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ABSTRACT
This study investigates the use of electrical controls and a safety system in a thermal power plant to maintain the facility's smooth and reliable operation. Thermal power is a type of energy that is also used to provide base load electricity to the grid.
To achieve this purpose, Electrical protection systems for various electrical components specified in the report, such as the transformer and generator, must be carefully chosen.
A thermal power plant must also have an adequate control system for controlling a variety of plant equipment, comprising turbines, generators, transformers, the excitation system, and other relevant accessories, so that appropriate measures can be taken in the event of a system malfunction.

1. INTRODUCTION

One of the most fundamental components in our universe is energy. Energy is critical for developing countries like Ghana. On-demand power and modern fuels are both sources of energy, which is a crucial factor for economic development and employment in today's society. Ghana's total installed electrical power capacity was over 2,200MW in 2011, with hydro, thermal, and solar power plants all contributing to the total.
Ghana began utilizing fusible fuel for thermal power generation in 1997. The first thermal plant, which was operated by the Volta River Authority, was built in Aboadze and had a capacity of 330MW, which was made up of 110MW of GE frame 9E combustion turbines. The second plant, which was built in Aboadze and was operated by the Volta River Authority, had a capacity of 330MW. It features a 110 MW steam turbine generator with a capacity of up to 530MW, as well as potential for expansion.
Ghana's resources have the capacity to generate a substantial amount of power for both internal and export purposes.
2. THERMAL POWER STATION OVERVIEW
A thermal power plant produces high-pressure steam by burning fuel or boiling water in a high-pressure vessel. which is then converted to heat energy and used to generate electricity. The turbine's low-power exhaust passes through a stem condenser before being recycled back to the point where the heat was generated. This system works well. A Rankin cycle is a name for a set of events that repeat themselves. Natural gas may be utilized for a variety of purposes. Straight into combustion in a gas turbine, then linked to a generator. The normal design of a thermal plant is based on the fuel source that will be used to power it. All fossil fuels, nuclear, thermal, and other energy sources are employed.
The energy efficiency of a conational thermal plant, in instance, ranges from 40% to 55 percent, according to a sample of energy conversion efficiency of a cycle gas turbine. Combine-cycle systems can achieve extremely high levels of efficiency. However, like with other heat engines, their efficiency are restricted and are also regulated by thermodynamic lows. The cost of electricity generated by a thermal plant is determined by the cost of fuel, the facility's capital cost, and other factors. It is due to the cost of fuel, the capital cost of the plant, the labor cost for its operators, maintenance, and other considerations like as ash treatment and disposal.
3. MAIN ELECTRICAL COMPONENTS OF A THERMAL POWER PLANT
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3.1 Generator
An electromechanical device that converts mechanical energy into alternating current electrical energy is known as a generator. The generator's four fundamental components are the shaft, exciter, rotor, and stator. The turbines power the exciter, which provides an electrical current to the rotor.
Generators range in size from less than one megawatt (often used in cogeneration facilities) to 600 megawatts (often used in power plants). Normally, produced voltages are confined owing to design, Generator insulation systems are subjected to voltage limitations ranging from 5.6 kV to 33 kV. Step-up transformers are typically used to link the generator to the transmission system or grid.
3.2 Excitation mechanism for generators
The primary functions of the excitation system are to supply variable DC current to the field winding for accurate terminal voltage control, to maintain network and/or other machine stability, contribute to transient stability after a malfunction, connect with the power plant management system, and keep the equipment within acceptable operating ranges
3.3 System of Governors
The governor system of a thermal power plant regulates steam turbine speed, power, and grid frequency in response to control signals like speed and power error compared to desired values. In a closed loop control system, this occurs when the control operation is continued until the power discrepancy is zero. The governor system, shown in Figure 3, collects speed and power data and compares it to reference values before adjusting it to the desired levels.
A hydraulic valve is a control valve (CV) that responds to a signal from the governing system by automatically regulating fluid flow.[image: ]
FIGURE 3: Diagram of a steam turbines control system
The four basic responsibilities of the governing system are as follows:

a) In an emergency, restrict or lower the speed rise to an acceptable level in the case of a load rejection (when the unit is suddenly disconnected from the load).
c) Turbine: Adjust the position of the steam regulating valve to regulate the power output.
c) Start-up and stop: To control the turbo generator's speed during startup and synchronization.
d) Normal operation: Power matching and system frequency regulation participation. It is mostly divided into:
i. Pressure management to maintain a constant steam pressure (maximum power)
ii. Power control in order to maintain a constant output power

3.4 Power transformer
The power transformer converts the voltage from the generator to the high voltage required for transmission through the utility's grid (transmission network). Transmission voltages will vary from 33 kV to 500 kV depending on the size of the system.
Due to constraints in the insulating design that can be done on moving gear, the generator could truly generate high voltage without the use of a step-up transformer (Fassbinder 1997). To effectively utilize the generator's active and reactive power capabilities, the power transformer in (Figure 4) should be designed to accommodate the generator.
According to IEEE C57.116-1989, the IEEE Handbook for Transformers Connected Directly to Generators standard, this feature must be matched to the following situation (ABB, 2004):
· Transformer MVA rating; 
· Transformer short circuit impedance; 
· Secondary (high-voltage) rating; 
· Primary (low-voltage) rating
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FIGURE 4: A transformer of energy

3.5 Transformer for station start-up
A power transformer connects a power plant to the transmission system when it is turned on, allowing energy to flow to the facility's equipment (usually with a secondary voltage of 400V AC).In power plants that are shut down on a regular basis, major pieces of equipment are maintained on a regular basis. This transformer is frequently utilized when the station's auxiliary transformer is unavailable, such as during scheduled maintenance or repairs.
3.6 Auxiliary transformer for a station or a unit
A tap from the isolated Phase Bus Duct connects the station or unit's auxiliary transformer to the generator output. Figure 5 shows how the transformer's high-voltage winding is intended to match the generator output voltage, while the low-voltage winding is used to power various pumps and other auxiliary equipment in a power plant. This transformer, as well as the station start-up transformer, must be defined and linked in such a way that the output voltage is phased.
When the plant is running, the unit auxiliary transformer provides the station's standard power supply. The station load may be transferred from the start-up transformer after the generator is brought up to speed and linked to the transmission grid.
[image: ]
FIGURE 5: A supply of auxiliary power to a generating station is shown as a single line diagram.
3.7 Standby diesel generator
In the event of a total blackout of the system, the standby diesel generator is a critical electrical component in any power plant for supplying electricity to key components of the unit during start-up. The following is the procedure for supplying power to the auxiliary load:
a) Using the unit's auxiliary transformer of the unit.
b) And tapped into the system or grid via the station's supply transformer;
c) By using a backup diesel generator.
When a black start of the plant is necessary, the standby diesel generator's rating must supply the majority of the power consumed by the auxiliary load for a short period.
3.8 Ventilation system
A thermal power plant's ventilation system is required for the circulation of clean air throughout the facility. It's used for a variety of things, including:
· H2S filtration; 
· air circulation and cooling in the control room; 
· cooling various electrical components such as excitation and protection equipment; 
· heat discharge from the cooling unit to the environment
3.9 Auxiliary Power Consumption
The electrical power required to run the pumps and fans that assist the functioning of a power plant is known as auxiliary power usage. Because the plant is made up of many motors with a high grade for:
· Fans for cooling towers, 
· Pumps for cooling,
· Feed pumps; 
· Compressors of air, 
· When compared to other power plants, a thermal power plant consumes a lot of energy.
· Hydraulic lube oil pump; 
· Fire water pump; 
· Brine pump; 
· Ventilation system
The auxiliary load utilizes 10.4 percent of the entire electricity generated at the Aboadsi thermal power plant, because the total power needed by pumps and fans is roughly 1.3 MVA (ENEX, 2014).
3.10 Auxiliary power supply with DC voltage
In thermal power plants, the direct current system is used for the following purposes:
· Supply to switchgear's trip and closure coils for switching operations; 
· Indication: Among other things, signs include lamps, alerts, and speech.
· In control and interlock schemes, as well as in protection schemes, energizing the holding and working coils;
·  SCADA (supervisory control and data collection); 
· (including inverter) Emergency lighting
· The generator exciter's field is flashing;
· Pump for lubricant oil
· Various sensors (temperature, pressure, gas, and other);
· PLC control system.
The system comprises of a storage battery and its accompanying eliminator type chargers, which provide the stored energy system necessary to guarantee enough and uninterruptible power for important power plant equipment.
To guarantee appropriate battery performance during crises, the battery and battery circuits must be correctly built, protections must be maintained, and emergency requirements must be accurately calculated.
3.11 Motors
Auxiliary motors up to a few hundred kilowatts for driving the air compressor, cooling tower fan, cooling water pumps, feed pump to feed isopentane/butane from the condenser into the vaporizer intake, and other power station auxiliary motors feed pump to drive isopentane/butane from the con, and other power station auxiliary motors, etc The most typical squirrel cage motors use a soft starter for a quick start and low starting current. The motor should be able to handle a voltage fluctuation of 5% and a frequency variation of 4% without problem. During system breakdowns, a reduction in broader voltage fluctuation and transient voltage dips of bigger size must not influence the motors' performance. Frequency inverters are commonly used to regulate condensate pumps.
4. ELECTRICAL CONTROL SYSTEM
The primary electrical control system of a thermal power plant is responsible for the unit's start and stop sequence, as well as optimal power (real and reactive), voltage, and frequency operating control. The number, size, and type of turbines and generators determine the types of control equipment and degrees of control that can be applied to a thermal plant. The control equipment of a thermal power plant contains control circuits/logic, control devices, indication, instrumentation, and protection for generation, conversion, and protection, and transmission operations, including grid connected operation of the thermal station to neighboring stations. on the main control board and the unit control board. These components are required to provide operators with the necessary tools for operating and monitoring the station's primary and auxiliary equipment.
4.1 Sensors, transducers, and actuators are all examples of electromechanical devices.
Sensors: A sensor element delivers information to a controller about changing circumstances. Analog sensors are used to monitor constantly changing conditions like temperature or pressure. The analog sensor transmits a variable signal, such as 0-10 V, to the controller. If the conditions indicate that a state will remain in place indefinitely, such as a pump that is on or off, a digital (two-position) sensor is utilized. The digital sensor sends a distinct signal to the controller, such as open or closed contacts.
COMPONENTS OF AN ELECTRONIC CONTROL SYSTEM
Sensors, Controllers, and Output Devices Such As Actuators And Relays Provide Final Control. 
Components such as valves and dampers; and signaling, interface, and accessory devices are all part of an electronic control system.
Transducer: It's a gadget that transforms a fundamental kind of energy into a signal that the control system can understand (PLC input signal). Transducers are typically put in or on machines to make accurate vibration, position, speed, and pressure readings.
Actuators: These transform electrical energy to mechanical energy, which is subsequently used to complete the task at hand. Actuators used in thermal power plants include steam intake guides, Servo valve position controllers, solenoid valves, and relays are utilized to operate or close circuit breakers.
The sensor detects signals and delivers a command to the controller to give the required voltage and current to the actuator in order for the mechanical load to move. as illustrated in Figure 6.
Sensors of various types (flammable gas detectors, pressure detectors, temperature detectors, and level sensors) must be installed on the thermal power plant's main mechanical components, such as the turbine, condenser, evaporator, valves, and pipelines; so that proper action can be taken before a disaster occurs. the components suffer severe damage.
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FIGURE 6: A regulated drive system's components
4.2 Relay logic (mechanical/analogue electronic governor) is used in a traditional control system.
The four major categories of power plant control systems are as follows:
· Manual control: Each component in the prestart chain is tested for starting, synchronizing, loading, and halting, and a sequence is hand-picked and completed one by one, whether manually or by push buttons.
· Control that is semi-automated: By automatically selecting, performing, and delivering a series of commands, a unit can be brought to the readiness to synchronize circumstances from a single physical beginning impulse. On the other hand, a corresponding stopping impulse fully disables the gadget. Both the local and distant control points still use manual synchronization, loading, and running controls.
· Fully automatic control: Methods for running up, automatically synchronizing, and loading up to a preset quantity are presented in response to a single initial impulse. Following manual alterations of loading and excitation may be offered as a remote control function. The load will be lowered, the unit will be detached from the busbars, and the turbine will be entirely shut down as a result of the stopping impulse.
· Offsite supervisory control: Starting, halting, shutting or opening switches, and other actions are all initiated from a remote control point, along with indicators of successful voltage and load management activities, as well as the recurrence of alert circumstances.
4.3 Computer-based control of a thermal power station
Controlling thermal power plants in recent years has relied on a mix of computer- and non-computer-based technology for unit, plant, and system control.
Table 1 shows the operation and supervision of a power plant using local, centralized, and offshore modes of operation and supervision.
The control system gets input signals (status signals) from key equipment like the turbine or generator, as well as from many additional accessories such (temperature, pressure, and level), governor, exciter, and automated synchronizer. Throughout the plant, status inputs are acquired through control switches, level and function switches, and indicators of pressure, location, and other variables.
The valves, motors, breakers, governor, exciter, Depending on the combination of such inputs to the control system circuits, this and other pieces of equipment will be activated or shut down. Disagreements
Reference
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Current sensor
FIGURE 6: A regulated drive system's components
TABLE 1: Control hierarchy for electrical power plants in a nutshell
	Control category
	Subcategory
	Remarks


	Location
	Local
Centralized Offsite
	Control is localized at or near the controlled device.
Control is located far away from the controlled equipment, yet close to the project.

	Mode
	Manual
Automatic
	Each procedure requires a distinct and independent start; this might apply to any of the three sites. A single initiation triggers several processes; this might apply to any of the three sites.

	Operation
(supervision)
	Attended 
Unattended
	At all times, the operator is accessible to take control action.
Normally, there is no operational crew on hand at the project site.



Inputs must either prevent the unit from starting up or generate an alarm or initiate the shutdown procedure if it is already functioning. Supervisory control is sometimes provided by a station or set of power plants located offsite. Figure 7 shows how to automate power plants using a 
Supervisory control and data acquisition, or SCADA, is a term used to describe how a system is monitored and controlled.[image: ]
FIG 7: Power plants are automated using a supervisory control and data acquisition (SCADA) system.
4.4 PLC and SCADA system
SCADA is a control system that allows a user to collect data and/or transmit control commands to one or more distant facilities. SCADA technologies such as microcontrollers (PLCs) and distributed digital control systems with graphical interface displays, which are significantly more cost-effective, are used in modern control rooms. to carry out a variety of control approaches Control is possible via the SCADA control system. alerting, recording of sequences of events, and remote communication. scheme, which were not conceivable with hardwired control systems (Figure 8).[image: ]
FIGURE 8: Hardware for a SCADA system with a PLC controller (Ormat, 1997)
Operators can use the SCADA interface system to:
a) Change the base load set point of the plant and start/stop equipment:
b) Obtain written reports of all power plant parameters;
c) Monitor plant status and control alarm summary, events, and analysis.
[image: ]
The control system of a thermal power plant is crucial to the smooth functioning of system start-up and shut-down, as shown in Figure 9.
5. SYNCHRONIZING
When connecting a generator in parallel with other machines, it must be demonstrated that the incoming machine and the operational system have the same frequencies and voltages and are in phase. The processes used in electric power plants are discussed in the following sections.
Manual synchronizing: Incandescent bulbs are linked across the phases of the incoming and running voltage buses in this manner. The incoming machine's voltage is matched to the system voltage by manually changing the machine's excitation. Lamps indicate the frequency and phase angle discrepancies. Lamps will blink at a frequency equal to the difference between the entering machinery's frequency and the operating system's frequency. The lighting will turn off when the phase and frequency are aligned. This indicates that the machine and the system are in sync. The breaker is then manually turned off.
Manual synchronization is easy and inexpensive. This necessitates personal monitoring and the operator's judgment. Automatic or remote control of the machine is not possible with this sort of synchronization. However, in power plants, this is often given as a backup in the event that the automatic/synchronizing equipment fails.
Automatic synchronization: Synchronizing equipment (Figure 10) automatically performs the following tasks:
i. It continually regulates the incoming machinery's terminal voltage until it is almost equivalent to the voltage of the system to which it will be attached
ii. It regulates the primary mover's speed to keep the frequency difference within a preset range;
iii. It only ignites the circuit breaker linked to the closing coil of the entering equipment when the phase difference between the two sources is sufficiently small and conditions I and (ii) are met simultaneously. The thermal well has been turned off and the plant has been switched off. The main stream pipe line is being warmed up. Warm up turbine components by opening the wellhead master valve. Synchronization of turbine start-up the grid is being loaded.

[image: ]
FIGURE 10: Automatic synchronoscope
6. ELECTRICAL PROTECTION SYSTEM
The process of keeping the generation, transmission, and consumption of electrical energy as secure as possible against the impacts of failures and events that put the power system at risk is known as power system protection. Making power systems 100 percent safe or 100 percent dependable is too expensive. Power system protection must assess whether the power system is running properly based on current and/or voltage data. The effectiveness of protective relays is dependent on three factors: measurements, data processing, and control.
The enormous expenses of big generating and converting plants emphasize the necessity for dependable, high-speed protection solutions to:
a) Minimize fault damage to decrease the need to replace the plant (capital expenditure); 
b) To avoid having to run a lower-quality (less cost-effective) facility to fulfill demand (revenue expenditure), reduce maintenance interruptions. Assist in keeping the system stable.
6.1 Main Components of Protection Systems
The most important components of protective systems are briefly outlined here.
• Instrument transformers, also known as current and voltage transformers. Current transformers (CTs) and voltage (or potential) transformers (VTs/ PTs) are used to reduce a device's current or voltage to detectable values, usually between 1A and 5A for CTs and 100V or 110V for VTs/ PTs. As a consequence, protective equipment inputs are standardized within the above-mentioned criteria.
• Protective relays are intelligent electrical devices that assess signals from the secondary side of CTs and VTs to determine whether or not the protected unit is stressed (depending on its kind and design). Protective relays deliver a trip signal to the circuit breakers if necessary, disconnecting the power supply from the faulty components (Reimert, 2006).
• When faults are identified, circuit breakers respond to open orders from protective relays, and when faults are cleared, they respond to close commands from protective relays. They can also be manually opened to isolate a component for repair, for example.
6.2 Generator protection
Generators in power plants should be safeguarded against mechanical, electrical, and thermal damage caused by abnormal circumstances in the plant or the utility system to which the unit is connected. Because of the system's three-sided connections (as illustrated in Figure 11), the protection of a generator is a difficult task. It is attached to the prime mover on one side and must run in synchronism with the grid on the other. It is linked to the source of DC excitation on a third (and final) side. As a result, generator protection is far more complicated than protection for other power system components.
It is not enough to just open the primary circuit breaker which links the steam generator towards the power grid when it fails; the following actions should also be taken:
• The steam supply to the turbine is turned off or bypassed;
 • The generator's field circuit is broken; 
• The generator is kept running at a modest pace with the assistance of a barring gear until it cools down uniformly, preventing uneven expansions; • Field coils are linked across a resistor to release the stored energy;
Restarting the generator is a lengthy procedure since all of the parameters (temperature and pressure) must be gradually increased to avoid thermal shock, which might result in uneven expansion and, in turn, cause severe damage vibration. As a result, an unplanned thermal power plant outage is prevented as much as feasible.
Generator faults
Stator faults: Stator problems affect the current carrying conductors and must be eliminated from the power system as soon as possible by shutting down the generator completely. There may be flaws to the earth, either individually or in combination, between phases or between rotations of a phase. The likelihood of damage to the stator core and stator winding insulation owing to the heat generated at the moment of failure is the greatest threat from all failures. The hierarchy of various electrical failures on a generator is depicted in Figure 12. Inter-turn faults and phase-to-phase faults are less prevalent than earth faults. Phase-to-phase faults are reasonably straightforward to guard against, whereas inter-turn faults are more difficult to detect and are rarely protected. Inter-turn faults are often triggered by stator earth-fault protection because they immediately entail contact with the ground via the stator core.
Rotor faults: The field winding is carried by the rotor, which is maintained off the ground. The dc supply's positive and negative terminals are both unconnected. As a result, a ground fault in the rotor field winding has no impact on the alternator's operation. In contrast, a future fault might short circuit a segment of the rotor winding, generating a secondary flux to oppose the main flux near the shorted turns, causing a distortion in the main flux distribution. The flux will become concentrated on one pole, but it will disperse to the other and neighboring poles. On the power grid, there is a DC excitation system for prime mover generators.
FIGURE 11: Principles of generator protection
Electrical faults
Rotor
Stator
Three-phase stator winding
Field winding
Inter-turn fault on the same phase
Ground fault
Phase fault
Short circuit to ground
FIGURE 12: Asymmetry in the electromagnetic forces caused by various electrical problems on a generator will generate severe rotor vibrations. Because the inertia of rotation in a contemporary generator is quite high and the rotor-to-stator clearances are relatively tiny, the turbo-alternator is at risk of irreparable damage. In light of the foregoing, the initial fault with the field winding must be identified, and the set controlled tripped. To diagnose and protect rotor earth defects, an external voltage source is superimposed on the rotor circuit in Figure 13. This is an external voltage source that is grounded, causing a dc fault current to flow in the event of the first rotor earth fault, which is easily recognized by an electronic fault detector. over current relay (Paithankar, and Bhide,
2003).
[image: ]
FIGURE 13: Generator rotor ground fault prevention through DC injection

6.2.2 Abnormal operating conditions
Because of the vast amount of other equipment attached to it, a generator cannot be regarded in isolation. Even though the generator has no electrical faults, if one of its related pieces of equipment malfunctions, the generator will suffer catastrophic consequences. Every piece of auxiliary equipment that is linked to the generator is a potential cause of malfunction. On various pieces of equipment, there are a plethora of potential problems, as well as combinations of errors, that might endanger the generator's operation (Paithankar, and Bhide, 2003).
When the generator has no direct electrical defect but one or more of its connected pieces of equipment develops a fault or anomaly, an abnormal operating situation may result, which may or may not be harmful. All aberrant operating circumstances, on the other hand, must be identified as soon and sensitively as feasible in order to take remedial action and avoid or predict a future shutdown. While protecting the generator, some notable anomalous operating circumstances, as depicted in Figure 14, must be carefully considered:
Over-speeding
Assume that a power plant generator is supplying the grid with its rated real electrical power Pe. The mechanical input Pm of the machine is about equal to Pe (after losses), and it runs at a constant synchronous speed Ns. If a failure causes the generator to trip and disconnect from the grid, Pe is equal to zero. The mechanical power input Pm, on the other hand, cannot be lowered to zero quickly. As a result, the generator takes all mechanical input but produces no electrical output (no load). If the speed-governing device does not promptly lower the mechanical input, the machine will accelerate to dangerously high rates.

FIGURE 13: By using the DC injection method, the generator's rotor may be protected against ground faults.
Over-speeding can be recognized, and preventative measures such closing the steam valve to stop steam input to the turbine can be performed. The turbine's speed control device, also known as the speed governor, is in charge of detecting this condition. An over-frequency relay or monitoring the output of the tacho generator located on the generator shaft can also be used to detect over-speeding. Figure 15 depicts the rationale of anti-overspending protection.
Mechanical protection of genset
The information needed to analyze the mechanical condition of the genset's rotational components (turbine/generator) is provided by a computerized vibration monitoring system. As illustrated in Figure 16, A sensor on the generator continually monitors a range of supervisory parameters in the x and y axes, providing important information on equipment concerns such imbalance, shaft misalignment, bent or cracked rotors, and bearing failure. When anomalous activity is detected, the data is transmitted to the control system, which has the capability of causing the equipment to malfunction.
Unbalanced loading
When the generator is unbalanced, the stator currents have a negative sequence component. The stator field rotates at synchronous speed but in the opposite direction of the rotor field structure due to negative sequence currents. As a result, the stator armature magneto motive force (mmf) spins at -Ns while the rotor field speed is +Ns. As a result, the two have a velocity difference. As a result, two-frequency currents emerge. 
Mechanical
Unusual operating circumstances
Winding of a three-phase stator
The field is twisting.
Electrical Loading imbalance
Excitation is lost.
Prime mover failure
Speed is an issue.
 A generator under a variety of abnormal operating situations Tacko generator with the turbine's steam supply is switched off by a high speed output over–frequency relay. Begin shutting down the generator. Protection against over-speeding
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FIGURE 14: The rotor conductors and iron of the generator will be stimulated using a large amplitude vibration detector. Thus, if the stator is carrying imbalanced currents, the rotor is overheating. The thermal withstanding capability of the equipment determines how long the generator can run under imbalanced load.
Loss of excitation
Field excitation can be lost for a number of reasons, including: 
• In the field winding, there is a short circuit;
• Brush contact in the exciter is poor;
• Loss of ac power to the excitation system; and field circuit breaker latch failure
Loss of prime mover
When mechanical input is lost, the generator remains synced with the grid and operates as a synchronous motor. The machine now needs a tiny amount of active power from the grid (in comparison to its rating) to operate the turbine and compensate for the machine's losses. At the same time, because its excitation remains intact, the machine provides reactive power to the grid. Running a primary mover like a steam turbine in this mode is dangerous.
When the machine is used as a motor, trapped steam in the turbine churns, creating unpleasant temperature rise and blade damage. As a result, the loss of the prime mover must be detected quickly, followed by the generator being tripped.i.e. Open the generator switch, for example.
6.3 Transformer protection
Transformers are essential and costly components of power systems, such as generators. A key purpose of transformer protection is to reduce the damage to a faulty transformer due to the long lead time for transformer repair and replacement. The damage caused by a transformer fault is proportional to the fault time. As a result, the transformer should be isolated from the network as soon as feasible.
As a result, fast and reliable protective relays are utilized to detect defects.
The amount and kind of protective devices are influenced by the transformer's size and voltage level. Monitors help to avoid problems, while protective relays help to reduce damage in the event of a fault. When compared to the entire cost and the cost of a transformer failure, the protective equipment is a little expense.

6.3.1 Electrical protection
Overcurrent protection: Over current relays are similar to power fuses in terms of protection. In some cases, an overcorrect relay linked to detect the residual current can be used to obtain higher sensitivity and faster fault clearing times. This program enables for pick-up settings that are less than the maximum load current predicted. It's also conceivable to use an instantaneous overcurrent relay that only responds to faults in the transformer's first 75 percent.
Overcurrent relays lack the same low-maintenance and low-cost benefits as power fuses.
Circuit breakers, protection and control devices, and station batteries are all necessary. Overcurrent relays are a tiny percentage of the total cost, and differential relays are usually added to improve transformer safety when this option is chosen. In this case, the differentials will be protected by the overcurrent relays as a backup.
Differential protection: A constrained differential relay is the most extensively used transformer protection mechanism. The current levels going into and out of the transformer windings are compared by this relay. The main protective piece features a multisloperes trained characteristic to ensure protection under various situations. When the power transformer reaches the end of its tap range, the first slope ensures sensitivity to internal problems while allowing for up to 15% mismatch (if supplied with a load tap changer). Extra errors may be introduced gradually as a result of CT saturation at currents over the specified transformer capacity.
Over-excitation: In a transformer, the flux level is proportional to the voltage and inversely proportional to the frequency of the applied voltage. When over-excitation conditions surpass the transformer's design limits, the core becomes saturated, causing heat to build up and, finally, transformer breakdown.
Because generator transformers are linked directly to the generator terminals, they are particularly susceptible to over-excitation. The voltage and frequency conditions at the generator terminals are prone to voltage and frequency changes during the generator's start-up.
All big transformers used as generating unit transformers, or those linked to parts of the power system that might cause transformers to get overexcited, should include over-excitation protection. Relaying capable of immediately responding to the degree of excitation present, such as volts/hertz relaying, should be used to provide such protection.
Backup protection: Overcurrent or impedance relays installed on one or both sides of the transformer serve two purposes as backup protection. One of its functions is to act as a backup to the primary protection, which is most likely a differential relay, in the event that it fails to trip.
The transformer's second job is to safeguard it against heat or mechanical harm. It's worth thinking about protection that can identify these external defects and react quickly enough to prevent transformer damage.
Before the transformer's through-fault withstanding capability is achieved, the protection must be configured to work. If a transformer is solely protected by differential protection due to its size or importance, external faults must be cleared before other protective devices might cause harm to the transformer.
6.3.2 Mechanical protection
On the power transformer, there are various mechanical protective relays. These relays (mentioned below) operate very instantly (with no time delay):
• Buchholz relay; 
• Temperature indication for the windings; 
• Temperature indicator and pressure relief for the oil.
All of the following relays are mechanically driven, however alarm and tripping circuits require an electrical circuit.
A Buchholz relay is a protective mechanism for oil submerged transformers that monitors gas and oil movements. With the exception of tiny distribution sizes, it's utilized on almost every power transformer. In practice, it has shown to be the sole safeguard capable of correcting certain sorts of errors. During fault situations, gas is created within the transformer tank from the insulating oil, according to the Buchholz relay concept. Figure 17 shows an illustration of a Buchholz relay mechanism (Ahmed, 2005).[image: ]
FIGURE 15: Buchholz relay


Winding temperature indicator. The winding temperature is simulated via a temperature indicator. The temperature of the transformer winding is determined by the transformer load (current flowing through the winding) as well as the temperature of the cooling medium (oil). In the instrument, these two parameters are measured and made to interact. A bulb in a pocket is used to gauge the temperature of the oil, as is customary.
The transformer load is also measured by a specifically constructed heating element in the measurement system. This heating element is a winding thermal type. A matching resistance or a wire connects the heating element to the current transformer (CT).
matching unit to enable for the proper winding temperature gradient to be established
Figure 18 is an example of a winding temperature indicator.
The primary distinction between an oil temperature indicator and a winding temperature indication is that the oil temperature indicator is solely reliant on the temperature transmitted by the bulb (no current transformer is used). A pressure relief valve protects a power transformer from over-pressure damage. An over-pressure incident occurs when the pressure within the transformer exceeds the design pressure. During internal power transformer breakdowns, there will be a temperature rise due to impurities in the oil, as well as some pressure. This pressure is high enough to cause damage to the transformer.
To protect the transformer from this harmful event, a pressure release mechanism is used. A spring, which is generally uncompressed, serves as the pressure release device. When the transformer's pressure is increased, the spring is squeezed, allowing gases to leave the transformer. When the spring is compressed, an electrical contact is closed, and the circuit breakers linked with the alarm are tripped. Figure 19a depicts the pressure relief mechanism in its normal state (before a fault), whereas Figure 19b depicts the fault state in which the compressed gases are released from the transformer.
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FIGURE 16: Winding temperature
Indicator
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FIG 17: Pressure relief, a) Prior to the occurrence of the fault; b) During the fault
a) b)
7.2 Generators
Two power generation units make up the plant. One 6.9 MVA steam turbine-driven generator and one organic turbine make up the GCCU. One 6.9 MVA generator and two organic turbines power the OEC. A 475 KVA diesel generator was built in the plant as a backup power source for the power plant's major components.
7.3 Transformers
The transformers in the power plant are as follows:
a) One step-up power transformer to convert 11 KV main bus power to grid 15 KV.
b) The OEC and GCCU units are powered by two auxiliary transformers. Each power generation unit is equipped with an 11/0.4 KV pad-mounted transformer (750 KVA and 1250 KVA).
c) The station's auxiliary load distribution panel is powered by a 400 KVA (11/0.4KV) transformer.
7.4 System of protection
Protection relays mounted in the panel isolate the main power transformer and generator from the main bus and the grid via the circuit breaker, as shown in Fig 17 with explanations in Table 2.
7.5 Syncing the bus with the grid
The following method (operational sequence) is directly taken from the Ormat Company's operating manual for the Aluto thermal power plant (Ormat, 1997):
a) Switch the "Bus Selector" switch to "BUS to GRID."
b) The speed modification should be adjusted (Raise/Slow) at a rate of 9 rpm/s using the choice "Speed."
c) By The bus voltage can be adjusted using the "Voltage" selection to match the grid voltage.
d) The frequency, voltage, and synchronoscope of the generator should all be monitored. To get the best match, adjust as directed in paragraphs c) and d).
e) Push "Synch Push Button" for two seconds while synchronoscope is on zero and bus voltage and frequency are matched to grid.
f) Turn the bus selector to "OFF" once the synchronization is complete.
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TABLE 2: Description of generator protection and labeling
	Code
	Description/Type of protection
	Code
	Description/Type of protection

	38
26
12
27
59
25
15
32
60
59N
50/5186
94
87G
40
46
49

	Bearing temperature protection
Thermal protection
Over-speed
Under voltage protection
Over voltage protection
Synchronizing check sync.
Speed matching
Reverse power
Phase balance voltage
Ground over voltage
Time over current with voltage restraint
Lockout relay, avoiding re-connection after fault
Tripping relay
Generator differential
Loss of field excitation
Phase balance
Generator over voltage protection
	CPT
VAR
CT
SC
VR
VC
VT
CT
SA
VS
V
A
W

	Control power transformer
Volt ampere reactive meter
Current transformer
Surge capacitor
Voltage regulator
Voltage controller
Voltage transducer
Current transducer
Surge arrester
Voltmeter switch
Voltmeter
Ammeter
Wattmeter







 CONCLUSIONS
The goal of this project was to create an effective control and protection system for a thermal power plant's efficient and dependable operation. To transport the power generated by the plant to the customer while keeping the plant running smoothly, special care must be taken in selecting a good control and protection system. If a defensive tactic fails, there are further options. It can cause substantial damage to power equipment, resulting in expensive repair costs and perhaps extended average times. As a result, technicians and engineers are responsible for installing, testing, and calibration, personal protective equipment will need to get sufficient training. Remote control or no human interaction is required to operate the thermal power plant. It is necessary to implement a contemporary control system. In addition to knowing how the SCADA system works, a plant operator should have a basic understanding of software in case there is a problem with the software.

SUMMARIZE
Special care must be taken in selecting a good control and protection system. If a defensive tactic fails, there are further options. Plant operators should have a basic understanding of software in case there is a problem with the software. It is necessary to implement a contemporary control system for a thermal power plant.
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FIGURE 9: Start-up sequence of a geothermal power plant
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