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Section 6. GENERATOR AND ELECTRI CAL FACI LI TI ES DESI GN

6.1 Typical Voltage Ratings and Systens

6.1.1 Vol t ages

6.1.1.1 Ceneral. Refer to ANSI Standard C84.1, Electric Power Systens and Equi pnent -
Vol tage Rating, for voltage ratings for 60 Hz el ectric power systems and equiprment. In

addition, the standard lists applicable notor and notor control naneplate voltage ranges
up to nom nal systemvoltages of 13.8 kV.

6.1.1.2 Generators. Terminal voltage ratings for power plant generators depend on the
size of the generators and their application. Generally, the larger the generator, the
hi gher the voltage. Generators for a power plant serving an installation will be in the
range from 4160 volts to 13.8 kV to suit the size of the unit and primary distribution
systemvoltage. Generators in this size range will be offered by the manufacturer in
accordance with its design, and it would be difficult and expensive to get a different
voltage rating. Insofar as possible, the generator voltage should match the
distribution voltage to avoid the installation of a transformer between the generator
and the distribution system

6.1.1.3 Power Plant Station Service Power Systens

a) Voltages for station service power supply within steamelectric
generating stations are related to motor size and, to a |l esser extent, distances of
cable runs. Mtor sizes for draft fans and boiler feed punps usually control the
sel ection of the highest station service power voltage level. Rules for selecting notor
voltage are not rigid but are based on relative costs. For instance, if there is only
one notor |arger than 200 hp and it is, say, only 300 hp, it mght be a good choice to
select this one larger notor for 460 volts so that the entire auxiliary power system can
be designed at the | ower voltage.

b) Station service power requirenents for combustion turbine and
internal conbustion engine generating plants are such that 208 or 480 volts will be
used.

6.1.1.4 Distribution System The primary distribution systemw th central in-house
generation should be selected in accordance with M L- HDBK- 1004/ 1.

6.1.2 Station Service Power Systens

6.1.2.1 General. Two types of station service power systenms are generally in use in
steamel ectric plants and are discussed herein. They are designated as a common bus
systemand a unit system The distinction is based on the rel ationshi p between the
generating unit and the auxiliary transformer supplying power for its auxiliary

equi pnent .

a) In the common bus systemthe auxiliary transformer will be connected
through a circuit breaker to a bus supplied by a nunber of units and other sources so
that the supply has no relationship to the generating unit whose auxiliary equipnent is

being served. In the unit systemthe auxiliary transforner will be connected solidly to
the generator leads and is switched with the generator. |In either case, the auxiliary
equi prent for each generating unit usually will be supplied by a separate transforner

with appropriate interconnections between the secondary side of the transforners.

b) The unit type system has the disadvantage that its station service power
requirements nmust be supplied by a startup transformer until the generating unit is
synchroni zed with the system This startup transforner also serves as the backup supply
in case of transforner failure. This arrangement requires that the station service
power supply be transferred fromthe startup source to the unit source with the
auxi liary equi pment in operation as a part of the procedure of starting the unit.
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c) The advantages of the unit systemare that it reduces the nunber of
breakers required and that its source of energy is the rotating generating unit so that,
in case of systemtrouble, the generating unit and its auxiliaries can easily be
isolated fromthe rest of the system The advantage of switching the generator and its
auxiliary transforner as a unit is not very inportant, so the common bus systemwi ||
normal |y be used.

6.1.2.2 Common Bus System In this system generators will be connected to a common
bus and the auxiliary transforners for all generating units will be fed fromthat common
bus. This bus may have one or nore other power sources to serve for station startup.

a) Figure 22 is a typical one-line diagramfor such a system This type
systemw || be used for steamturbine or diesel generating plants with all station
service supplied by two station service transfornmers with no isolation between
auxiliaries for different generating units. It also will be used for gas turbine
generating plants. For steamturbine generating plants the auxiliary |oads for each
unit in the plant will be isolated on a separate bus fed by a separate transformer. A
standby transforner is included, and it serves the |oads common to all units such as
bui | di ng servi ces.

b) The buses supplying the auxiliaries for the several units shall be
operated isolated to mninize fault current and permt use of lower interrupting rating
on the feeder breakers. Provision shall be nmade for the standby transformer to supply
any auxiliary bus.

6.1.2.3 Unit Type System The unit type station service power systemwill beused for
a steamelectric or conbustion turbine generating station serving
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a utility transm ssion network. 1t will not be, as a rule, used for a diesel generating
station of any kind, since the station service power requirenents are m ninal.

The di stinguishing feature of a unit type station power systemis that the
generator and unit auxiliary transfornmer are pernanently connected together at generator
voltage and the station service power requirenents for that generating unit, including
boil er and turbine requirenents, are nornally supplied by the auxiliary transforner
connected to the generator leads. This is shown in Figure 23. |If the unit is to be
connected to a systemvoltage that is higher than the generator voltage, the unit
concept can be extended to include the step-up transforner by tying its low side solidly
to the generator |eads and using the high side breaker for synchronizing the generator
to the system This arrangenent is shown in Figure 24.

6.1.2.4 Station Service Switchgear. A station service switchgear lineup will be
connected to the low side of the auxiliary transformer; air circuit breakers will be
used for control of large auxiliary nmotors such as boiler feed punps, fans, and
circulating water punps which use the highest station service voltage, and for

di stribution of power to various unit substations and notor control centers to serve the
remai ning station service requirenents. Figure 25 is a typical one-line diagramof this

arrangenment. |f the highest level of auxiliary voltage required is nore than 480 volts,
say 4.16 kV, the auxiliary switchgear air circuit breakers will only serve notors 250 hp
and larger, and feeders to unit substations. Each unit sub station will include a

transformer to reduce voltage fromthe highest auxiliary power level to 480 volts
together with air circuit breakers in a lineup for starting of notors 100 to 200 hp and
for serving 480-volt notor control centers. The notor control centers will include
conbi nation starters and feeders breakers to serve notors | ess than 100 hp and ot her
smal |l auxiliary circuits such as power panels.

6.1.2.5 Startup Auxiliary Transforner. |In addition to the above itens, the unit
auxiliary type systemw || incorporate a "common" or "startup" arrangenent which wll
consist of a startup and standby auxiliary transfornmer connected to the sw tchyard bus
or other reliable source, plus a | ow voltage switchgear and notor control center
arrangenment simlar to that described above for the unit auxiliary system The common
bus system nay have a simlar arrangenment for the standby transformer.

a) This common system has three principal functions:

(1) To provide a source of normal power for power plant equipnent and
services which are common to all units; e.g., water treating system coal and ash
handl i ng equi pnent, air conpressors, |lighting, shops, and simlar itens.

(2) To provide backup to each auxiliary power system segnment if the
transformer supplying that segnent fails or is being naintained.
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(3) In the case of the unit system to provide startup power to each
unit auxiliary power systemuntil the generator is up to speed and
voltage and is synchronized with the distribution system

b) The startup and standby transformer and switchgear will be sized to
acconpl i sh the above three functions and, in addition, to allow for possible future
additions to the plant. Interconnections will be provided between the comon and unit
switchgear. Appropriate interlocks will be included, so that no nmore than one auxiliary
transformer can feed any switchgear bus at one tine.

6.2 Generators
6.2.1 General Types and Standards

6.2.1.1 Type. GCenerators for power plant service can be generally grouped according
to service and size.

a) GCenerators for steamturbine service rated 5,000-32,000 kVA, are
revolving field, non-salient, two-pole, totally enclosed, air-cooled with water cooling
for air coolers, direct connected, 3,600 rpmfor 60 Hz frequency (sonetines connected
t hrough a gear reducer up to 10,000 kVA or nore). Self-ventilation is provided for
generators larger than 5,000 kVA by some nanufacturers, but this is not recommended for
st eam power plant service.

b) Simlar generators rated 5,000 kVA and bel ow are revolving field, non-
salient or salient pole, self-ventilated, open drip-proof type, sonetines connected
t hrough a gear reducer to the turbine with the nunber of poles dependent on the speed
selected which is the result of an econom c evaluation by the manufacturer to optim ze
t he best conbination of turbine, gear, and generator.

c) GCenerators for gas turbine service are revolving field, nonsalient or
salient pole, self-ventilated, open drip-proof type, sonetines connected through a gear
reducer, depending on manufacturer's gas turbine design speed, to the gas turbine power
takeof f shaft. Non-salient pole generators are two-pole, 3,600 rpmfor 60Hz, although
manuf act urers of machi nes snaller than 1,500 kVA may utilize 1,800 rpm four-pole, or
1,200 rpm six-pole, salient pole generators. GCenerators may be obtained totally
encl osed with water cooling, if desired, because of high anbient tenperatures or
pol | ut ed at nosphere.

d) Cenerators for diesel service are revolving field, salient pole, air-
cool ed, open type, direct connected, and with anortisseur w ndings to danpen pul sating
engi ne torque. Nunber of poles is six or nbore to match | ow speeds typical of diesels.

6.2.1.2 St andards. Generators shall neet the requirements of ANSI C50.10, C50.13, and
C50.14. These are applicable as well as the requirements of National Electrical

Manuf act urers Associ ation (NEMA) SM 23, Steam Turbines for Mechanical Drive Service, and
SM 24, Land Based Steam Turbine Generator sets 0 to 33,000 KW
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a) ANSI C84.1 designates standard voltages as discussed in Section 1.

b) Generator kVA rating for steamturbine generating units is standardi zed
as a nultiplier of the turbine kWrating. Turbine rating for a condensing steam turbine
with controlled extraction for feedwater heating is the kWoutput at design initial
steam conditions, 3.5 inches Hg (12 kPa) absol ute exhaust pressure, three percent cycle
makeup, and all feedwater heaters in service. Turbine rating for a noncondensing
turbine without controlled or uncontrolled extraction is based on output at design
initial steamconditions and desi gn exhaust pressure. Turbine standard ratings for
autonatic extraction units are based on design initial steamconditions and exhaust
pressure with zero extraction while maintaining rated extraction pressure. However,
autonatic extraction turbine ratings are conplicated by the unique steam extraction
requirements for each machine specified. For air-cooled generators up to 15,625 kVA,
the multiplier is 1.25 tines the turbine rating, and for 18, 750 kVA air-cool ed and
hydr ogen-cool ed generators, 1.20. These ratings are for water-cool ed generators with 95
degrees F (35 degrees C) nmaximuminlet water to the generator air or hydrogen cool ers.
Open, self-ventilated generator rating varies with anbient air tenperature; standard
rating usually is at 104 degrees F (40 degrees C) anbient.

c) GCenerator ratings for gas turbine generating units are selected in
accordance with ANSI Standards which require the generator rating to be the base
capacity which, in turn, nust be equal to or greater than the base rating of the turbine
over a specified range of inlet tenperatures. Non-standard generator ratings can be
obt ai ned at an additional price.

d) Power factor ratings of steamturbine driven generators are 0.80 for
ratings up to 15,625 kVA and 0.85 for 17,650 kVA air-cool ed and 25,600 kVA to 32,000 kVA
air/water-cooled units. Standard power factor ratings for gas turbine driven air-cool ed
generators usually are 0.80 for nachines up to 9,375 kVA and 0.90 for 12,500 to 32, 000
kVA. Changes in air density, however, do not affect the capability of the turbine and
generator to the sane extent so that kWbased on standard conditions and generator kVA
ratings show various rel ationships. Power factors of |arge hydrogen cool ed nachi nes are
standardi zed at 0.90. Power factor for salient pole generators is usually 0.80. Power
factor lower than standard, with increased kVA rating, can be obtained at an extra
price.

e) Cenerator short circuit ratio is a rough indication of generator
stability; the higher the short circuit ratio, the nore stable the generator under
transi ent systemload changes or faults. However, fast acting voltage regul ation can
al so assist in achieving generator stability wi thout the heavy expense associated with
the high cost of building high short circuit ratios into the generator. GCenerators have
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standard short circuit ratios of 0.58 at rated kVA and power factor. |f a generator
has a fast acting voltage regulator and a high ceiling voltage static excitation system
this standard short circuit ratio should be adequate even under severe system

di sturbance conditions. Higher short circuit ratios are available at extra cost to
provide nore stability for unduly fluctuating | oads which may be anticipated in the
systemto be served.

f) Maxi numw nding tenperature, at rated |load for standard generators, is
predicated on operation at or below a maxi mum el evati on of 3,300 feet; this nay be
upgraded for higher altitudes at an additional price.

6.2.2 Features and Accessories. The follow ng features and accessories are
avail abl e in accordance with NEVMA standards SM 12 and SM 13 and will be specified as
applicabl e for each generator:

6.2.2.1 Voltage Variations. Unit will operate with voltage variations of plus or
mnus 5 percent of rated voltage at rated kVA, power factor and frequency, but not
necessarily in accordance with the standards of perfornance established for operation at
rated voltage; i.e., losses and tenperature rises may exceed standard val ues when
operation is not at rated voltage.

6.2.2.2 Thernmal Vari ations

a) Starting fromstabilized tenperatures and rated conditions, the arnature
will be capable of operating, with balanced current, at 130 percent of its rated current
for 1 minute not nmore than twice a year; and the field winding will be capable of
operating at 125 percent of rated load field voltage for 1 minute not nore than twice a
year.

b) The generator will be capable of w thstanding, w thout injury, the
thermal effects of unbal anced faults at the machine termnals, including the decaying
effects of field current and DC conponent of stator current for tinmes up to 120 seconds,
provided the integrated product of generator negative phase sequence current squared and
tinme (1,°t) does not exceed 30. Negative phase sequence current is expressed in per unit
of rated stator current, and tine in seconds. The thermal effect of unbal anced faults
at the machine terninals includes the decaying effects of field current where protection
is provided by reducing field current (such as with an exciter field breaker or
equi val ent) and DC conmponent of the stator current.

6.2.2.3 Mechani cal Wthstand. Generator will be capable of w thstanding, w thout
mechani cal injury any type of short circuit at its terminals for tines not exceeding its
short time thermal capabilities at rated kVA and power factor with 5 percent over rated
vol tage, provided that nmaxi mum phase current is linted externally to the nmaxi mum
current obtained fromthe three-phase fault. Stator wi ndings nust w thstand a nornal

hi gh potential test and show no abnormal deformation or damage to the coils and

connecti ons.
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6.2.2.4 Excitation Voltage. Excitation systemwill be wide range stabilized to pernit
stabl e operation down to 25 percent of rated excitation voltage on nanual control.
Excitation ceiling voltage on manual control will not be | ess than 120 percent of rated
exciter voltage when operating with a | oad resistance equal to the generator field
resistance, and excitation systemw ||l be capable of supplying this ceiling voltage for
not less than 1 minute. These criteria, as set for manual control, will permt
operation when on automatic control. Exciter response ratio as defined in ANSI/|EEE
100, Dictionary of Electrical & Electronic Terns, will not be |less than 0.50.

6.2.2.5 \Wave Shape. Deviation factor of the open circuit termnal voltage wave will
not exceed 10 percent.

6.2.2.6 Tel ephone Influence Factor. The bal anced tel ephone influence factor (TIF) and
the residual conmponent TIF will neet the applicable requirenents of ANSI C50.13.

6.2.3 Excitation Systens. Rotating comutator exciters as a source of DC power for
the AC generator field generally have been replaced by silicon diode power rectifier
systenms of the static or brushless type.

a) A typical brushless systemincludes a rotating pernanent nagnet pil ot
exciter with the stator connected through the excitation switchgear to the stationary
field of an AC exciter with rotating armature and a rotating silicon diode rectifier
assenbly, which in turn is connected to the rotating field of the generator. This
arrangenent elimnates both the conmutator and the collector rings. Also, part of the
systemis a solid state automatic voltage regulator, a nmeans of manual voltage
regul ati on, and necessary control devices for nounting on a renpte panel. The exciter
rotating parts and the diodes are nounted on the generator shaft; view ng during
operation must utilize a strobe light.

b) A typical static systemincludes a three-phase excitation potenti al
transformer, three single-phase current transformers, an excitation cubicle with field
breaker and di scharge resistor, one autonatic and one nanual static thyristor type
vol tage regulators, a full wave static rectifier, necessary devices for nounting on a
renote panel, and a collector assenbly for connection to the generator field.

6.3 Generator lLeads and Swi tchyard

6.3.1 General . The connection of the generating units to the distribution system
can take one of the followi ng patterns:

a) Wth the common bus system the generators are all connected to the same
bus with the distribution feeders. |If this bus operates at a voltage of 4.16 kV, this
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arrangenment is suitable up to approxi mately 10,000 kVA. |f the bus operates at a

vol tage of 13.8 kV, this arrangenent is the best for stations up to about 25,000 or
32,000 kVA. For larger stations, the fault duty on the common bus reaches a |l evel that
requires nore expensive feeder breakers, and the bus should be split.

b) The bus and switchgear will be in the formof a factory fabricated netal
clad switchgear as shown in Figure 22. For plants with multiple generators and outgoi ng
circuits, the bus will be split for reliability using a bus tie breaker to permt
separation of approximately one-half of the generators and lines on each side of the
split.

c) Alimting factor of the comon type bus systemis the interrupting

capacity of the switchgear. The switchgear breakers will be capable of interrupting the
maxi mum possible fault current that will flow through themto a fault. |In the event
that the possible fault current exceeds the interrupting capacity of the available
breakers, a synchronizing bus with current limting reactors will be required.

Swi t chi ng arrangenment selected will be adequate to handl e the naxi mum cal cul ated short
circuit currents which can be devel oped under any operating routine that can occur. All
possi bl e sources of fault current; i.e., generators, notors, and outside utility
sources, will be considered when cal cul ating short circuit currents. |n order to clear

a fault, all sources will be disconnected. Figure 26 shows, in sinplified single line
format, a typical synchronizing bus arrangenent. The interrupting capacity of the
breakers in the sw tchgear for each set of generators is limted to the contribution to
a fault fromthe generators connected to that bus section plus the contribution fromthe
synchroni zing bus and large (load) notors. Since the contribution fromgenerators
connected to other bus sections nust flow through two reactors in series fault current
will be reduced naterially.

d) If the plant is 20,000 kVA or larger, and the area covered by the
distribution systemrequires distribution feeders in excess of 2 mles, it may be
advant ageous to connect the generators to a higher voltage bus and feed several
di stribution substations fromthat bus with step-down substation transformers at each
di stribution substation as shown in Figure 24.
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e) The configuration of the high voltage bus will be selected for
reliability and econonmy. Alternative bus arrangenents include main and transfer bus,
ring bus, and breaker and a half schemes. The nmain and transfer arrangenment, shown in
Figure 27, is the |l owest cost alternative but is subject to loss of all circuits due to
a bus fault. The ring bus arrangenent, shown in Figure 28, costs only slightly nore
than the nain and transfer bus arrangenent and elimnates the possibility of losing all
circuits froma bus fault, since each bus section is included in the protected area of
its circuit. Normally it will not be used with nore than eight bus sections because of
the possibility of sinmultaneous outages resulting in the bus being split into two parts.
The breaker and a half arrangenent, shown in Figure 29, is the highest cost alternative
and provides the highest reliability without limtation on the nunber of circuits.

6.3.2 Cenerator Leads

6.3.2.1 Cabl e

a) Connections between the generator and sw tchgear bus where distribution
is at generator voltage, and between generator and step up transformer where

distribution is at 34.5 kV and higher, will be by neans of cable or bus duct. |n nost
i nstances nore than one cabl e per phase will be necessary to handle the current up to a
practical maxi mum of four conductors per phase. Generally, cable installations will be
provided for generator capacities up to 25 MVA. For larger units, bus ducts will be

eval uated as an alternative.

b) The power cables will be run in a cable tray, separate fromthe control
cable tray, in steel conduit suspended fromceiling or on wall hangers, or in ducts,
depending on the installation requirenents.

c) Cable terminations will be made by neans of potheads where | ead covered
cable is applied, or by conpression |ugs where neoprene or sinilarly jacketed cables are
used. Stress cones will be used at 4.16 kV and above.

d) For nost applications utilizing conduit, cross-linked pol yethylene with
approved type filler or ethyl ene-propyl ene cables will be used. For applications where
cables will be suspended from hangers or placed in tray, arnored cable will be used to
provi de physical protection. |f the cable current rating does not exceed 400 anperes,
the three phases will be triplexed; i.e., all run in one steel arnored enclosure. In
the event that single-phase cables are required, the arnmor will be nonmagneti c.
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Typical Main and Transfer Bus
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e) In no event should the current carrying capacity of the power cables
emanating fromthe generator be a limting factor on turbine generator output. As a
rule of thunb, the cable current carrying capacity will be at least 1.25 tines the
current associated with kVA capacity of the generator (not the kWrating of the
t ur bi ne).

6.3.2.2 Segr egat ed Phase Bus

a) For gas turbine generator installations the connections fromthe
generator to the side wall or roof of the gas turbine generator enclosure will have been
made by the nmanufacturer in segregated phase bus configuration. The three-phase
conductors will be flat copper bus, either in single or multiple conductor per phase
pattern. External connection to switchgear or transforner will be by neans of
segregat ed phase bus or cable. In the segregated phase bus, the three bare bus-phases
wi Il be physically separated by nonnagnetic barriers with a single enclosure around the
three buses.

b) For applications involving an outdoor gas turbine generator for which a

relatively small lineup of outdoor metal clad switchgear is required to handle the
distribution system segregated phase bus will be used. For nmultiple gas turbine
generator installations, the switchgear will be of indoor construction and installed in
a control/switchgear building. For these installations, the several generators will be

connected to the switchgear via cables.

c) Segregated bus current ratings may follow the rule of thunb set forth
above for generator cables, but final selection will be based on expected field
condi tions.

6.3.2.3 | sol ated Phase Bus

a) For steamturbine generator ratings of 25 MVA and above, the use of
i sol at ed phase bus for connection fromgenerator to step up transforner will be used.
At such generator ratings, distribution seldomis nade at generator voltage. An
i sol at ed phase bus system wutilizing individual phase copper or alum num hollow square
or round bus on insulators in individual nonmagnetic bus encl osures, provides naxi mum
reliability by mnimzing the possibility of phase-to-ground or phase-to-phase faults.

b) Isolated phase bus current ratings should follow the rule of thunb set
forth above for generator cables.
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