1 3 teed 1ooa de source usuall '
Batreries are permanently connect -~ g Y APPlicd throyg,
‘m'" rﬂplwr oxiile or selenmam rectihers from an ac 'illp]]'}, and COnNnee ted a4

shown in Fig. 136,

MEASURING INSTRUMENTS

Measuring instruments usually include mmnel‘rra. voltmeters, watthour Mmeters
and kilowatt demand meters; wattmeters, reactive ve ih-amp:.-n-, and power fu, T
meters may also be found in some instqllmlnns. I'hese ‘h.;n't' been genierally
discussed in Chap. B, and as they are universal types of INSErurments they u'lf[
not be described further. Associated current and porential transformers haye

been desenibed elsewhere.

CAPACITORS AND STREET LIGHTING EQUIPMENT

Capacitors and lighting equipment have been described in Chaps. 4, 5, and 19
and need no Turther discussion.

BUSES AND BUS SUPPORTS

Buses and their supports have been discussed in Chap. 7 and need no further

discussion.

ALL SUBSTATION EQUIPMENT

For current information and further details on substation equipment, reference
should be made o manufacturers’ instruction books and catalogs. Consultation
with manufacturers’ and suppliers’ representatives and engineers will prove most
valuable,
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USE OF THE URD-LOOP PRIMARY CONDUCTOR
SIZE-SELECTOR CHART

[. Lay out & tentative URD loop to serve the URD area. Defer (hy choice of
. transformer locations and required ratngs.

9 Determine the total length of the proposed loop.

8, Determine the normal peak demand (KVA) for the total numlser of CONSUMery
. m.m supplied from the proposed loop. Refer to the group luarl-mrinmung
guides in Table 6-12,

: : 15 4t a point corresponding o the total 1o
4. Enter the chart a1 the bottom a!xu at a | | P K .m,.,] lr.n;.;rh
determined in step 2 and project a vertical line upward from this point (i,

the length in thousands of feet),

9. Enter the chart at the lefi-hand axis at a point corresponding to the kyA
demand determined in step % and extend 2 horizontal line to the right 1o the
point of intersection with the vertical line drawn in step 4.

6. a. If the intersection falls within the zone labeled n0.2, select no. 2 aluminum
as the pnmary conductor and design the loop as proposed in step |,

b. If the intersection falls within the no. 1/0 rone, select no. 1/0 aluminum
conductor and design the loop as proposed in step 1.

c. If the imersection pomnt does not fall within either the no. 2 or the no.
110 zone, the loop layout proposed in step | cannot be used. T'ry another
layout dividing the area load between the two loops, then repear steps |
6 for each loop. Depending on the total ares load and size, il may be
fiecessary to repeat this procedure using three loops, etc., until the number
of loops is adequate 1o supply the area load level,

Example 6-2 Refer 1o Fig. 6-21a.

L. The loop length is 6500 1, and the toral loop demand is 350 kVA. The
intersection point falls in the no, 2 zone, The loop may be designed as
proposed, using no, 2 aluminum.

- The loop length is 5500 ft and total loop demand is 1200 kVA. The
intersection point falls in the no. 1/0 zone, The loop may be designed
48 proposed, using no. 1/0 aluminum.

e doop length is 8000 ft, and total loop demand is 1300 KVA. The
ection point falls outside the no. 2 and no. 1/0 zones, Redesign
the Layout for two loops, dividing the area load between the two loops.

:“h[ll this example, assume the sy uent layout consists of two loops as
ollows;

Loop a—6500 f1, B00 kVA
Loop b—7500 f1, 500 kv A

The proposed lsops are bo

minumny, ) acceptable designs, using no. 2 alu-

The design of a distribution system is affected by the location and design of s
supply substation. Indeed, the distribution substation is an integral pan of the
eecirical distribution system.

SITE SELECTION

The availability of land, annual costs, taxes, zoning laws, and environmental x
public relations considerations are some of the faciors that determine the
Lon. |
m;c"hzbfumlxr and locations of the substations may affect the voltage ulcu:ii
for the primary distribution system. The fewer and farther apart the m‘hsmmm.
the higher the primary voltage selected and thc‘ larger the loads mppﬁ;n th;_:
the length of distribution feeders (and the dqtanf: of c?::dliﬂ:ﬂzc b
substation) and the number of consumers supplied from a :au % ﬂectch
in the size of conductors, voltage-regulation measures, and, equally img design
the losses that may be incurred. Hence, the m:tdy of the most ;c;ﬂmﬂnﬂln ot
of a distribution system must include substation and mn?:rmcn. e
4 well as the effect of primary voltage on feeders, trans
and me of maintenance and operaton. : 5 et
In il'du:l?l(il:m I;.o the factors cited, other considerations should be ake
account in choosing a site for a substation: '

- It should be located as near as practical 0
srved; the summation of the luafis (’f"l“':h ”Fr:l:ul
4l some points) multiplied by their distances
site should be at a minimum.

loads to be
the centers of the
med 1o be concentrated
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2. 1t should be possible 1o supply the loads withusut undise voltisge
- and with available sandard equipment

,';".n':.-;f'.-_.-.

5 ’ ait r i IIJ;'rJ' ‘n'lf *,.lu
3. Accew for inconsng transsossion hines and outgoing distribuyic,, —_
should be available with 2 minimum of inconvenience, and shogid 2w {5
future expansion of such facilities.

4. A shurdown of the subsiation should not affect an undue numbe, A com
sumery; the substation location n relation (o other, adjacent submiztion.

frnl
present and future, should permit ues 1o them in evernt of CInergenicy

GENERAL DESIGN FEATURES

Since the substation s the link between the transmission and distribution sysierme
s continuous and uninterrupted operation is of prime importance

reason, multiple incoming wipply leeders are provided, relays are installed 1
aperale swiches and arcuit brezkers automatically 1o disconnecs faulied feeders
and equipment, and spare equipmernt may be provided for rapid re
service in the evenn of {ailure

¥ i
For 15

Moralon of

Equipment Instaliation

Arrangement Equipment may be connected in various arrangerments by ms
of buses, switches, and circuit breakers as described in Chap, 4. The
ments are usually such as w insure safety 1o workers and refiability of operation
the usuzl arrzngement in many substatons per rung work on almaost any piece
of equipment withou Irerruption 1o the incoming or outgoing feeders. The

chaoice of arrangement is based on econornics and the degree of re
sred; see Fig. 7-

=4I

ArTrangye-

LY

= .L*ti!§‘+!4u‘t;¢ W

"I

;

liability de-

i

1 vl s A

b i

Insutation Coordination (BIL)

The lexture of conrdination of imsulation, associated with the reliability of the

subsiation, tias been detailed m Chap, 4. The impulse values of the insulatiorn
of transfovmers, circuit breakers,

Etors, by sMippons, and other ¢l
munied from 2 minimusm basic inss
s linetoground viliage
that potential (aifures of irsu
the least destructive and rmost

and tepairs or replacement o

Avaw

witches, lightning or SUrge arresters, regu-
Cmenis are chosen at different levels, deter-
slation level (BIL), usually based on the min-
rating of the surge arresters. Such design assures
Lation from overvoltages can be made to occur at
accessible paoints, where they can be readily found
I damaged equipment can be made.

il
&

Typical substation arranpement. (Coutasy Long sfand Lighting Co )

ol ekl 4 e

L%
Fia. 7-1

Coordinstion of Protective Devices
The courdination
devices o5 the
usied g Chap. 4. Such LA

oA 2 Particular devics deses

: ot unnecessanily deenergize remaining unfaulted
Poertons of the distribution sysiem P

i of protecuve devices, botly

| within the same substation and with
AOciated 1ra

nsmmission and distribution feeders, has been dis-
ndination is ey

sential 1o ensure that the operation
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Protection Control
wrw TIKMhTﬁkmﬁIMSEn: lﬂd&nmtt_q :
ment require two sources of power for their PTOPET Operation: that wh Bl
tuates the relays, and that which causes the mechanica] operation of the equip.
ment to ke place.

The relays receive their acuating power (usually) from INStrument trans.
formers which measure the electncal quantities assocated with the drouigs o
equipment they are to protect. These indude current transformers, wirh, a stan.
dard scoondary current ratng of 5 A, and, where 2 voltage input is required.
potentzal ransformers, with a standard secondary voliage rating of 120 v

Auxibary Corcusts While the instrument transformers furnish the power thas
actuates the protective relays, a separate source of auxiliary power is provided
to operate the tnip coils, solenoids, and motors that may be involved. This sep-
arate source of power must be as reliable as practical.

In substations in which the power supply bus is sectionalized 0O {WO Or more
parts, transformers supplying station power may be connected 1o IWO sections
separated from each other, with the transformer supplying the auxiliaries con.
nected to one section and the equipment connected to the other. In other in-
stances, the station transformer may be equipped with 2 throwover switch, op-
erated manually or automatically, in order to improve the reliability of the supply
of auxikiary power.

Where relizbility mus: be of the highest order, storage batteries, “Hoaung™
on the Ine, connected 1o an ac supply through rectifiers, are also mstalled o

complement other power sources: here. the auxiliary drcuit is a2 dc one.

Tansmission or generaung sources, care should be taken to avoid the intercon-
Becuon of transmission and generating sources through the substation buses.

rutson, control and auxiliary wiring systems are ungrounded

design of buses in a substation must take into
Ing requirements under both normal and

lage drops, power losses, and lemperature
above 2 40°C ambient). The current-carrying
the higher-capacity and higher-voltage areuits,
_ﬁm effect of the ac flowing through them. Also,
situated (between phases or between circuits), 2

The endosure of buses, for
current rating, since the

Mechanical Considerations Bu-ﬁmuﬂtai}ymdcofcnppﬂﬂrm
Their cross-sectional shapes may indlude fat bars (single, or several n parafiel),
tubing, channels, or hollow squares. Sections may be joined twogether by means
ofholuﬂrdam;ﬁ,ﬂrmaybebrmdurw&iedmguhmam;mmm_
eXpansion-type joints ammﬁmﬁmmmnfmuwmm
due 10 load cydes.

Thcbu.scsmusxaisamkeinwacmunuh:fommuph_t short-cincumt or
fault currents that may flow through them (or in adjacent buses), as well as the
voltage surges that may result from switching or lightning. The shape of the
bus may provide sufhicent rigidity and strength. They must also be supported
unh]sulamrscapablcnfmfeﬁngbu{hlhcdcarﬁjamimtchanhlrmpﬁrb
ments. Bus supports spedified, therefore, usually mdude a Eirly krge safery
factor, between 2 and 4. .

Current ransformers that are connected in these crcuits must akso withseand
both the electrical and mechanical forces imposed on them.

i 1om i I of the strong
Grounding at a substation is of the greatest mmportance. Because
alternating magnetic fields set up by the heavy short-circuit currents that may
How in the several elements, voltages of appreaable values may be induced in

the metallic structural members, in the equipment tanks and their supposting
frames, in metal conduits for power and communication arcuits, in metal fences,

etc. All of these must be grounded, preferably o ammmangmnd.‘!‘bcgﬂr?z

connections of the surge arresters, as well as the neutral mﬁdmmdmm

feeders, both incoming and outgoing, and of the grounded wy

formers (if any), should also be connected to the common g'ﬂ:mndl:ngtl
Draining of the induced voltages to ground pmuch.n?rn:d? Mwm

rises from forming, espedially in the vicinity of the substanon durnng

ditions. . _ .

Grounds may consist of a2 multitude of meaal rods tb;:ﬂr;;m the g;mnd at

frequent locations and connected together, or of a mesh usually) beneath
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stion. The number, spacing, size, and depth pl‘ burial of the conductors
i mesh will depend on the nature of the soil and (he ground
d. Both rods and mesh may be installed and connecte

the subst
making up the

resistance desire d logethey

SUBSTATION CONSTRUCTION
Distribution substations may be constructed entirely indoors, entirely SO
or in a combination of the two ways,

Indoor

In purely indoor construction, all the equipment is completely enclosed within
a structure, protected from the weather. Measures are La Ken to ensure that the
failure of a piece of equipment does not spread and involve other units, Rein.
forced concrete fire- and explosion-resistant walls or barriers are installed be.
tween major pieces of equipment, such as transformers, circuit breakers, and
regulators. Sumps are usually provided beneath oil-filled equipment and cop.
nected to waste lines where they exist. The sumps should be of ample size 1o
contain all of the oil in the equipment should its failure result in an oil spill.
Control equipment, switchboards, batteries (if any), and other communication
facilities may be located in separate freproof compartments.

Automatic hre-extinguishing systems may be installed to smother any oil fire
that may ensue; foam, carbon dioxide, a high-pressure fine spray of water, and
other materials may be specified.

Venulation may be by natural circulation of air, or by means of fans that may
operate at peak load periods or when the internal ambient temperature exceeds
a predetermined value.

In general, the raung and capacity of the equipment, particularly trans-
formers and circuit breakers, may be lower than for similar units installed out-
doors. On the other hand, the units need not provide for inclement weather
conditions (e.g., bushings may have shorter creepage distances, tanks need not
be watertight, eic.).

Provision, in the form of rails, rollers, or other devices, is made to permit the
replacement of the several pieces of equipment, Space around each unit is pro-
\'l[l!fd to permit safe access for the maintenance. repair, or replacement of the
unit.

The architecture of the exterior should blend with the surroundings, as should
::; :_:L:zlil;c:jilzndfxu?ing, Im-.:nsl.‘ur other environmental pr‘t.'ll“t:quis-ilcs. Incom-

. & teeders are installed underground, out of sight,

Ouldoor

Outdoor substations have all of (he
tenced off area, Here, 00, provis
and replacement of the pieces of eq
4.unit, in the form of dikes or pit

equipment located outdoors within a securely
lons are made for the maintenance, repair,
uipment. Sumps may be constructed beneath
§ containing coarse gravel or crushed stone,

DISTRIBUTION SUBSTATIONS Im

of a sufficient volume to hold possible oil spill
the availability of land and the spacing betwe
units may be found desirable.

Transformers, _::'ln'uil breakers, and other outdoor equipment are designed
to operate in all kinds of weather. Tanks are uspally hermetically sealed or are
equipped with "breathing” devices; bushings and insulators have creepage paths
sufficiently long to prevent flashover. Control facilities may be located in sealed
compartments either associated with cach unit or grt.mpcd [ngtlhr.r N An outs
door-type housing, Small strip heaters may be required o keep condensation
from forming in the compartments.

The location of the outdoor substation may present serous envirenmental
problems. These include appearance; sometimes extensive and expensive land-
scaping is required to conceal the substation partially or entirely from neigh-
boring observers. Another source of ohjection may be the sound emanating from
the transformers; sound barriers then have to be erected around those units to
deflect or mitigate the sound emissions in a particular direction,

age from the unit. Depending on
en units, hre walls between major

Comblination Indoor and Qutdoor

In the combined indoor and outdoor arrangement, the major units, usually the
transformers only (with their associated surge arresters), but sometimes circuit
breakers also, are located outdoors, and the remaining equipment is housed in
a building of some kind. The requirements already outlined should be followed
in connection with each portion of the substation. Such substations are located
in areas where appearances may not be a major consideration and some equip-
ment, sometimes concealed by landscaping, may be found acceptable,

Unit Substations

Unit substations are small, self-contained, metal-clad units, usually installed in
residential areas where larger sites are unobtainable. They are usually well Ianc!-
scaped, and their incoming and outgoing feeders are placed underground. Pri-
mary feeders from one unit substation extend to meet those from other, adjacent
unit substations so that, when one unit substation is out of service, its Iu:.u:l cian
be picked up by the feeders from the adjacent unit u_:hatatim\s. Em:h‘ unit sub-
station, therefore, must be designed with spare capaaty o enable this transter

of load to be made during contingency conditions,

Moblle Substations .
Mobile substations, which may be considered portable outdoor-type substations,
have been discussed in Chap, 4. Provisions are generally made at thﬁ:ﬂuﬁﬁ
types of substations to permit a mobile substation to be cunneclrdl w P':I “l:;d
or part of the load should a substation be out of service for a prolonged pe

of time.
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ONE-LINE DIAGRAMS OF CONNECTIONS
The connection of apparatus in a substation is usy
and operator to call for and complete the desired
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CHAPTER 8

METERING

SCOPE

There are two broad classes of metering that interest the distribution engineer:
that used to operate or monitor the several elements of the distribution system,
and that mainly used for revenue purposes. With the advent of the digtal
computer (used for billing, among other applications), the latter may also be
employed in furthering the purposes of the first class of metering. Further, the
development of microelectronic technology has made possible operations of the
electric system heretofore thought impractical if not impossible.

The principle of operation of most meters is that of the interaction of two
(or more) magnetic fields tending to produce rotation of one of the elements.
They may, however, be thought of as small but accurate motors, with their
rotation restrained by springs or other magneuc felds. |

Basic electric meters include the ammeter for measuring current in amperes,
the voltmeter for measuring electrical pressure in volts, and the wattmeter for
measuring power in watts. The ammeter operates on the interaction of a mag-
netic field, set up by the current to be measured, with the ﬁfld ﬂ_f a permanent
magnet. The voltmeter is essentially an ammeter connected in series with a fixed
resistance. A wattmeter is a combination of both the ammeter and volumeter

elements.

OPERATION-MONITORING METERS

Applications e

Ammeters are used for measuring loads on substation transformers, dmnhuunn
feeders and transformers, secondary mains, and SETVICes. V'_tlll:m_:.tﬂ? ‘_“'_"-'_ used
for measuring bus voltages at substations, both on the supply side of P“:
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transformers and on outgoing distribution feeders and regulators, 4t dlistribiys
ransformers, secondary terminals, and consumer services. In 2 modified f‘mn
they serve as control relays for voltage rtgulal{frs. Both kinds of meters are ;IT"
used in the setting and maintenance of protective relays and in determinip H’:ﬂ
volt-ampere loads on equipment. Wgumetcrs measure the power i“Putgan;
output at substations, and at other points where such measurements are desiy.

able.

The three basic meters used in assocation with each other can determine th
power factor ol arcuits and loads; the three elements may be combined in unz
nstrument to read power factor directly. Likewise, resistance, reactance, and
impedance measurements may be obtained from the ammeters and yﬂhm'ﬂcn
used in association with each other, or in one instrument that is made to read
such quantties directly.

Extending Ranges

The range of these meters may be extended by means of auxiliary equipment
Ammeters for dc measurements may use a shunt calibrated so that only a p,-f:
determined proportion of the current flowing through it is measured by the
ammeter; for ac measurements, a current transformer of a predetermined ratio
achieves the same results. A voltmeter for dc measurements may use a poten-
rjuqleter calih_mled so that a predetermined proportion of the voltage across the
entre potenuometer coll is measured by the meter; for ac measurements. a
potential transformer of a predetermined ratio achieves the same results. Shunts
and potentiometers are used to extend the range of dc wattmeters, and current
and potential transformers are used to extend that of ac waltmeters.

Types
;hcs;e melers may be of the indicating type or of the recording type; they may
50 be of the portable or of the station or switchboard type. Indicating ammeters
may also be constructed to retain maximum values of current readings; they are
someumes referred to as maximeters,
h;:ﬂ acfsystems. separate current and voltage measurements are made for each
phase ol a polyphase circuit, but power and volt-ampere measurements for the

sun:' of all of the phases may be made with one polyphase meter, or may be
made using two or more single-phase wattmeters.

Polyphase Power Measurements

Power gl &
mﬂ::i:l;cl:gp;ﬁt}?rcml may be measured by connecting a separate watt-
accuracy, however S and_ alg‘fbm'@]!}’ adding the values obtained. Equal
ones being pro ] may be obtained by using one less wattmeter, the remaining
18 Properly connected among the phases of the polyphase circuit. This

s known as Blondel’
del's theorem for the measurement of power in a polyphase

E?Eﬂi!ﬁ[“

system of any number of wires without rega

) d :
voltages that may exist among the P ra 1o any unbalance of currerits and

circuit, either wye- or deltaconnected, may be

_ e : : measured by tw =
three-phase four-wire circuit would require three waumc[;, O walimeters: a

If the power factor of the drcuit falls below 2 o

] : Pproximately 50 i
likely that the reading of one of the wattmeters may be ﬂfgzu'l:.-e 11;3?:1;; “tl:
necessary (o reverse the terminals of the current or potennal coil: this Y
should be noted in connection with any later measurement when the E:
factor may be greater than 50 percent. Ry

REVENUE METERING

Metering for revenue purposes, in itself, is not the responsibility of the distn-
bution engineer, but the data accumulated by meters so used can serve tn op-
timizing the planning and design as well as the operation of distribution systems.
The same computer that translates meter readings into consumers’ bills can alse
be programmed (o make selective summaries of such data, simultanecusly con-
verting such consumption data into loads and demands on the several elements
of the distribution system. The gnd coordinate system of mapping is extremely
useful in such instances; it is described in Appendix C at the end of this book.

Meters for revenue purposes measure energy in kilowatthours and power
demand in kilowatts. Although constructed differently, they are connected in
arcuits in the same manner as wattmeters, and have both current and potennal

coils.

Watthour Meters

The watthour meter is essentially a small motor whose rotor, usually a metallic
disk, is caused to turn by the torque produced by the reaction of the magn:ul:
fields set up by the current and voltage coils with a magnetc field of the disk
resulting from the eddy currents set up in it by those magnenc helds. Its speed
of rotation can be made to be proportional to the power fowing in the coils of

the meter; a magnetic brake regulates this speed to obtain the desired ac-:urzu:y
A register which counts the revolutions of the disk acts [0 iniegrate the instan-

taneous values of power over a period of ume; the integral is the expression for

energy. ‘
Watthour meters may be single-phase or palyphase, although the single-phase
energy consumption

units constitute the greatest number in Use, MeEAsUrNg the
of residential consumers.
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wh of the consumers supplied from one -.tinrrnm““"
to obtain the energy supplied through thay (ran..
former over the billing period of lime_. l!ﬁ!lﬂ“'o' .uppmxurn;nlvlv a month. Factors
it~ npplil‘d folikse varal to l“._"“.“.t' It INto an approximate dmn.u!nl in kW or
LVA. In this manner, the loading of that tl";ll‘lﬂ‘ﬂt'll'ltfl' can I_w monitored. The
computer which compiles t,l“f t‘ullhﬁumf.ll'f- hl"!i. inr_llml period n! days can e
programmed to perform llm_e functon. mer.:rsm:'u i;u'mrf are obtained and kept
current by sample testing of small groups of representative consumers.

Similarly, the consumption supplied from each distnbution transformer cay
he summarized for the transformers on each phase of an entire feeder or por-
gons of that feeder. Carrying 1t a step further, these consumptions can be sum.
marized for all the feeders on a substation bus or on the supply transformers,
These values can also be converted o approximate Kilowatt demands on the
several elements of the distribution system. Comparison of the sum of the in-
dividual consumptions on a feeder to such readings on the feeder at the sul-
station (making correction for differences in the ume ol the readings, if any)
can give a rough indication of actual losses on the feeder.

The computer can be programmed to produce periodic readouts of these
data together with average demands per consumer, and to identify distribution
transformers and other elements that exceed values predetermined to indicate
overloads and potential sources of troubles.

The distribution engineer is thus able to initate actions not only 1o prevent
mconveniences to consumers, but also to avert damage or destruction of equip-
ment and other facilities that could cause long and costly interruptions affecting
the safety and well-being of the public. Moreover, the updated values of con-
sumer demands and circuit loadings enable the engineer to do a more effective
and economical job of planning and design of the electric distribution system.

The consumpuons of &
transformer can be totaled

Power Factor Correction

For some larger (usually industrial) consumers, the reactive kVA load is also
mlt'auu.rtd n kVA-hours (by shifting the voltage 90° by means of reactors) along
with Rilowatthour consumption. By properly interrelating these quantities for
the PF""d ‘f'f time covered, a value of average power lactor of the consumer's
load is “h‘f‘{"fdv With rate schedules tailored to reflect rewards (or penalties)
O power factor, the installation of power factor-corrective measures at the
COTSUMENS expense is encouraged; these may be banks of capacitors, synchron:

Ous mo L > o S
tors, or both. Such power factor improvement enables the distribunon

engine g : L R €311
NEINEEr o design more economical distribution systems alfecting costs to all
consumers. -

Demand Meters

Th-.e‘ Measurement
lﬁdlng anather dj
Kilowau demands

aTl lnlummum demand for a consumer may be obtamed by
and set of gears to the registers of the watthour meters.

tor co ling : *
nsumer billing purposes are obtained basically by meas-
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uring the kilowatthour consumption over a 18-min penod, multiplying this b
4 1o obtain an hourly demand. In some Instances, a pcrifujl of 3np.rr ﬁil‘l n::n 1:
used and the multiplier adjusted accordingly, This is accomplished essentiall
by a “Hoating™ hand that is pushed by the watthaur element that returns to xer:;
every pcrind, alter which the actuion is rl‘.‘pI:i'I.lf:{l.

At the billing period, the meter reader reads this Hoaung hand and returns
it to zero, eliminating any record of that demand reading. Another system does
the same thing, but records the demand on a separate register, the actuating
element returning (o zero every period; the action is repeated, but the demand
value is added to the previous reading. At the billing period, the reader reads
the second register, which has “accumulated” the masimum demands, and resets
the actuating element to zero, The maximum demand for the period 15 the
difference between the last reading and the previous one on the demanc regisier;
hence, a record of the maximum demands for each billing period is maintained.

Demand Control

Rate schedules are designed to encourage the consumer 1o arrange the operation
of loads so as to hold down maximum demand.

Many of the relauvely smaller consumers arrange the operation of major
pieces ol equipment on a predetermined schedule in an effort 1o hold down
their overall maximum demand, usually concentraping on reducing or elimi-
nating short-term peaks.

In large industrial and commercial installations, the demand is continuously
monitored by the consumer using impulses generated by the urility’s demand
meter (impulses that trigger the demand meter's 15-min periodic return to zero).
These impulses are fed into the computer that supervises the operaton of the
consumer's equipment; in some programs, actual shedding of less evitical I?ads
within the billing (15-min) interval is done su as not 1o exceed a predetermined

value; see Fig. 8-1.

= ==== Faracas!
S 1

el L L

Timie
Time ()

(a) | o
FIG. 8-1 Continuously monitored demand control (g) without demand limit and (B)

with demand limit. (Courtesy Johnson Controls, Inc.)




e — i — W —— . 5 @

{'.
1
[:
1

268 {MNM AND DESIGN

In gt'n:r:il. the goal is to improve ‘the ccrnsu_n}tr's !Uﬂd faftt_nr. and the firg
step usually is to obtain the consumers Iuacii prufrlg. If the Prnhle shows only 2
few 15-min intervals where sharp peaks occur, it is a relatvely €asy matter o
idenfy the equipment causing Lhmg demand p-eak_s and take remedial Measires,
In most cases, however, a more delaﬂ_ed apprnac-h is followed to del_ermine what,
if any. demands can be reduced or ehnunated.. This generglly calls for clns.sif‘ying
the consumer’s major loads into four categories: tl.mste which (1) can be resched.
uled, (2) can be deferred, (3) can be curtailed or eliminated, and (4) are essential
base loads. : :

Often. this control of consumers’ demands is a cooperative effort between
the consumers and the utility’s distribution engineer. Success of such efforts is
beneficial to both the consumer and the utility. While this may reduce the cop-
sumer's demand payments and reduce the utility’s revenue, the loss in revenye
is almost always overshadowed by the uulity’s reduced carrying charges from
the improved -u:-;age of fewer facilities and reduced energy costs from the re.
duction in losses that accompany the reduction of peaks. The reduction of these
costs is of increasing concern to the distribution engineer.

WIRING DIAGRAMS

Wiring diagrams for the various meter connections for different types of dis-
tribution systems are shown in Fig. 8-2.

ELECTRONIC METERING

The development of so-called microelectronic processing (including solid-state)
techniques is making the kilowatthour meter more than just a device for billing
purposes; it also provides another tool for use by the distribution engineer and
operator. By adding memory and other circuitry to the register of the meter,
its functons can be expanded to provide additional data valuable to the distri-
bution engineer. Further, microprocessors can be programmed to process the
data and execute predetermined commands. This last feature can be extended
to control individual consumer loads in order to restrict consumers' demands
and, collectively, reduce the peak demands on the several elements of the elec-
trical system all the way back to the generators. Incidentally, such systems fa-

cilitate the remote reading of consumers' meters and instantaneous billing, long
the goal of the accounting departments.

Data Procurement

DEI.E{T.IIM can be obtained from the meter and its electronically enhanced register
can include real and reactive power consumption and demands, peak and av-
erage demands, power factors, and such other itemns as the power factor at peak
demands of both kW and kVA. Also, calendar information such as time, day,
month, and year can be included, and different seasonal, holiday, leap year, and
other complex rate schedules can be stored; when such data are employed at

; : : 7 ;
P Fdeter{mnfd tmes and conditions, the price in effect and the rate-of-usage
tnlormation can be readily obtained.

{-phose , 2-o¢ 3-wire | element
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(2= | ST —
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FIG.8-2 Schemalic diagrams of meter applications for different ty S _
pes of distribution sys-
tems. (Courtesy Westinghouse Electric Co.) R

Operating Functions

By coupling this electronic metering with its sophisticated registers (o & com-
munications network (microwave, radio, telephone, carrier, or combinations of
these), control of consumers' loads (with prearranged and contractual assent)
by the utility operator becomes practical. Such control is directed primarily at
restricting demands on the several parts of the entire electrical system, starting
with elements of the distribution system. Not only is it possible to reduce capital
outlays (and related annual carrying charges) for additional facilities, bt{l it 1s
also possible to reduce operating (e.g., fuel) expenses through the reduction of
losses in the transmission and distribution systems and in the amount of spinning
fE€serve generation required. : .
There are several methods which may be used to shift or l'f.‘dlftf electrical
demands, One simple and “minimum” system limits d CONSUMErs mamm;l;n
demand during peak periods from a signal actuated by the utility operator, ZA
Melering circuit monitors the load automatically with a 5’5’“’*‘_‘1 hghl‘al the m“i::.r
4nd an alarm of some kind on the consumer’s premises. Exceeding lhemml;
{after actuating by the operator) triggers the alarm and siarts  PIBAF 00
ume delay of (say) 14 min (of the 15-min demand cycle), allowing EEEE g
time (o reduce the demand before service is imerrup{t‘d; see Fig. 8-3. A 500
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bme deiay prevents apphance damage to loads such as air-conditioning com.
pressors, when service s restored.

TRANSDUCERS

In many instances, it is desirable to measure nonelectrical quantities, and thie
may be done by converting them into electrical quantities, which are then me-
teved or measured in the usual manner. This is accomplished by a dass of devices
generzlly called troncducers. Thermocouples, photocells, and microphones are
examples of devices which convert hear light, or sound into electrical quantities;
when these quantities exceed predetermined limits, they act to control the equip-
ment with which they are associated. Other devices convert pressure or pressure
differences into variations of electrical quantties, which again serve 1o actuate
or control the equipment with which they may be associated.

Transducers may also be 2pplied 1 convert elecirical quantties into none-
learical quaniities.

PART THREE

MATERIALS
AND
EQUIPMENT
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steel; and copper lad steel. The chief ¢ haracteris

Temperature
o iy
e
per degree (% 107%)

are compared in [abde 9-1, S 0f these comductor materidy

Copper

’ - i . - - e .
For many years, copper has been the most satisfacunre conductor for elecirical
pUrpPOSEs. Its elecirnical and mechanical properties coupled with
. = 1 - l’
cost benefits, made it almost exclusively used ynive Iy (mparative

I1s conductivity is high, surpassed anly by that of
metals; indeed, its conductivity 1s used a3 a relerence

sdver and some other rare
for thas of other maserials.

Degrees of Hardness  Although basically sofi enough 1o be handled e
can be mncreased in strength [hrﬂugh Hlmcaling processes. It is 3 f m’?ﬂi

standard degrees of strength and hardness; hard-drawn. medium-hard-drawn
and soft-drawn. Hard-drawn copper results (rom the repeated drawing of m;
wire down 1o the desired size without annealing, Le., withous rldihcn:gt After.
heating and cooling, Medium-hard-drawn copper results from drawing the wire
down 10 the desired size; annealing must be made under controlled conditions
or the degree of hardness will not be consistent enough 10 be considered constant
for design purposes. Soft-drawn copper results from annealing after drawing
is complete; here, oo, annealing must be controlled 1o result in constant salues
of hardness.

As the names imply, the difficulty in handling copper wire depends on its
hardness, as does its strength. Hence, for overhead hines, hard-drawn copper
finds greatest applicauon for long spans, medium-hard-drawn for intermediate-
length spans, and soft-drawn for short spans and for such other uses as con-
necting leads, tie wires, and other applications where strength & not 2 major
requirement and HAexibility is highly desirable.

For cables, interior wiring, and other uses where mechanical strength is not
of paramount importance, soft-drawn copper is almost always preferred because
of its Aexibality.

Modulys
of elasticity
(x 10%

D in

i
(x 1000)

23 to 359
1410 16
w112

Elastic
lyenit

4510 189

60 o 100

[
3

Ultymate
ot |
"
(x 1000)
6w 40
12 o 60

Ib/1000 ft
per 1000 comil

B in®

100%)

Flexibility To obtain additional Hexibility, particularly where hi!-l‘d-dl‘l"ﬂ'l and
medium-hard-drawn copper are involved, conduciors are sometmes stranded;
Le., a conductor of a specific size may be made up of a number of smaller-cross-
section conductors whose sum is equal (o the cross section l:".'l' the spechc con-
ductor. While this makes the conductor more flexible, it does increase the overall

diameter of the conductor.

Conductivity, %

(pure Cu

Aluminum

Although the conductivity of aluminum |

the weight of aluminum is only about one
' - - about half
conductivity, therefore, an aluminum conductor would weigh only

as much as copper, although somewhat larger in dameter. The mﬂm
of aluminum and soft-drawn copper are also about the same.

~ : o ors.
these two materials are economically competuve a8 conduct

s only some 61 percent that of copper,
.third that of copper. For the sime

TABLE 81 CHARACTERISTICS OF CONDUCTOR MATERIALS (COMMERCIAL GRADES)

1000 ft x 01488 = kg'km
bmn* x 0.0708 = kg/em®
Courtesy The Anaconda Co., Wire and Cable Dhv

in® x 0.0277 = kglem®

HD

Alummum, plain
Aluminum. steel-remnforced

Steel

To convert (o melnc system:

Copper-clad steel—30%

Copper—SD
MHD
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Aluminum Conductor, Steel-Reinforced (ACSR)

From the viewpoint of mechanical ﬂrcngth: plain a_lurninurn conductors cannoy
be hardened and, hence, cannot compare with me_ﬂlu m- and Imrd_-d;au,n copper
conductors. It sometimes alloyed, h.f_m-{:-.'er.‘ with _ulht:‘r nlalcrjala 10 increase
its strength slightdy, but more f)f[l;‘n. s _d{:ﬁuenn- in strength is overcome by
having steel remnforce the aluminum. This is accomplished by having strands of
aluminum wire wrapped around a central core {.:.l[ one or more strands of high.
arength steel wire. The breaking 5lre_ng1h of this type of conductor, 2 or more
imes that of plain aluminum, is considerably greater than even that of a hard.
drawn copper conductor of the same conductvity.

Steel

Although its conducuvity is relatively low, yet because of its very high mechanical
strength, steel is sometimes used as an elecnical conductor. Its use is limited to
those few occasions where mechanical strength is of paramount importance. Iy
s usually protected from corrosion by galvanizing or otherwise protected by
SOmE COVETINg.

Copper-Clad Steel

The advantages of steel for strength and copper for conductivity are combined
into 2 sofid nonstranded-type copper—clad steel conductor. Obviously, this type
of conducior is limited to the smaller-size copper conductor equivalents. The
layer of copper is continuously bonded to the steel, resulting in a material that
is essentially homogeneous. Such conductors are made in two grades of con-
ductivity, 30 and 40 percent copper (as a percentage conductivity compared (0
the conductivity of hard-drawn copper of the same cross section) and in two
grades of strength depending on the grade of steel around which the copper is
placed. The copper covering acts 1o insure the conductors against destructive

corrosion. This type of conductor is handled in the same manner as solid-type
hard-drawn copper conducors.

Other Materials

me tilfif to time, other materials have been employed as conductors of elec-
triaty. Silver, because of its very high conductivity, has sometimes been used in
very speaial situations where strength and cost are not the prinapal concerns.
Alloys of both copper and aluminum have also found special applications.
Bm"j" '?’;'d bronze, though stronger than copper mechanically, have lower con-
d““—_‘%- and have found application in relatively few special situations.
_ Similarly, aluminum alloyed with small percentages of silicon, magnesium,
tron, and other metals has been used where increased hardness and tensile

ﬂmg‘lh are desired along with light weight, and where conductivity 15 of sec-
ondary importance.
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characteristics of Conductor Materials

The more important charactenstics of the several cond
ve are given in Table 9-1. Conductivity and weight ha - E

cussed. While the words strength and tension have mghmv?uﬂmy hﬂ-'ﬂ dis-

s needed; these are quantified in the able in terms of elastis rther a:;‘?:npum

strengths.

Elastic Limit and Modulus of Elasticity (Sag) The elastic limit of 2 metal is the
amount of elongation or SIFEth that the material can make under stress while
sall being able to return 1o its original dimensions, Le.. without
deformation after the siress is removed. The elasticity of 2 mat mﬂt'mm i:
mmu[ed as a ratio between the siress apphed (in pounds per T
kilograms per square Ctn'lif'l‘lfltr} and the elongation produced per unit length
(say, inches per foot or millimeters per meter). This ratio is known as the modul
elasticity and 1s 2 measure of the way a conductor will sag under loading.

A very small percentage elongation of a conductor is accompanied by a com-
paratively large increase in sag. Tension is approximately inversely proportional
(o sag; L.e., when the sag 1s increased, the tension (or stress) in the conducior is
decreased. The elongation, up to the elastic limit and induding a factor of safety,
is taken Into account in COMpuUUng sags.

Elongation beyond the elastic limit can continue until the conducior is al or
near the breaking point, which is a measure of the ulumate strength of the
conductor. For stranded conductors, the ultimate strength is taken at about 90
percent of the sum of the strengths of the individual strands. The ulumate
strength has little importance in the design of electric lines, but is a figure which
allows factors of safety to be determined, i.e., a ratio of stress that would ult-
mately cause the conductor to fail to the allowed stress.

uclor materials mentoned

Temperature Coefficient of Linear Expansion There issull another charactenstic
of materials that affects the performance of conductors: the temperature coel-
fident of linear expansion, or a measure of the change in length of the mai‘.cml
with temperature. This is of great importance, as @ sag mﬁs:.allcd in a line -u;
particular temperature, say in sSumMmeTume, mz}ibf Eﬂnﬂdfﬂf}' dﬁ‘f‘mm
another temperature, say in wintertime. These variations caused by lt;npc::ﬁ =
differences are taken into account in the design and construction of ov

lines.

Conductor Sizes Since it is impractical (0 manufacture an

wire sizes, standards have been adopted for an orderly and

of such sizes for manufacturers and users. The Am:n:sn i e

formerly known as the Browne and Sharpe Gauge (B&S), 15 prevail.

erally employed in this country and ?uh:re A{ﬂfj"-u‘;“_l"; 11 used as the unit
In defining conductor sizes, the arcular ""!{ ) 15 ' which

of measurement. It is the area of a i

works out to be 0.7854 x 107 in".

diameter of 0.0254 mm and an area of 506.7
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Wire sizes are given in gavge numl’:-ﬂt, which, for riltrrxhun_f:r, SYSem pyy
Wﬂ_ range fromn 2 MsNETUL of no. 12 10 32 maximum aof no., (W MM) (rse 4405 fom
solid type conductors Solid wire 18 noA u:u.;:li*_r made 1n sizes larger than 4
srid stranded wire for sizes larger than po. 2 b generally used. Above 4,
size, conduciors are generally given crrcular mils (cmil) or in thousand. of
circular mils (condd # 107 stranded conducors for rht!nbyuun— PUrposes usyalls
range from a munimunm of no. 6 10 2 maximum of l.fﬂH’.l,H&h e (or 1000 cmi
. IUE} and may comrist of two claswes of Hrandlngl I'hese wire $iZ£1 and their
dimernsons are mt‘.-!_"n in Table 9-2
Gauge numbers may be determined from the formula

i

1/1)

0.3249

Drameter, in = —
1.1253"

105,500
1.261"

Cross-sectional area, cmil =

where n i the gauge number (no. 0 = 0; no. 00 =
0000 = —3)

It will be noted that the diameter of the wire doubles approximately every
sixth size (e, no. 2 has twice the diameter of no. B), and the cross-sectional
area therefore doubles every third size and is 4 times as great every sixth size
(e.%., no. 2 has twice the area of no. 5 and 4 times that of no. 8).

The diameter of stranded wire is approximately 15 percent greater than the
dizmeter of a sohd wire of the same cross-sectional area.

The gauge numbers and wire designations apply to conductors of all mate-
rals. Usually, however, the equivalent wire sizes are denoted for the several

materials in companson (o copper (e.g., 4/0 aluminum is equivalent to 2/0 copper).
These are indicated in the tables for such conductors.

=1; no. 000 = =2 no.

Conductor Coverings Although the practice has essentially been discontinued,
in the early days of overhead line construction, conductors were sometimes
provided with weatherproof coverings. Such coverings usually consisted of cotion
f:raids impregnated with a water-resistant compound wrapped about the wire,
Ihese conformed w no standards, but the various thicknesses of covering used
were designated by the number of braids: single-braid, double-braid, and triple-
brasd. These coverings were used on conductors operating at secondary voltages
usually less than 500 V, and at primary voltages under 5000 V. It was felt that
such coverings would prove useful in preventng short circuits in stringing new
wire, when wires swung together, when they came in contact with tree limbs, or
when objects fell or were thrown across the wires, Although the insulating value
uf_im:h covenings s unreliable, it will be more or less in proportion to the
fh"{h'm of 'vh" covering, the preservative, age, and other considerations, As
mdu;#i::d tarirlrr. th‘fi practice has been essentially discontinued, but a great many
‘:::;i:;::l‘ﬂhlmm still exist and will be met in maintenance and reconstruction

oces
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Courtesy The Anaconda Co., Wire & Cable Div.

Tree Wire Where wires are strung among trees with the possibiity of abrasion
from contacting limbs and resultant short arcuits, an qpemﬂy :ﬂw m-ur s:i
was applied to the wires. Often, this consisted of thick fber, Emfc i
coverings, in some instances applied over some rubbcr insulauion. 7 pl.;‘:n,
practice is virtually obsolete, though some tree wire still remains pice T

Where fear of wires' coming together and free Pfﬂb!m s Fully ]
tions to be taken into account, present practice calls for installing fully insulated
wire,

: , was formerly re-
Insulated Wire Use of insulated wire on mcrhead systems
stricted to transformer connecuons, overhead-lo-u _
connections, and an occasional span or two.

ered with one or more weatherproof braids. The ::.-h;be:ﬁuli'ght. e
10 deterioration from temperature changes, MOISWre, pollu

other causes.
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The development of plastcs, such as [Frlj-‘ﬂhﬂpn:- (PE) and polyvind ot
(PVC), has tmade available nsulated comductors in whicl the plastic we, ves hog),
a meutation and covenng or sheathing. It has completely taken the plac, 2
weatherproof cowered conductors, tree wire, and other insulaged Wite rie oriad
ahywve. Indeed, the availabilny of such plastic -l.nmlan-_rl wire has ine ressed
usage in place of bare wire for overhead "’”'_’ for lead shezbied undergron,
calhes, resuliing in generally improved reliability for the (ormer and ida
plezion of underground systems. |

Omie of the features of wne of these plastics is theiy hardrness, particul,
& low tempesatures. They are therefors y;mfwha! more difficuls i handle and
the ""‘-‘"'" must sometimnes be heated before it can be remomnved h]r knife OF (i hiey
wol, for making connections or for other purposes

‘f.'.(:l

e
prd

{ 4[5

CABLES

Conduciors for use in underground Sysiems miust be provided wiLh insubation
sulhcient to withstand the velLages at which they miuss dperate. Generally, these
cemmastedd of strandesd copper comductors (excep very small-size cotiductors which
were sold) with insulstion of rulbber, varnished cambric, or special "’!'”“I‘”’H'
riated paper, all contained within a sheath made of lead. In some special cir.
cummances, such as in heavy tree areas or where appearance was A9 1 Py
factor, these cables were installed on overhead Systemns, usually attached oy 2
messenger wire for support betweer poles.

Because the rublyer insulation sometimes combained sulfur compounds which
reacied destructively with the copper, the conductor strands were often tin-
plated, adding 1o 1he complexiy and cost of such insulated cables: (hese were
generally limited 1 secondary voliage applications of 500 V o less and 1 pri-
mary voltages of 5000 V or less.

the main portion of
eclions required; in such Instances
material and Lalyor standpoints, than

» Where clecirolytic o other chemical conditions may cause

ﬂ " . - I
weath corvosion or eromon, lead sheaths May be replaced with nonmetallic
sheaths or the sheath (and

| cable) may be covered with nonmetallic materials
such as plastics,

In some INMAnCES, si5ch lezd-sheathed cables may be buried directly in the

Arine insallations. In these instances, the
wires of steel are wouned around

4 disappearing practice,
“ 10 exist for many years

Cﬂm:mx‘m
Cabhdes in which the P[;,-:__-F_ tak iy the

, [hacw of bt} —
oW used almeont f-::.rlu'u.rr-i;,- friv d*'!"!il'ﬁf*ym oz b ekt i, arerd M are
ried direcily in the ground. 4 his ¢ L vcuss, and s et st o “leTruvedy
T} - o - A nex omiy hrsioca,
Wﬂ]ﬂj Iﬂrﬂgﬂ Secticria of A 1y e sserf wak o hﬂ‘ and M‘ b

“r sk :
often replaces copper ax the condyy, Lo 11 they rniﬁ:?p;ﬂfﬁh

SECOMNDARY MAINS

Secomdary mams consisting of twe e TUTE CONdtons were

o insulators mounted on croms 21108 and more ofien on

w the sides of the poles. The hive" omdisctopms —

avered wire, thou gh sometinne thiey

wrapped about the rubber. The Neutral”™ conducror
More recenty, with the advent of plastics i thi

with plastic insulation are wouynd

the assembled conductors thys

VAT e Faste ned
wsulated racky Hiached

rather than the wopper
versally used. Besides taking Up less space on the LoD o7 side
secondaries are easier 1o install and e reaciunce (whick
or drop in vollage) is less than for the Upentype conduciors

SERVICE CONDUCTORS

Overhead services for any years were of the open-wire or multiple<onducior
ypes, Open-wire construction, wih “parate weatherproof covered wire and
bare neutral, held apart on separate insulators. o only was cheaper, but allowed
a third or fourth conductor 16 be added very readily. In :
construction, sometimes known as “duplex” !

consisted of one or iwo insulated

strands were wound, the whole

of construction made for better dppearance, 2

ol both open-wire and multiple-conductor

W do s for an indefinite time.

Services also have employed “cabled” conduciors, similar &0 those used for
weondary mains. In some instances, consumers are served from msdspan Gps:
in others, from poles. Economics and 2 ppearance are the determining facuors.

In many instances, services are placed underground, grnerally for the sake
of appearance. Lead-sheath rubber-insulated cables installed in ducts or con-
duits, or supplied with armor and buried directly in the ground, have been used.
Plastic-insulated conductors requiring no sheathing have Lirgely taken the place
of such underground cables. They are buried directly i the ground, as previ-
ously described for main-line conductors.

CONNECTIONS

Connections made between cunducmn._ in joining mmﬂl"'&ﬂh“ mm::
ing a tap off the other, should be :Icnnc?.llr and wm - “'1 &
only should introduce no additional resistance (and associated heating) at th
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points of contact, but they should also not be subject to corrosion oy conducygy

special clamps, sometimes known ae “live-line” or *hgt.
these are shown in Fig, 9.2,

stresses or movements. | |
In earlier times, such connections usually consisted of wires Wrapped togethey

and soldered. Later, twisted sleeves were employed in which the [ ends of
the conductor were inserted in a sleeve and the whole assembly twisted. Stranded
conductors had each strand serviced separately before soldering. Many of these

" 4T, the conductors
ptre?.-musly were exclusively copper presents problems where conductors of dis-
similar metals need to be connected together. Special care _

connection may be affected by chemical Interaction between the two metals

connections still exist. ‘ |
“ 8 -hani specially when wet and in ¢
The later development of “solderless” or mechanical connectors made ph- 3% ) : He _ : pollutants; but even more,

solete the wrapped and soldered splices. Parallel-groove clamps, split-bolt cop.
nectors, and crimped sleeves made splicing more simple and more uniform,
with substantial reduction in labor costs. Some of these are shown in Fig. 9-].
For rapid installation, usually during periods of emergency, the “automagje” , Connectors for copper-to-

splice, employing wedges which, under pressure of the SaggIng wire, grip the though bronze is somet;
ends of the conductors to be spliced, was also developed; this is relatjvely more

expensive.
n— . . : connected are of dissimilar metals,
r ; : , : s
When necessary, friction tape, or insulating tape covered with friction lape, connectors are so designed that only surfaces of similar metals come in contact

hemp!uped to continue the covering or insulation. In present-day applications, with each other; aluminum clamps with copper bushings, or vice versa. are
the splices are often left bare. employed for this purpose. Care is taken to prevent water d!:ippin f‘min cn

In many instances, where it is desirable to disconnect the connection readily, items, which may contain copper salts, from coming into contact sfu;h alumil:.E
items.

While this discussion applies equally to overhead and underground instal-
lations, it must be noted that splices on underground cables, espedially where
— lead-sheath cables are involved, are very much more complex. The connector

e must be smooth so that no corona discharge will pit the metals. The insulation
@, EJ O covering the connector is carried over from one cable to the other by means of

’ L insulating tapes wound about the connector. The lead sheath is sweated. or
soldered to the cable sheaths and is usually larger in diameter. The splice may

EIE be filled with an insulating compound, which is heated and poured into the

Bfore ceimoing — sglice, where it hardens on cooling, The new plaslicainsg{atedzmbles are spl:cnd

with a connector between the two conductors and plastic tape of the same ma-

After crimping terial as the insulation wrapped about the assembly; the tape tends to become
homogeneous with time,

plices to become
abnormal heating, with possible dire re-

.Dl,_"":,]'E! clamp

T*' IE*'E'H E*E‘E'I'E

= =

Compression siceye

FIG. 8-2 Live-line or “hot-line®
clamp. (Courtesy A. B. Chance
Co.)




282 | MATERIALS AND EQUIPMENT

OVERHEAD-TO-UNDERGROUND CONNECTION

Connections are often required to be made between overhead and undergroung
conductors. With the advent of plastic-insulated cables, connections have beep,
made directly between the overhead and underground conductors. Live-line
clamps furnish a means for easy and I'dpl.d d;scnﬂm;c:tiur: of the conduciors
involved. Potheads and weatherheads are dispensed with.

In older installatons, many of which will continue to exist, speaial devices
have been used. For primary voltages, potheads have been used. Here (}e con-
ductors of the underground cable are connected to terminals in which the con-
ductors are surrounded by poured insulation compound to prevent Moisture
or air from entering the cable insulation. The overhead wires are connected o
the female end of the terminal, enclosed 1n an insulated cap. T'he connection is
made by placing the cap over the terminal extending from the pothead case.
Potheads so described are known as disconnecting potheads. Where the connec-
tions are made directly to the terminal extending from the pothead in 3 per-
manent fashion, the pothead does not carry this distinction.

For lower secondary voltages of 500 V or less, a simpler device was used.
Here the conductors of the underground cable are brought out through a pre-
formed insulator, usually of porcelain, in an assembly which inverts the leads
so that rain cannot enter the cable. Such devices are known as weatherheads.
Connection to the overhead wires is made with ordinary connectors of the several

types described; see Fig. 9-3.

Capnut

| IJ d
% — . =3 Insulating fope

Poarceloin insulators filled
with insulating compound

Mounting brocket
Shielding broid

Potheod body filled with
insulating compound

Copper shielding broid
soldered

Caoble shielding tope

".'} l‘)‘

I=

Sheath terminator

el
— | ]
-

il

(b)
{c)

FIG.
8-3 Connection between overhead and underground lines: (a) pothead for primary

ines; (b) weatherhead for secon _ _
Electric Specialty C:, ) for dary lines; (c) cross section of pothead. (Courtesy GEW
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=AM cwSume IR
Top groove e Line diogrom r S
2t - groove tie :
Line diagrom

Another type of top groove tie  Line diogram S108- groove He Line d
n# diogrom

Line diogram Another type of ide-grooe Line diogrom
hig

FIG. 84 Wire ties for overhead conduclors: handmade wire t
Overhead Reference Book.) bes. (Courtesy EE|

TIES

Ties are pieces of wire used to attach the conductors to the insulators on overhead
systems. They should be flexible enough to be handled easily, but must be
mechanically strong to prevent the conductor from pulling away from the in-
sulator under stress. For bare copper conductors, this tie wire is usually of sofi-
drawn copper; for weatherproof covered conductors, bare or weatherproof coy-
ered wire is used. For aluminum or ACSR conductors, soft-drawn aluminum
wire is used. Wire sizes are optional, but are generally small enough to be flexible
but strong enough for the purpose. Often such ties are made from old or
discarded conductors of small sizes, no. 6 or no. 8 conductor. Where such ties

Wire ties for overhead conductors: (a) five-line-type tie: (6) clamp-type Ve.

FiG. 95
(Courtesy A. B. Chance Co.)
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CHAPTER 10

POLES,
CROSS ARMS,
PINS, RACKS,

AND
INSULATORS

WOOD POLES

Overhead distribution lines are almost universally supported on poles made of
wood, though concrete and metal (steel and aluminum) are also used.

Kinds of Wood

The kinds of wood used frequently reflect the availability of matenials in the
different areas of the country. Western red cedar has wide application in western
and northern regions, while southern or long-leafl yellow pine predominates in
the rest of the country. Large amounts of northern white cedar and chestnur,
however, still exist among older installations; limited amounts of Douglas fir
may be found in the west and redwood in the far west, while cypress is oeca-
sionally used locally in some swampy areas of the southeast. Other woods are
sometimes also used in the local areas in which they are produced. For spcﬂel
situations where high strength is required, wallaba may be used, though it is
imported from northern South Americaand is comparatively denser and heavier
and more expensive than other woods. pu) '

Blight has accounted for the rapid disappearance “f"!‘&‘f"}“‘_’ Md"ﬂﬂ'mm
white cedar has become obsolete not only because of dmﬂﬂls!'iﬂd .supp.lrf hm
because it is inclined to be knotty and not very straight, making it h"‘r.d“' o
handle and work on, while it also does not present the best of appeararices. Bath
chestnut and northern white cedar, however, have relaufg:iy long natural wm
and many still exist and may continue in service [Or some LIme, Most other

(and particularly long-leaf yellow pine), however, are more susceptible to decay
and must be treated with some kind of

preservative (0 attain an economical life
Span.
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Moisture Absorption

Wood, being porous, hasa tendency to absorb moisture, and the moisture content
depends on the conditions under which the matenal is used. Wood S
the weather can absorb large amounts of water. Since wood is a hygrosess
cubstance, it tends to give off or take on water vapor until it comes intq ffq{:f.
librium with the surrounding air: changes in atmospheric humidity produce 4
continual Auctuation in the moisture content of the wood. The relation of (he
equilibrium moisture content of wood to the relative humidity of the ambier
at three different temperatures is shown in Fig. 10-1.

Decay

Much of the difficulty experienced with wood poles is due to decay, particularly
at the ground line. Decay 1s caused by fungi attacking the wood fibers, and the
conditions most favorable to the growth of decay fungi are air, moisture, and
heat, with the wood acting as their food supply. In the part of the pole below
ground, moisture is usually present but air is in short supply; in the part above
ground, the reverse is generally true. Atand near the ground line, both of these

elements exist in relatively substantal quantiues and, hence, this particular area
is more subject to decay.

Preservatives

To elirqinate. or at least retard, this destructive process, wood poles are first
heated in 2 vacuum to drive out moisture (and to kill some of the fungi) and
then treiated with a preservative under pressure to fill the pores of the wood
ﬁherthls not only poisons the food supply of the fungi (and insects), but also
inhibits the absorpuon of moisture. Many different preservatives have been
employed with varying degrees of effectiveness. No penetration process, how-
ever, 1s completely successful, and so periodic inspection and maintenance of
the poles is usually scheduled.

I_’oles are turned on large lathes to improve their appearance before being
subjected to treatment with preservatives for their full length. Preservatives may
add as much as 25 percent 1o the weight per cubic foot of the wood. ;

Mpisture in wood, %

Lsz 100 *°C FIG. 10-1 Absorption of atmos-
pheric moisture by wood

o0 100
Reiofive oimopsgheric humidity, %

POLES, CROSS aAMs FINS. RACKS. AND INSULATORS | 209

Pole Classification

Pole lengths are standardized and come in incréments
90 ft to over 90 ft; for distribution
to from 25 to 55 fu

The strength of poles depends not only on the material. but on their cross-
sectional dimensions. This feature is also standardized and i*s denoted by “class”
numbers, ranging from 00 to 10. For each standard length, the dimensions for
each class are defined by standardized arcumferences at the top of lh& pole and
ata point 6 ft from the butt or bottom (approximately at the ground line). The
top circumference for poles of all of the kinds of wood of the same class is the
same; the lower carcumference is different for different kinds of wood and
determines the taper of the pole. American Standards Association (ASA) stan-
dard dimensions are given in Table 10-1 for southern pine, western red cedar,
and wallaba poles; also shown are standard depth settings for the several lengths
of poles.

: of 5 ft and range from
lines, however., lengths are usually limited

Pole Depth Setting

For ordinary soils, depth settings start at 4 ft for 20-ft-length poles and progress
to 74 ft for 55-ft poles; in rock, similar settings range from 3 ft to 5 ft. Pole
setting depths for poles over 55 {t increase 0.5 ft for each 5 ft of incremental
length, from 8 ft for 60-ft poles to 11 ft for 90-ft poles.

For less resistant soils and other media, deeper settings must be considered,
as well as other methods for reinforcing the strength and stability of the pole,
such as push braces, cribbing, and guying. Guying is one of the most efficient
methods of relieving the pole from some or all of its horizontal load; it has been

discussed in Chap. 5.

Pole Strengths
Poles of equal classes will carry equal loads at 2 ft from the top of the pole when
set in the ground at standard ASA setung depths. The transverse loads which

different class poles will carry are given in Table 10-2.
Some average figures regarding the characterisue o

are shown in Table 10-3.

f several kinds ﬂf wood

Pole Framing . o
In preparing wood poles for use, any cutting or boring is done before the

preserving process to eliminate pointsin which decay may occur. In older poles,

: | VEnt snow,
a “roof” was cut either in the shape of a gable or atan angle, to preven !

. : ent preserving
ice, and water from accumulaung on top and causing decay. Present preserving

ractices make this unnecessary- ‘ - |
P For attaching cross arms, @ “gain- cut into the side of lh:: gﬂm :l;; {ﬂ
of a channel gouged out to the dimensions of the cross arznﬁ;: S R
on the pole, may be found in older poles. Present E‘itaab ce calls 10T p=- :
flat surface on one side of the pole, referred to as a “slab™ gain.
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TABLE 10-1 ASA STANDARD POLE DIMENSIONS AND DEPTH SETTINGS
—eee TABLE 10-2 STANDARD MAXIMUM HOR
THAT CAN BE APPLIED TO CLASSES OF P%DLEN;M T

Minimum circumference at 5ﬁ B e —
(approximate ground line), ; H
Class and > == L—-———______\_‘ Load resistance 2 r'ﬁl- e
Pole ﬂltﬂl miRimum top “""-‘""Efﬂme, n Pole (approximate P:? Increment between
setling, 2 3 4 _;“—-—-_______‘_
fl
4

T

class must withstand), [b o ;

6
- = 21 1% 10 (No specifications)
9 900
275 255 935 99 " 1000
300 280 255 | 1200
25 | ' ' e = RS0 2] 1500
. : 30.0 280 960 1900
33.0 305 985 2400
30 E ‘ LANST08 25150 235 3000
. . 325 30.0 9280 3700
355 330 305 4500
205 275 955 5400
35.0 320 300 6400
380 3855 325 T
31.5 290 9270 : ' *At standard depth settings.
370 340 315
405 375 345 39
33-5 310 285 Dielectric Value of Wood
5 36. ]
495 39 g ggg : ' Wood offers a marked resistance to the passage of an electric current and, at
350 395 30.0 least for lower voltages, may be classed as a nonconductor. Its dielectric strength
400 375 345 ‘ 7 varies with the different species and is greater across the grain than along the
445 410 380 gTam changes In temperature affect the dielectric strength mbsunna.lly' ap-
36,5 340 315 proximately doubling with each decrease of 22.5°F or 12.5°C. The mnstﬂgn_ll'-
41.5 390 36.0 ! icant variation, however, takes place with changes in moisture content: as wood
460 425 395 dries from fiber saturaton to the vacuumed oven-dry condition, its dielectric
380 350 325 value approaches infinity. Preservatives, however, have influence on the
dielectric strength of the wood, espedally those consisting of chlorides; older

430 400 37.0 :
475 440 — poles treated with creosote and its derivatives have been found to experience

390 365 335
445 415 385
49.0 45.!

7.3 TABLE 10-3 CHARACTERISTICS OF VARIOUS
46.0 4925 : WOODS
50.5 47.0
47.0 44 .0 : Weight, Ultimate st th
520 485 Wood Do/int
48.5 45.0
53.5 , Northern white cedar 23 3,600
49 5 Redwood 24 4,400
54.5 Cypress 29 4,800
50.5 Western red cedar 23 5,600

Chestnut 4] 6,000

56.

2 Southern yellow pine 35 7,400
Douglas fir 32 8,000
Wallaba —. 11,000

12,800

Locust —

SEE8385838:28 |

8
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Lite Expectancy

I'he hite of wood poles, under "normal” condittons of sail and w cather, when
they are treated and mamntained with reasonably effective preservatives has bean
sstimated to be from 23 vears to over 100 vears. These figures have he &N lsed
i making sconomic studies, i establishing sinking funds for the reti ement of
podes ;.m::l other wood structures), and n designing pole lines calling for con.
scferably larger and stronger poles than inttially necessary. In view of the con.
BRGING Changes i consumer requirements, in civic and trathe requirements
and in the matenals and methods employed in providing electric service, the
hgher longevity considerations (100 vears, or even 50 vears) Appear to be some-
what unreakse

CONCRETE AND METAL POLES
General

Concrete and mietal poles are at present not used extensively for distnbunon
purposes in the United States. They are. however, used extensively in Europe
and other lands where woods stitable for poles are not readily or economicalls
available. Concrete and metal poles are usually used where freat strength and
apprarance are paramount requirements: concrete poles are made in several
cadors and fAinishes. Both concrete and metal poles come in cross sections that
are arcalar, square, or palvgonal (usually six- or eight-sided). Both allow elec
trcal nisers 1o be installed in the hollow space within them

Access to Pole-Top Facllities

The problem of access 1
bas been met by the use of pole
or whether means are provided §

0 the faalities at the top of concrete and metal poles

steps, whether thev are installed permanently,
: or their temporary installation. The permanent
nstallation of steps is frowned upon from considerations of safety; their ten:
porary installation s tme-consuming, as well as similarh unsafe, as such steps
an be wistalled by unauthonzed people. This contrasts with the safety provided
By wood poles, where shalled and trained workers. employing chmbers, essennalh
chminate this unauthorized access by the general public. The widespread use

0 pole-top faalities has essenually ehim-
the need for the installstion of steps on

e L ‘-l_"_:.-\-.t. - . =
SRS GRUSS ARMS. oS ma

XS, AND WNSULATORS (ans

CONCRETE POLES
Manufacture

Loncrele pﬂh‘\ are manulaciured with hollow cores 1o rediuce their weight, which
has been (and still i) a disadvantage, Bpecially when they are handled in the
held. Reintorang steel strands are instalied longinedinally for the full length of
the pole and prestressed before the concrete s placed: reinforcing seel strands

are also mstalled, essennally a nght angles to the longwudinal rrtnft.mmg rands

usually as speaal coils w rapped around and welded o them in a manner to

prevent movement during concrete casting, See Fig, 10-2

In addition to their heavier weigh (Campared with wood), concrete poles are
relauively more expensive, another reason for their lessened wsage Represent-
atve data on the characteristics of hollow round and square reinforced concrete
poles are contained in Appendix 10A at the end of this chapter

All concrete poles are tapered, and the square ones have chamfered cormers

All provide cable entrance openings and hand holes o permit the inssallstion
of electnic niser cables in their hollow cores

Advantages

Loncrete poles are not adversely affected by wet or dry rot. birds (especially
woodpeckers), fire, rust, or chemicals (such as fertilizers and sak spray). Besides
being stronger and more nigid than wood, they are essentially maintenance-free;

e TRy
T mrel
ASTM A-42)

e “zhiﬂ-.\}*




294 | MATERIALS AND EQUIPMENT

ground moisture and weather, which work against other types (f poles
in favor of concrete, hardening, wughening, and protecting its inlr:gm , hlnrl
sidering the potential hifespans, concrete claims the lowest cost per ,_.par"' Con.

METAL POLES

Metal poles are manufactured according to spedfications drawn up for pap;
uses; their length and the thickness of the metal employed depend qni-;;rtl-nﬂal
and the desired strength. They are tapered and come in the same :h.l.ur o3
concrete poles—round, square, and polygons. They may also include ;Tﬁ. 2
for pole steps. Though generally of the color of the metal of h'hichP[h; -Im“
made, they may bc painted in specfied colors. They may be bunied dirf‘}] i
the ground, set direcly in bases of concrete, or bolted o metal b a.mj ~
permanently set in concrete. X5E plates

CROSS ARMS

C ‘
ross arms an;l;h; most common means of supporung distribution conductors
on poles. Alth they are being used less eq ' '
" g g used less fr uently, their use will persist for

Standard Arms

SIX-, and eight-pin arms, althey h 'f Sla“d”d‘ﬂﬂfﬁ arms include two-, four-,
ised. Spacin mwgh 1€ lour-and six-pin arms. 8 ftin length, are the

space betwen (- 1oF the six-pin 8-ft arm is standardized a

it S center pins, the “climbing space” for the

‘eSS upto l?-[m V, this climbing space is 30 in,

: : pins re-

r-pin 8-ftcrossarm is 26 in, with a

[ Aljowabie variations
e Ower | Under |

c ‘hs™ "
I'_-:.1 /s LU

—
[ /g~ g *

cd he Va~

4u'5| -

FIG. 10-3 Standard 6-pin 8-ft wood cross

of their comparatively high bending strengths and theirr durability. Both are
treated with preservauves after holes for pins and bolts have been bored in them
Their insulating properties are similar to those described for wood poles

Steel Cross Arms
Cross arms made of steel are used where stresses are very large and cannot be
accommodated by other means such as double arms or arm guys: they do not

have the insulating property that wood cross arms haye

Cross-Arm Braces

Galvanized flat steel braces are used 1o provide strength and ngidity o the cross
arm. They are usually attached to the cross arm by means of carmage bolts and
to the pole by a lag screw. For heavier loads, a one-piece vee-shaped angle-iron

brace is sometimes used.

PINS
Pins are used to hold the insulators to which conductors are fastened. They may

be made of wood, usually locust because of its strength and durability (refer to
Table 10-3, p. 291), or of iron or steel where greater strength or extra-long

lengths are required. Pins fastened to cross arms are made of wood or steel,
while those fastened directly 1o poles are made of steel.

Wood Pins ‘ .
ow or black locust, having an ulimate fiber

Wood pins are generally made of yell ving matc iber
bending str:ngfh of about 10,000 Ib/in®. Thqrmsundudmdmthcdm
of the pin and in the threads which a:mmmod%le the mhm Whﬂrgrm;
strength is required, galvanized metal pins having an ultimate ﬁ::;.m
50,000 Ib/in® for malleable iron and 60,000 It?ﬁn’ for steel are used gﬁ
Standard locust pins are 9 in. in length, with a shank 14 in. in diameter tha
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1"b
Standard pin _., r‘_
it hreaad

"”-_ !'."51“{!

i |
g:—% ¥s2'0

3'.-’;;-“&

[ Allowable varatons "
Over | Under FIG. 104 Standard wood pin
Vea, | s | = (From Overhead Systems Refer-

0 Voo ence Book, )
Vg’ Vie'
W 7"
Yy Vg’

hts into the cross-arm hole. A 11 in shoulder above this shank ta pers to a l-in-

diameter part 2} in long, which is threaded to receive the insulator; refer 1o
Fig. 10-4.

Steel Pins

bolted through the cross
hers are designed to be
may vary in length, and
veral types of steel pins are shown

arm, others to
bolted directl;r

Long steel pins with angle bases, bolted to the side of the pole, serve to replace

I;: Cross arm in supporting conductors, making for a more streamlined. stronger,
Her-appearing line; refer 1o Fig. 5-13 in Chap. 5.

(I

FIG. 10-5 Typical steel pins
(Courtesy A B. Chance Co.)
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RACKS

Secondary conductors, for man
arms, were relocated 1o a lower

Multispool Racks

Racks, made of galvanized steel, are atached 1o the pole by one or more through
bolts, some of which may be replaced by lag screws where loadings permit. The
racks support insulators, spaced 6 or 8 in apart (although some may have a 4-
in spacing), to which the conductors are attached. The conductors may be at-
tached to a number of individual single-insulator racks, or to one rack containing

several insulators. The insulators may be of the spool or knob type, as shown
in Fig. 10-6.

Single-Spool Racks

Single-spool racks are also manufactured; on these, each insulator is bolted
individually to the pole. While spool-type insulators are the more frequently
used type, knob-type insulators are also used.

Cabled Secondary Mains and Services

The rack has been supplanted in many instances by E_SiHE"‘f uninsulated clamp
attached to the pole and supporting the secondary mains. Here, the conductors
are cabled around a neutral wire, which also acts as a messenger wire GarTying
the conductors. A similar type of cabled conductor is used for services, with the

el
W) . \E’E*:

rack: (g) spool type; [b)tkrmb type.
(Courtesy McGraw Edison Co.)

‘& FIG. 106 Typical secondary
0

w{i

(a)
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neutral-messenger supporting the conductors from the pole to the COnsumey's

premises.

INSULATORS

Materials

[nsulators, placed between energized u:unductqrs and the supporting structures
are now almost universally made of porcelain, although a great many glass
insulators are still in service and will be for a long tme. I:‘ibt:rglaﬁs. €poxy, and
other plastics are now beginning to be used 1n the manufacture of insulators.

Glass Glass insulators, made in a variety of shapes and sizes, are electrically
and mechanically adequate and very economical. Their usage, however, has been
generally limited to circuits operating at voltages under 5 kV, principally because
of their relatvely (compared to porcelain) low resistance to shock and high
coefficient of expansion. While the dielectric properties of glass may vary con.
siderably depending on its particular treatment, its mechanical properties are
reasonably consistent. Its tensile strength is usually less than 10,000 Ib/in?: is
minimum compressive strength is 50,000 Ib/in®; its modulus of elasticity is
10,000,000 1b/in®; and its coefficient of expansion is 400 to 600 x 105 per
degree Fahrenheit, or 720 to 1080 x 107° per degree centigrade,

Pyrex, a form of glass, partially overcomes the two deficiencies concerning
shock and temperature changes, butits relatively high cost restricts its application
generally to high-voltage transmission lines.

Porcelain Porcelain is made from white clay to which powdered feldspar and
silica are added. The material has greater (compared to glass) ability to resist
sudden changes in temperature, and an external glaze protects it from shock.
Dr:penc!mg on how nsulators are manufactured, the tensile strength of the
porcelain may vary from less than 2000 1b/in® to as much as 9000 1b/in?, and the
corresponding minimum compressive strengths, from 15,000 to 60,000 Ib/in®;
its coefhcient of expansion may be as low as 16.6 x 105 per degree Fahrenheit,
or 30 x 10-° per degree centigrade. The dielectric strength generally exceeds
16 kV/imm (16,000 kV/m), or some 400 kV/in.
. P_'nrcelain il:lﬁulalﬂrs are made by two processes: the “wet process,” in which
infﬂ“;::‘;:?: ;ef;}lde?& and the “dry process,” in which the insulation is pressed
charical strength I;T: .55' ;n“; dry-process insulator has less electrical and me-
electrical stress n;lher :h:nET ;55 EKP?MWE; BRI Lo punicture e T
nomical, however, and their u(; o D}'y-.prucess gy aommuare £ A
The principal e generally limited to lower-voltage applications.
pnnapal types of insulators are described below.

Pin-Type

Pin-type insulators

may bhe co - ]
and in tWo or three ni. - ructed in one piece for voltages to about 35 kV

€ pieces from that voltage to 69 kV. They are shaped with 4

5 ',‘fg

4's5

9

7

3%,

\ ¥/a
FIG.10-7 Typical pin-type porcelain insulators: (a) one-piece 11- 1o 15-kV pin insulator
(b) two-piece 33-kV pin insulator. (From Overhead Systems Reference Book.)

groove on top in which the conductor lies and is tied in place; they may also
have a groove around the sides in which the conductor is placed and tied. The
side groove is generally used where the line turns and the conductor imposes
strains on the side. Both glass and porcelain insulators are shaped so as to provide
a long path from the line conductor to the point of support where the msulator
is screwed to the pin, usually considered a ground. Several ridges on the un-
derside extend this path so that, figuratively, the insulator may be described as
having an outside skirt and a number of inner petticoats; see Fig. llf.i'?: Though
constructed in a variety of shapes, colors, and ratings, all types of pin lfﬂuia_!ﬂl‘ﬁ
share a common standard in the diameter, shape, and nu::nber ?f insulator
threads per inch, a standard that matches that of the pins with which they are

usually associated.

Post-Type

The post-type insulator is a variation of the pin

ical block with its surface corrugated horizon=

: e
nductor to the point of support; BTOOvEs
e ovided at the top of the insulator;

Porcelain is shaped into a cylindr
tally to provide a long path from t
for the attachment of the conductor are pr
see Fig, 10-8.

-type insulator, in which the

e P __

-—_==-_—_.

-, = -

— =




FIG. 10-8 Typical posl-type por-
celain insulator. (Courtesy Ohio
Brass Co )

The suspension- or strain- (or string-) type insulator consists of a porcelain disk
contained between a ball-and-socket (or devis-and-pin, or other) arrangement
so that the porcelain is in compression; each disk has certain electrical and
mechanical characteristics. The ball-and-socket arrangement permits units to be
added to each other in a string, thus accommodating higher voltages. Several
such strings can be connected mecharically in “parallel” to achieve necessary
strength requirements. Disks vary in diameter from about 5 to 10 in, with stan-
dard vertical distances between ball and socket (or other components) of 4§ and
51in, and are rated for an allowable tension of 12,000 Ib. See Fig. 10-9.

Forcelain

POLES, CRCSS ARMS. PINS. RACKS %MTCEIH’I

spool-Type
Spool-type insulators are used with secondary
support secondary mains and services: thes

cks or in service brackets 1o
come in two different szes and

colors for identihcation purposes. See Fig. 10-10.

Strain-Ball Type

The strain-ball insulator 1s generally employed in Zuys to
from the lower part; the lower part 1s insulated 1o protect people on the ground,
while the upper part is insulated from the ground 1o protect the lineman on the
Polf_ In some Instances in\'t:lh'ing wye drouits with a common primary and
secondary grounded neutral, this insulator s sometimes not inserted in the guy
wire. The insulator consists of a ball or block of porcelain in which two transverse
holes at right angles to each other contain the guy wires so arranged that the
porcelain is always under compression. See Fig. 10-11. This type of insulator is
also used to dead-end smaller conductors at the cross arm where the operating
voltage is less than 5000 V.

insulate the upper part

Other Types

Other insulator types include the knob types sometimes used with scmnthry
racks, previously described; and various other shapes for use as‘bu.shmgs. bus
and service supports, and other spedfic purposes. Where porcelain is used. it
always designed to be under compression.

FIG.10-10 Typical spool porcelain insulator fof
terial: porcelain. Finish: brown glazed. (
erence Book.)
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IX 10A
¢ [f APE IRETE DISTRIBUTION POLES:

i REPRESENTATIVE SPECIFICATIONS®
T
-I/ o

N SCOPE

These 5peciﬁcatinm apply to the manufacture of machine-made, pretensioned,
prcstressed concrete distribution poles, designed in accordance with recom-
mendations of the American National Standards Insttute (ANSI),

D

mlmuub_le mrml:m_
E F Slrnrﬁ]thﬁ::n Under
Tmm? A A compres =l

: e
] - = =, - I I: "’IG m—t
502 3% 1] 1% ! 2% d| 1% %ec| 1000010 : . e SHAPE
50a | 3% 1|2 1 [ %ec|2lad| 2% 1| e c 12.000 - L " The poles shall be single, hollow, round or square cross section, with a taper of
- [ - P o I - | {HH} - a . =
506 15% (3% 1| Yc |3%d[2Y 1] Y2 c ‘ | 150. They shall have a uniform nominal wall thickness of 14 in as shown
. Lo . Y
- in insulator. Material. porcelain, 5 gty 9
.10-11 Typical strain-ball-type porcelain | Fig. 10-12.
E: ;;ass. Fﬁﬁish: brown glazed. Note: One end of insulalor may be un- 2

plazed. (From Overhead Systems Relerence Book.)

DIMENSIONS AND STRENGTH
TEST VOLTAGES Round Poles

| | the shown in Table 10-
Nominal ratings of insulators include not only their operating voltage, l‘nft Hash- The dimensions ?ristresgthélzr:?; qr;uer;dc});:zs;}idbe;s e T
over values as well. Flashover values depend in general on the leakage distances 5. The pnles'sha . Trglrl ugeﬂg 5 C‘ha .
provided between the conductor and the point of attachment to the support. strength as given in Table 5-22 p: 2.
These values, however, may be subject to other factors, in.clucling local atmos-
pheric and environmental conditions, types of support, maintenance programs, Billinte Pliios
etc. Typical minimum fashover voltage values are contained in Table 10-4,

The dimensions and strength of the square poles shall be as shown in Table 10-6.

TABLE 104 TYPICAL FLASHOVER
VOLTAGE REQUIREMENTS

—eeee e

Minimum rated dry

Nominal voltage flashover voltage _1 : .
" it diameter
fbcfwr: J)huﬂ}, af Il'l:t#ffﬂl"l, ToR dlir e Buft dia

f i
0.75 5
24 20
6.4 39
18.2 55 —
250 75 1S
34.5 100
46,0 125
69,0 175

T~ Wall thickness
\
15 in

Adapled

8.
FIG.10-12 Typlcal reinforced concrete hollow distribution pole. (
from Centrecon, Inc.)

“Interpolate for intermediate values.

For current industry recommended values, refer

w latest revision of the National Elecuric Safery

Products, Inc.
A d by Conerete Products, i1
*Adapted trom data furnished by Centrecon, Ing., and by




TABLE 10-§ DIMENSIONS AND STRENGTHS—ROUND HOLLOW CONCRETE poy ES

——————————— e —
Design
Setting T Buit ultimate
Overall length depth, d,‘u.;?ur, diameter, moment, moment—SF =
m  frin Class flin in n il ft- b

2,

2 334 A 5l 7 134 100,530 50260

13
14
15
16

12
13
14
15
16

9
10
11
12
13
14
15
16

9
10
i

42-8
45-11
49-2
52-6

394
42-8
45-11
49-2
52-6

29-6
32-10
36-1
39-4
42-8
45-11
49.2
52-6

29-6
32-10
36-1
394
42-8
45-11
49-2
52-6

29-6
32-10
36-1
39-4
42-8
45-11
49-2
52-6

29-6
32-10
36-1
394
42-8
45-11
49-2

29-6
32-10
36-1
394
42-8
45-11
49-2

6-3
6-7

6-11

7-3

5-11
6-3
6-7
6-11
7-3

4-11
5-3
5-7
5-11
6-3
6-7
6-11
7-3

4-11
5-3
5-7
5-11
6-3
6-7
b-11
7-3

4-11
5-3
5-7
5-11
6-3
6-7
6-11
7-3

4-11
5-3
5-7
5-11
6-3
6-7
6-11

4-11
5-3
5-7
5-11
6-3
6-7
6-1]

TETIEFT 2ITF22E

7
74
7
7l
7
7
7
7
7

b
6H
6
!
7
74
74
74

6H
6H
6H

7
74
7
74

146
144
154
154

1343
14+%
144
153
154

114
114
12
134
14 7%
1444
158
15§

115
114
127
1312
1414
14H
158

15%

115
114
127
134
147
14
154
15

117
114
127
13
134
144y
144

117¢
11H
127
13

134
147y
1414

110,130
119,470
128,800
138,400

84,830
92,930
100,800
108,680
116,780

50,810
57,560
64,130
70,690
77,440
84,000
90,560
97,310

41,780
47,330
52,730
58,120
63,670
69,070
74,460
80,010

33,870
38,370
42,750
47,130
21,630
56,000
60,380
64,880

27,100
30,700
34,200
37,700
41,300
44,800
48,300

21,450
24,300
27,080
29,850
32,700
35470
38,240

55,060
59,730
64,400
69,200

42410
46,460
50,400
24,340
58,390

25,400
28,780
32,060
35,340
38,720
42,000
45,280
48,650

20,890
23,660
26,360
29,060
31,840
34,540
37,230
40,000

16,930
19,180
21,370
23,560
25,810
28,000
30,190
32,440

13,550
15,350
17,100
18,850
20,650
22,400
24,150

10,720
12,150
13,540
14,920
16,350
17,730
19,120

This 15 the

2 11 lesa than the

reent of the pole length plus 200
Appropriate safety factors should

fi-ib

n

100ft-B, limitations, weight,

reaki > .
n\gm eflection
loa D iomn Pole
below
tip, b

|

which will cause structural failure of the pale

B
2 fr.

ground-line
moment,
fi-lb

Ultimate

h,
7000,
when specified

Ib/in?
This Is the bending moment applicd (o the pole

Concrele s

6000,
standard
43.3
98.7
33.8
29.4
25.7
99.3
19,1

1.65
2.46
4.08
4.89
5.70

in
This is & reference ta the compressive strength of the cancrete in pounds per square inch as meusured by testing representative

tip/butt,

7.6/
1.6/
7.6/
7.6/
7.6/

DIMENSIONS AND STRENGTHS—SQUARE HOLLOW CONCRETE POLES

Pole site—

1o wind loads,
wd-line bending moment

samples 28 days alter casting.

are subject
Concrete strength
Ultimale grou
result of mu

?:!{fdu
pole length,
ft

E.P A Effecuve projected area, in square feet of transformers, capacitors, streetlight fixeures, and other permanently attached 1wems which

Glossary of Terms

TABLE 10-6

c""‘“ﬂ'r C".I'ul'l:m. loc.

lied o the pole

ance 2 i less than the pole height (i.e.,
bedment al 10 pe

n this column on technical charts are maximum moments expected o be app

e above ground), Figures under Uluimate Ground-Line Moment assume em
e designer,

tplying the load indicated in the column Breaking Strength by a disi

length of po

at a point 2 1t below the tip of the pole, will cause structural fatlure of
g from the application of loads such as equipment, wind, ice, etc.

or il otherwise restrained.

ed pole enters the ground

This is the approximate load which, when applied

Ground fine The paint at which an embedd

Breaking strength
the pole.

The ligures

be used by t

d line.
ly

i transfarmers and ather equipment permanently,

on the pole multiplied by its height aboye groun

le from o vertical line resultin

Live lpads  These are loads nppli:d o the pole as i result of wind, ice, or other loads of & temporary nature,

Dead loads  This refers o the load on o pole resulting [rom the attachment o

Cround-line bmding moment  The product of any load applied at any poini

Defleetion The vanution ai the tip of the po
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Ultimate Strength

The design ulumate strengths are dwcrmlrnr:fl o meet the working rengh,
requirement of wood poles in accordance with the ASA Specification; and Dimey
suomus o Wood Poles. The factor of salety of 2 shall be used for prestresse ONCrete

poles.

COLORS AND FINISHES

The poles shall be furnished in colors and finishes specified by the buyer Colors
shall be white, gray, bull, green, brown, and black. Finishes shall be Mold Finish-
Natural Aggregate, exposed or polished; or Terrazzo Aggregate, exposed or
polished. Other finishes will be furnished on request.

MATERIALS
Cement

The cement used for the concrete shall be portiand cement, type 1, 11, or 111,
confarming to ASTM designation C-150

Aggregates
The concrete shall be made with fine and coarse aggregates conforming 1o ASTM
designaton C-44,

The fine aggregates shall be graded from ¥ in to no. 100 sieve, with 100
percent passing the §-in sieve and not more than 10 percent passing the no. 100
seve,

The maximum-size coarse aggregate shall not exceed one-fifth of the mini-
mum dimension of the member nor three-fourths of the clear spacing between
the prestressed wires. The maximum size of coarse aggregate to be used shall
conform o the smaller of the two limitations mentioned above.

Water

The water used for MIXINg concrete
of submstances (acid. alkalines, oil,
OF 10 presiressing steel,

shall be clean and free of injurious guantities
and vegerable matter) deleterious to concrete

Admixture

The admixture used for 1}

; & concrete shall conform 1o ASTM C-494, and shall
notcontan more than 4 1r

ace of calcium chloride.

Relinforcement

The Presiressing steel wire shall

/ conform o ASTM A.45 : -engths as
naoted in the {ollowing wable, 2 ASTM A-421 with the streng

T O s a =
e o, LN =1 LA -
o3 RRMS, PING Al x5

5. B0 NSUATORS 207

Diameter Yield trength Yensil sis

S mm (0354 in) 192 000 |bind

S 220,500 [hyig?
7 om (0.276 m) 177,000 lbin?

206 200 fhin?

The reinforcing steel wire used for main reir

forcement and spiral reinfo
f : 8 - einlorce.
ment shall conform o ASTM A.52. p

Embedded Materials

The embedded materials, such as sleeves for through holes, sockets for
bolts, and other inserts, will be corrosion-resistant and weatherproof.

GENERAL REQUIREMENTS
Design Ultimate Strength

The design ultimate strength for each class of pole shall be as given in Table 5-
22 (in Chap. 5) for round poles and in Table 10-6 for square poles.

Through Holes

The through-hole spacing and sizes for framing shall be as shown in Fig. 10-
13a, b, and ¢ for round poles and Fig. 10-14 for square poles.

Step Bolts | |
Each pole may have provisions (if speahed) fr,srlinstaﬂmg step bolts to gain aocess
to, and perform work on, the poles as shown in Fig. 10134, 5. and ¢ as well as
Fig. 10-14.

Grounding Wire Exits

- ificati wire shall
The grounding wire exits shall be as shown in the spcqlflmunns. Fl':t:n!trt )
be attached to poles at the time of manufacture (o faclitate ease tallano

of grounding wire.

Pole Cap

Each pole shall have permanently attac
cap shall be constructed of a noncondu
ductive during its service life.

! | i le cap. This
hed to 115 top an lnsu[;?nng po ,
;tivr material that will not become con

Butt Cap : . hall have Pcrmangnﬁ‘p'ﬁlﬂuﬂlﬁi
Each pole manufactured under this specificaionss
thereto a concrete butt cap.
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FIG. 10-13 Reinforced cancre 8 — optional. (b)
Use ol 1op third of upper part of s oo OI0% distribution pole. Pole steps optional. (a) FG. 1013 Reinforced concrete round hollow distribution pale. Poie SIEPS

part of pole. (Courtesy Centrecon, Inc, ) Use of top two-thirds upper part of pole. (Courtesy Cenirecan,
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MANUFACTURE

ribution pole. Pole steps optional (C) Placement of Steel Relnforcement

(Courtesy Centrecon, Inc., )
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All pre:lrcssing steel shall bc_ free of lfm:v,c rust, di.ﬂ' grease, oil, or other
lubricants or substances which might impair 1ts bjund with lhf.{_'r_n'l{:l'{:hf_

All unstressed reinforcing steel 5hull+bc fr_ce nf_ anse rust, tfu‘t. grease, oil. or
other lubricants or substances which mlght impair its bond with the concrete.

Spiral reinforcement s.hal_l h_aw.-e a minimum size of gauge no. 11 with 6-in
pitch, or equivalent steel ratio in volume, and shall be mechanically welded
the unstressed reinforcement. |

The amount of concrete cover on the outside of the major steel reinforcement

shall be not less than § in.

Embedded ltems

Sleeves. sockets, inserts, or other embedded items shall be accurately set in the
molds and secured to prevent movement during the concrete placing process.
They shall be cast in the concrete so that the axis of the insert is normal 1o the
outside surface of the pole. Particular care shall be used to insure proper cover
on all embedded items.

Mixing Concrete

The proportions of water to cement shall produce a concrete after steam curing
having 2 minimum compressive strength of 3500 Ib/in®. A minimum 28-day
compressive strength of 6000 Ib/in® after atmospheric curing shall be required.

Concrete shall be mixed untl there is a uniform distribution of the materials
and shall be discharged completely before the mixer is recharged.

Placing Concrete

Round Poles The poles shall be formed and compacted by centrifugal force in
a machine of suitable type so designed that the molds may be revolved at the
required speed to insure distribution and dense packing of the concrete without
the creation of voids behind the reinforcing steel.

I?Ie.lal molds shall be used which shall be adequately braced and stiffened
against deformation under pressure of the wet concrete during spinning. They
shall also be sufficiently rigid to take the prestressing force without allowing
det’urq':aunn. which will reduce the spinning speed.

Filiing the mold and spinning shall be a continuous operation and the spinning
shall take place before any of the concrete in the mold has taken an initial set.

Excess water forced 1o the center of the mold duri P 1alenst
be drained in a suitable manner. mold during the spinning cycle

m :Pnlu Square poles shall be cast in steel molds which are true to shape

Concrete shall be

Raurqd in one Fundnunus operation while being vibrated
vibration to achieve consolidation and insure high density
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Applying Prestressing Force

The intial prestressing force shall be the smaller of 70 percent of tensile sty

or B0 percent of yield strength. Tensioning shall be carried out in such a mnmglh
that the initial prestressing force shall vary no more than =5 percent i’rl:;
design value.

Concrete Curing

The poles shall be cured with low-pressure steam for as long as necessary (o
reach the strength required by the design for transfer of prestressing force,
Prior to the application of heat, a minimum initial setting period of 2 h is
required. The rate of rise of temperature shall not exceed 20°F per hour during
the second 2 h of the curing cycle nor 60°F per hour during the third 2 h. The
maximum temperature shall not exceed 175°F. Fresh concrete shall be protected
so as to be free from rain, hot sun, or wind and rapid loss of moisture prior to
the start of the steam-curing cycle. Temperature and moisture for each steam-

curing cycle shall be continuously controlled and recorded to ensure the adequate
curing of the concrete.

Concrete Testing

Samples for strength tests of concrete shall be taken not less than once each day
i accordance with ASTM C-172. Standard 4- % 8-in test cylinders shall be used
to insure the required strength of products. Standard cylinders for acceplance
tests shall be molded and laboratory-cured in accordance with ASTM A-39. Each
strength test shall be performed at 1, 7, and 98 days after casting. The strength
level of the concrete will be considered satisfactory if the averages of all sets of
two consecutive strength test results equal or exceed the .requircd strength and
if no individual strength test result falls below the required strength by more
than 500 Ib/in®

Bending Test

| in order to assure that the
A bending strength test of a pole shall be performed in orde! i
pole meets the minimum structural strength requirements in accordance

specifications.

Manufacturing Tolerance

1. Length: +{ in per 10 ft of length
2. Outer dimension: + in, —41n
3. Wall thickness: —4 in

- 0 ft of len
4. Deviation from straight line: not more than § mn per 1 gih
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5 Location of reinforcement: main reinforcement cover, +{ in;
spiral, +4in
6. Location of embedded items: =1 in

SPacing of

Workmanship

All poles shall be unpolished but free of burrs, chips, holes, excess cemen, and
other surface irregularities. All poles shall present a straight and Symmetrical
appearance after erection. Crooks, curvatures, and twisting edges shall he pro

hibited. All raceway openings to cable entrance and hand holes shall be free of

burrs, cement, or aggregate. Any surface roughness or obstructions that weyld
injure or harm the insulation of electrical cables under normal installation o
operating procedures will be prohibited.

Quality Control

Manufacturing procedures and quality control shall follow the recommendations
of the Prestressed Concrete Insttute.

CHAPTER 11

TRANSFORMERS,
CUTOUTS,
AND
SURGE
ARRESTERS

TRANSFORMERS

The transformer, one of the most efhcient pieces of electrical apparatus (usually
berter than 98.5 percent efhcent), having no moving parts, transfers electric
power from one circuit to another magnetically; in the process, it enables changes
to be made in the voltage (and current) output. It is this latter characteristic that
has enabled the development of economically feasible ac systems.

While output voltage values may thus be stepped up (at power plants and
transmission substations), they can also be stepped down to values suitable for
distribution purposes. The first such transformation takes place at the distr-
bution substation, where incoming transmission line voltages are stepped down
to primary feeder voltage values. A second transformation takes place at the
distribution transformer connected to the primary feeder; here, the voltage is
further reduced to values suitable for utilization at the consumer's premises.

Main Parts

Transformers consist essentially of
wound around a common core usually made of

netic properties. The assembly is contained in a stee ! :
insulating coolant, usually an oil of high dielectric strength. The electric leads

tonnecting the coils to their respective circuils are p?ssc:d lhruu%;: l{lﬂ j:t]i{ubn.s?
huihings made of porcelamn or plastics. The dielectric values of flh“: =
of the several components are deliberately so sfcaled between them ‘ IE:
surges which may cause damage will cause failure (0 OCCUE |
point which can be readily discovered an

two windings, insulated from each other,
steel and having excellent mag-
| tank and submerged in an
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miinor cost. More detailed discussion of this insulation coordination is con e
in Chap. 4.

Core Types Cores may be of the shell type or core type. In the first, the stee]
core surrounds the windings; though providing a better magnetic circuir, b,
anits become larger and heavier, and are usually restricted © the lLarger s,
transformers generally found in substations and in underground network unis:
they are usually polyphase umnits. |

In the core type, the windings surround the steel core, resulting in 2 more
compact, smaller unit, generally more suitable for the sizes of transformers
associated with overhead and radial primary distnbution systems; these are 2.
most always single-phase units.

Windings Windings are usually designed to have the requisite number of turns
take up the mumimum amount of space, (o sustain the forces set up when large
or short-arcuit currents flow in them, and to allow space for the cooling medium
to transfer the heat created to the tank and atmosphere. They are also designed
electrically to produce an optimum combination of I?R losses and /Z impedance
drops (/R resistance and X reaciance voltage drops).

In core-type transformers, the low-voltage winding is usually placed next o
the core and the primary winding outside and next 1o the secondary winding,
requiring only one high-voltage insulation between the two windings and the
core. In shell-type transformers, the primary and secondary windings consist of
# number of pancake-shaped coils connected in series, but the primary and
secondary “pancake coils” are placed alternately around the core; the arrange-

meni reduces the reactance between windings and provides better cooling paths
for heat dissipation.

Polarity In a transformer, the vector relationship between the primary and
secondary volu?ge: depends on the way the windings are wound in relation to
nc_holhﬂ. To idenufy this relatonship, if both windings are connected in series,
as i an aul_ntramfnrmﬂ. the voltage in the secondary can add to or subtract
from the primary voltage. Where the primary and secondary voltage vectors are
N Opposite dln;ﬂnm, the transformer is said to have additive polarity; where
the vectors are in the same direction, the transformer is said 1o have negalive Or
subtractive polarity. These polarities are shown in Fig. 11-1.

Hz
-

X2
=
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Since transformers are connected in parallel with ~
banks, it is essential that the termnals tp: cnmrmrd:?.}:‘?ﬁ:;mm aa L
relationships ensue. The polarity marks or designations Pffn'ﬁtprs_f ﬂi::
mmpllshjﬂg this. Primary tetTrunzls are marked H, HI: Hy eie while the
secondary terminals are marked X, X, X, eir Ses Fig. 4-6a through ki o
4 for ansformer connections using these markings. In these sandardiped du-
ignations, the H, (pnmary) and X, (secondary) terminals in 2 transforme: -
subtracuve polarity will be on the Lft when the observer faces e Lo
bushings; for an addiuve-polanty transformer, the X, (secomdary) termenal only
will be on the nght when the observer faces the low-voltage bushings. Standard
of the ASA czll for distribution trznsformers rated up 10 200 kVA and voltages
below 8600 V to have additive polanity, and those zhove these values 1o have
subtractive polarity; the polanity is usuzlly specified on the transformer name-
plate.

DISTRIBUTION TRANSFORMERS

Distribution transformers may be insialled on poles, on the ground on pads,
and under the ground directly or in manholes and vaults. The tzasformerns
used in these types of installations differ mainly m thewr packaging, as the mternal
operating features are very much the same.

Overhead Transformers

The overhead type of distribution ransformer is mounted directly on 2 pole by
means of two lugs, welded 1o the ransformer tank. that engage two bolts on the
pole, as shown in Fig. 1 1-2a; this is known as dired meunimg, inm 1o older
methods in which the transformer was bolted to a pair of hanger iroas that were
hung over a cross arm. Where more than one transiormer = m'p.mud. as m
power banks, the transformer lugs engage siuds on 2 bracke: whach is bolted,
like a collar, around the pole; the units form 2 duster around the pole, from
which the term cluster mounting is derived; see Fig. 11-25.

Where the load (weight) of the transformer or transformers may be too great
for the pole, they may be placed oo 2 platform erecied between two oF more
poles in a structure, or they may bcp!xednnaprmnnﬂdﬂ“‘""mf’"-

Pad-Mounted Transformers :

Transformers may be mounted on concreic pads at, or shghtly ?’h'- E"“'i
level within an enclosure or compartment that may be locked W_Fﬂ
These are generally installed as part of so-called undergro 4

: : son; refer o
tribution (URD) systems, where appearance s 3 maar

Fig. 6-19 in Chap. 6. : . : -
The transformers may have their energued “"‘::b “Wi whes £
compartment is open, or the terminals may be mou behind 2n insulating

barrier and connecuons from the cables llﬂfk :
on insulated elbows which are plugged into jacks
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nt units and provide an addituonal Margin

(hese units are referrred (o as dmdf,fml uni ‘
of safety. Refer 1o Figs. 6-18 and 6-19 in Chap, 6.

Underground Transformers
In the underground type of ranslormer, also called the subway type, the tany
ermetically sealed for water tightness, but its walls, bottom, ang

1« not only h

cover are made thicker to withstand higher internal and external pressures; the

cover is bolted to the tank (with intervening gaskets) by a relatvely large number
of bolts. and in some instances, welding is used. These units are designed 1o

operate completely submerged in water. . | . |
In larger units, where cooling of the tank itself 15 not sufhcient, radiator fins

are welded to the tank to provide additional cooling surface, or pipes are welded
to the tank for the circulation of ail through them; in the latter case, the additional
surface of the pipes as well as the circulating oil is useful for cooling.

Connections to the supply cables are made by means of watertight wiped
joints between a fAluid-tught bushing and the cable sheath, Another means pro-
vides for the making of connections in a chamber attached to the transformer
tank in which the primary-voltage transformer windings are brought out in Huid-
tight bushings. In some units, this chamber also houses high-voltage discon-
necting and grounding switches,

Where these units supply low-voltage secondary networks, they also house
the network protector in another watertight compartment, usually situated at
the opposite end of the ransformer tank from the primary connection and
switch chamber. Refer to Fig. 6-4 in Chap. 6.

s i

translormer and below

56" for 1000-1b
6'0" for translormers

over 1000 1B

Surge
QIreshers

System e
neutral +

Giounding diogrom, wye-wye

TR

FIG. 11-2 (&) Direct pole mount- : -

ing o a transformer (Courtesy _ Co)
Westinghouse Electric Co.) FIG. 11:2 (b) Cluster mounting of transformers. (Courtasy Lang ! |
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Ratings

T \ o rated by voliage class and in kVA lor capacity. Stanidare
l]r;:;r:lil::: :;r 2400, 1 Igin. 7620, l:i,}!ﬂll. ?.:t,mm, 34,500, 46,000, and :i'_i,nmll
V for single-phase and three phase units, with !.ﬂuru'l'.tl}' voltages of 120/240,
1 20/208, 240/480, and 277/480°V, Standard sizes may include 5, 10, 15, 25, 374,
80, 7h, 100, 167, on0, 938, and 500 kKVA for mlw'rhr.;ul and !:;ui moun ted
units, and in additdon to these, umlt-rgmu.ml Units may .llnf: include 667,
(000, 1500, and 2000-kVA units. The umis may he both single-phase and
three phise, lthough the larger sizes are almost always three-phase units,

Transtormer Protection

Distribution transformers generally fall into two broad classihications: “conven.
gonal.” in which the protecuve devices are mounted externally to the unit; and
completely self-protected (CSF), n which protection devices are included inside
the translormer tank.

Protection s provided the cransformer against overload or Failure, and from
voltage surges (hghming, switching) that may damage the insulation.

Conventional Transformers Associated with the conventional transformer are
a fused cutout which separates the transformer from the primary in the event
of overload or the fallure of some component of the transformer, and a lightning
or surge arrester which bleeds the high-voltage surge to ground before it has a
chance to damage the insulation or other parts of the transformer. Fused cutouts
and surgge arresters will be discussed later in this chapter.

Gompletely Self-Protected Transformers In the completely sell-protected trans-
former, the primary fuse is situated within the case, and because its characteristics
are different from those of the external primary fuse, it is referred to as a "weak
link." Additional protection from overloads is provided by means of crcuil
breakers on the secondary side, which coordinate with the weak link; i.e., in the
event of overload or fault on the secondary main, the secondary circuit breakers
open before the weak link blows. The surge arrester iy mounted outside the
tank, but connected (o its primary terminal, For single-phase units on a wye:
g"fmmlﬂl system, therefore, only one connection is required to be made to the
pritary Iimf_: this makes tor a simpler, neater-appearing, and more economical
mounting of transformers. Moreover, these units are also equipped with a warn-

g light which may be seen from the ground and which indicates the unit has
been thermally overloaded.

: F'f'd' l:ll a grounded wye system employing @ common neutral for hoth the
lr":::d"}' ““k secondary systems, the secondary neutral is connected (o the trans:

c . ‘ - ¥ ]
rtank und the tnk grounded. For safety purposes, a second visible ground

m 1 ¥ .
r“{ﬁ“mﬂr Is ﬂ"“““-‘:le between the neutral terminal and the neutral conductor
ol the secondary muiny.

Simik 10N 18 Provi
lar pratection is provided for ground-level or pad-mounted transformers.

Su loni : |
,.IIELP;:“ ection is usually not required for transformers installed underground,
Eh exceptions are made where such transformers are installed close 10

' B 1 L
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anderground risers connected 0o overhead systems: Surge arresters may th
be installed at the transformer or at the pole, or both : y then

gingle-Phase Transformers

Most of the distribution transformers in service are single-phase units supplying
;inglﬂ-}{hilﬂf loads tllrm.!{ly or supplying polyphase loads in banks of two or three
unil_s. ['he 5e¢-;-;||{lgr}l' winding 1s ut:uully divided into two equal parts, each part
having voltage of l:.!l} V between its terminals. The two parts may be connected
in parallt.l for two-wire 120.V operation, in series for two-wire 240-V operation,
or in series L[nr lhn_rwwlrf 120/240 V operation; reler to Fig, 4-6a in Chap. 4.
(n older units, the four leads from the two parts of the secondary winding were
brought outside the tank through insulated bushings, and connections were
made outside the tank; in more recent construction, the connections of the parts
are made inside the tank and only those leads are brought out that the circuit
requires. In many cases, the middle or neutral lead is not brought out through
an insulated bushing, but is connected to a stud on the tank which also serves
as a means of grounding the transformer tank.

Leads from the primary winding are brought out of the tank through in-
sulated bushings usually made of porcelain of sufficient dimensions to accom-
modate the intended primary supply voltage. Where the primary supply s a
delta-connected or ungrounded wye circuit, the leads employ two bushings.
Where the primary supply is a grounded wye arcuit, only one lead 1s brought
out through a porcelain bushing; the other lead is connected to the tank and
brought out by means of a stud, which may also be connected to the secondary
neutral lead, and which also serves for making connection (o the distribution-
circuit neutral conductor, -

(It is most important that care be exercised when connecting Or energizing
single-bushing transformers, or any transformer with one end of the primary
coil connected to the transformer tank, to make absolutely certain that the ground
connections on the tank of the transformer are made to the system qculnlﬁm.
Failure to do so could lead to energizing the iransformer tank at line voltage,
jeopardizing the safety of anyone working at or near that lmmfum:;:r.}

Single-phase units may also be used to supply two-phase and bsupm
loads from a polyphase primary supply; they may also be used as boostng ':
bucking transformers in single-phase primary supply circuils; CONDECUANS
shown in Fig. 4-6a through & in Chap. 4. : ‘

The primgary wintiingsgma}' also be furnished with taps which permit changes

: : ; : raising or
in the transformation rauo to accommodate the need for a hxed &

lowering of the secondary voltage, or Lo prﬂvide for pl!nsc ransformation from
reviously.

three-phase to two-phase (or vice versa) as noted p

Po
lyphase Transformers + conpections between the

h
In polyphase (usually three-phase) gransformers, e Qe
phase windings on both the primary and secondary ﬂﬁﬂm‘:ghf* e
tank of the transformer, and the leads are brought out reelain bush-

imary or sec-
ings. Whether connected for delta or Wye and whether on the primary




222 | MATERIALS AND EQUIPMENT

ondary side, three leads are brought out on EHL‘II‘ ﬁi(lF, In most instances where
a grounded wye circuit is involved, the nuul!*;ll is brought out _lhrn‘u;;h a stugd
connected to the transformer tank, as mentioned previously tor single-phage
units. In the relatvely few Instances “'hf-’ff }'“H"“"""‘"—'d WYE Circuits are involveq
the “neutral” or common junction point is brought out through a fourth por-
gelain bushing. , :

Taps on the primary side are aisu‘t'urmshec! to permit the same changes ip
ratio of transformaton as were described for single-phase transformers.

Transformer Cooling

Most distribution transformers, whether overhead, pad-mounted, or subway
types, have their cores and coils submerged in Hlsulflllng oil. Tlu:_ heat produced
by the iron and copper losses is carried by convection currents in the oil o the
tank and there dissipated into the atmosphere. Excessive temperatures and the
formation of hot spots are thus prevented, avoiding damage to the insulation
and conductors.

Moisture and sludge formed from the effect of the oxygen in the air on hot
oil tend to reduce the dielectric quality of the oil.

Where the use of oil 1s undesirable, principally because of hre hazard, air-
cooled or askarel-cooled units may be employed, although these are generally
limited to larger sizes and to transformers installed in vaults. Askarels, although
nonflammable, are heavier, less effective coolants, and more expensive than oil;
they are also environmentally undesirable, containing carcinogenic PCB com-
pounds, and are extremely irritating to eyes and skin.

Transformer Impedance

Transformer nameplate data also include the impedance of the transformer
expressed as a percentage of its nominal rated voltage. This information is
important when transformers are connected in parallel, or in polyphase banks,
as units of different impedances will not share the load equitably and will cause

arculating currents producing unnecessary heating when connected in banks;
refer to Chap. 4 for additional discussion.

FUSE CUTOUTS

Distribution transformers (of the conventional type) are usually connected 1o
the primary supply lines through a fuse cutout. The cutout contains a fusible
Elﬁmﬂf‘ll (@ link) whose melting automatically disconnects the transformer from
the primary to prevent damage from overloads; it also disconnects the line from
the transformer in the event of a fault in the transformer, not only preventing
spread of damage in the faulted transformer, but also preventing interruption
10 the primary supply circuit that would affect other transformers and consumers
served from that circuit,

Fuse cutouts are also used 1o disconnect faulted or overloaded parts of @
primary circuit from the remaining unfaulted portion of the circuit.
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The size of the fuse is generally base
on the primary section it is to protect.

<ok vullugm.{:l RUBUV 4 lower, the fuse element, enclosed in & fiber tube
jfinounted insice:a portelain box, engaging the two contacts at the o ri
bottom of the box. The fuse is usually mounted on the door i:;l' this box i:ﬂ;:::h
is hinged at the bottom; in some models, the melting of the fuse ml;scs tl;: door
to drop open as an indication that the fuse has blaown, See Fig. 11-3a. .

For voltages above 5000 V, the fuse element is mounted in the open between
two contacts at either end of an insulating porcelain support, as shown in Fig.
11-3b. The tube containing the fuse drops when the fuse melts. indicating that
the fuse has blown, For obvious reasons, this type is known as an open-type
cutoul,

The design of fuse cutouts should take into consideration the voltages which
will be applied to them and the currents that will flow through them. As the
currents that may How under fault conditions may be of rather large magnitude,
the fuse cutouts should be strong enough to withstand the resultant forces
without damage to themselves or to surrounding objects.

d on the size of the transformer or load

Haonger
Conducior mounting

Conduclor

Porceloin
hausing

GCutou! door

FIG. 11-3 (a) Door-type fuse cutoul, (Courtesy A B. Chance
Co.)
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fhelds within the tank that aid in snuffing out the arc that forms, the insul

iy o k preventing the arc from contacting the tank,

lining of :hr;ﬂ: ;'fﬁue'd on an insulating frame that fits between (40 .
_ ‘Thchfu:t;n:" The assembly i1s so shaped that it can only be inserqq| !
inside 1 7 ' reventing a premature blowing of the fuse before the
;:Tm"kﬁ::r:?;fpdwd pasition. Stationary contacts inside the tank a1

' elain bushings.

ml%yrf:rt;:;:-c'}:' l‘:::;:r; cost of ail fuffs generally restricts their use (o transf, mery
in vaults or underground manholes, and to where voltages are less than |5

L ETE T
llh, a n

hrmJgh,

kV.

SURGE ARRESTERS

Lightning or surge arresters serve (o h_lced a high-voltage surge © ground before
it reaches the line or equipment which they are to protect. 1 hey do this ”
presentng a lower-impedance path (o ground than t_ha[ presented by the i,
or equipment. The voltage surge breaks down the Ins‘ul;lnmn f’f the
momentarily, allowing the surge to go to ground and dissipate itself
lation of the arrester then recovers its propertes, preventing
from flowing to ground, and returning the arrester to a state re
operation.

arrester
, the insy-
further current
ady for another

Types of Arresters

Lightning or surge arresters consist basically of an air B4p in series with another
element which has the special characteristic of providing a relatively low resis-
tance or impedance to the current produced by a high-voltage surge, and a high
vesistance or impedance to the Aow of power current at the relatively low op-

erating voltage of the distribution line to which it is connected. In sor

ne later
urits, the air gap may be omitted.

Pellet Type 1n the peller type of arrester, the second clement is made up of a
tube full of lead pellets. The lead pellets are actually lead peroxide coated with

TABLE 11-1 STANDARD RATINGS OF SURGE
ARRESTERS FOR DISTRIBUTION VOLTAGES

Voltage Voltage
erence Crest reference Crest
s kY voltage, kv* | s, kV  voltage, kv*

1.2 30 15 110
25 45 24 150
5.0 60) 84.5 2000
o 75 46 25)

*Basic insulation ley
1043 wave.

Courtesy McGraw Edisan Co.

el (BIL) in kilovolis with a standard |.5- by

r“"lg
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lead oxide. The F:tllr_tﬁ nrJ.rm;:lh.' act as msul.aufm pre
ing o ground. When a high-voltage surge is mpres
flow that heats them and turns the lead ox; r conductor) it lead

roxide (a good conductor) Aﬁgr the surge is d':y:hargcd 0 ground, the surface
of the pellcls 15 c.l'tan:.;t.:d_ by the r‘hﬁr harge current buck o lead oxide and reilores
the arrester Lo its original "-"’"'1“”’“-. Although rapdly becoming obsolete, a
g‘ﬂ:ﬂl many of this type of arrester exist and will for a In-ng Umie.

1

'Enung current from Row-
sed on them_ a current will

de (a poo

Valve Type In the valve type of arrester, the *ccond element may be made of
some parlicular 5uimarftr 5u_r.h as Ceramic material conitaining conducting par-
ticles, such as metal oxides (1 h‘_rTIFri* and Granulon are commeraal names), or
other substances having characteristics under surge-voltage conditions similar
o those described above. Many of these are buils in modular units, several
connected in series to accommodate the line voltage impressed on them.

Expulsion Type The expulsion type of arrester may or may not emplaya second
air gap enclosed in a .'[I.;lef made of flbllt‘l' ' series with a fixed air gap. As with
fuse holders made of hber, when a high voltage ocours creating an are across
the gap, the heat acting on the Fnh_f;r gives off a nonconducting gas under pressure
that blows out the arc, inu':rra_.npung the flow of surge current and restoring the
arrester to its original condition.

Installation

Surge arresters are installed as close as pcrssihlg to the cquipmem_ n;l;lmlrdh: b;
protected so that the resistance of the connection (o ground may e : um
minimum. The ground is of the utmost importance, as_th_f: arrjeﬂfr w:-,d“in
operate without one. If possible, the agrtﬂﬂ should have its own ground,

it onnections to other grounds. : |
ad?il:l?:z :Eeca:resler 15 Lo protect the insul{ninn of Fhf line ﬂ[r;qltFp;n::i ai.r::
ciated with it, its insulation should be coordinated with that of the line or eq

ment. This is discussed in some detail in Chap. 4.

guting 1 ! he line to
Standard arresters are rated not only on the nominal '-tnlltag:: ﬁ:;:-: g;ic?mpulsc
which they are to be connected, but also as to the crﬁlf"-ﬂ HE; ol Table 111
insulation level) they can withstand; refer to Chap. 4 for mo

iated with distribution
1 lists some standard ratings for surge arresters assocd

circuits of various voltage classes.




CHAPTER 12

REGULATORS,
CAPACITORS,
SWITCHES,
AND
RECLOSERS

VOLTAGE REGULATORS

A voltage regulator is used to hold the voliage of a dreuit at 2 predetermined
value, within a band which the control equipment is capable of maintaining and
within accepted tolerance values for distnibution purposes. Regulators may be
installed at substations or out on distribution feeders on poles, pads, or platforms
or in vaults.

Voltage regulators are essentially autotransformers, with the secondary (or
series) portion of the coil arranged so that all or part of its induced voltage can
be added 10 or subtracted from the line or incoming primary voltage (across
which the primary or exciting portion of the winding is connected). The voltage
variations are accomplished by changing the ratio of transformation automat-
cally without deenergizing the unit

Types

There are two types of voltage regulators in use in distribution systems: the
induction regulator and the lap—changing-under-lmd (TCUL), or step-type, reg-
ulator, The first is usually limited to circuits operating at 5000 V- or less and is
being rapidly replaced by the lauer, employed where relatively larger amounts
of power and higher voltages are involved.

Induction Regulator In the induction Lype of voliage rt:gulamr. the pnmﬂ:;
(high-voltage) winding and the secondary (or series) windings are so amczg :
that they rotate with respect to one another (Fig. 12-1). The prun:;ry L
usually the stator and the secondary coil the rolor, the direcion of rota




FIG. 12-1 Induction regulator windings

generally depending on whether the incoming Tnlmgc i.f,_ to be‘miseri or lowered.
The voltage induced in the secnndar}‘ or series wm(_hng will depend on the
posion in relation to the pnmary winding. Dep-endmg on the position, the
induced voltage can add to or subtract from the input voltage 10 obuip
the outgoing voliage. _ : |

During the rotation of the primary coil, the moving magnetc held can cayee
a large r;amncf voltage drop in the secondary. To dampen (or cancel) this
effect, a third coil is mounted at right angles to the primary coil on the moy able
core and shori-arcuited on itself. The moving primary coil will induce 2 voltage
in the third coil which will, in turn, set up a moving magnetic field of its own
which will tend to oppose that set up by the motion of the primary coil. The
reactance of the regulator unit is thus kept essentially constant.

Step-Type (or TCUL) Regulator The TCUL, or step-type, regulator is also es-
sentially an autotransformer, and is connected in the drcuit in the Same manner
as the induction regulator. This type does not employ rotation of one of the
coils, but changes voltages by means of taps in the pnimary coil. as shown sche-
matically in Fig. 12-2. The portion of the coil with taps is a separate part of the
primary coil with arrangements included for a reversal in its connection so that
the voltage within that portion of the primary coil can be added to or subtracted
from the voltage in the rest of the primary coil.

Each tap 1s changed by the opening and dosing of an associated “selector”
switch. To avoid disconnecting the transformer from the line each time a tap is
changed, the taps are so arranged that two adjacent taps are connected through
a small autotransformer each time the tap change is in progress. The midpoint
of this “preventive™ autotransformer is connected to the primary coil, as illus-
trated in Fig. 12-3. A small air g4p is inserted in the core of the autorransformer
o reduce the size of the magnetic field, which could cause an excessive voltage
drop in the coil. "

Small circuit breakers, known as transfer suntches, make and break the circuit
Hﬂdl:r'ﬂi]_ The selector switches are always closed while the corresponding trans-
fer switch is open, and opened while the transfer switch is closed. In this design.

—
\reguigred Prmary 4]
orrang o - 1 i.l- g

voitoge ot E Coxi
rE ¢
— L.

6. 122 Siep-type or TCUL regutator

HEGUL;‘ T'Dp's ':_.E.F,ﬂ,"4TP-f_~ ~
TS ;-.l'-ITJ:i-:s i, e
St e g

S ACSERS |2
Preventive

outoTronsiormey

= o Trorsfer

ks Cwiichas

J B

7— e —

| I‘E 3 L 15 _JE" 7 'I
_ M ‘-""‘-"L', L‘il#-iw‘ .-‘I__._"_,___]:_'.J
m_ﬂ.g Operation of step-type (TCUL) regulator. (Courtesy

Westinghouse Electric Co.)

three transfer switches and one selecior switch for each =
peration. The transfer switches are often contained in a SEparate commne

attached to the main tank of the regulator so that they may be mamf:_;:dp:.m;m
the necessity of draining the oil from the enire rt;gulalar unit. The rain ._l-:j
compartment may be more readily contaminated because of the § e
the switches' operation.

The sequence of operation of both the selector and transfer switches is shown
i Table 12-1. The switches are operated in proper sequence bya MOLor-Operated

-.-r‘_ﬂ_.l_J_J

P are required for

‘mechanism which may be controlled manually or automatically. A fimedein
dewice prevents short-duration dips from operatng the control relays

Control
The rotation of the primary coil in the induction regulator and the ap changine
m the step-type (TCUL) regulator are controlled by 2 voltage-regulzsing relay
{earlier known as a contact-making voltmeter) conneaed to the output side of the

TABLE 12-1 SEQUENCE OF OPERATION OF TCUL REGULATOR SWITCHES

=
5 7

2y X X X
X X X

X
X

X

X
X X X
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regulator. Associated with it is a line-drop compensator, ;f"j‘fl",i* sssentially 3 .
ature reproduction of the electric crcuit “T be regu -lll-;" -:Il;tl ;hrnirmmf'n the
voltage applied (o the voltage-regulating relay. A more detailed des, fIPlion of
these devices' operation is contained in Chap. 4,

Rating

Both induction and step-type regulators are rated on tllf_ir nominal
classification and their plus-minus percent of voltage regulation. Their . apacity,
or kVA rating, as a percentage of the vull-;zunpcr.m [r:llil!ofﬂl“lltt‘ﬂ 1S the same 44
the percent voltage transformed using the incoming primary voltage as base,
This is the same rating used lor autotransformers,
For example, il the regulator boosts (or bucks) the volta
transforms only 10 percent of the load in kVA. If the load (o
kVA, the size of regulator required is 100 kVA.

Voltage

ge 10 Percent, i
be served is 1000

CAPACITORS

Capacitors are also used to improve voltage regulation on distriby
but their operation differs from that of induction and ste
introducing capacitive reactance in the crcuit, they effe
inductive reactance of the circuit, alfecting
cause a voltage drop or rise. It will
thereby decreasing the current r
the circuir.

ton CIrcuits,
P-type regulators, By
ctively counteract the
its impedance. This, in turn, may
also tend to improve the circuit power factor,
equired for a given load and reducing losses in

Construction

Capacitors are usually constructed of sheets of aluminum
nsulating-impregnated ! 5. T'he bun-
dles are connected togetl | |

parallel circuits, and the number
dcitance rating of the units, The
which the leads are brought out

of such bundles determi

bundles are contained in d steel tank through
by means of porcelain bushings.

Operation

Sufficient numbers of units are assembled in a bank of capacitors to provide the
required Cpacitance or reacti

. < Lapaa should be installed as close
'iu i i - I &
possible to the inductive tthe current supplied over
ith the voltage (unity power
1 uL i . ;
" :ﬁ'u':l::i:'-‘;li:m?;tf- h;l:ﬂ'ﬂ;jmpacuun arenstalled at intervals on the circuit
. citect of the inductance of the circuit i - Al - : -
inductive loads cuititself as well as that of the

poles in racks

HEGULﬁTDFE‘:, E‘.APAEITCI‘FS, SWITCHES. AND RECLOSERS |33
pmvidcd (o switch on or off some or all of the units in 2 Q@pacitor bank, s thar
the capacitance (approximately) cancels out the inductane

: _ € of the system. This
may be actﬂmpilﬁh_‘-'d by time clocks, Overvoliage or undervoliage refays, or
remote-control devices, ]

Protection  When installed outdoors, Capacitor banks are usually protected by
fuse cutouts and surge arresters, somewhar in the way transformer installations
are protected. In indoor installations, the banks May be protected by switches

banks, either in their entirety or in part,
cussed in greater detail in Chap, 4.

To protect against the failure of one unit in a bank afﬁ:cting the entire bank,
each capacitor unit in the bank is usually fused individually.
Discharge of Capacitors Some arrangement of resistors or reactors connected
to the terminals of the capacitors is often provided for discharging the potentially
dangerous energy that remains in a capacitor that has been charged, even after
itis disconnected from the line. This phenomenon is known as dizleciric absorption.
Where the capacitors are connected between a pPhase of the primary feeder to
which distribution transformers are connected and ground, discharge facilities
may not be required, since the charge in the capacitor will drain off through
the transformer winding. The rapidity at which this occurs will depend on .lhe
distance and the size and configuration of the conductors between the capacitor
and the transformer.

Serles Capacitors

Capacitors may be connected in series with the line to compensate for reactive
vulll]:ge drop i":; the circuit and provide an iflslanlilﬂ&ﬂus and almusl pcrfec:
voltage regulation. Their use is generally limited o low-voltage heaq-clt:en::hnt
application, such as welders and [ urnaces. The units so employed may

same as those used for shunt operation.

Rating

Capacitor units are rated according to their nominal voltage mﬁfﬁ ax
7620 V) and their kVA rating: 15, 25, 50, 100, 150, 200, an > R
of such units, both for single-phase and three-phase operation,

10 provide the required capacitance.

Maintenance

i i ion for blown
Capacitors require little maintenance beyond mmnﬂhlgzmﬁn 3%
fuses, cracked bushings, leaking tanks, and the 3‘1'“’“;'0“ sy TaRiE SUTRRR
pﬁllutﬂnts (severe smoke, salt fog, chemical fumes, nimth: i e bk re
Maintenance is often accomplished by replacing only
quiring attention.




SWITCHES 1 :
In addition to the fuse cutouts and potheads mentioned in Chap,
other devices are used for connecting or disconnecting circ

them.

. 9 and g
ulLs or [mrtmm 0l

Disconnects

Disconnects are switches designed not to be opened when any AMOUnt of Joa
current flows through them. Their use is generally limited 1o Places where fio
load current or only a small charging current is to he interrupted, :
usually mstalled in a circuit so as to enable a line OrF a piece of equipm
isolated from the energized portion of the arcuit; they provide
in the crcuit as a positive safety measure for the worker. On the other hand,
when used as normally open devices, they may be closed 10 €nergize a line of
piece of equipment where only charging current will flow: in SOMIE Instances.
some relatively large load current may also flow when the dj

In either case, the disconnect should be closed firmly 1o pre
of arcs forming between the blade and terminal clip as the
the (energized) clip.

Disconnect switches, air-break switches, and oil switches dre someti

operated; ie., the three single-pole disconnects (for 2 three-
mechanically connected and operated together.

I!‘“"r are
ent tn j)‘l"
4 visual brea)

vent the Possibility
blade approaches

mes gang-
phase system) are

Air-Break Switches

Arr-break switches are generally used 1o interrupt relatively small amounts of

€IS Or interrupting the ex-
of smaller transformers. The
€ care must be used in opening

load current, such as in sectionalizing primary feed
€ transformers or 2

oad-interrupting
low-capacity high-inter-
the moving element or
tch blade is still in place.

dly not only because they
» but also because they are

HEGUIJ.TI"_;F‘.‘S CAPACITORS o
- v IR, SNITCxMES AND FEC v
= M _,tﬁfﬁilm

0ll Switches

ation Where load currents are 14 b INETTUpLed retatively often, oil switchey
not designed o interrupt fault CUITENLS are uged Here, the 5witrlla i opened
under oil, lhl:: oil S{ir‘flllg Lo quench the arc thai lorms. ]_.’t.u;lﬂ}_ h.«_,wm-ﬂ_ a fuse
is connected in series w:li_n Ih{: SWILEh 1o clear (he cireuit should (ke switch fa)
to interrupt the circuit. Oil switches of (his YPE, such as double-throw swilches
are often used to transfer a Primary service from one feeder 15 another an,i
may be operated manulall{,- OF automatically,
While the oil switch is more dependable than the air-break sw
cﬂid}" al'ld IS UsSe Is gentrall}' “I’Itill‘.‘d (3] lhfﬂrf: prhcaliun:. whfr
are unsatsfactory.

ich, it s more
¢ other means

Rating Like disconnects and air-bresk switches, oil switches are rated on their
voltage classification and their normal CUrTent-carrying capacities. Inasmuch as
fault current may fHow through them, their faull{urren!-f.arr}-'ing capabilities
are often included in their specifications,

CIRCUIT BREAKERS
Types

A circuit breaker generally is an oil switch but is built more ruggedly to enable
itto interrupt not only the relatively large load currents but also the much larger
fault currents which may occur on a circuit. Some circuit ‘brfaitr!. however, are
designed to open in air, with special provisions for han@hng the are that fﬂﬂﬂiﬁf"i
when the contacts are opened. These are known as air circuit breakers, and their
interrupling capability is usually much lower :f?an that for o1l areuit breakers.
Other circuit breakers are designed to have their CONEACTs Open In 3 vacuum u;
in an ambient of inert gas such as sulfur hexafluoride (SF,), with improve
interrupting capability claimed for these latter types.

Operation

All types of arcuit breakers are designed o operate aut?mﬂlmng
the circuit under fault conditions, or o be opened or close )
desired. : rima

Circuit breakers are generally installed at sbeaens ;: . ::2;2:1: _;f.,_.r:m m::
feeders. They may be used elsewhere, however, Hh.ﬂtm ﬂmﬁm such as fuses.
rents must be interrupted and cannot be handled by o ,c; at primary voltages.
Such locations, for example, are at-large consumers “Tem fault-sensing relays

Circuit breakers are usually actuated by U"Frmnc:; —n‘:!-!-t.'d spring. Opening
which serve to open them. This is done by tripping a Ejﬂu dliJ ng the extinguishing of
may be achieved in from 2 to 60 or more cycdes, md Relays also control their
the arc, from the time the relay contacts arcl:m i;:f.orelcﬂfif- motors. Cirouit
reclosure, which is accomplished by icare o wr . uluple reclasing operations
breakers may be set for a single operation, or [or MU

before “locking out.”

I } f
I y fDr Ih!.' Umm Q
[0} i.“'.l‘-"f [hf‘il Dprl.:lll'ﬂn? t.hf ﬂpcm“ng lehfr LOuUrce
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the relays and the circult breakers may be storage batterie Hoated o o, I
- e

through a rectibier so that they are continuously fully charged.
Further duscussion of circust breakers may be found in Chaps. 4, 7 and |%

In addition 1o their voltage dassification and QUITENtcarrying capaciyy the
3 ' £ In-

upting capability is 2 most important part of the circuis breaker raling

RECLOSERS

Redosers are essentally arcuit breakers of relatively lower normal . UrTent- and
. . . - * . ; 2 k
shori-cirouit current-carrying capability. Their overcurrent- and Fault-sensin,
devices and reclosing controls are a part of the unit and zre ConLained muf
in i -

Operation

The coils operating the dosing mechanism obtain their

. . : power from the SOUrce
ndc: of the recloser. T }_lﬁc coils also operate a mechanism tha COMPresses the
springs, whth, frhtn lincd, open the circuit breaker contacts rapidly. A fll'.'.ll.hf-'[.
woil, in senies with the coil operating the dosing mechanism, trips a laich L

(e.g., when workers may be w
erated manually.
: &Rl::iuun may be installed out on one or more branches of a circuit so thar
: :m thm;: Inancﬁu need not affect the entire circuit. Temporary faulis
Mhu # tree limb falling on the line) will not Cause a lengthy outage 1o service
on the branch, b only a2 momentary interry ption.

Rﬂdcnc_ s may mm:h:rm be installed al substations as circuit breakers on

€ loads are relatively small and likely short-circuit or

fault curvent low enough not exceed .
[[} ——
may often be found inghruml areas, the rating of the recloser. Such conditions

CHAPTER + 3

DISTRIBUTION
SUBSTATION
EQUIPMENT

EQUIPMENT

The principal equipment usually found in 2 distribution subsiation includes
power transformers; circuit breakers and their 2ssoc ted protective refays and
control devices; high-voltage fuses; air-break and disconnecs switches; surge or
lightning arresters; voltage regulators; storage baiteries; measuring instruments-
and, in some instances, capacitors and street lighting equipment. Associated with
all of these are cables and buses and their SUPPOTTS.

Many of these items have been discussed previously in connection with their
functions in the planning and design of distribution systems and in their con-
struction and installation; this discussion may generally be found in Chaps. 2,
4,5,6,7, 11,and 12. Discussion in this chapter will focus on those characternistics
of these same items which were not discussed previously but which zre assocated

with the activities of the distribution engineer.

TRANSFORMERS

Substation transformers function in a manner similar to distribution trans-
formers, but have significant differences in their construction 2nd aperaton.
Features shared by both categories include the usual employment of o1 (some-
times air or askarels) for insulating and cooling purposes, laps rﬂf_ dungmg the
ratio of transformation, and insulation coordination together with basic insu-
lation levels. Transformers may be of the single-phase or three-phase: tfypes.

Core

Substation transformers, and ﬁpcciau)f the
Structed with shell-type cores which surround

lyphase units, are usually con-
pr.:hc windings, as compared with

the usual distribution transformer, in which the windings surround
37
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Polarity

Substation transformers are usually wound for addiuve polanty, in accordance
on =

-+ EEI. NEMA, and other standards, as contrasted with the subtractive polarit,
wil »'A o

-
Canwmr

of distribution transformers. | N s,

i gouge ong
e T T

~-vol i - | '/ \ = Normai oil evel
The bushings of substation tf-ansfﬂnntrs_ﬂn the Im?. -voltage side 4re usually : CHE ﬁ__ Tog washer wn
made of porcelain and are similar to the primary bush_mgs ijnund_ on distribution - : ~ g 3me deme
transformers, but of greater current-carrying capaaty. 'Ihe_ h:gh-hjltla_ge.ﬂdf
bushing, however, in addiion 0 the greater ::urrem-canjlng capability, de.
: iude of the voltage, may consist of a solid porcelain o hinder Removabie plug
pending on the magnitude ¢ gt i el | e for inserting
(with petticoats) as insulation for voltages up to about 35 kV, or an oil-filled oil-sampling Tube
hollow porcelain cylinder for values up to about ng kV; for 69 L‘L and higher
voltages. the hollow porcelain cylinder may contain Ia_'.'f:rs of ol-impregnated Coddet /
paper insulation with metal foil inserted at several locations among the layers, 1 i
forming a series of capaaitors which serve to even out and equalize the eleciro. Terminal Shi
static stresses set up within the bushing; see Fig. 13-1. Other high-voltage bush.
ings may be flled with an inert gas such as sulfur hexafuoride (SF;). E,Q:ungmwmncen*n:
Like distnbution transformers designed for line-to-ground operation, single- Herkolite cylinders
phase transformers may have only one bushing on both the high- and low-voltage
sides; three-phase transformers may have only three high- and three low-s oltage Treated -maple spacing
bushings, with a neutral stud as a common terminal for both high- and Joy- Biocks fo separate

e concentric cylinders —
voltage windings.

Top dompng g

—-

Qil
Substation transformers may also show evidence of greater precaution taken in
keeping air and moisture from the oil. In some units, an inert gas, such as
nitrogen, fills the space above the oil, and the transformer tank is sealed. A
“reliel diaphragm™ is sometimes installed in a vent in the sealed transformer
which ruptures when the internal pressure exceeds some predetermined value, Sepport Minimom ol ievel
y}iiim[ing possible deterioration of the insulation. In some units, a pressure relay Gasket mﬁﬁf
15 installed to give an indication of pressure rise in the tank.
ot Sl o 1o o e transforme, s e
E place. rings comging
The tank is sometimes open to the atmosphere through a breathing device. The -
condensation of moisture and the formation of sludge take place in the tank, terhale core il
which is also provided with a sump from which the condensation and sludge -
may be drawn off. See Fig. 13-2. Copper tube threaded Hotfom S
for ottoching terminal "

iS5 U | = I
Cooling S o o 1 /—-wm

= Botiom wisher
Substation transformers may be equi : : Gosket tectr
- . equipped with fins or radiators to enhance the Courtesy General Elecine
ability of the transforme issi FIG. 131 Typical oil-filed bushing for a 63-KV transformer. {

iron losses, ' y : iy
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the transformer tank
external hear exchanger through

arculated with the aj

d of pumps.

-

- —

/

Etfenﬁmfu
Shutolf valve

i @ higher rating with
still higher ratung when both means
10,000 kVA; 12,000 kVA-FA; 15,000

rmissible noise levels at maximum loads,
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for transformers on Lh{:ir high-volta
gransformers for relaying, meterin
the bushing. |

fuiailic breakers e be single-phase or three- i these Mmay consist of 3
single pole within an individual tank, or the ( may be contained in 4
single tank. o | |

Ratings of ':'rc“"_h"-‘ak“—"'ﬁ include their volia
normal current-carrying capacity in amperes, their
interrupting capability in amperes or
of opening, in cycles.

ge dassification in kV, their
short-circuir- or fault-curren
kVA, and, in Some instances, their speed

Metal-Clad Switch Gear

Modular metal-clad switch gear is constructed to incorporate circyit breakers,
disconnecting devices, interlocks, MEASUring instruments, current and potential
transformers, relays, and buses into 2 single, compact, factory-assembled unit

f these units are capable of being assem-
bled together.

Beside the compactness, the modular construction provides for fexibility in
switching arrangements and for ready, inexpensive future expansion. With no
live parts exposed and with interlocks to prevent energized switch gear from
being drawn out, protection for both worker and equipment is enhanced. Con-
nections into and out of this type of switch gear can be made via underground

bles, making for neat appearance. : : .
u l::tings ﬂfgmelal-clad switch gear are determined by its current-breaking
capability:

Vv e Normal current . Fn&-qrrm
5 kV 2000 A 50,000 kVA

kVA
15 kV 2000 A 500,000
345 kV 2000 A 1,500,000 kVA

Units above these ratings may be tailor-made for specific installations.

FUSES

associa ith distribut d primary arcuits have htcn'

1at th distribution u-ansfﬂrpcrs an ull e

geuzkd in édha; 4, 5, and 11. Their ume-current dtaf:abc::aris::hﬁe o
coordination with each other and with reclosers and arcui

discussed.

High-Voltage Fuses : et ments Ay
In some smaller or rural substations, where Pombl;u::urrn{a}‘ be substituted for
be limited to relatively low values, a_hlgh-vullflge including coordination with
the incoming circuit breaker. While Its ”?c!axn;ameas for distribution fuses,
other protective devices on the same circuit, is the
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FIG. 13-3 Cross sectlion of boric acid-type expulsion fus
Co.)

its construcuon is greatly different from that associated with door- and e

Bor I oCig hl-}._‘ k

:”']-"__IJI!‘.I'
Cuter tube {indicating fises

Qndy

e.(Courtesy Westinghousa Electrio

Xpulsion.

type cutouts. The high-voltage fuse links are usually enclosed in 4 container.

which tends to suppress and confine the arc and

vaporizing metal. making the

fuse capable ufinterrupting moderate short-circuit currents at the higher volt-

ages.

Liquid-Filled Fuses In liquid-filled construction,

the fuse link is enclosed in a

tube that is filled with a hre-extinguishing Auid such as carbon tetrachloride. A

spring holds the fuse under tension so that, whe
quickly lengthened and quenched in the Auid; th

n it blows, the resultant are js
€ gas formed is inert and aids

in blowing out the arc. If the pressure becomes excessive, Provision is made o
have the cap on the ~outgoing” side of the fuse blow off, preventing the rupture
of the tube and confining damage to the fuse itself

Solid-Filled Fuses In solid-filled construction, the
element may be sand or powdered boric acid. In

matenal surrounding the fuse
the sand-filled type, the heat

and gases generated when the fuse melts are absorbed by the sand, which tends
to squelch the arc. In the boric acid type, the heat Produced decomposes the
boric acid, which forms steam under pressure that acts 1o squelch the arc. See

Fig. 13-3,

Pplication are rated not only for their voltage
normal CUITEnt-carrying capacity, but also as to their short-

dreuit-current interrupting capability.

normal current-carrying
dany current. These have
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classitfication and normal curreni arrying ability, bur. in addig
rent-intermupting capability €Xpressed in amperes.

SURGE OR LIGHTNING ARRESTERS

Surge arresters may be of the valve of €Xpulsion type and haye been described
in Chap. 6. They are rated not only on their normal voltage dassificition in KV,
but also on their crest voltage capability in kV ap 4 standard | 5 x 40-pus wave
(or other specified wave), ;md_ their di:‘s{harge-rur‘rem capability in amperes or
thousands of amperes (kA). For high-voltage dpplication, SUrge arresters may
consist of a number of unit-value valye ATTEsLers connected in series in one overall
unit, as shown in Fig. 13-4 for 2 69-kV arrester.

VOLTAGE REGULATORS

Voltage regulators may be of the induction type or the TCUL or step type, and
have been described in Chaps. 4, 7, and 12 A cross section of an induction
regulator 1s shown in Fig. 13-5. Regulators are rated by voltage dassification in
kV and the plus-minus percent voltage-regulation eapability. In step-type reg-
ulators, the percent voltage of each step and the number of steps is often also
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the required voltage and capaciry. These have be
connection with the operation of eireyir breakers
o?:hm“i'gtTc?nq Rotor bositice The most frequently usgd batteries are the 5
:ﬂg“q:ic Free indicator nickel-alkaline type (sometimes also called
S5 tniovs Teloy employs plates I"{1F1E|E nf_ lead and sulfuric
With limit switch plates made of nickel oxide and iron of cadmium, with pora
the electrolyte. Srzparalnrg dre made of treated wood, glass w
] or plastic matenal. Containers for the lead-acid cells are ye
rubber, plastic, or asphaltic compasitions,

E gases and renewal of water or acid. Cony

Hand wheel

Top bearing
Oil level

Cables from cells are nickel-plated sheet stee] hermetically sealed, but
The stotor

——f——— windings

: with valves to allow
the venting of gases; the electrolyte needs no replacement.

Storage batteries are usually rated in dmpere-hours and their capaaty on the
~—— Rotor shaft basis of an 8-h rate. Battery efficiencies run from 85 to 90 percent, with the

I +—— Flexible lower efficiencies experienced at the mare rapid rates of discharge and charge.
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voltages of 6, 12,

three are the preferred values. Since the

findividual C-E"S, each producn Approx- - / : ing.
nnected in seﬁEs-Paralle]IJcircuits lgu provide FIG. 136 Basic rectilier connections for battery charg
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