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As transmission voltages, actual or proposed,

become higher and higher and transmission distances reach
out farther and farther, 1t is interesting and profitable
to inquire into the probable maximum distance to which
power will be commercially transmitted. As with most en-
gineering senterprises, the limitations will come through
economic conditions, and the greatest distance to which
power will be commercially transmitted, is the greatest
distanc= to which it can be economically transmitted.

The elements which, in the broadest =ense, limit
the distance tc which power can be economically trans-
mitted are two:-the cost of power at the generating sta-
tion, and the price which can be obtained for the de-
livered power. The difference between these two elements
must cover ths cost of transmission, the interest on the
investments and the profits. The cost of transmission
comprises the loss of powsr in transmission, the cost of
operating and the cost of maintenance and repairs. The
value of the sum total of ths interest which must be paild
upon ths investment, and the minimum profit which is con-
gsidered satisfactory, will have much weight in determining
the limiting distance of transmission. The less this sum
is the farther power can be transmitted; a low intersst
rate and a low rate of dividends will, therefore be con-
ducive to a long transmissicn. In considering in a
general way the manner in which the investments in a trans-

mission plant, and the annual charges and expenses in con-




nection with the plant, vary with different voltages,
outputs, and distance of transmission. For a given
voltage, drop, and distance of transmission the cost of
all the apparatus and equipment except the line conductors
will increase mcre slowly than the output of the plant.
That is, the greater the output of the plant the less cost
yer K.%. of all the equipment, except the line donductors.
Since the interest charges and the charges for depre-
ciation and repair, are dependent on the investment, the
greater the output of the plant the less will be the gquan-
tities going to make up the annual cost per K.W. of
transmitted power. Since the weight of the lins con-
ductors will vary directly as the amount of power trans-
mitted, those elements of the annual cost per K.VW. de-
rending upon the line conductors will be practically con-
stant for all amounts of powsr transmitted and cannot be
materially reduced by incresasing the amount of power
transmitted. With the same voltage, economic drop, and
output, the elements of annual cost per K.¥W. dus to the
line structure (Pole Line) will dncrease diresctly as

ths distance. On the other hand ths weight of the line
cenductors incrsases as the distance, and the elements

of annual cost per K.W. due to the weight of the line
conductors will increase as the distance, no matter what
the output. This shows that all the elements in the

annual cost per K.W. for transmitting power, except those




depending upon the lins conductors, may be continually
reduced by increasing the amount of power to be trans—
mitteds As the first cost of line conductors can bs
bs reduced only by increasing the voltage of transmis—
sion and there is a limit to which such increase can
be carried, it follows that—-"The limiting distance to
which power can be economically transmitted will de-
pend, finally upon ths cost of the line conductors and
upon this alone."

However it shall not be forgotten that the
history of electric power transmission in {he past
shows that it is unsafe te prorhesy the commercial
limiting distance of transmission. In the early days
of the development of the incandsscent lémp it was
lemonstratsd mathematically that it would bs commer-
cially impracticable to transmit slectric power to such
lamps more than a few hundred feet. The prorosition
was valid at that time, but only for the conditions
then existing. The three-wire system and the 10C-vélt
lamp upset both the assumptions and the conclusions.
The practical men carried power to lamps distant several
thousand feet from the generator. Then the transformer
bscame known and it was demonstrated that it would be
commercially impossible to transmit power more than a
few miles distant. But improvements in construction

invalidated the assumptions of the proposition also,




and the practical men have now succeeded in carrying

rower commercially to a distance of two hundred and thir-
ty miles in California 2t a pressure of about 60,000
volts.

The greater percent of our large cities today
depend for their lighting, transportation, water supply,
and operation of their industries, upon the electric
power transmitted over considerable distances. This
transmission service is compelled to be continuous, for
any interruption, however small, of tﬁe powar service,

8o inconveniences the public as to be conspicuous. The
public opinion that long-distance power transmissionsare
unreliable, is a very great drawback to its development.
Although continuocus service may not be possible, many of
the troubles that have been experienced can now be either
eliminated or greatly reduced. The most important causes
of interruption of service, whers wooden poles and cross—
arms are used, are short circuiting of lines, by branches
of trees, or by large birds getting across them; the
burning of the wooden insulators pins, and cross-arms;
burning,often, of the poles at the ground, from forest
and prairie fires, lightning domaging the apparatus
connsected in the circuilt and sometimes destroying the
roles. The deterioration of a lins requirss its replace=
ment in from five to twenty -five years and the replace-
ment of a pole c~n only be accomplished by shutting off

of the sarvice, or by taking a very great risk of acci-



dental interruptions, which may be more serious than the
shutting off of the service while the repair is made.

Many of these drawbacks can be overcome by the
use of steel towers and long spans, in the place of the
wooden pole line. In the towsr construction short circuits
are by far the most common difficulty and these can be
greatly reduced by putting the wires so faf apart that they
are unlikely to be bridged across. Burning of the pins and
tower is entirely eliminated where metal is used. Lar-
ger and better insulators can be used on towers than on
poles, and heing fewer of them lessens the chance of their
failufe. Bach metal tower is itself a lightning arrest-
er and as they are the highest point in the line they
materially assist in its discharge and being a conductor
cannot be injured by lightning. Steel towers can also
be figured exactly to meet safely any strain that they
may be subjscted to, and can gensrally be located where
there is no danger of washouts by water. The deteriora-
tion of a well constructed galvanized stsal tower is very
slight, as it has been proven by marine and windmill

gervice, and ths almost negligihle as far as the pins are

concernsd anl also ths cross—-arms. Then any part of a
steel towsr may he removad and raplaced without{ the in-
terruption of ths service. By far the greatest gain in
tha steel tower and long spans ovar th2 wooden pola linse,
is the reduction of the numhar of parts. If ons tower

takes ths place of six or eight or mors poles, the trouble




will be raduced~-in nearly a direct‘ratio, the inspection
and repair of ths line will he much simplified and ths
cost of maintenance greatly diminished.

S8teeal towars are rapidly coming into use for
the support of slectric transmission line that deliver
large units of energy at high voltages on long distances
of transmission. The cost of a tower compared with that
of wooden noles depends on tha locality of ths trans-
mission line. Whera the right kind of timber exists
wooden poles are chesapar, but whare wooden poles have
to be transported long distances the %tower is much chesap-
er. In order to have long life of a pole a crsosoted
wood only could be used and this still increases the ex-
rense. The fewer insulators and pins and the sasa of
transportatiom and erzction ars in favor of the tower ,
they can be packed in light bundles suitabls for mule-
back transportation and quickly put %ogether sven in the
most inaccessible places. Even whara ftowar construction
is greater in cost it is oftan Justifiable by the great-
ar certainty of operation which it insures and the less
cost of mainteonancs.

Steel towers ara used in the seventy-five-
mile transmission line of 24,000 H.P. at 80,000 volts,
from Niagara Falls to Toronto and on an sighty-mile line
in northern New York, at a voltage of 60,000. 1In the
older lin2s now using pole lins comstruction are the

one hunirel and forty-seven mile lins earrying 13000 H.P.



from Elsctra station to San Francisco, California at 66600
volts anl the one hundred and forty-two mile line carry-
ing 15000 H.P. from Colgate rower house %to Oaklan,Cali-
fornia at 60000 volts. In the oparation of these and
many othars of high voltage transmissions on pole line,
during various parts of ths last decads some difficulty
has been met with, butnothing serious enough to praovant
satisfactory sarvice. Nevartheless it is now being urgsd
that certain impediments that are now met with in trans-
mission, would be greatly reduced by the usas of steel
towars, and that probably the first and total cost would .
be 1l=ss with stssl than with wood. The argument for
steel in the matt:r of cost is that while a tower re-
quires a largar investment than a pole, yet the smaller
numbsr of towsars as comparad with that of poles, may
reduce the entire outlay for the former about that of the
latter, and also the maintenancs and depraeciation charges
of steel supports will make their final cost no grsater
than that of woodsn poles.

The cost of a stesl towsr support will vary
according to its waight about 3 to 3}8ts. per pound.
The stecl towors ussd between Niagara Falls and Lockport,
sach tower carried a singls three -phase transmission
circuit, has theee legs and bullt of tubing that tapers
from 2} inches to smaller sizas and is braced at fre-
quant intsrvals. The haight of each of these towers is

49 feet and weight 2800 1lbs., at 3¢ per pound they would




sach cost #84,00. Tor ths transmission lins in north-
arn New York, towsrs 45 ft. high, carrying two, three
phase systsms and weighing 3000 pounds, ths price for
sach was from $100 to £125. On the line from Niagara
to Toronto, towsrz 40 ft. high, weighing 2360 pounds
cost $70.80 each.

With these examples of cost of stesl towsrs, a

fair idea may be gottsn of ths relativs cost of wooden
poles. Cedar poles, or other desirable wood, 35 ft.
long with 8 inch top, fitted with one or two cross arms,
cost about $5.00. This size of pole has been much used
on ths long %ighevoltage transmission systems that in-
volves large powsr units and uses heavy conducters. Polas
of this size wors usad batween Niagara Falls anl Buffalo;
Colgate powar-house and Oakland; and betwe:n Canon Ferry
and Butte. With steal towers 400 ft. apart, and poles

100 ft.apart, 4 of the latter must bs used to one of the
former. At §5 per pole this requirss an investment of
£20 in poles as comparad with at least from §45 to 2100
in steel towers. To reach the same raesult when towsrs
garry two circuits, it would take two pole lines ani
this would bring the cost up to $40. This cost of the
towers and poles includes nothing for ersction. Fach
tower has at least three lsgs and more, commonly four,
and owing to th> haight of ths towsr and the long spans'
they support, the legs are gemerally set in cement and

concrate, thus the same amount of holes will be dug as




S,

with pole 1line, and considsring the cost of the concrat:
footings, the cost of erecting the towers is probably
greater than that of tha poles. With wooden poles about
Bour times as mony pins and insulators are requirsd, asv
with stael towers. The cost of insulators and steel piné

fog 50,000 o 60,000 volts is about $1.50, so that the

gaving per tower reaches not more than 815.50, In the
labor of sracting thers may be a small advantage in favor
of the tower, but the weight of the long spans probably
offssts to a large exient any gain of time due to fewer
sugports. An approximate concjusion from the above data
geem to be that a line of steel tower will cost about
1.5 times as much as a lins of wooden roles to support
the same numbar of conductors the same distance. Woodon
poles of good quality have been known to last.ten or
fifteen years, it is doubtful whather steel towers will
show snough longer life to offset their first cost. The
gtrongest argument in favor of stesl tower for trans-

misgion of electric energy, is that thesse towars give a

ruch more greater teliability of continuous service than
do woodsn poles. For the great majority of power trans-
mission, howaver, it seems probable that wooden poles or
gtructures will long continue to be much cheapsr and more
practicable as a form of support. Another advantags of
steol towars over wooden poles or structures is that the
former will not burn and are probably not subjscted to

destruction by lightning. Where a long line pass2s over




a territory whera there is much brush, timber or long

grass, the fact that the steel towers will not burn

may make them mors desirabls. In tropical countries
where insects rapidly destroy wooden poles, the use of

stesl towers may be very desirahla even at greater first

cost, Stesl towers are much used in Guanajuato, Mexico.

Long distance transmission lines should follow
as nsar a straight line as possible, or direct routes
from gensrating plant to point of distribution. The num-
ba2r of poles, cross-arms, or towars, insulators, increasse
dirsctly as ths length of the line, and the weight of
conductors increasss with the square of the length of line,
othar factors and pressurs of line, remaining the same.
The material deviated from a straight line must be paid
for at a much higher rats.

General transmission lines follow the public
streets or highways, in ordsr that ccnsumers may be reach-
ad, but the saving of tha cost of a privats right-of-way
anl sase efl access ars the main considerations which tend
to kaasp transmigsion linss on str2ets or highways. Ths
cost of a privats right-of-way may bs vary important
and should be comparsd with the adiitional cost of trans—
mission lines eracted on streats =nd highways. All of
these considerations ssem te point towards a tendency to
locate transmission lines on private right-of-way, whera
large power is to be transmittsd at high voltags. These

private right-of-ways range from fifty to several hun




drad feet in width, for in timber all tress large snough
to reach the wires are cut.

In many cases of transmission at very high vol-
tages two independent transmission lines are erected,each
carrying one or two circuits; that mode of transmission
has be3n followed out in the transmission line from
Niagara Palls to Buffalo, Canon Ferry to Butte, Welland
to Hamilton, and Colgate %to Oakland. Suth double trans-
mission lines are gensrally locatad on ths same right-of-
way. The main r2ason for tha use of two pole lines in-
stead of one ars the probability that an arc started on
one circuit would be %ransmitted to the othsr circuit of
the same poles, thus the grasatar safety and ease of re-
paires is obtained when each circuit is fransmitted on
separate transmission lines. The use of one circuit of
larger wire instead of two circuits of smallsr wire has
the advantage of greater mechanical strangth in each con-
ductor, saves ths cost of one pola line and ths ersction
of the second circuit. With voltagas above 40 to 50,000
on 19ng transmission lines ther:s is a large loss of snergy
by leakage directly through the air “rom wire to wire.
To keep this loss within desirable limits it may be necas-
sary to give each wirs of a circult a greater distance

from the others of the dame circuit than can readily =e

had if all the wirss of the circuit ars mounted on the same

pole line. If thare is only one three-wirs circuit te be

provided for three linss of poles or two linss with a long



cross-arm he‘wesn them, may be set with any reasonable ,

desired distances between tha pols linass, so that the
lsakags from one wire to anothar through the air may be
raduced to a very small quantity.

Distance from pole to pole in ths same trans-
mission 1line variss somewhat with ths gizZe, number and
matarial of the conductors to be carrisd. The ordinary
construction in a straight line, is to place the poles
from 100 to 110 feet apart, cr about fifty poles to the
mils. On curves and corners ths poles should be put much
nearar together, depending on the sharpness of the curve,
In the two 142 mile line from Colgate to Oakland, the
poles ars placed 132 feet apart, one line of poles car-
riss three copper wires and the other threse aluminum
wires. As aluminum wire has only one-half the woight
of coprer wire for tha same conductivity, the distance
hetwesn poles carrying aluminum wire may be made greater
than that where coppser wire is usad. Whera bodies of
watar muet be crossed by overhead transmission a verylong
span with special supports for the wires will be neces-
sary. In the Colpate-0akland transmission line whers the
line crossad the Carquinez Straits, a point where the
water way is 3200 ft. wide, it was nacessary to have the
lowsst part of the cables 200 feat above the water sur-
face,in order that large vesssels could pass underneath.

To sacure the nscegsary alevation for the cables
a steel tower was erected on each bank of the Strait, at

such a point that the distance between the points of the



cable suprorts of the towers was 4427 feet. As the bank

rises rapidly from the water levsl, one steel tower was
given a height of 65 ft. and the other 235 ft. BRetween
these two towers four stesl cables wera suspended, each
cable being mads up of ninetecn strands of galvanized
stesl wirs, having an outside diameter of seven-eighths
inches and wéighing 7080 pounds for the span. The break-
ing strain of each c¢able is 98000 pounis and its slactric
conductivity equal to that of a No. 2 copper wire. The
cables are supportsd on the towsrs by steel rollers, and
the pull on sach cable amounting to twalve tons is taken
cars of soms distance behind sach tower by an anchor

where each cable terminatsd. Rach anchor consists of a
largs block of cement, deeply imbedded in the ground, with
anchor ©bolts running through it. FEach cable is se-

cured to its anchorage through a series of strain in-
sulators, and the ragular line cablsas of copper and
aluminum ars connected with the steel cablas just outsids
the insulators. This span is tha longast and highest
which has ever been erscted for transrission of electrical
oneTgy o2 high voltages.

The metals ussd for line conductors in long dic-
tance transmission ars coppser, aluminum, iron and bronze,
but copper is the standard metal used for this purpose.
An ideal conductor for transmission lines should be one
that has the grsatasst elactiical conductivity, greates ¢

tonsil strangth, a high melting point, small coefficient




of exransion, hardinsss and great ressistance to oxidation.
No one metal has all of thess properties to ths highest
degree, but copper is the best, being high in elecitical
conductivity which ig by far the most important fadtor
in a line conductor. In ordinary line construction ten-
gil strength of wiwve is of secondary importance compared
with electrical conductivity, but vhere ldng spans have
to be made, as the 4427 ft. span in thse Colgate-0Oakland
line mentioned, tensil strength is of the first import-
ance. Steol wire wasused in this construction, having
a t2nsil strength, depending on the quality, as high as
350000 1bs. per sjy. inch, while ordinary copper wire has
only a tensil strength of about 50000 lhs. per sq. inch.
The most nscessary property of a transmisaiocn
wire is, conductivity, copper excels all othar metals im
t;is except silver. Taking the conductivity of copper as
100, bronze ranges from 45 to 90, aluminum 60, iron 14 and
steel about 11. It is not desirable to use coprer wire
smallerthan No. 4B&S , for transmission lines, because of
the lack of tengil strength of smallser sizas. When con-
ducting smaller than that of No. 4 is ample, iron wire
will give the requirsed conductivity witha much greatsr ten-
gil strength. Thus it is svident that a much greater cost
per pound can be paid for copper wire than for any other
metal, for the same conductivity of wire. Tor a line of
given cost and lengthycopper wire has the loast cross-

sactional area, and tensil strength, with the greatesst con-




ductivity and non-oxIdation effact.

Long distant transmission linss are in near-
ly all cases run with bars wire,supprorted by poles and
insulators. Where very high voltages are employed no
insulation that could be put on ths wiras would make it
safe to handle and ths cost of such insulation would add
materially to ths cost of the line. The practice is to
run transmigsion wires above all others and depsnd upon
ths insulators and surports for insulation. When an al-
ternating current passes through a wire it tends to con-
contzate itself in the outsr layers of the wire leaving
tha center idle. This unequal distribution of the currant
incraases with the frsquency of the current,thus tha ro-
sistance of a wire for altsrnating current is a little
greater than that for direct current, but it seldom amounts
to mors than one percent.

Ths maximum practical 1limit of pressure on
transmission lines has baen frequently stated as fimed at
certain voltagss, but this limit has more than once been
sxtended with good results. At the presant time no con-
siderable difficulty should be experienced with 100,000
volts, and there is no good reason to fix the limit at
that figure. The problsme of insulations are being under-
stood, but there is a large field for dsvelopment yat.

The capacity and surface sffacts of line insulators have
raceived hut littls attention and many failures ars due to

this fact. The form and matarial of thse insulator have




not had encugh attention paid to them. A desiratle
insulator for high tension is not merely a pisce of glass
or porcelain arranged to shed rain and of a sufficient
thiékness to rasist puncture. A material that has
promises of becoming usad for high insulation is prepar-
8d paper. There are many different forms of the glass
and rorcelain insulator and from actual teste of porce-
lain, Brown glaze, 92000 volts has been put on the in-
sulator for some time, without a breakdown. Glass in-
sulators have been tested up to 91,800 voidts.

Dafactive insulators may b> divided into
two classes, those trat the line voltage will puncture,
and those that permit an excessive amount of current &o
pass ovar their surface to the pins and cross-arms. Whan
an insulator is punctured and broken, thse pin, cross-
arm, and pole, to which it is attached, are liable to be
burned up. If the leakage of the current over the sur-
face of the insulator is large, not only may the loss of
anergy on the line where ths insulator is used be serious
but this energy follows the rin and cross-arm in the path
from wire to wire and gradually chars the former or both
gso that they are ultimately set on fire or break through
lack of mechanical strength. The discharge over the facse
of an insulator may be so large in amount as %to have a
disruptive character and thus to be rsadily visible.

Mora frequently this surface leakage is of the invisibls |

and silent sort, navertheless it may be suffieisnt in




amount to char and sot fire %o the insulator pin and cross-

aTrm.

All insulators whether glass or porcelain,
ghould be tested slectrically to determine their ability
to resist punctire and to hold back the surface leakage
of current, before they ars put to practical use on high
tension lings. Experisnce has shown that inspection alone
cannot be derendsad uron tohetect defective glass incule-
torg. Rlectrical testing of insulators serves well today
to dotarmine the voltage to which they may bs subgected
in practical use with little danger of puncture and dis-
rupture of passage of current through their substance.
1t is also rossible to determine the wvoltage which will
cause a disruptive discharge of currsnt over their sur-
face when the ouier part of the ingulator is either wet
or Ary. Tﬁis is as faf as the slectrical tests are
usually carried but it seems desirable that such tests
gshould also determine the amount of silent, invisible
leakage over ths surface of insula‘or, at &he voltage
which their currents are supposed to carry. Thke voltage
employed %o test insulators should vary in amount accord-
ing to the purpose for which any particular test is mads.
Glass and porcelain like many other solid insulators will
withstand a voltage for a fow minutes that will cause a
puncture if céntinued indefinitely. In this respect these
insulators are unlike air which allows a disruptive dis-

charge at once when the voltags to which it is exposed




reaches an amount that the air cannot permanently with-
stand. Because of this propsrty of glass and porcelain
insulators, it is necessary in making a runcture test
to smploy a voltage much higher than that to which they
are to be prermanently exrposed. In good practice it it
thought desirabls to tast insulators for puncture at
least to twice the vodtage of the circuit which they
will be required to permanently suprort on transmission
lines.

Thers ig a difference cf opinion as to the
prorer duration of a puncturing test, the practice in
some cases being to continue ths tast for only one min-
ute on the insulator, while in other cases the time runs
up to five minutes or more. As a rule the higher the
tosting voltage compared with that under which the insu=—
lator will be regularly used, the shortsr should be the per-
iod of test. Tast with insulators are usually made with
alternating current and the formof the voltage murve is
important espscially where the test is mnde to determine

\ what voltage will arc over the surface of the insulatow

’ from the line wire %o the pin. The square root of the
mean sjuare for two curves of alternating voltage, or mean
effective voltage, as read by the volimeter, may be the
same though the maxirum voltage of the two curves differ
widely. 1In tests for puncture of insulators, the aver-
age alternating voltage applied is more impertant than

the maximum voltagse that is shown by the highest point of




the prsssure curve, because of the influence of the time
.element with glass and rorcelain insulators. On the other
hand when the %test is to detormine the voltage at which
current will arc over the surface of insulator from line
wire to pin, the maximum value ¢f the pressure curwe should
be taken into consideration bocause air has no time els-
ment, but permite a disruptive discharge under a merely
instantansous véltage.

An ingulator that resists a puncture tesd

ch

may fail badly, when subjected to a tast as to the vol=
tage that will are ove= its surface from line wire to

the pin. This arc-over test should be mads with the out-
er surface of the insulator both wet and dry. Por the
purpcsa of this t23$ the insulator should bs mounted on
an iron pin, that has been cove:ed with tinfoil. ' The
voltage that will arc ever the surface of the insulator
from line wire to the pin, depsnds on the condition of
the surface of thre insulator and of the air. In light
air, such as ie found at high elevations, an arc will
jump & greater distance than in dry air at sea level.

A fog will increase the distance that a given voltage
will arc between the line wire and insula‘or pin, and
heavy rain still longthens this arcing distance. An in-
gsulator should bs given an arc-over test under conditions
that are approximately the most savere to bs met with in
practice. These c¢onditions can perhaps be fairly reprae-

gented by a down pour of water that amounts to a depth




of one inch in five finutes for each square inch of
plane included in by the edges of the largest petti-
coat of the insulator, when the direction of the falling
water makes an angle of 450 with that plans. Under the
severest conditions mentioned, the arc-over test voltage
from line wire to the pin, should he somewhat greater

at least than that of the normal voltage of the circuit,
where the insulator is to be used. When the outside
surface of the insulator is wet as during a moderate rain
it seems that the under dry surface of the insulator
and the distance through air from ths lower wet sdge of
+the insulator $o the pin or cross-arm, make up most of
of the insulation that prevents arcing over from the
wire to the pin and cross—-arnm.

The design of the insulator pin for the sup-
rort of the insulator is a most important factor in high
tension and long distance transmiseion. The bending
strains dus tec the weights of degree of tension and the
directions of line wires, plus those resulting from
wind-pressure and ice forming on the wires, are the most
important causes that lsad to the mechanical failure
of insulator pins.

Considsring the unbalanced components of
these forces at right angles to the axis of the pin,
which alons produce bending, each pin may be considersd
at a beam of circular cross-section secured at one end

and loaded at the other.  Tor this purpcse the secured




end of thd beam is to be taken as the point where the pin
enters the cross—arms and the loadad snd the point whare
the line wire is attachad to ths insulator. The distance
between these two points is considered as the length of
the bsam. The maximum gtrain in the outside fivers of the
rin measursd in pounds per square inch of cross—sgection,
representad by S may be found from the formula 8= 76§§TD5.
where P is the pull of the wire in pounds, B the diameter
of pin at cross-arm; X the distance in inches from the
point where D is 4akewm to where the wire is attached to
the insulator. The cross-soction of the pin just at the
top of its hele in the cross—arm is thrs subjectod 4o the
groatest strains, becruse this cross—section is morse die-
tant from the line wire than any other that is exposed to
the bending strain. It is at this weakest point and small-
ast cross—-saction that the pin usually breaks. This bre-k
comes just below the shouldsr that is turned on each pin
to keepr it from slipping down through the hole in the cross
arm. If the shoulder on the pin made a tight fit all a=-
round down through the cross—arm, the strangth of the pinm
to resist the bending strain would therepy be increased.
By giving a pin a suitable taper from its shoulder at the
crosg—arm to its top, the strain per square inch in the
outside fibsrs of the pin may bs made constant for every
cross-sectiion throughout its length above the crogs—-arm,

whatever the length may be.

The weight of conductors varies inverssely with




the square of the line pressurs, the powsr, length and
loss being constant. Whataver the total lin pressure, the
weight of conductors varies inversely with ths percentage
of loss. The case of maximum loss and minimum weight of
conductor is that in which all the transmitted onsrgy is
expended in heating the line wires. Such a case would
never be met with in practice, bacause the objsct of power
transmission is to perform some ussful work. Minimbm loss
is zoro and ths corrssponding weight of conductors being
infinite, but thess co~dificone cannot be attainzd in prac=
tice. Bstween these emtremes of minimum and of infinite
weight of conductors, comes every practical transmisgion
with a lins loss grsater than zero and less than 100%.

A system of transmission may operate with eith-
er constant volts or constant amperes on the line conduct-
ors but in a practical case constancy of both these factors
is seldom or nevaer to be had. This is because the product
of ths line volts and amperass rerresents accurately in a
constant-current system, the amount of powar transmitted.
In an actual transmission system the load, that is the de-
mand for power, is subjected to more or less variation at
different times of the day and the line volts or amperes
or both must vary with it. MNost electrical tran;missions
are carried out with nearlv constant line voltage, mostly
alternating and the line current in such cases varies di-
roctly with the power transmitted, except as to certain

results of inductance on the alternating lines. As the



line resistance is céﬁstant, gave for slight variations
of temperatures, tha rate of energy loss on a constant-
pressure line varies with the square of the number of
.amperas flowing, and the percentage of ths loss with any
load varies directly as the number of amperes.

Energy transmitted over long distances must
sometimes pass through conductors that are underground.
In soms casas it is a question of relative advantage mere-
ly where portions of the transmission lines go underwater
or over head. Whera ths transmitted energy must enter
a substation in the hsart of a large city, it not infre-
quently goes by way of undergreund con?uctors without re-
gard to ths voltage employed. In somé cities the trans-
mission line may bs carried.overhead, provided that their
voltage is within some moderate figure, hut not other-
wise. Here it becomes a quastion whether transmission
lines at high voltages shall be carried undergrouid or
whe ther transfoiming stations shall ba established out
side of the restricted area, and then low ypressure lines
brought into the business sacéion ovarhead or underground
ag dssired. Where a transmission line crosses a steam
railway track it may be rsquired to ho underground,
whethar the voltage is reduced or not. The distance a-
cross a body of water in tha path of a transmission line
may be great enough that a span is impossible and a ca-
ble under the water therefors is necsessary. Such a ca-

ble mny work at the regular lins voltage, or transforming



Stations may be established on each side of the body of
water. Tven where it is possiule to span a body of wa-
ter with a transmission line, the cost of the span and

of its suprorts~may be great enough that a sub-marine
cable is mors desirable. A moderate increase in the
length of a transmission line in order to avoid the use
of a submarine cable is almost advisable, but where ri-
vers are in the path of the line it generally is impos-
sible to avoid crossing tham sither overhead or under—
neath. Sometimes an existing bridfie may be utilized to
suprort a transmission line, buft more frequent the choice
lies between an overhead span and a submarine cable. The
principal advantage of an overhead line a* high voltages
is its comparatively small first cost, which is only a
fraction of that of an underground submarine cable.

In the business portions of many cities a
transmission line must go underground, whether its voltage
is high or low. Under these conditions it may be de-
sired to transmit ensrgy to a substation for distribution
within the area where conductors must go underground or
to transmit energy from a generating station thers, loca-
ted to outside points. If the transmitted energy is re-
duced in pressure before reaching such 2 substation a
transforming station must be provided, and this will el-
low the underground cables to operate at moderats voltage.
For such a cass the advantage as to insulation at the lo-

war voltage should be compared with the additional weight




of conductors in the cable and the cost of the trans—

forming apparatus and station. If the voltage at which

current is delivered from the transforming stations doss

not correspond to the required veltage of distribution
at the substation, ths necessary equipment of step-up
transformers is doubled in capacity by lowering voltage
of the transmitted energy where it passes from the over-
head line to the underground cables. The saving effact in
capacity of transformers and in weight of cables by con-
tinuing the full transmission voltage right up to the
substation; whence distribution takes place furnishes a
strong motive to work underground cables at the pressure
of the overhead transmission 1155 ¢f which they form a
continuation.

Where a river or body of water has to be cross—

ed by & transmission line, either of three plans may be
followed: The ovsr-head line may be continued across the
water, either by a single span or by two or more spans
supperted by one or more plers, built for that purpose in
the water. The overhead line may connect direé¢tly with
the submarine cable, at the full voltage of the line.
Or third sxpedient, a submarine cable may bs laid and con-
nected to stesp-down transformers on the othsr bank of wat-
er to be crossed. The overhead lines connecting with these
transformers can obviously be operated 2t any desired vol-
tage, and this is true also of the cable. Even though

the distance across ths body of water is not so great that



a transmission line cannot be carried in a single span,
the cost of such a span may be very large.

The standard structure of high voltage cables
for either underground or submarine work includes a con=
tinvous metallic sheath outside of sach conductor, or of
each group of conductors that poss to make up a circuit,
As most transmissions are now carried out with three-
rhase current, the thres conductors corresponling to the
three-phase circuit, are usually contained in a single
cable and covarad by a single sheath. If a single-phase
or a two —-phase circuit is $transmitted, sach cable should
gontain the two conductors, that go to make up a cir-
cuit. In work with alternating current the use of only one
conductor par cable should be avoidad hecause of the loss
of enargy that raisults from ths current induced in ths
nmetallic sheath of such c-bles. Whera two, thrse, or
mors conductors that form a compleias circuit for alter-
nating current ars included in a single metallic sheath,

the induective effect of currents in fhe sevaral conductors

toand on neutralizing sach other and the waste of snérgy

in the sheaths is in a large part avoided. To nsutralize

more conpletely +the tsndency to local currents in the

metallic sheath, the saveral insulated conductors of an
alternating currant ars sometimes twistad togather, aftar

being separately insulated from each othsr, befora the *

sheath is put on.linderground and submarine cables for

operation at high voltage ars genarally covared with a

e Ty




continuous lsad sheath and zometimes with a spiral layer

of galvanized iron wire . Por high voltage work under-

ground, the lead covering is gznerally preferred without
iron wire, but in submarine work cables of both soris
are used. The lsad sheath of a cable being continuocus

completely protects the insulation from contact with

gasas or liquids. As ducts of eithsr tile, wood, or
iron form a good mechanical bfotsction for cablss, the
rather small strength of the lead shaath, is not a
serious objection in conduit work. Submarine cables on
the othar hand, despend on *heir outer covering for
mechanical protaction and may be exposed to forces that
would rapidly cut through a lead shsath. Cables for
operation under watar should be covered with a layer of
galvanized iron wire outside of the lead sheath. - Thess
wires ars laid closaly about ths cable in spiral form
and are usually between 0.12 and 0.25 inchss in diameter
each, depending on the size of the cable and its location.
Undsrground conduits cannot be relied upon
to exclude moisture and acids of the soil from the cabls
which they contain, and sither of these agents may lead
to destructive results. If cables insulatad with rub-
ber, but without a protecting cover outside of it, are
laid in undergreund conduits, the rubber is apt to be
readily destroyed by the fluids and gases that find
their way into ths conduits. If a plain lead cable is

erplo yed the acids of the soil attack it, and if stray




©lectric currents from an slectric rallway find the lead

b

a convenient conductor it is rapidly ea%sn away when
they flow out of it. To avoid both of thess results,
the undarground cable should have a lsad sheath, and
this shsath may be protected by an outside layer of hemp
treatsd with asphaltum. Rubber, paper and cotton are
@xtensively used as insulation for underground and sub-
marine cables, but the three are not usually smployed
togather. As a rule the insulation is applied separate-
ly to each conductor, and then an additional layer of
insulation may be locatad ahout the group of conductors
that go to maks up the cabls. Where rubber insulation
is used, a lead sheath may or may not be aided, but whers
the: insulation depends upon cotton or paper the outer
covaring of lead is absolutely necessary to keep out
the moisture. The thickness of insulation for sach con-
ductor and of that about tha group of comductors in a
cable should vary according to the voltage in oreration.
Underground cablas in which the separate con-
ductors 2re coverad with cotton braid trested with an
insulating comround, and then the group of conductors
going to make up the cable enclosed in a lead sheath,
are extensively used in Austria and Germany. For cables
that operate at 10,000 to 12,000 volts the radial thick=-
ness of cotton insulaticn on sach conductor is said to
bes about three-sixteenths of an inch, and thess cables

are tested up to 25,000 volts by placing all of the ca-




bls except its ends in water, and then connecting one

w

nd of the 25,000 volt circuit to the water anl the othsr
Y0 the end of the cable. A tést on a paper insulatsd ca-
ble shows its charging current to be 1.1 ampers at 25000
volts for each miles of its lsngth. For a cable with rub-
bar insulation, the charging currsnt was found to be
n2arly twice as much as when paper insulation was used.
When ovarhead transmigsion lines join underground or
overhead lines join submarine cahles, either with or
without the intervention of tiansformars, lightning ar-
resters should be provided fo intercept discharges of
this sort that come over thas overhead wirass. If an un-
derground or submarine cable connects two porticns of an
overhsad line, lightning arrastars should bs provided at
each end of thas c2bla. One advantage of a high rather
than a low voltage on underground cables, where powar

is to be transmitted at any given rate, lies in the fact
that ths amperes flowing at a fault in the cable deter-
mine the destructive effect at that point, rather than
the voltage of transmission.

Ozone geems to destroy the insulating pro-
perties of rubber very rapidly, and as it is well known
that the silent slectric discharge from the conductors at
high voltages develops ozone, care should be taken %o
protoct rubber from this action. This is especially trus
at the end of cables where connections are made with

switches or other apparatus and the rubber insulation is




axposed. To protect the rubber at such points, it is

the practice to solder a brass cable head, or terminal
bell to the lead sheath nesar its 23d, this head having
a diamster of parhaps twice that of the lead sheath and

then to £ill this space about the cable conductors with

an insulating compound. As insulating material, whather
rubber, cotton, or paper may bhe imparsd or destroyed by
‘heat, it is necessary that the temreraturs of undsrground
cablss under ’ul} load be kept within safe limits. Rub-
ber insulation can probably be raised to 125° or 150°,
Fahrenhelt without injury, and paper ani cotton may fall
a little higher. For a given siée and make of a leaded
callle the rise in temperature of its conductors above
that of the surrcunding air, for a given loss in watis
per foot ef cable, may be determined by conmputation or
experiment. Ths next step is %o find out how much the
temperature of the air in the conduits where tha cable
is used, will rise above the temperature of the earth in
#hich the condulte ars lald, with the given watts loes
par foot of cabla.

Lightning in various forms is the greatest
dangsr to which transmission systems are exposed, and it
attacks their most valuable points, that is, insulation.
One danger to lightning is that it will puncturs the line
insulators and shatter or set fire to the polas. The

greater danger 1s that the lightning discharge will pass

along ths transmission wires to stations or substations
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there break down the insulation of thse gensratoers,

motors, or transformerss Damage by lightning may bLe

L

prevented by eithsr of two ways, that is, by shielding

ths trangmission line so completely that no form of

<

lightning charge or dischar;e can rsach it, or by pro-

viding so easy a rath from the lins conductors to the

%

eatth, that lightning reaching these points will follow

o

the intended path rather than any other. In practice
3lding effect is sought by grounded guard wires
and ths =2asy yath fo» tha discharge takes the form of

ghtning arresterg, but neither of these davices are

-

erial transmission lines are exposed %o
direct discharges of lightning, to elaectromagnetic
charges due to lightning discharges near by and- %o elsc—
trostatic charges that ars brought about by contact with
or induction from electiically charged bodies of air.

t is evidently impractical to provide-a shiesld that will

-4

Pree overhead lines from all of these influences.
Grounded guard wires near to and parallel

with the long asrial circuites should tend to discharge

14
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any olectrostatic pressure sxisting in the surrounding

air, and materially to reduce the probability that a

direct discharge of lightning will choose the highly

L+ gz et §
insulated circuit for its path to rth. Lightning ar-

-

resters may conduct direct and induced lightning dis-

charges to sarth, without damage to tranar
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so that both arresters and ghard wirses may bs used logi-
cally in the same system, '

Wide differences of opinion axist as to the
goneral desirability of grounded guard wires on trans-
mission 1lines, both because of their undoubted disad-
vantage and becauge of the dagree of protection that they
afford is uncertain. The most noted dafect of guard
wires deyend largely on tha kind of wire used and the
mathod o° ite erection. Galvanized iron wire with
barbs every few inches has been more gsnerally used as
guard wires along tranemigsion linzs than any other
sort. Sometimes a single guard wire of this sort has
been used on a pols line carrying transmission circults,
tha common location of the singls guard wire is at the
extreme top of ths pole. Othar forms arse to have two
guard wires located at ths ends of the upper cross-arm
outside of the power wires. Iuch variation in practice
also exists as to the grounded connecticns of guard wires
such connections being made at every role in somd sys=
tems and much lese frequent in othar systems. A%t the
nrosent time, knowledge of the laws governing the varicus
manifzstations of energy that are known as lightning
discharges are imperfect, and ths most reliable rules
for the use of guard wires along transmission lines are
those derived from ypractical expariencse.

Transformers arse almost always necessary i

long electric systems of transmission, because the line



voltage is greater than‘that of generators or at leasd
that of distribution. Aks transformers at sither genera-
ting or recsiving station weprasents an increase of in-
vestment without corresponding increase of working capa-
city, and ~lso an additional loss in oparation, it is deo-
girable to avoid their use as far as it is practicable.
In short, transmissions over distances less than fifteen
milss it is generally better to avoid the use of trans -
formers at generating stations and in soms of these caass
where the transmission is only two or three miles, it
is even more scenomical to omit transformers at substa-
tions. Thus, whare energy is to be transmitted two miles
and then applied to largs motors in factories, or dis-—
tributed at 2500 volts the cast of bare copper wire for
the three-phase transmission line will be only about
£6.00 por kilowatt of line capacity at 2500 volis, with
coprer at 15¢ per pound, anl a loss of 5% 2t full load.
The average loss in such a line will prohably be as
small as that in one set of sransformers and a lins of
igher voltage. Turthermore the first eost of the 2500
volt gemerators and line without transformsre will be
less than that of generators and line of higher voltage
with seme step-down transformers at the substation. As
generatore developing diffsrences of potential up to
13500 volts are now regularly manufactursd, it is quite
common to omit step-up transformers at the main sta-

tions of rather short transmission systens.




Another solution of the problem is to pro=
vide ons transformer for sach three-phase goncrator, 0RO

transformer being wound with thrse sets of cecils, sothat

ths entire output of the generator can be semt into it.

With the three-phase transformsre eéach generator and iis

transformer form an independent unit *‘hat can b8 con-
nacted to the line at pleasure, thus tending to keep
the transformers at fuli load. As the regulation of
transformers on over loads is not as good as that of
genarators, it seems good practice to give sach group
of transfermers a somswhat greater capacity than thei
of gencrators. Usually the number of group2 of trans=—
formers et a two-phase or three-phase genorating sta-
tion is made greater than the nurber of transmissions
circuites supplied by the station. When this is not the
case it is commonly desirable in any event to have as
many groups of step-up transformers as there are trans-
migssion circuits, so that each circuit may be opesrated
wi*h transformers that are independent c¢f the other
circuits.

At substations it is also desirable to have
a group of transformers for éach transmission circuit
andit may be nscessary to dubdivide the transformer ca-
pacity still further in order to keer them in operation
at nearly full load, or to provide a group of them for
each kind of service, or for each distribution circuit.

All the transformers at tha substation should have a




total capacity squal to a littls mors than the output
of the generators whose ensrgy they are to receive, mi-
nus the loss of the step-up transformers snd the line.
As transformers can be wound for any desira-
ble ratio of voltage in their primary and secondary
coils, a generator capacity that will allow the most
economical construction can bs selected where step-up transg-
formers ars employed. In general it may be said that
the greater ths capacity of the gensrator, the higher
should be its voltage and that of the primary coils of
step-up transformers for sconomical construction. At
substations the requirementsofl distfibution muet ob—
vioucly fix the secondary voltage of transformers. The
woight and cost of transformers depend in part on the
frequency of ‘he altsrnating current émployed, trans—
formsrs being higher and cheaper the greatar the num-
ber of cycles completed per second by their currant,
other factors remaining conatant. In spite of this fact
the tendency during later years is to decreass %he fre-
- avency, because the lower frequencies present marked
advantags as to inductive effect in transmission sys—
ters, the distribution 6f power through induction mot-
'ors,tha construction and operation of rotary converters
and the construction of gsnerators. Instead of the
133 cysle per sscond that were the most common in alter-
nating systems when long ‘ransmissions first bacame im~

portant, 60 cycles per second are now common, although




practice is constantly extending the frejuency to as
low as 25 and 12 cycles psr sscond.

Blectrical transmis-ions over long dis-
tances in America have been mainly carrisd out with
alternating, current, while in Europe on the other hand
continuous current is widely used. Sc radical a differ—-
ence in practice seems to indicate that neither system
is lacking in superiority. A fundamental feature of long
transmissions is the high voltage necessary for econony
in conductors, and this is attained by entirely differ-
ent methods in the two systsms. In dynamos of several
hundrads of kilowatts capacity the prsssure of continuous
current has thus far not been pushed above 4000 volts,
becausa of ‘he dangsr of sparking and flashing at the
commutator. Wherzs 10000 volts or more are required on a
transmigcion line of continuous current, a numbsr of
dynamos avrs connected in series so that the voltage of
gach is added %o that of the other. This way the voltage
of each genarator may be as low as is thought desirable
without limiting the total linme pressure. Thers is no
apparent limit to the number of continuous current dyna-
mos that may be operated in series, or to the voltage
that may thus be obtained, When occasion requires 20
to 30 or more dynamos to be operated in seriee, piving
50000 to 75000 volts on the line, machines of the con-
tinuous current type may e usad. No metier how many
of these dynamos are opsrated in seriss the electric

strain on the insulation of the windings of sach dynamo




rermains practically constant because the iron frame of
each dynamo is insuldted in a most substantial manner
from the ground. The electric strain on the insulation
of the windings of each dynamo in seriss id thus limited
to the voltage generated Ly that dynamo. There is no
practical limit to the thickness or strength of ths insu-
lation that may be interposed between ths frame of each
unit and ths sarth and hence no limit to the line voltage
as far as dynamo insulation is conderned.
It is impracticable to operats alternat

ing gensrators in series so as to adl their voltages,
and the rressure available in transmisgsion with alter—
nating current must “e that of a single dynamo, or must
be obtained Ly the use of transformere. The voltage of
an alternating current dynamo may be carried much higher
than with continuous currznt dynamos of vary largs capas
city, md in many cases a pressure of 13500 volts are
now supplied to transmiscion lines by alternating current
dynamos while 4000 volts is about as high as can be ob-
tained with continuous current dynamos. The height to
which the voltage of single altarnating dynmamos will be
carried no one can say, but it seems probable that the
practical limit wiil prove to be much lesgs than the vol-
tage now employed in soms transmigsion systems. To the
voltage that may be suppliad by transmigsion there is no

practical limit now in sight.

Line construction for the continuous current




transmissions is of tha simplest character apart from |
tha necaessity of high insulation. Oanly two wires are
necessary and they may be of any desired cross-sectilon,
ani need not be transposed. On thess wires the masimum
voltage for which insulation must be provided is the
nominal voltage of tha system. It is rossible under
these conditions %o build a single transmission line and
two conductors of such size and strngth and at sucha dis-
tance apart that & high degree of reliability is sttain-
ed against the break of wires and arcing hetween them.
Comparad with a continuous current transmission, one

with alternating current often requires more poles and

is quite certain to require more cross-arms, pins, in-
sulators, and labor of construction. For a given effect-
ive voltage of transmis~ion it is harder to insulate an
alternating than a continuous current line. In the

first place the maximum voltage of the alternating line
svdn with a true sine wave of pressure is l.4 times

the nominal affective voltage. Then comes the matter

of resonance, which may carry the maximum voltage of

an alternating circuit up to several times its normal
amount, if the period of elsctrical vibrations for that
perticular circuit should correspond to the frequency

of the genasrator that operates it. In a transmission
lins of continuous current on the other hand, &f the
prevailing practice of a constant current and varying lins
pressure is followed, the insulation is subjected to the

highsst voltage only at times of maximum load on the system.




The following is a practical problem of power
transmission and shows how ths diffearent slements of a
transnigsion line may be obtainad. We may assume that
a threse-phasse 100 mile transmission line delivsrs 10000
k.w. at a voltage of 100000 to the receivers. The al-

5%; the frequency 25 cyclas;

(,'I

lowable lin2 drop to De

’

powarfactor .85 and the spacing of wires 10 fesat apard.
We havei-=——

Powar per wire = total<powar = 10000 = 3333.5 K.W.
no. of wires oS
Voltage between on2 wirs and neutral = tofal volts

5

= 100000 = 57,786.7 volts.

Energy delivered by each leg = 10000 # (.5 x 10000)
¥
= 3500 K.W.

Apparent delivered ensrgy= 3500 =4117.6 K. W.
e 0D
=4,117,600 watts.

Currsnt in aach leg= Watts = 4117600
VOIES '):;OQQ;
=71.1 amparas

IR drop in each lag= 5¥x57736.7= 2886.8 voltis.

Ragistancs of sach leg=volts = 28886.8
amperes Tlel '

= 40.6 ohis.
Recistance of sach lag ver 1000 £1.=40.6
5-1‘45 b4 IUO
= 077 ohnms.
This resistance corresponis to # 00, copper wire, hard |

drawn, whogs resistance .072 ohms per 1000 fzet.




Registance of one-phase of # 00 wire= .079 x 100 x 5.28

- 410 7 OhIZ’S .
Rasgistance of linse then is 41.7 x 3= 1235.1 ohns.

Capacity of line in microfarads = C = 00776 x L
] log10 [:
T

L = length of line in miles.
D = Distance betwesn wires in ineches.

b4

= Radius of wire in inches.

Then C = L0776 x 100 = 1.42 microfarads.
= logip 129
<1824

Charging current per wire, per leg = Iog ExCx2Y =7,

V3 x 10°

E = volts betwesn wires.
F = frequency.
C= capacity in microfarads.

Then I, = 100000 x 1.42 x 2 x 3.14 x 25 = 12.87 amps.
VE— £ 106 per wire.

Inductance for one mile of wire per iag is
L (in Hemrys) = (80.5 + 740 log. a4 )*%% =
10-6 *
(80.5 4 740 log 120 )

L = .001287 henrys per leg per mile of wirs.
Inductance per phase is 100 x ,0012 = .1267.
m % " of whole 1line is .12687 x V3 =.2193 henrys.
" ® " per phase per mils = .0012 x Y3 = .COB193 henrys.
® n 0  4pn ohmeig 2 TTFL = 2 x 3.14 x 180 x .1267
= 79.567 ohms. '



In a transmission line inductance and capa-
¢ity are not concentrated at any one point, but distribu-
$ed through out ths line.To explain the phenomena of such
a line by concentrated inductance and capaecity is as fu-
tile as to try to explain the motion of an elastic string
by the mechanism of eoncentrated mass and elasticity. The
motion of the string is wave motion as is also ths movement
of slectricity in a transmission lins. The various formu-
las and assumptions may be regarded, therefore, as ap-
proximations, more or leses exact. Ths onginser desires
a formula that is accrrat» and easy tc apply. The axact
gquation of transmission line has been known for a long
time, but it has been in a form noet easy to apply.

The exact equation is of the nature of a
Hyperbolic Function:

Bg= By coshy yz 4 I sinh \/;

Vyz
Ig- I; coshVyg + El sinh\/'ﬁ'
Vyz

g
Lo R LI S R I e

E_and Ig are the voitages and current at generating end.

Z=1+ J2IT £ 1 or the 1lins impedance.
Y= g+ j 21T # ¢, where g is tho lsakage Jonductance and
C is the capaeity of the whole line. Cosh and sinh are

functions of the comples variable yyz and are definad by



the aquations: T

cosh \/7z = @ 3 S Vs

sinh Yyz = 2 +VYZ o Vyz
&

In ordar 4o solve a numerical problem it is necessary to

-

first svaluate the‘V§§'aﬁdﬁhan to determine the hyperbolis
functions, sither from double interpolation from a tabls
of such functions of a complex variable or alse %to expand
the functions into a trigonometriec form. MNe. Laurids
tharom in calculus furnishes us with a nmuch simpler method
of axpanding a function in ascending powers of the in-
dependent variable, and will give us a desirable Zormula.

Mr. Me Laurins therom states that

£ (x) = £'(o)x ¢ £ (o) x° # ...
x o)x $ ) Tg_

Now d cosh x =d (g%} 7% ) = 345 o ¥
- e

e ginh x.

d sinh x=d (eX¢ 8 =X ) :76*¥ @ ¥ = cosh x.
DX ax 2 2

Also cosh (o) = 1 and sinh (o) = ©

Then cosh Y¥z

14 B T S

Vyz (1 + 3z ¢4 258 $--=)
é-zE-

By substituting in the equations of E and I we gat that
2

By = By (1+§+§_§_ 4---)4112.(1?5 ZE- + -=)
I- I (1+L§f+ RzR 3 ——-) +E1Y(1+E+%24?? ).

ll

sinh \/yz




) .
From Br. Steinmetzs "Alternating Curront Phenomena, we

£ that ths capacity concentratad in the middla of the

30

lins is
Bo==® (14y2) $#3;2(1%2y )
o m e -

I,=1 (1 + yz) + E1Y.

for capncity concent%ated two-thirds and one-sixth at each

G!’lnl.

" o 18-72 vz
Bg= By (1 ¢+ 1z + y°z° ) + 1,2 (14 é: )

1,014 z§f+ 1§§ ) + B,y (14 B 3 5%%? )
From tables in numerous handbooks we have that
Z = 65.65 4+ j 93.45
yz = -0,0864 4+ jO6.0452
v2z% = 0.0024 - § 0.003.

Also we havs that

al 2
£ om o+ 12 (1-yz 4 3R 4 ..)
1
o AR ik
Whence by
substituting,

B - 100000 + 71.1 (65.60+ j 93.45)(1#.0221-1.0151 +
T .0003 — 3.0004)
V3~ Vs

7l 100000 § V¥~ (71.1)(65.604 j95.45)(1.0224 -3.0155)

-100000 + 123.003 (68.52 4 J 94.53)
=100000 4 8070 4 107.8 = 108177.8

=

<

Regulation = 108177.8-100000 = 8.17}
100000




840,820.00

;h insulators avsraging

putting 8 to milo is
£125 x 8 x 100-—-==~=-~---~-8100, 000,00

£140,820.00

Total cost of lins is




