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600 volt generators are sometimes supplied 600 volt delta (see
"Three phase systems"), which does not ordinarily affect comnections
or use.

Regulation

The generator voltage tends to drop in proportion to the load on the
machine because of losses in the generator. This effect is offset
in modern generators by the voltage regulator. Most builders limit
voltage drop or "regulation" to within plus or minus two percent
from no load to full load at 0.8 power factor, (see "Power Factor"),
although one percent is available. A voltage adjustment dial,
provided on most voltage regulators, will adjust the generator
output voltage an additional plus or minus five percent. This
control is usually built into the generator control box, but can be
installed on the main switchboard. -

Standard Generator Ratings

Industry standards list standard ratings. In practice, however,
available ratings will vary considerably from one manufacturer to
another. Generators are customarily rated in kilowatts at 0.8
lagging power factor. 0.8 power factor is an assumed industry
standard. Kilowatts at 0.8 power factor equates, for the purpose of
standardization, with rated kVa (for discussion on kW and kVa, see
"Power Factor").

Example:

45 kilowatts at 0.8 p.f. = 45 = 56.25 kVa rated
0.8

Overspeed

Industrial grade generators are rated for 25 percent overspeed, but
can be 50 percent. Since turbine runaway speeds are typically 1.8
to 2 times operating speed, generators intended for use in small
hydro systems require special overspeed capabilities. If or when
overspeed occurs, industrial generators or others not specifically
speed rated are at risk, and may or may not withstand the mechanical
forces involved. The system overspeed requirements must be spelled
out in the specifications, howev2t not every manufacturer will offer
generators rated for runaway speed. There is less problem with
runaway speed on 1200 RPM generators, and certain makes of standard
generators will withstand 1.8 times normal speed for short periods.

Efficiencz

The efficiency of generators varies somewhat with the size of
generator, load, and power factor. There is little difference
between manufacturers.
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Rating and Service Factor

Modern small generators have a service factor of one. That is, they
will deliver continuous rated full load without exceeding the
maximum internal temperature. They will also deliver a 10 percent
overload for 2 hours out of a 24 hour period. A cooling air inlet
temperature of 40°C is assumed. Older generators and larger utility
machines are customarily rated for a service factor of 1.15, equal
to a continuous overload of 15 percent. Modern generators will
carry short term overloads greater than 10 percent, but not
necessarily on top of a full load condition. Typical short term
overload rating is 50 percent for one minute. Where short term
overloads are anticipated, the manufacturers should be consulted.

Class F insulation is usually specified. Rating can be specified at
either 80°C or 105°C over 40°C ambient, or for standby use, 130°C.
Higher temperatures affect winding life, so that rating should be
specified for 80°C.
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220V | 240V | 380V | 400V | 440V | 450V | 480V | 8600V | 2400V | 3300V

Kw | 208V 4180V
§ |17.6 | 18.56 | 16.2 9.6 9.1 8.3 8.1 7.8 6.1
7.5 | 26.1 | 24.7 | 22.6 | 14.3 | 13.6 | 12.8 12 11.3 9.1
10 | 34.7 33 30.1 1.2 | 18.2 | 166 | 16.2 | 15.1 12
18 62 | 49.6 | 45 28.8 | 273 | 249 | 244 | 225 18
20 | 68.5 | 668 60.2 | 384 | 3684 | 33.2 | 324 | 30.1 24 (] 4.4 3.5
25 | 87 825 | 75.5 48 45.56 | 41.5 [ 405 | 378] 30 | 7.6 8.6 4.4
30 | 104 99 90.3 | 67.6 | 54.6 | 49.8 | 48.7 | 45.2 6 9.1 | 6.6 8.2
40 | 139 | 132 120 77 73 | 66.5 L] 60 48 12.1 | 88 7
60 | 173 165 162 96 91 83 81 78 61 16.1 | 10.9 | 8.7
60 | 208 | 198 181 116 109 | 998 | 97.5 91 72 18.1 | 18.1 | 10.5
78 | 261 247 226 143 136 123 | 120 113 90 22.86 | 16.4 13
80 | 278 | 264 240 154 148 133 130 120 96 24.1 | 17.6 | 18.9
100 | 347 | 330 | 301 102 182 166 162 160 120 30 21.8 | 17.6
125 | 433 | 413 376 240 228 | 208 | 204 | 188 160 38 27.3 22
160 | 520 | 495 | 450 288 273 | 249 244 226 180 45 338 28
176 | 608 | 577 527 335 318 | 289 283 264 211 53 38 31
200 | 694 | 660 601 384 364 | 332 324 301 241 60 44 35
250 | 866 | 828 751 480 | 455 | 415 406 376 300 76 55 43
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Safety

Safety of any electrical installation is only as good as the care
taken in the design and installation. The main safety requirements
from an electrical point of view are prevention of electrical shock
and fire hazard. The installation and wiring of the generator and
associated equipment should be done by qualified personnel, and must
be done in accordance with thr requirements of the Canadian
Electrical Code. Particular attention must be given to grounding,
and ensuring that the generator is adequately protected against
short circuit and overload conditions. Humidity temnds to be high in
small hydro plants, and for this reason control panels should have
internal heaters.

Reliability

Maximum reliability will be achieved when the following conditions
are met:

(a) the mechanical and electrical design is suitable for the
purpose intended;

(b) routine maintenance is faithfully and adequately performed,
using specified lubricants, and spare parts;
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(c) the plant is never abused through careless operations which
result in overloading, short circuit, bad synchronizing
attempts, or physical damage caused by rough handling;

(d) a plan for yearly maintenance and testing is instituted and
carefully followed;

(e) sufficient spare parts are stocked so that replacements can be
quickly made and downtime held to a minimum;

(f) brochures, instruction sheets and operating manuals are read
and understood (all such material should be safely filed in the
power plant);

(g) maintenance and repair operations are planned, thought-out, and
understood prior to necessity.

Power Factor

Generators should be rated in kW and power factor, for example 40 kW
@ 0.8 p.f. See Power Factor section for further discussion. An
important concern to remember is that the turbine controls frequency
and delivers kilowatts only. The generator controls voltage, and
supplies kilowatts and reactive power. KVA ratings assume a .8 power
factor.

Generator and System Protection

The class and extent of generator protection depends to some extent
on the rating of the generator. For instance, protection for a 15
kW generator is less complex than protection for a 250 kW unit.

Generator protection is designed to protect the generator against
faults originating outside the generator; these include short-
circuit and overload protection. On small plants, arbitrarily below
75 kW, adequate generator short circuit and overload protection
cannot always be achieved by means of thermal magnetic circuit
breakers which in smaller sizes are non-adjustable. Thus, most
small generators run unprotected. Protection can be assured by
adding adjustable overload relays which will trip the circuit
breaker by means of a shunt trip coil. On larger plants, short
circuit and overload protective systems are achieved by other means.

Over and Under Voltage Protection

Over and under voltage protection relays will trip the circuit
breaker when voltage is above or below a set figure. There is a
time delay function which allows for motor starting at switching of
large block loads. Sustained over or under voltage may be caused by
voltage regulator or governor failure.
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Over and Under Frequency Protection

Over and under frequency protection relays will trip the circuit
breaker when frequency is significantly above or below 60 Hertz.
Again, the time delay function prevents nuisance tripping on
temporary frequency excursions. Frequency will vary for the same
general causes of voltage excursions, and to some extent, the
voltage and frequencies act as back-up for each other.

Field Breaker

Generators supplied with integral control panels are usually
supplied with a field winding circuit breaker, which protects the
field winding from high voltages and currents. The breaker also
acts to limit damage in the event of a field winding fault. Certain
manufacturers use this breaker to trip the field circuit when the
application of excess field current exceeds five seconds. Excess
field current occurs when comstant voltage regulators attempt to
maintain full voltage on the application of heavy loads. Field
protection is available as an option, and should be specified on
larger generators.
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Extended Protection

Machines above an arbitrary rating of 75 kW should incorporate an
important additional feature: the overcurrent protection should be
derived from current transformers and overload relays, rather than
relying on the circuit breaker protective elements. Such protection
should include instantaneous and very inverse time overload
protection. A partial list follows:

winding temperature indicators
reverse power

ground fault protection

additional overcurrent protection
additional short-circuit protection

Paralleling

When two generators are necessary to carry the load, they must be
connected together or "paralleled". See "Synchronizing" for
details. Modern generators will usually parallel without
difficulty, but a paralleling kit usually must be obtained from the
generator manufacturer.

Professional Assistance

Generator and turbine manufacturers will provide advice when given
details of the system. However they usually do not have either the
time nor the specialist staff to make many of the decisiomns
necessary to arrive at a complete and satisfactory overall system.
The generator, after all, is only a part of the total system and
many factors must be taken into account when rating and specifying a
generator. Factors such as paralleling, short circuit coordination,
permissible voltage dip, voltage type, and regulator require much
much thought and planning.

Generators above 100 kW should be specified by consultants or
engineers. Sample specifications are provided in Specification and

Costing, Chapter 6.

MECHANICAL POWER TRANSMISSION

Mechanical power transmission parts include couplings, sheaves,
belts and gears. The satisfactory operation of rotating machinery
depends in large measure on the correct application and installation
of power transmission parts. Components such as sheaves, belts and
couplings are made to industry standards and are in inch sizes. For
this reason, this section is in Imperial measures. Metric equipment
as yet is obtainable only to special order. This is an important
consideration, as power transmission components must be specially
machined to fit generators built to metric standards.
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Gear Drives

Speed increasing gears are commonly used in conjunction with larger,
low head turbines. Gearboxes are used to match low speed turbines
with high speed generators; and therfore contribute to an overall
cheaper installation, because high speed generators are much cheaper
than low speed omnes.

Gearboxes are sometimes built by the turbine supplier, but a wide
variety of types, ratios, and sizes are obtainable from industrial
sources. Occasionally, right angle gearboxes are used to connect a
vertical turbine to a horizontal generator. Marine reduction gear-
boxes are often used as they are readily available in large sizes.

Gear drives may be useful in small low head sites where a speed
ratio of more than three or four to one is required. At these
higher ratios, belt drives become questionable. Gear ratios of up
to 5.5:1 are obtainable using a single pair of spur, helical, or
herringbone gears. Ratios higher than 5.5:1 require double reduc-
tion with four gears or a planetary arrangement.

Gear drives require careful installation and alignment, use special
lubricants, and in large sizes often need o0il coolers and lube o0il
pumps. They are rated in maximum torque, and maximum rpm. There
are restrictions on shock loads and running temperature. Efficiency
is quite high for low ratio gear boxes, typically 95 percent.
Couplings and other details depend upon relative torque.

Shaft Alignment

Shaft alignment is critical for long lasting reliable operatiomn.

For standard flexible couplings, either lubricated or non-lubri-
cated, the maximum permissible angular error is one degree: expen-
sive couplings will handle more, possibly up to one and a half
degrees. Given time and patience, getting within half of one degree
or better is not too difficult.

Aligning machines on a steel sub-base is far easier than attempting
to align on a concrete floor. Direct coupled machines should always
be supplied with a steel sub-base or the assembly can be made by the
turbine-generator builder.

Belt driven units are easier to install on a concrete floor when a
slide rail generator base is used.

Alignment kits which contain instructions for use can be rented from
power transmission equipment firms.





























































































































































































































































































































































































