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A Provide an overview of:
I Generator Theory
I Fossil generation
I Nuclear generation
I Hydro generation
I Combustion turbines
I Combined Cycle Power Plants (CCPP)
I Wind generation
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A Basic Operating Principles

A Alternating Current Generator Components
A Generator Rotational Speed

A Generator Characteristics
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Basic@peratmgrRPumnctel

A Electromagnetic induction is the principle used for a
generator to convert mechanical energy into electrical energy

A Output voltage of the generator is controlled by changing the
strength of the magnetic field of the field winding of the rotor

A When real power is constant, the real power output of a
generator is equal to the real power demand.
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Electromagnéticiindticti

A A DC voltage is applied to the field winding of the rotor

A The rotor rotates within the stator providing relative motion
between the magnetic field and the conductor windings
(stator)

A A.C. voltage is induced in the stator
A The stator voltage is the output voltage of the generator
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Electromagnéticiindticti

A How is the output voltage determined?
I Strength of the magnetic field
I Number of conductors

I Angle at which the conductor cuts the magnetic
field

I Magnitude of relative motion between the rotor
and stator

I Length of the conductor within the magnetic field

A Control of excitation voltage is the primary means of
controlling the generator output voltage
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A.C.(Generat@roCompoine

A Rotating Magnetic Field |

A Series of Stationary |
Conductors

A Source of D.C. Voltage 4 ’
(Exciter)
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Exciter

A The excitation system provides direct current for the
generator rotor windings

A Maintains generator voltage, controls kilovar flow, and assists
INn maintaining power system stability

A During load changes, the exciter must respond to maintain
the proper voltage at the generator terminals
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Exciter
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GovernoiCCondi(

A Governors control generator shaft speed
A Adjust generation to control frequency
A Adjust generation for small changes in load.
A Operate by adjusting the input to the prime
mover.
-Steam flow for fossil
-Water flow for hydro
-Fuel flow for combustion turbine
A Amount of governor control varies according to plant design.
A9ljdzA gl £t Syd G2 | Ol N4 ONXMzA a-
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It is important to note that frequency will not recover from point B to 60
Hz until the deficient control area replaces the amount of lost
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GovernoiDRroo
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GovernoiDRroo

A Adding a droop characteristic to a governor forces generators
to respond to frequency disturbances in proportion to their
size.

A Droop settings enable many generators to operate in parallel
while all are on governor control and not compete with one
another for load changes.
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Genenators Drogp

A Droop (continued)

I Now Imagine If there was a feature added to the
cruise control such that any change in speed and
subsequent signal to the cruise control, would be
gSAIKIGSR oFaSR 2y (UKS
(droop)

A Example:

I If more load were added to the trailer, both car A
and car B would assume more load, however,
(because of this new droop feature) the signal
from the cruise control (governor) would be basec
on the engine sizes of the two cars.

I Load changes could be more evenly shared
between cars
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Genenators Drogp

A Droop
i'aAy3ad O0KS aONHzA aS O2y il
cars coupled by a chain to a heavy traliler.
I If the cruise controls (governors) on each car are

not exactly identical there would be instability in
how they each carried the load.

I One car would assume more load from the traliler,
and one car would slow down.

I There would be constant racing and runback In
the engines of both cars.
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GovernoDRIeo
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Genenaiors/CrensecCont

A Think about the previous analogy of the two cars on cruise
OZ2YUNRT XO

A When a generator synchronizes to the system
I It couples itself to hundreds of other machines
rotating at the same electrical speed.
P9 OK 2F (UKSAaS 3ISYSNI 2
added to their governor

I They will all respond in proportion to their size
whenever there Is a disturbance, or lecagsource

mismatch.

PIM©2011 24 10/26/2011



Genenaiors Deaftihan

A Deadband
I An additional feature displayed by generators.

I Deadband is the amount of frequency change a
32 OSNY 2N Ydzad aaSSé 0SS

I Deadband was really a natural feature of the
earliest governors caused by gear lash (looseness
or slop in the gear mechanism)

I Deadband serves a useful purpose by preventing
32 OSNY2NBE FNRBY O2yiAYydz
frequency varies ever so slightly
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GeneraioR Rotatiohab Sk

A A generator which is connected to the grid has a constant
speed which is dictated by grid frequency

A Doubling the magnets or windings in the stator ensures that
the magnetic field rotates at half speed

A When doubling the poles in the stator, the magnets in the
rotor must also be doubled
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GeneraioR Rotatiohab Sk

Frequency = (# Pole Pairs)(RPM)/60

Example: 2 poles
60 Hz = (1 Pole Pair)(3600 RPM)/60
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GeneraioR Rotatiohab Sk

Frequency = (# Pole Pairs)(RPM)/60

Example: 4 poles
60 Hz = (2 Pole Pair)(1800 RPM)/60
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GenenaioR RotatianabSie
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Genenatof Characieliist

A Generator limitation factors
I Power capability of the prime mover
i Heating of generator components 2Rllosses)

I Necessity to maintain a strong enough magnetic
field to transfer power from the rotor to the
generator output
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Genenatof Characieliist

A Heating of generator components

I Heat generated within the armature windings is
directly related to the magnitude of the armature
current

I Heat generated in the rotor is directly related to
the magnitude of the field current

I Heat dissipated by the generator is limited by the
cooling system design
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Genenatof Characieliist

A Magnetic field strength
I Controlled by excitation voltage

I If excitation voltage is lowered:
AVoltage induced in A.C. windings is lowered
AMore VARS absorbed by generator from system

AUndervoltage can cause overcurrent conditions in the
stator and lead to armature or stator heating

I Capability curves provide Max/Min limits
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MVAR- Flovii &\ olta

VAR / Voltage Relation

Aa+x! wa FTf266 GR2ogYyKAffE¢ o0F aSR
A Flow from high per unit voltage to low per unit voltage
V, VAR

S S S S S
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MVAR- Flovii &\ olta

VAR / Voltage Relation

A MVAR flow between buses is determined by magnitude
difference between bus voltages

A Voltage magnitude difference is driving for MVAR flow

A The greater the voltage drop or rise between 2 locatiotise
greater the MVAR flow

Vi V2
‘ VARS = Vi (Vi -V2)
‘ X X

Bus 1 Bus 2

PIM©2011 35 10/26/2011



MWW AH-ewE & Rawen Ao

Power-Angle Relation
A MW flow between buses is determined by phase angle
difference between voltages at the buses

A Phase angle difference between voltages is called Power
Angle which is represented by the sy &ibeltd)

V1V2
P= —2 SIN(5)
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Power Angle V.V,

I

V1V2
P= —2 SIN(5)
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PowertAngl

ARotor Angle

A& on transmission system is similar to rotor angle
Aaka: Load angle or Torque angle

Ao load
Aield pole of rotor lined up with stator field (in phase)

AS =0
A oad added

ARotor advances with respect to stator
AW flow out of machine
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Rotor Angle
5=0
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Fossil Generation

9812076 © Mark Turner: , ~85-
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PrinciplesooDOpetiatic

Energy Conversion Process
Chemical Energy (Fuel)
to
Thermal Energy (Steam)
to
Mechanical Energy (Work)
to
Electrical Energy (Generator)
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PrinciplesooDOpetiatic

A Four PhasesSteam/Water Cycle

I Generation (Boller)

AChanges chemical energy of fuel to thermal energy of
steam and water in boiler

I Expansion (Turbine)
AChanges potential energy to kinetic energy. Nozzle

change, pressure to velocity, thermal energy to
mechanical energy
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PrinciplesooDOpetiatic

A Four PhasesSteam/Water Cycle

I Condensation (Condensate System)

AChanges steam to water. Recover condensate and
Increase pressure and temperature of liquid
condensate to deaerator

I Feedwater (Feedwater System)

Alncrease energy, both thermal (temperature) and
potential (pressure) of water returning to the boiler,
Including the economizer
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PrinciplesooDOpetiatic

A Coal / Oil / Gas Steam Plants
I Provide about 76.9% of the PJM area generation

I Power output is as low as 20 MW or as high as
1,300 MW

I Rate of change of power is several MW/min. on
older units, and 120 MW/min. for newer units
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PrinciplesooDOpetiatic

A Steam plants can use coal, oil, gas or nuclear fuel

A Each fuel requires a unique set of components to control the
reaction that produces heat, and handle thefnpducts of
the reaction

A These factors place limitations on the operating capabilities of
the plant
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PrinciplesooDOpetiatic

A Types of Fossil Boilers
- Drum Type (Subcritical)
- OnceThrough (Supercritical
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PrinciplesooDOpetiatic

A Turbine Stages

I High Pressure Turbine (HP)
ASupplied by Main Steam (Suphtr. outlet)
AExhausts to boiler Reheater

I Intermediate Pressure Turbine (IP)
ASupplied by Reheat Steam (Reheater Outlet)
AExhausts to Low Pressure Turbine

I Low Pressure Turbine (LP)

ASupplied by IP Turbine exhaust
AExhausts to Condenser
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PrinciplesiODOpeliatio
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PrinciplesooDOpetiatic

A Super Critical Boiler (Once Thru)
I Does not have a boiler drum
I Consists of many circuits of superheaters
I Operates Iin excess of 3206.2 psia/ 705.4 F
I Requires a Stailip system (Byass)
I More efficient in certain MW ranges.
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PrinciplesooDOpetiatic

A Supercritical boilers cannot use the drum design because
there is no distinct water/steam phase transition above the
critical pressure

A Boiler is operated at supercritical pressures (3200) as
compared to the subcritical (2400)

A The form of steam turbine employed with supercritical
conditions is the same as that for subcritical cycles, although
temperatures are higher
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PrinciplesooDOpetiatic

A StartUp System:

Before steam can be supplied to the turbine, the boiler must
be brought up from a virtual cold condition to supercritical
temperature and pressure

This system provides minimum flow through the boller
matching the temperature to the initial metal temperature of
the turbine and also provides a steam source for deaeration
during startup.
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PrinciplesooDOpetiatic

Limitations:

A Temperature limit on the furnace water wall caused by
Increases in pressure and final steam temperatures

A Corrosion of superheater and reheater tubes caused by the
Increase in steam temperatures

A Airheater thermal efficiency is compromised because an
Increase in feedwater temperature to the boiler leads to a rise
In airheater gas inlet temperature
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PrinciplesooDOpetiatic

A Super Critical Boilers vs Subcritical Boilers

I Advantages
A Greater efficiency (45%)
A Faster response to changing load

A Reduced fuel costs due to thermal efficiency
A Low emissions (GONQ, SQ)

I Disadvantages
A Long starup time
A Expensive to build (greater press. / temp.)
A Requires a stastip system
A Loss of circulation causes serious boiler damage
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Sub-critical v. Supercritical
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Megawatt iotimitatior

A Limitations that can restrict scheduled or operating MW
capacity of a generating unit:

I Environmental
I Fuel

I Maintenance
I Operating

PIM©2011 59 10/26/2011



Megawatt iotimitatior

A Environmental

I Maximum allowable water temperature, Ph
(solubility) and turbidity (suspended solids) of
cooling water return to river or lake

I Maximum allowable values of substance
discharged to the atmosphere
A Nitric Oxide- NOX
A Sulfur Dioxide SQ
A Particulates Opacity
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A Fuel

PIM©2011

" Excessive moisture
" Poor quality

" Excessive slagging tendencies

" High ash resistivity
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Megawatt iotimitatior

A Maintenance

I Auxiliary equipment out of service, scheduled or
unscheduled which prevents full output
AHeat Cycles
I Heaters, condensate or boiler feed pumps
A Pulverizers (Mills) or oil pumps
A D or FD Fans
A Circulating water pumps
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Megawatt iotimitatior

A Operating
I Undesirable chemicals in feedwater
I Poor equipment thermal performance
I High vibration on rotating equipment

I High condenser backpressure
AVacuum leaks
A Dirty condenser waterboxes
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NuclearCGenetiatic

A Has the greatest potential as an energy source
A Provide about 19.1% of the PIM area generation
A Power output can be as high as 1,200 MW

A The nature of nuclear fuel requires the rate of raising power
be limited to very slow rates at certain times during the2?
month fuel cycle of the reactor.
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NuclearCGenetiatic

A In US, Light Water Reactors are@minant
I Pressurized Water Reactor (PWR)
I Boiling Water Reactor (BWR)

- Both types supply steam at or near saturation at approximately
1000 psi

A Government Control
I Power plants must conform to NRC regulations

I Once a license is received it must be maintained by certain rule:
a¢SOK {LISO0Oac
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NuclearCGenetiatic

A Like a fossil plant, a nuclear plant boils water to produce
electricity

A'"YEALS | F2aart LIXIFyas GKS
from the combustion of fuel, but from the fissioning or
splitting of fuel atoms

A Power reactors in the United States = A;V

use uranium as fuel b
. . >* 155101’1
A U-235 is enriched from 0.7% < ccccccece @
abundance to ~ 3.5% t0 5% 3 \
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NuclearCGenetiatic

A Uranium235 is useful as a reactor fuel:
- Readily absorbs a neutron to become an unstable isotope
(U-236)
- High probalbility of fission (~80%)
- Fission of k236 releases energy in the form of heat
- Fission of k236 releases two or three additional neutrons

GKAOK Ol dzaS 20KSNJ FAaaAZya | yF
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