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1. GENERAL

1.1 This bulletin provides REA borrowers and other interested
parties with a guide in selecting suitable energency generating and
chargi ng equi pnent. Also included is a discussion on the economc
benefits obtained through | onger subscriber |oops by stabilizing
the central office voltage.

1.2 Storage batteries have customarily been used as a source of
reserve power to maintain uninterrupted operation of central office
facilities in case of failure of the comercial source of power.
The capacities of such batteries are normally chosen so that they
wi |l sustain operation of the central office under busy hour
conditions for a period of 8 hours as specified in the Central

O fice Equi pnent (COE) contract to a mninmum vol tage as specified
by the central office equipnent supplier, and in Bulletin 1751E-
302, Power Requirenments for Community Central O fice Equi pnent,
section 2.3.2.

1.3 Wth present-day central office equi pnent and power | oadi ng,
storage batteries often prove inadequate to hold the voltage at the
| evel required to ensure uninterrupted operation of central office
equi pnrent. Provision of emergency generating and chargi ng

equi pnent is warranted in such instances.

1.4 There are alternative neans of maintaining the office voltage

for an extended interval of time such as the installation of an End
Cell unit. However, a discussion of these other neans is beyond the
scope of this docunent.

2. GENERAL GENERATING EQUIPMENT NEED

2.1 The possibility of prolonged power failures is always
present. Careful consideration of standby equipment with
automatic transfer is essential to ensure dependabl e tel ephone
servi ce.

2.2 \Were commercial ac power supply is not extrenely reliable,
sone nethod of stabilizing the office voltage shall becone a
necessity. The use of emergency generating equi pnent with
automatic transfer is one nethod of maintaining a fixed office
vol t age.

2.3 As an added assurance of service continuity, a mninmmof two

(2) chargers are required in Item19.3, Part |, of REA Bulletin
1753E- 001 (Form 522), "REA Ceneral Specification for Digital,
Stored Program Controlled Central Ofice Equipnment,” in one of the

two foll owm ng configurations:
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a) Two chargers either capable of carrying the ful
of fice | oad; or

b) Three chargers each capabl e of carrying one-half
of the office |oad.

The chargers shoul d be connected on a | oad-sharing basis so that
shoul d one fail, the other charger(s) will carry the office | oad.
The remai ni ng charger shoul d be capabl e of recharging the
batteries during periods of light |oads.

2.4 A standby ac generator nay al so be provided to stabilize the
voltage level to permt extended loop limts. Most digital,
stored programcontrolled systens will not provide 1900 ohm
operation except under float voltage conditions (51 to 52 volts).

3. ADVANTAGES

3.1 An extension of subscriber loop [imts is possible with nost
types of central office equi pnent accepted by REA by maintaining
the office voltage at 51 to 52 volts. Wth a constant office

vol tage of 51 to 52 volts, the maxi mum subscri ber |oop, in nost
cases, is 1900 ohns including the tel ephone set.

3.2 1In sone circunstances there may be an econom c advantage with
stabilized voltage, where | onger subscriber |oops are involved, in
permtting nore extensive use of finer gauge cabl es and
elimnating the need of range extension devices. Discussion of
loop limtations is referenced in REA Bulletin 1753E-001, (Form
522), Part |, Paragraph 6.6 Loop Extension.

3.3 An added econony that can be realized with a standby power
generator is a reduction in the busy hour battery reserve. \Were
an 8-hour reserve would normally be specified without a standby
generator, a 3-hour reserve is adequate when a fixed standby power
plant is provided. As an exanple, where the busy hour current
drain is calculated at 100 anperes and an 8-hour battery reserve
is required without a standby power plant, the 8-hour battery
reserve nust be 960 anpere-hours for a final voltage of 1.88 volts
per cell. Wth a standby power plant and a 3-hour reserve, a 520
anper e- hour battery woul d be adequate. In both cases, the next

| arger standard size should be selected, but the savings in the
battery cost could substantially aid in the purchase of an engine
generator or an extra charger.

3.4 During any type of energency, including those which fal

under civil defense, it is essential to nmaintain tel ephone service
over as wide an area as possible. An auxiliary power plant would
add assurance that tel ephone service would not be entirely

di srupt ed.
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4. TYPES OF ENGINE GENERATOR EQUIPMENT

4.1 Engine generators are manufactured in both ac and dc nodel s.
The reconmended nodels are the ac type with 120/ 240 volt, 60
hertz, single or three phase output.

4.2 Gasoline, Liquified Petroleum (LP) gas, natural gas, or

di esel engine-driven alternating current generators are avail able
and may be of the air-cooled or water-cooled variety. A detailed
description of these various types is given in section 5.

4.3 The machine selected for a particular application should have
el ectrical output characteristics the same as those of the primary
source of power. Machines with outputs from500 to 3,500 watts
are normal ly designed for 120 volt, 60 hertz, single-phase
operation. Cenerators with outputs of 3,500 watts or nore are
desi gned for 120/ 240 volt, 60 hertz, single-phase or three-phase
oper ati on.

5. FUEL CONSIDERATIONS

5.1 Since the type of fuel used for energency engine-driven
generating plants is an extrenely inportant consideration, it
shoul d be realized that each type has characteristics advantageous
to one application, but disadvantageous to another. The nmajor
influencing factors for fuel selection are: (a) availability;

(b) initial cost; (c) maintenance costs; (d) l|ocal fuel storage
regul ations; and (e) perfornmance requirenents.

5.2 Gasoline plants have a lower initial cost than diesel types.
Gasoline plants start quickly and dependably over a w de range of
tenperatures and deliver full rated power. The major disadvantage
of gasoline plants is the difficulty in storing the fuel over
extended periods of tinme. This being the case, special
precautions have to be taken and m ninmal quantities kept on hand.

5.2.1 Were recomended by the manufacturer of the engine-
generator, unleaded gasoline should be used. For generator sets
whi ch operate at constant speeds, |ead deposits in the conbustion
chanber are difficult to "blow out"” through the exhaust ports
unl i ke engines operating at variable speeds. Using unleaded
gasol i ne hel ps reduce problens such as: cylinder head deposits,
sticking or burned val ves, spark plug fouling, piston wear, ring
wear and sticking, cylinder wall wear, and poor oil control after
ring fouling.

5.2.2 If it is desired to change froml eaded to unl eaded gasoline
in an existing engine, it is necessary to renove all |ead deposits
fromthe engine to prevent preignition from causing severe damage

to the engine.
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5.3 Gaseous fuels cone in tw nmajor types: piped-in and LP gas.
The former nmay be natural or manufactured, and the latter a

m xture of propane and butane which is supplied under pressure in
tanks. No storage problens are encountered with piped-in gas and
it is, therefore, quite sinple to use. Because LP gases are
heavi er than air and highly conbustible, their storage comes under
strict insurance underwiters' regulations. |In areas where | ow
tenperatures may be encountered, a |arger m x of propane should be
used. This is the case because butane has a boiling point of
about -10°C, whereas propane's boiling point is about -44°C

5.4 Gaseous fuel contributes to |longer engine |life and reduced
mai nt enance due to nore conplete, efficient conbustion. Since
this fuel contains no |l ead, there are m ni num carbon deposits,

| ess sludge formation, |longer valve life and no conbusti on chanber
deposits. In that gaseous fuels remain fresh in storage, starting
is quicker after |ong shutdowns.

5.5 For optinmum engi ne performance of the British Thernual Unit
(BTU) gaseous fuel content should be at |east 1100 BTU s per cubic
foot. Natural and bottled gases neet this requirenent, but sone
manuf act ured gases may run as | ow as 450 BTU s. Wen a | ower -
rated fuel is used, the manufacturer should be contacted regarding
the necessary derating of the plant's capacity.

5.6 D esel engines are constructed consi derably heavier and
sturdier than gasoline nodels which results in higher initial
costs. However, the longer life and | ower maintenance may justify
these high costs. GCenerally only diesel engines are available in
the larger sizes. Diesel fuels are safe and relatively easy to
store in sufficient quantities.

5.7 D esel fuel has a higher BTU content than gasoline. Fuel
consunption is considerably | ess and the efficiency and fuel
savings increase with the size of the unit.

5.8 The heavier weight construction of diesel engines plus the
absence of plugs, points, and condensers reduces nai ntenance costs
over those of gasoline engines. D esel engines offer pronpt
starting, operating speeds are reached quickly, and heavy | oads
are handl ed easily.

6. CAPACITIES

6.1 The output capacities of the air-cooled gasoline or LP gas
powered units range from about 1000 watts to 15,000 watts, and
those of water-cooled units are from 5000 watts upwards.

6.2 Air-cool ed diesel powered nodels range in output capacity
from about 3000 watts to 15,000 watts; water-cooled units from
5000 watts upwards.
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6.3 GCenerator ratings listed by the manufacturers should be
considered carefully. Rating nethods have not been standardi zed,;
therefore, a generator rated at 15 kw, for instance, may be unable
to supply this |l oad except for a short tine. Conparison of the
engi ne horsepower rating and the generator wattage rating should
show a ratio of approximately 2 to 1, i.e., 2 horsepower to every
kilowatt. It is also inportant to renmenber that even though a 15
kw unit rated at |ess than 30 horsepower may develop the full 15
kw out put when new, as the unit ages and wears the output |evel

wi |l drop.

6.4 |If the altitude of the installation is greater than the
altitude of the manufacturing site, the unit should be derated
about 4 percent per 350 neters above sea | evel.

7. APPLICATION

7.1 \Wen calculating the generator size required, at |east part
of the central office lighting | oad should be included so that it
is possible to operate sone |ights and sol dering equi pmrent as wel |
as provide the power requirenents for the charger. Frequently, a
generator one size larger than required for the projected

equi pnent drain is sufficient and can be obtained for small added
cost. Providing power for air conditioning, heating and ful
l[ighting will increase the cost of a generator substantially but
may be desirable in some cases. Air conditioning and/or heating
may be mandatory in certain areas for certain equi pnent,
especially for digital, stored programcontrolled offices. If the
central office equipnent is located in the headquarters buil ding,
it my also be desirable to have sufficient generator capacity to
operate office machi nes and conputer equi pnent although inverters
are normally provided for this purpose.

7.1.1 Were long-range growt h and power requirenents are
uncertain, it is advisable to provide standby generator capacity
for a shorter time period. Wen the |oad reaches this snaller
unit's capacity, it could be transferred el sewhere, sold or traded
in.

7.2 If the plant is to be nounted inside the central office
bui |l di ng, suitable provision have to be nade for the entrance of
cooling air and for the discharge of exhaust gases into the
outside air. Openings for ventilation should be placed to all ow
the cool air to enter, be forced through the engine cooling system
and exit without circulating around the room

7.3 Sone neans, such as described in paragraph 9.1.5, have to be
provided to prevent voltage frombeing fed back onto the
commercial power facilities to prevent accidental contact with a
Tve Tine presuned to be unenergi zed.
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7.4 Portable units are not recomrended in areas where the year-
round weat her conditions will not permt transporting the unit
bet ween offices. Wen energency power is required, it nay be
needed in nore than one office at the sane tinme. Under such
circunstances transportable units are inpractical.

8. INSTALLATION

8.1 If the Central Ofice (CO building is to be new
construction, or an addition to an existing building is proposed,
it may be advantageous to install the auxiliary power plant as a
part of the building contract if the plant is to be permanently
mounted in a separate roomof the central office building. If a
separate roomof the CO building is used, it should be encl osed by
firewalls and entrance should be fromthe outside of the building
only.

8.2 Aclean, dry, well-ventilated | ocation has to be chosen for
pl acenent of the auxiliary power plant. The |ocation chosen
shoul d preferably have m ninmumtenperature variations. Locations
where tenperatures are unusually high should be avoi ded because
inefficient cooling will result. Were tenperatures fall bel ow
10°C, special accessories such as electric water jacket or

mani fol d heaters will be needed to ensure dependabl e autonatic
starts. Since noisture reduces plant efficiency, the power plant
has to be | ocated where rain and noi sture cannot get to it. For
outside installation a weatherproof housing should be specified.

8.2.1 1In areas where flooding is prevalent, basenent |ocations
have to be avoided. Rooftop installation has advantages such as

| ess noi se, rapid dispersion of exhaust fumes, |less |ikelihood of
vandal i sm and | ess snow bank problens as well as no flooding. O
course, when a rooftop installation is considered, the structure
must be able to support the generator weight and vibration.

8.3 Enough space should be all owed around all sides of the plant
for cleaning, ventilation and servicing. The position should be
chosen so that ducting to the inlet and outl et openings can be
conveniently arranged. Careful consideration has to be given to
fuel, exhaust and electrical |line routing when choosing a

| ocation. Building codes have to al so be consi dered.

8.4 Two louvers with automatic shutters are often necessary in

t he space provided for the auxiliary power plant; one for air
intake and the other to permt escape of the warmair created by

t he power plant. These openings are in addition to those required
for discharge of exhaust gases.

8.5 Mifflers are necessary in nbst cases to m nim ze exhaust

noi se. They are especially inportant when the central office is
located in a residential area. Since a cool nuffler creates
undesi rabl e carbon deposits, the muffler nmust be installed as

cl ose as practical to the engine.
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8.6 Wien the installation of the ac plant is nmade a part of the

bui l di ng contract, the plans should include provisions for a fuel
line and for a control box to permt transfer features. Mounting
needs, including facilities for bolting the unit to the floor or

pier, also have to be considered by the architect or engineer.

Vi bration danpi ng should al so be provided.

8.7 Smaller units, 10 kw or less, should be installed on a
concrete foundation equi pped with anchor bolts. In sonme cases,
steel beam sections will nake a satisfactory base. For |arge

pl ants, which are equipped with steel skids, a separate foundation
may not be necessary although it is recommended. |n any case,
make certain that the floor wll support the weight of the plant.

8.8 Regardless of the type of unit considered, the suppliers of
auxi liary power plants should be contacted and their help
solicited in determning installation requirenents. Most
suppliers provide sanple specifications for each size plant and
each provide forns that, when conpleted, list all information
requi red for the purchase of an adequate standby plant. The | ocal
representatives of the suppliers can | end assistance in
determ ni ng plant requirenents.

8.9 Wen not nade part of a building contract, standby power

pl ants shoul d be purchased under a separate contract, REA Form 773
M scel | aneous Constructi on Wrk and Mii ntenance Service. |n cases
where the supplier of the power plant has an installation force,

it may be nore convenient and possi bly nore econom cal to purchase
the unit installed. The supplier assunmes full responsibility of
all phases of the work including delivery, installation and
testing of the plant.

9. GENERAL SPECIFICATIONS

9.1 Regardless of the size of the plant or the type of fuel used
to power the plant, the foll ow ng general specifications should
apply as a m ni num

9.1.1 The prine nover should deliver at |east 2 horsepower at the
rated governed revolutions per mnute (RPM for each kilowatt of
the generator's full output rating.

9.1.2 The prine nover's ignition system and associ ated el ectri cal
equi pnent shoul d be equi pped with adequate shiel ding against radio
frequency interference.

9.1.3 Adequate speed regul ation should be provided to maintain
out put voltage under full load to within 10 percent of the output
vol tage under no |l oad. The frequency under full rated |oad should
be kept within 3 Hz of the no | oad frequency.

9.1.4 It should be possible to vary the output voltage 5 percent
fromthe rated voltage under full |oad, regardl ess of generator
speed.
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9.1.5 An automatic sw tchover panel should be provided for an
automatic transfer swwtch with a fail safe feature to prevent

vol tage from being fed back onto the line. This transfer switch
has to be listed by Underwiter's Laboratories or sone other
organi zation that neets the definition of "Listed" found in
Article 100 of the National Electrical Code, ANSI/NFPA 70.

9.1.6 Cold start generators should be under the protection of
atimer to prevent starting of the prinme nover for at | east

5 seconds after failure of commercial power. This delay should
be adjusted to suit the comrercial power characteristics. In

of fices where volatile nenories are used, special uninterruptible
inverters may be needed to apply continuous power to these itens.

9.1.7 Batteries for starting the prime nover of cold start
generators should be the "dry charged" type placed under trickle
charge after installation. The trickle charger should be

regul ated to vary the charging current over the required range to
provide a full charge w thout overcharging.

10. RECOMMENDED FEATURES

10.1 Al of the engine-driven generators presently avail abl e have
various features which may or may not be included in the base
price of the generator. These features vary with different

manuf acturers and with nodels as well as capacity and the type of
fuel required. Wich options to include will be determ ned by
each specific application, but in nost cases the plants should be
equi pped with the foll ow ng features:

10.1.1 Load Transfer - Since the power plant is used for
energency power, this control is needed to automatically start the
pl ant when the commercial power fails. Load transfer controls can
al so be used to ensure that the plant runs for at least 15 to 30
m nutes once started. This assures that it reaches operating
tenperature, evaporates noisture fromthe oil, etc. The cost of
this control is largely dependent upon the size of the plant and
added optional equi pnent desired, such as a tine exerciser and/or
time delay relays, etc. These |load transfer sw tches should have

t he safest arrangenent of controls possible and all |ive contacts
shoul d be out of reach of unauthorized tel ephone conpany
personnel. 1In any case, they have to be listed by Underwiter's

Laboratories or sone other organization that neets the definition
of "Listed" found in Article 100 of the National Electrical Code,
ANSI / NFPA 70, and kept | ocked and access given to authorized
personnel only.

10.1.2 Tinme Exercisers - This option is part of the |load transfer
equi pnent and causes the unit to start automatically at tinmed
intervals, run for a short tine and then shut off. It is
necessary in unattended exchanges to ensure that the energency
plant wll start. This equipnent should be set to operate at

| east once a week for at |east 30 mnutes running tine.
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Exerci sing should be done under full load to |ubricate internal
parts, renove noi sture, assure proper starting, keep fresh fuel in
the carburetor, bring the engine to operating tenperature and
recharge the battery. Long periods of no | oad operation can cause
cylinder wall glazing and poor ring seating and attendant high oil
consunption. However, the generator should not take over the | oad
until it has reached runni ng speed.

10.1.3 Tinme Delay Relay - This relay prevents the plant from
transferring to the lToad for outages |lasting only a nonent or two.
(See paragraph 9.1.6). Conversely, it also prevents the unit from
retransferring i nedi ately when the commercial power is restored
in case the restoration should be nonentary. Returning power
often fluctuates for several mnutes before returning to its

nom nal value. The central office should not be returned to
commercial power until these fluctuations have ceased. It is
recomended that a 15-minute delay be used. If the tinme it takes
for these fluctuations to steady is known, a shorter delay nay be
used.

10.1.4 Frequency Meter - This neter is used to nonitor the output
of the plant to determ ne that the 60 Hz out put does not vary nore
than plus or mnus 1.5 Hz.

10.1.5 Alarnms - In the event that the plant fails to start,
either during the period selected by the exerciser or as a result
of a commercial failure, a neans of transmtting an alarmto an
attended office should or needs to be a part of the system This
can be acconplished by an applique circuit that connects to the
existing central office alarmcircuitry. Alarns can al so be used
to indicate low oil pressure, high tenperature, |ow fuel |evel
etc.

10.1.6 Test Switch - Atest switch to sinmulate a comrerci al power
failure 1s required so that the plant can be manually turned on
and of f for maintenance checks. There should be an on-off swtch
on the generator set to permt testing the engine wthout
interrupting normal ac functions.

10.1.7 Underground Fuel Tank - A buried fuel tank may be
desirable for a permanently fixed | arge size water-cool ed plant or
a nediumrange LP gas-fueled plant. For the smaller units, 4 kw
or | ess, an above-ground tank with a capacity of 10 to 55 gallons
shoul d be adequate. Where |onger outages can be reasonably
expected, a tank with a capacity for 120 hours full | oad operation
shoul d be provi ded.

10.1.8 Battery and Trickle Charger - The battery required may be
either a single 12-volt battery wth a 55-anpere hour capacity
needed with the small er engi ne generators or as many as four 6-
volt batteries for larger diesel or gasoline units. A battery and
a neans of keeping it charged is a necessary part of the

equi pnrent. Provision for nmounting space for both the battery and
charger shoul d be given consideration, either as a part of the
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transfer panel or wall nounting space inside the building if the
plant is nounted externally.

The batteries should be mounted on a wood or netal platform as
near as possible to the generator, but not beneath it. Battery
cabl es shoul d be the proper size and kept as short as practical.

10.1.9 Crankcase or Water Jacket Heater - Were cold weat her
occurs, a water jacket or crankcase heater should be ordered with
t he engi ne-generator if the plant is to be nounted outside of the
buil ding or inside in an unheated roomof the central office
bui | di ng.

10.1.10 Running Time Meter - This instrunment indicates the
accunul ative operating tine of the engine-generator. This is
inportant in perform ng periodic maintenance.

10.1.11 Day Tank - A gravity fed primng tank should be installed
to assure quick starting of gasoline engines and certain diesel
nodels. Wiile the plant is not being operated, evaporation of
gasoline may occur in the carburetor or fuel in the supply line
may drain back into the main tank causing a delay in starting,
since the fuel has to again be punped fromthe tank to the
carburetor. The day tank will replace this fuel by neans of
gravity flow



