX+d)
AND (IY+d)    9     fr s * * L 0  A = A & (IY+d)
AND n         4     fr   * * L 0  A = A & n
AND r         2     fr   * * L 0  A = A & r
CP* (HL)      5     f  s * * V *  A - (HL)
CP* (IX+d)    9     f  s * * V *  A - (IX+d)
CP* (IY+d)    9     f  s * * V *  A - (IY+d)
CP* n         4     f    * * V *  A - n
CP* r         2     f    * * V *  A - r
OR (HL)       5     fr s * * L 0  A = A | (HL)
OR (IX+d)     9     fr s * * L 0  A = A | (IX+d)
OR (IY+d)     9     fr s * * L 0  A = A | (IY+d)
OR n          4     fr   * * L 0  A = A | n
OR r          2     fr   * * L 0  A = A | r
SBC* (IX+d)   9     fr s * * V *  A = A - (IX+d) - CY
SBC* (IY+d)   9     fr s * * V *  A = A - (IY+d) - CY
SBC* A,(HL)   5     fr s * * V *  A = A - (HL) - CY
SBC* A,n      4     fr   * * V *  A = A-n-CY (cout if (r-CY)>A)
SBC* A,r      2     fr   * * V *  A = A-r-CY (cout if (r-CY)>A)


SUB (HL)      5     fr s * * V *  A = A - (HL)
SUB (IX+d)    9     fr s * * V *  A = A - (IX+d)
SUB (IY+d)    9     fr s * * V *  A = A - (IY+d)
SUB n         4     fr   * * V *  A = A - n
SUB r         2     fr   * * V *  A = A - r
XOR (HL)      5     fr s * * L 0  A = [A & ~(HL)] | [~A & (HL)]
XOR (IX+d)    9      fr s * * L 0  A = [A & ~(IX+d)] | [~A & (IX+d)]
XOR (IY+d)    9      fr s * * L 0  A = [A & ~(IY+d)] | [~A & (IY+d)]
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XOR n         4     fr   * * L 0  A = [A & ~n] | [~A & n]
XOR r         2     fr   * * L 0  A = [A & ~r] | [~A & r]
· SBC and CP instruction output inverted carry. C is set if A<B if the operation or virtual operation is (A-B). Carry is cleared if A>=B. SUB outputs carry in opposite sense from SBC and CP.

 8-bit Bit Set, Reset and Test 

Instruction   clk   A  I S Z V C  Operation
BIT b,(HL)    7     f  s - * - -  (HL) & bit
BIT b,(IX+d)) 10    f  s - * - -  (IX+d) & bit
BIT b,(IY+d)) 10    f  s - * - -  (IY+d) & bit
BIT b,r       4     f    - * - -  r & bit
RES b,(HL)    10       d - - - -  (HL) = (HL) & ~bit
RES b,(IX+d)  13       d - - - -  (IX+d) = (IX+d) & ~bit
RES b,(IY+d)  13       d - - - -  (IY+d) = (IY+d) & ~bit
RES b,r       4     r    - - - -  r = r & ~bit
SET b,(HL)    10       b - - - -  (HL) = (HL) | bit
SET b,(IX+d)  13       b - - - -  (IX+d) = (IX+d) | bit
SET b,(IY+d)  13       b - - - -  (IY+d) = (IY+d) | bit
SET b,r       4    r    - - - -  r = r | bit

 8-bit Increment and Decrement 

Instruction   clk   A  I S Z V C  Operation
DEC (HL)      8     f  b * * V -  (HL) = (HL) - 1
DEC (IX+d)    12    f  b * * V -  (IX+d) = (IX+d) -1
DEC (IY+d)    12    f  b * * V -  (IY+d) = (IY+d) -1
DEC r         2     fr   * * V -  r = r - 1
INC (HL)      8     f  b * * V -  (HL) = (HL) + 1
INC (IX+d)    12    f  b * * V -  (IX+d) = (IX+d) + 1
INC (IY+d)    12    f  b * * V -  (IY+d) = (IY+d) + 1
INC r         2     fr   * * V -  r = r + 1

 8-bit Fast A register Operations 

Instruction   clk   A  I S Z V C  Operation
CPL           2     r    - - - -  A = ~A
NEG           4     fr   * * V *  A = 0 - A
RLA           2     fr   - - - *  {CY,A} = {A,CY}
RLCA          2     fr   - - - *  A = {A[6,0],A[7]}; CY = A[7]


RRA           2     fr   - - - *  {A,CY} = {CY,A}
RRCA          2     fr   - - - *  A = {A[0],A[7,1]}; CY = A[0]
8-bit Shifts and Rotates 

Instruction   clk   A  I S Z V C  Operation
RL (HL)       10    f  b * * L *  {CY,(HL)} = {(HL),CY}
RL (IX+d)     13    f  b * * L *  {CY,(IX+d)} = {(IX+d),CY}
RL (IY+d)     13    f  b * * L *  {CY,(IY+d)} = {(IY+d),CY}
RL r          4     fr   * * L *  {CY,r} = {r,CY}
RLC (HL)      10    f  b * * L *  (HL) = {(HL)[6,0],(HL)[7]}; 
                                  CY = (HL)[7]
RLC (IX+d)    13    f  b * * L *  (IX+d) = {(IX+d)[6,0],
                                   (IX+d)[7]}; CY = (IX+d)[7]
RLC (IY+d)    13    f  b * * L *  (IY+d) = {(IY+d)[6,0],
                                  (IY+d)[7]}; CY = (IY+d)[7]
RLC r         4     fr   * * L *  r = {r[6,0],r[7]}; CY = r[7]
RR (HL)       10    f  b * * L *  {(HL),CY} = {CY,(HL)}
RR (IX+d)     13    f  b * * L *  {(IX+d),CY} = {CY,(IX+d)}
RR (IY+d)     13    f  b * * L *  {(IY+d),CY} = {CY,(IY+d)}
RR r          4     fr   * * L *  {r,CY} = {CY,r}
RRC (HL)      10    f  b * * L *  (HL) = {(HL)[0],(HL)[7,1]}; 
                                   CY = (HL)[0]
RRC (IX+d)    13    f  b * * L *  (IX+d) = {(IX+d)[0],
                                  (IX+d)[7,1]}; CY = (IX+d)[0]
RRC (IY+d)    13    f  b * * L *  (IY+d) = {(IY+d)[0],(
                                   IY+d)[7,1]}; CY = (IY+d)[0]
RRC r         4     fr   * * L *  r = {r[0],r[7,1]}; CY = r[0]
SLA (HL)      10    f  b * * L *  (HL) = {(HL)[6,0],0}; CY = 
                                  (HL)[7]
SLA (IX+d)    13    f  b * * L *  (IX+d) = {(IX+d)[6,0],0}; 
                                   CY = (IX+d)[7]
SLA (IY+d)    13    f  b * * L *  (IY+d) = {(IY+d)[6,0],0}; 
                                   CY = (IY+d)[7]
SLA r         4     fr   * * L *  r = {r[6,0],0}; CY = r[7]
SRA (HL)      10    f  b * * L *  (HL) = {(HL)[7],(HL)[7,1]}; 
                                  CY = (HL)[0]
SRA (IX+d)    13    f  b * * L *  (IX+d) = {(IX+d)[7],
                                  (IX+d)[7,1]}; CY = (IX+d)[0]
SRA (IY+d)    13    f  b * * L *  (IY+d) = {(IY+d)[7],
                                  (IY+d)[7,1]}; CY = (IY+d)[0]
SRA r         4     fr   * * L *  r = {r[7],r[7,1]}; CY = r[0]
SRL (HL)      10    f  b * * L *  (HL) = {0,(HL)[7,1]}; 
                                  CY = (HL)[0]
SRL (IX+d)    13    f  b * * L *  (IX+d) = {0,(IX+d)[7,1]}; 
                                   CY = (IX+d)[0]
SRL (IY+d)    13    f  b * * L *  (IY+d) = {0,(IY+d)[7,1]}; 
                                   CY = (IY+d)[0]
SRL r         4     fr   * * L *  r = {0,r[7,1]}; 
                                  CY = r[0]
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 Instruction Prefixes 

Instruction   clk   A  I S Z V C  Operation
ALTD          2          - - - - alternate register destinatIn
                                 for next Instruction
IOE           2          - - - -  I/O external prefix
IOI          2          - - - -  I/O internal prefix

 Block Move Instructions 

Instruction   clk   A  I S Z V C  Operation
LDD           10       d - - * -  (DE) = (HL); BC = BC-1; 
                                   DE = DE-1; HL = HL-1
LDDR          6+7i     d - - * -  if {BC != 0} repeat:
LDI           10       d - - * -  (DE) = (HL); BC = BC-1; 
                                   DE = DE+1; HL = HL+1
LDIR          6+7i     d - - * -  if {BC != 0} repeat:
If any of the block move instructions are prefixed by an I/O prefix, the destination will be in the specified I/O space. Add 1 clock for each iteration for the prefix if the prefix is IOI (internal I/O). If the prefix is IOE, add 2 clocks plus the number of I/O wait states enabled. The V flag is set when BC transitions from 1 to 0. If the V flag is not set another step is performed for the repeating versions of the instructions. Interrupts can occur between different repeats, but not within an iteration equivalent to LDD or LDI. Return from the interrupt is to the first byte of the instruction which is the I/O prefix byte if there is one. 

 Control Instructions - Jumps and Calls 

Instruction   clk   A  I S Z V C  Operation
CALL mn       12         - - - -  (SP-1) = PCH; (SP-2) = PCL; 
                                   PC = mn; SP = SP-2
DJNZ j        5     r    - - - -  B = B-1; if {B != 0} PC = PC + j
JP (HL)       4          - - - -  PC = HL
JP (IX)       6          - - - -  PC = IX
JP (IY)       6          - - - -  PC = IY
JP f,mn       7          - - - -  if {f} PC = mn
JP mn         7          - - - -  PC = mn
JR cc,e       5          - - - -  if {cc} PC = PC + e
JR e          5          - - - -  PC = PC + e (if e==0 next 
                                  seq inst is executed)
LCALL xpc,mn  19         - - - -  (SP-1) = XPC; (SP-2) = PCH; 
                                  (SP-3) = PCL;  XPC=xpc;
                                  PC = mn; SP = (SP-3)
LJP xpc,mn    10         - - - -  XPC=xpc; PC = mn
LRET          13         - - - -  PCL = (SP); PCH = (SP+1); 
                                  XPC = (SP+2);  SP = SP+3
RET           8          - - - -  PCL = (SP); PCH = (SP+1); 
                                  SP = SP+2
RET f         8/2       - - - -   if {f} PCL = (SP); PCH = 
                                  (SP+1); SP = SP+2
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RETI          12         - - - -  IP = (SP); PCL = (SP+1); 
                                  PCH = (SP+2);   SP = SP+3
RST v         10         - - - -  (SP-1) = PCH; (SP-2) = PCL; 
                                  SP = SP - 2; PC = {R,v)
                                  v=10,18,20,28,38 only

 Miscellaneous Instructions 

Instruction   clk   A  I S Z V C  Operation
CCF           2     f    - - - *  CF = ~CF
IPSET 0       4          - - - -  IP = {IP[5:0], 00}
IPSET 1       4          - - - -  IP = {IP[5:0], 01}
IPSET 2       4          - - - -  IP = {IP[5:0], 10}
IPSET 3       4          - - - -  IP = {IP[5:0], 11}
IPRES         4          - - - -  IP = {IP[1:0], IP[7:2]}
LD A,EIR      4     fr   * * - -  A = EIR
LD A,IIR      4     fr   * * - -  A = IIR
LD A,XPC      4     r    - - - -  A = MMU
LD EIR,A      4          - - - -  EIR = A
LD IIR,A      4          - - - -  IIR = A
LD XPC,A      4          - - - -  XPC = A
NOP           2          - - - -  No Operation
POP IP        7          - - - -  IP = (SP); SP = SP+1
PUSH IP       9          - - - -  (SP-1) = IP; SP = SP-1
SCF           2     f    - - - 1  CF = 1

 Privileged Instructions 

The privileged instructions are described in this section. Privilege means that an interrupt cannot take place between the privileged instruction and the following instruction. 

The three instructions below are privileged. 

LD SP,HL  ; load the stack pointer 
LD SP,IY
LD SP,IX
The instructions to load the stack are privileged so that they can be followed by an instruction to load the stack segment (SSEG) register without the danger of an interrupt taking place with and incorrect association between the stack pointer and the stack segment register. For example, 

LD SP,HL
IOI LD (STACKSEG),A
The following instructions are privileged. 

IPSET 0   ; shift IP left and set priority 00 in bits 1,0
IPSET 1
IPSET 2
IPSET 3
IPRES    ; rotate IP right 2 bits, restoring previous priority
POP IP   ; pop IP register from stack
The instructions to modify the IP register are privileged so that they can be followed by a return instructions that is guaranteed to execute before another interrupt takes place. This avoids the possibility of an ever-growing stack. 
RETI     ; pops IP from stack and then pops return address
The instruction reti can be used to set both the return address and the IP in a single instruction. If preceded by a LD XPC, a complete jump or call to a computed address can be done with no possible interrupt. 

LD A,XPC ; get and set the XPC
LD XPC,A
The instruction LD XPC,A is privileged so that it can be followed by other code setting interrupt priority or program counter without an intervening interrupt. 

BIT B,(HL) ; test a bit in memory
The instruction bit B,(HL) is privileged to make it possible to implement a semaphore without disabling interrupts. The following sequence is used. A bit is a semaphore, and the first task to set the bit owns the semaphore and has a right to manipulate the resources associated with the semaphore. 

BIT B,(HL)
SET B,(HL)
JP z,ihaveit
; here I don't have it
The SET instruction has no effect on the flags. Since no interrupt takes place after the BIT instruction, if the flag is zero that means that the semaphore was not set when tested by the bit instruction and that the set instruction has set the semaphore. If an interrupt was allowed between the BIT and set instructions, another routine could set the semaphore and two routines could think that they both owned the semaphore.
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