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Abstract : Power engineering, also called power systems
engineering, is a subfield of energy engineering that deals
with the generation, transmission and distribution of electric
power as well as the electrical devices connected to such
systems including generators, motors and transformers.
Although much of the field is concerned with the problems of
three-phase AC power - the standard for large-scale power
transmission and distribution across the modern world - a
significant fraction of the field is concerned with the
conversion between AC and DC power as well as the
development of specialized power systems such as those used
in aircraft or for electric railway networks. It was a subfield of
electrical engineering before the emergence of energy
engineering.

1. Components of power engineering:-

A. Generation
B. Transmission
C. Distribution

A. Generation

Generation of electrical power is a process whereby
energy is transformed into an electrical form. There are
several different transformation processes, among which
are chemical, photo-voltaic, and electromechanical.
Electromechanical energy conversion is used in
converting energy from coal, petroleum, natural gas,
uranium into electrical energy. Of these, all except the
wind energy conversion process take advantage of the
synchronous AC generator coupled to a steam, gas or
hydro turbine such that the turbine converts steam, gas, or
water flow into rotational energy, and the synchronous
generator then converts the rotational energy of the
turbine into electrical energy. It is the turbine-generator
conversion process that is by far most economical and
consequently most common in the industry today.

The AC synchronous machine is the most common
technology for generating electrical energy. It is

called synchronous because the composite magnetic
field produced by the three stator windings rotate at
the same speed as the magnetic field produced by the
field winding on the rotor.

Figure showing Generation

A simplified circuit model is used to analyze steady-
state operating conditions for a synchronous machine.
The phasor diagram is an effective tool for
visualizing the relationships between internal voltage,
armature current, and terminal voltage. The excitation
control system is used on synchronous machines to
regulate terminal voltage, and the turbine-governor
system is used to regulate the speed of the machine.
However, in highly interconnected systems, such as
the "Western system", the "Texas system" and the
"Eastern system", one machine will usually be
assigned as the so-called "swing machine", and which
generation may be increased or decreased to
compensate for small changes in load, thereby
maintaining the system frequency at precisely 60 Hz.
Should the load dramatically change, as which
happens with a system separation, then a combination
of "spinning reserve" and the "swing machine" may
be used by the system's load dispatcher.The operating
costs of generating electrical energy is determined by
the fuel cost and the efficiency of the power station.
The efficiency depends on generation level and can
be obtained from the heat rate curve. We may also
obtain the incremental cost curve from the heat rate
curve. Economic dispatch is the process of allocating
the required load demand between the available
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generation units such that the cost of operation is
minimized. Emission dispatch is the process of
allocating the required load demand between the
available generation units such that air pollution
occurring from operation is minimized. In large
systems, particularly in the West, a combination of
economic and emission dispatch may be used.

Transmission

The electricity is transported to load locations from a power
station to a transmission subsystem. Therefore we may think
of the transmission system as providing the medium of
transportation for electric energy. The transmission system
may be subdivided into the bulk transmission system and the
sub-transmission system. The functions of the bulk
transmission are to interconnect generators, to interconnect
various areas of the network, and to transfer electrical energy
from the generators to the major load centers. This portion of
the system is called "bulk" because it delivers energy only to
so-called bulk loads such as the distribution system of a town,
city, or large industrial plant. The function of the sub-
transmission system is to interconnect the bulk power system
with the distribution system.

Transmission circuits may be built either underground or
overhead. Underground cables are used predominantly in
urban areas where acquisition of overhead rights of way are
costly or not possible. They are also used for transmission
under rivers, lakes and bays. Overhead transmission is used
otherwise because, for a given voltage level, overhead
conductors are much less expensive than underground cables.
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The transmission system is a highly integrated system. It is
referred to the substation equipment and transmission lines.
The substation equipment contain the transformers, relays,
and circuit breakers. Transformers are important static
devices which transfer electrical energy from one circuit with

another in the transmission subsystem. Transformers are used
to step up the voltage on the transmission line to reduce the
power loss which is dissipated on the way./2! A relay is
functionally a level-detector; they perform a switching action
when the input voltage (or current) meets or exceeds a
specific and adjustable value. A circuit breaker is an
automatically operated electrical switch designed to protect
an electrical circuit from damage caused by overload or short
circuit. A change in the status of any one component can
significantly affect the operation of the entire system. Without
adequate contact protection, the occurrence of undesired
electric arcing causes significant degradation of the contacts,
which suffer serious damage.®! There are three possible
causes for power flow limitations to a transmission line.
These causes are thermal overload, voltage instability, and
rotor angle instability. Thermal overload is caused by
excessive current flow in a circuit causing overheating.
Voltage instability is said to occur when the power required to
maintain voltages at or above acceptable levels exceeds the
available power. Rotor angle instability is a dynamic problem
that may occur following faults, such as short circuit, in the
transmission system. It may also occur tens of seconds after a
fault due to poorly damped or undamped oscillatory response
of the rotor motion. As long as the equal area criteria is
maintained, the interconnected system will remain stable.
Should the equal area criteria be violated, it becomes
necessary to separate the unstable component from the
remainder of the system.
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Distribution

The distribution system transports the power from the
transmission system to the customer. The distribution systems
are typically radial because networked systems are more
expensive. The equipment associated with the distribution
system includes the substation transformers connected to the
transmission systems, the distribution lines from the
transformers to the customers and the protection and control
equipment between the transformer and the customer.

The protection equipment includes lightning protectors,
circuit breakers, dis connectors and fuses. The control
equipment includes voltage regulators, capacitors, relays and
demand side management equipment.
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