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CHAPTER LXV

ALTERNATING CURRENT WIRING

In the case of alternating current, because of its peculiar
behaviour, thers are several effects which must be considered in
making wiring calculations, which do not enter into the problem
with direct current.

Accordingly, in determining the size of wires, allowance must

sistance.

Tost of these items have already been explained at such length, that
7 a brief summary of facts need be added, to point out their connec-
h and importance with alternating current wining.

tion.—The effect of induction, whether self-induction
1al induction, is to set up a back pressure of spurious
ce, which must be considered, as it sometimes materially
% calculation of circuits even in interior wiring.

sinduction is the effect produced by the action of the electric currens
2.9, ‘tself during variatsons n strength.
% 2

©
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Ques. What conditions besides variations of current
strength governs the amount of self-induction in a circuit?

Ans. The shape of the circuit, and the character of the sur-
rounding medium.

If the circuit be straight, there will be little self-induction, but if
coiled, the effect will become pronounced. if the surrounding medium
be air, the self-induction is small, but if it be iron, the self-induction is

considerable.
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Fics. 2,671 to 2,676.~The effect of self-induction. In a non-inductive cire
fig. 2,672, the whole of the virtual pressure is available to cause current to flow
the lamp filament, hence it will glow with maximum brilliancy. If an inducti
inse ted in the circuit as in fig. 2,674, the reverse pressure due to self-induction v
the virtual pressure, hence the effective pressure (which is the difference be
virtual and reverse pressures), will be reduced and the current flow through
diminished, thus reducing the brilliancy of the illumination. The effect may
sified to such degree by interposing an iron core in the coil as in fig. 2,676, as to
the lamp.

Ques. With respect to self-induction, what n
should be followed in wiring?

Ans. When iron conduits are used, the wires of each
should not be installed in separate conduits, because such
ment will cause excessive self-induction.

The importance of this may be scen from the experience of on
tractor, who installed feeders and mains in separate iron pipes.
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the current was turned on, it was found that the sclf-induction was so
great as to reduce the pressure to such an extent that the lamps, instead
cf giving full candle power, were barely red. This necessitated the
removal of the feeders and main and re-installing them, so that those of
the same circuit were in th 2 same pipe.

Ques. What is mutual induction?

Ans. Mutual induction is the effect of one alternating current,
circuit upon another.
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Fic. 2,577.—Measurement of self induction when the frequency is known. The apparatus
required consists of a high resistance or electrostatic a.c. voltmeter, d.c. ammeter, and
a ron-inductive resistance. Connect the inductive resistance to be measured as shown,
anc close switch M, short circuiting the ammeter. Connect alternator in circuit and
measure drop across R and across X;. Disconnect alternator and connect b .ttery in
circuit, then open switch M and vary the continuous current until the drop across R is
the same as with the alternating current, both measurements being made with the same
voltmeter; read ammeter, and measure drop across Xj, Call the drop across X; with
alternating current E, and with direct current Ei, and the reading of the ammeter J.
Then L= VET + E: + 2xf1. If the resistance X; be known, and the ammeter be suit-

able for use with alternating current, the switch and R may be dispensed with. Then

L= VE’— x? I". + 2 x f I, where I; is the value of the alternating current. The resist-

ance of the voltmeter should be high enough to render its current negligible as compared
with that through X;.

Ques. How is it caused?

Ans. It is due to the magnetic field surrounding a conductor
cutting adjacent conductors and inducing back pressures therein.

This effect as a rule in ordinary installations is negligible.
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Transpositions.—The effect of mutual induction between
two circuits is proportional to the inter-linkage of the magnetic
fluxes of the two lines. This in turn depends upon the proximity
of the lines and upon the general relative arrangement of the
conductors.
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F1G. 2,678.—Transposition diagram for two parallel lines consisting of two wires each.
'

i |

1 E 1

| |

|
L
1

| |

| |

1 |

L Sr—————L= 1 L

F1G. 2,679.—Transposition diagram for three phase, three wire line, transposing at the vertices
of an equilateral triangle. The line is originally balanced and becomes unbalarced on

transposing, a procedure which should be resorted to only to prevent mutual inductios.
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FiG. 2,680.—Transposition diagram of three phase, three wire line, with center arranged in a
straight line.

The inductive effect of one line upon another is equal to the
algebraic sum of the fluxes due to the different conductors of the
first line, considered separately, which link the sccondary line.
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The effect of mutual induction is to induce surges in the line
where a difference of frequency exists between the two currents,
and to induce high elcctrostatic charges in lines carrying little
or no current, such as telephone lines.

INDUCTANCE PER MILE OF THREE PHASE CIRCUIT

Size Diam. | Distance Self in-
B.& S. in din ductance L

inch. inches. | henrys.

0000 .46 12 .00234

18 00256

24 .00270

48 .00312

000 .41 12 .00241

18 .00262

24 .00277

48 .00318

00 .365 12 .00248

18 .00269

24 .00285

48 l .00330

0 .325 12 .00254

18 .00276

24 .00293

48 .00331

1 .289 12| .00260

18 .00281

24 .00308

48 .00338

2 .258 12 .00267

18 .00288

24 .00304

48 .00314

3 .229 12 .00274

18 .00294

24 .00310

48 .00351

Size
B.&S.

4

[+

-1

10

Diam. Distance | Self in-
in din ductance L
inch, inches. henrys.
.204 12 .00280
18 .00300
24 .00315
483 .00358
.182 12 .00286
18 .00307
24 .00323
48 .00356
162 12 .00291
18 .00313
24 .00329
48 .00369
.144 12 .00298
18 .00310
24 .00336
48 .00377
128 12 .00303
18 00325
24 .00341
48 .00384
.114 12 .00310
18 .00332
24 .00348
48 .00389
.102 12 | .00318
18 .00340
24 .00355
48 .00396
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This effect may be nullified by separating the lines and by
transposing the wires of one of the lines so that the effect pro-
duced in one scction is opposed by that in another. Of two
parallel lines consisting of two wires each, one may be trans-
posed to neutralize the mutual inductance.

Fic.

FiG.

Fig. 2,678 shows this method. The length L’ should be an even factor
of L so that to every section of the line transposed there corresponds an
opposing section.

ALTERHATOR THREE PHASE LINE

I'TUTITIU I'ILL'I"II‘J Fdr'u'lu ﬂ#ﬂ'"&#&lﬁi‘%

INFINITESIMAL LENGTHS
OF TRANSMISSION LINE

INFINITESIMAL CONDENSERS
CONNECTED IN STAR

2,681.—Capacity effect in single phase transmission line. The effect is the same as would
be produced by shunting across the line at each point an infinitesimal condenser having a
capacity equal to that of an infinitesimal length of circuit. For the purpose of calculating
the charging current, a very simple and sufhciently accurate method is to determine the
current taken by a condenser having a capacity equal to that of the entire line when
charged to the pressure on the line at the gencrating end. The effect of capacity of the
line 1s to reduce the pressure drop, that is, improve the regulation, and to decrease or
increase the power loss depending on the load and power factor of the receiver.

2,682.—Capacity effect in a three phase transmission line. It is the same as would be
produced by shunting the line at each point by three infinitesimal condensers connected
in star with the neutral point grounded, the capacity of each condenser being twice that
of a condenser of infinitesimal length formed by any two of the wires. The effect of capacity
on the regulation and eﬁicienC{ of the line can be determined with sufficient accuracy in
most cases by considering the line shunted at each end by three condensers connected in
star, the capacity of each condenser being equal to that formed by any two wires of the
line. An approximate value for the charging current per wire is the current required to
charge a condenser, equal in capacity to that of any two of the wires, to the pressure at
the generating end of the line between any one wire and the neutral point.

The self inductance of lines is readily calculated from the following

formula:

L = .000558 { 2.303 log (2 A~ d) + .25 } per mile of circuit
where

L = inductance of a loop of a three phase circuit in henrys.

Note.—The inductance of a complete single phase circuit =L X 2 + V3.
A = distance between wires;
d = diameter of wire.
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Capacity.—In any given system of electrical conductors, a
nressure difference between two of them corresponds to the
presence of a quantity of electricity on each. With the same

CAPACITY IN MICRO-FARADS PER MILE OF CIRCUIT FOR
THREE PHASE SYSTEM

~

Bs;;e Diam. | Di[s\t:«.xnce Cagqcity BSia?s Diam, Diiqnce [ Ca(gql;ity
. . . 1 m A
inl:h. inc‘:::s. Jmicro-}:rads in:h. ! inches. Tmicro-
00 | .46 | 12 ‘ Q226 4 .204 12 | .01874
18 -0204 18 .01726
| 2¢ | o192 | 24 -01636
l | 48 -01474 48 .01452
000 .41 12 | .0218 | 5 .182 12 | .01830
. 18 | .01992 18 .01690
|2t .01876 II 24 .01602
48 | .01638 48 .01426
| |
0w | s | 12 o2t |6 .162 12 .01788
| 18 .01946 1 18 -01654
24 | .01832 24 .01560
. 48 .01604 48 .0140
v | .32 I 12 | .02078 7 144 12 | .01746
18 ] -01898 %2 .81618
24 .01642 .01538
I \ 38 | [01570 1 48 .01374
1 | 289 12 ‘ 02022 | 8 .128 12 .01708
, \ 18 | 01952 | 18 | 0156
24 -01748 24 .01508
48 .0154 48 | .01350
2 258 | 12 .01972 9 114 12 .01660
18 | .01818 18 -01552
| 24 | .01710 24 | [01478
. 48 .01510 48 | .01326
3 .229 | 12 | .01938 10 .102 12 .01636
18 .01766 18 | .01522
24 01672 24 | .01452
' 8| .01480 ll 48§ .01304
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charges, the difference of pressure may be varied by varyinyg the
geometrical arrangement and magnitudes and also by intro-
ducing various dielectrics. The constant connecting the charge
and the resulting pressure is called the capacity of the system.

All circuits have a certain capacity, because each conductor acts like
the plate of a condenser, and the insulating medium, acts as the dielec-
tric. The capacity depends upon the insulation.

For a given grade of insulation, the capacity is proportional to the
surface of the conductors, and universally to the distance between them.

A three phase three wire transmission line spaced at the corners of an
equilateral triangle as regards capacity acts precisely as though the
neutral line were situated at the centereof the triangle.

The capacity of circuits is readily calculated by applying the following formulae:

-3
C= ?ﬁgs:(;———l;c—_:% per mile, insulated cable with lead sheath;
=3
C = ::% per mile, single conductor with earth return;
_ 19.42 X 10

log (2A +d)
in which

C = Capacity in micro-farads; for a metal- | D
ﬁc circuit, C = capacity between wires; g
A

© per mile of parallel conductors forming metallic circuit;

(]

nside diameter of lead sheatbh;
Diameter of conductor;
B.smnce of conductors above ground;

s¢ = Specific inductive capacity of insulating
istance between wires.

material; = 1 for arc, and 2.25 to 3.7
for rubber;

Frequency.—The number of cycles per second, or ihe fre-
quency, has a direct effect upon the inductance reactance in an

alternating current circuit, as is plainly seen from the formula.
X,' = 1l"f L

In the case of a transmission line alone; the lower frequencies are the
more desirable, in that they tend to reduce the inductance drop and
charging current. The inductance drop is proportional to the fre-

uency.

The natural period of a line, with distributed inductance and capacity,

is approximately given by

where L is the total inductance in millihenrys, and C, the total capac-
ity in micro-farads. Accordingly some lower odd harmonic of the
impressed frequency may be present which corresponds with the natural
period of the line.  When this obtains, oscillations of dangerous mag-
nitude may occur. Such coincidences are less likely with the lower
harmonics than with the higher.
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Skin Effect.—The tendency of alternating current to confine
itself to the outer portions of a conductor, instead of passing uni-
formly through the cross section, is called skin effect. The effect
is proportional to the size of the conductor and the frequency.

Ques. What effect has *‘skin effect” on the current?
Ans. It is equivalent to an increase of ohmic resistance and
therefore opposes the current.

OOOO

FiGs. 2,683 to 2,887.—Skin effect and shield effect. Pig.'2,683, section of conductor illlustrating
skin effect r tendency of the alternating current to distribute itself unequally through the
cross section of a conductor as shown by the varied shading, which represents the current
flowing most strongly in the outer portions of the conductor. For this reason it has been
proposed to use hollow or flat instead of solid round conductors; however, with frequency
not exceeding 100, the skin effect is negligibly small in copper conductors of the sizes
usually employed. In figs. 2,684 and 2,685, or 2,686 and 2,687, if two adjacent conductors
be carrying current in the same direction, concentration will occur on those parts of the
two conductors remote from one another, and th= nearer parts will have less current. that
is to say, they will be shielded. In this case, the induction due to one conductor will
exert its opposing effect to the greatest extent on those parts of the other conductor nearest
to it; this effect decreasing the deeper the latter is penetrated. After crossing the current
axis, the induction will still decrease in magnitude, but will now aid the current in the
conductor. Hence, the effect of these two conductors on one another will make the current
density more uniform than is the case where the two conductors adjacent to one another
are carrying current in opposite directions, as in figs. 2,685 and 2,686, therefore, the
resistance and the heating for a given current will be smaller. If the two return conductors
be situated on the line passing through the center of the conductors just considered, the
effect will be to still further concentrate the current; the distribution symmetry will be
further disturbed, and the resistance of the conductor system increased. It is therefore
difficult to say which of the two cases considered holds the advantage so far as increasi
the resistance is concerned. The case, however, in which the phases are mixed has mu:g
the smaller reactive drop.

1f the conductor be large, or the frequency high, the central portion
ot the conductor carries little if any current, hence the resistance is there-
fore greater for alternating current than for direct current.
Ques. For what condition may ‘‘skin effect’” be neg-
Jected?
Ans. For frequencies of 60 or less, with conductors having
a diameter not greater than 0000 B. & S. gauge.
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Ques. How is the “skin effect’’ calculated for a given
wire?

Ans. Its areain circular mils multiplied by the frequency,
gives the ratio of the wire’s ohmic resistance to its combined
resistance.

That is to say, the factor thus obtained multiplied by the resistance

of the wire to direct current will give its combined resistance or resist-
ance to alternating current.

The following table gives these ratio factors for large conductors.

RATIO FACTOR FOR COMBINED RESISTANCE

Cir. mils. Ratio Cir. mils. ‘ Ratio

X frequency factor X frequency | factor i

| |

10,000,000 1.00 70,000,000 113 |
20,000,000 1.01 80,000,000 1.17
30,000,000 1.03 90,000,000 1.20
40,000,000 1.05 100,000,000 1.25
50,000,000 1.08 125,000,000 1.34
60,000,000 1.10 150,000,000 1.43

Corona Effect.—When two wires, having a great difference
of pressure are placed near each other, a certain phenomenon
occurs, which is called corona effect. When the spacing or
distance between the wires is small and the difference of pressure
in the wires very great, a continuous passage of energy takes
place through the dielectric or atmosphere, the amount of this
energy may be an appreciable percentage of the power trans-
mitted.  Therefore in laying out high pressure transmission
lines, this effect must be considered in the spacing of the wires.

Ques. How does the corona effect manifest itself?

Ans. Itis visible at night as a bluish luminous envelope and
audible as a hissing sound.
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Ques. What is the critical voltage?
Ans. The voltage at which the corona effect loss takes place.
Ques. Upon what does the critical voltage depend?

Ans. Upor the radius of the wires, the spacing, and the
atmospheric conditions.

S T ——— —— - L L
FiG. 2,638.—E1ectmmagnetic and electrostatic fields surrounding the conductors of a trans-
mission line. The electromagnetic field is represented by lines of magnetic force that
surround the conductors in circles, (the solid lines), and the electrostatic field by (dotted)
circles passing from conductor. to conductor across at right angles to the magnetic circles.
Fe :any given size of wire and distance apart of wires there is a certain voltage at which
the critical density or critical gradient is reached, where the air breaks down and luminosity
begins—the critical voltage where corona manifests itself. At still higher voltages corona
spreads to further distances from the conductor and a greater volume of air becomes
juminous. Incidentally, it produces noise. Now to produce light uires power and to pro-
duce noise requires power. Air is broken down and is heated in breaking down, and to
heat also requires power; therefore, as soon as corona forms, power is consumed or dis-
sipated in its formation. When this phenamenon occurs on the conductors of an alter-
nating current circuit a change takes place in relation to current and voltage. On the
wires of an alternating current transmission line, at a voltage below that where corona forms
—at a voltage where wires are not luminous—considerable current, more or less depending

on voltage and length of wire, flows into the circuit as capacity current or charging current.

The critical voltage increases with both the diameter of the wires,
and the spacing.

The losses due to corona effect increase very rapidly with increasing
pressure beyond the critical voltage.

The magnitude of the losses as well as the critical voltage is affected,
by atmospheric conditions, hence they probably vary with the par-
ticular locality, and the season of the year. Therefore, for a given
locality, a voltage which is normally below the critical point, may st
times be above it, depending upon’ changes in the weather.
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Such elements as smoke, fog, moisture, or other particles (dust
snow, etc.) floating in the air, increase the losses; rain, however, ap-
parently has no appreciable effect upon the losses. It follows then
that in the design of a transmission line, the atmospheric conditions
O'fd th:d particular locality through which the line passes should be con-
sidered. °

Ques. How should live wires be spaced?

Ans. They should be so spaced as to lessen the tendency to
leakage and to prevent the wires swinging together or against
towers. The spacing should be only sufficient for safety, since
increased spacing increases the self-induction of the line, and
while it lessens the capacity, it does so only in a slight degree.

The following spacing is in accordance with average practice.

SPACING FOR VARIOUS VOLTAGES

[
Volts Spacing Volts | Spacing Volts ‘ Spacing
5000 | 28ins. 45,000 60 ins. 90,000 | 96 ins.
15,000 40 ins. 60,000 60 ins. 105,000 108 ins.
30,000 48 ins. 75,000 84 ins. 120,000 120 ins. .

Resistance of Wires.—For quick calculation the following
method of obtaining the resistance (approximately) of wires
will be found convenient:

1,000 feet No. 10 B. & S. wire, which is about .1 inch in
diameter (.1019), has a resistance of one ohm, at a temperature
of 68° F. and weighs 31.4 pounds. A wire three sizes larger,
that is No. 7, has twice the cross section and therefore one-half
the resistance. A wire three sizes smaller than No. 10, that is
No. 13, has one-half the cross section and therefore twice the
resistance.

Thus, starting with No. 10, any number three sizes larger will
double the cross secticnal area and any wire three sizes smaller

T
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will halve the cross sectional area of the preceding wire. This
is true to the extreme limits of the table, so that the arca, weight
and resistance of any wire may be at once calculated to a close
approximation from this rule, intermediate sizes being obtained
by interpolation.

For alternating current, the combined resistance, that is, the
total resistance, including skin effect, is obtained by multiplying
the resistance, as found above by the ‘‘ratio factor” (see table
page 1,894).
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FiGs. 2,689 to 2,692.—Triangles for obtaining graphically, impedance, impressed pressure, etc.,
in alternating current circuits. Fora fuﬁ explanation of this method the reader is referred
to Guide 5, Chapter XLVII or. Alternating Current Diagrams. A thorough study of this
chapter is recommended.

Impedance.—The total opposition to the flow of electricity in
an alternating current circuit, or the impedance may be resolved
into two components representing the ohmic resistance and
the spurious resistance; these components have a phase difference
of 90°, and they may be represented graphically by the two legs
of a right angle triangle, of which the hypothenuse represents
the impedance.
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'§§'§ E2¥ Similarly, the volts lost or
§§‘§:§§ “drop” in an alternating cir-
ég @g g cuit may be resolved into two
e §§§5° components representing re-
:_g‘ %.‘3 E§ ‘; spectively
aéé’ fég 1. The loss duc to resist-
%’:- $fs%  ance.
859 EE‘; 2. The loss due to react-
3 :;jg:é EE ance.
3 - iggé 55 These components have a
é . ggg’?}g g phase difference of 90° and
;5 : E’E:‘-’QEE are represenf:ed graphically
g . §§=’E similar to the impedance com-
z&: L §§ ponents. This has been ex-
> 35¢ g 22 plained at considerable length
g 35i2f  in Chapter XLVII (Guide V).
- 'g-g_s-*;g g
§72858
35282% Power Factor.—When the
§§§E:§ current falls out of step with
§ E;_g% §§ the pressurc, as on inductive
a g’g s gj loads, the power factor be-
g "5.;'? comes less than unity, and
‘2 & the cffect is to incrcase the
'

current required for a given
load. Accordingly, this must
be considered in calculating
the size of the wires. As has
been explained, the current
flowing in an alternating cur-
rent circuit, as measured by
an ammeter, can be resolved

locomotive are shown moving

to represent the pressure exe

parallel and at right angles to the
ponents: that is to say, if the

the car, the other component, B

resisted by the flanges of the outer wheels.

P16. 2,693.—Mechanical anal

o
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into two components, representing respectively the active com-
ponent and the wattless component or idle current. These are
graphically represented by the two legs of a right triangle, of
which the hypothenuse represents the current measured by the
ammeter.

This apparent current, as is evident from the triangle, exceeds
the active current and lags behind the pressure by an amount
represented by the angle ¢ between the hypothenuse and leg
representing the energy current as shown in fig. 2,694.

s )
i jar}
4 <]
»g >
2 5
£ 2
| =

<

2

ACTIVE COMPONENT RESISTANCE VOLTS

F1G. 2.0694.—Diagram showing that the apparent current is more than the active current, the
excess depending upon the angle of phase difference. .

FiG. 2,(395.—8?:gram showing components of impedance volts. Compare this diagram with
figs. 2,680 and 2,671, and note that the term "‘reactance’ is the difference between the
inductance drop and the capacity drop if the circuit contain capacity, for instance, if
inductance drop be 10 volts and capacity drop be 7 volts then reactance 10 —7 =3 volts.

Ques. What determines the heating of the wires on
alternating current circuits with inductive loads?

Ans. The apparent current, as represented by the hypoth-
enuse of the triangle in fig. 2,694.

Ques. How is the apparent current obtained?

Ans. Divide the true watts by the product of the power
factor multiplied by the voltage.

Example.—A certain circuit supplies 20 kw. to motors at 220 volts
and .8 power factor. What is the apparent current?
true watts 20,000

Apparent Current = power factor X volts = 8ExX220 " 113.6 amperes
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Ques. What else, besides power factor, should be con.
sidered in making wire calculations for motor circuits?

Ans. The efficiency of the motor, and the heavy starting
current.

The product of the efficiency of the motor multiplied by the power
factor gives the apparant efficiency, which governs the size of the wires,
apparatus, etc., necessary to feed the motors.

Allowance should be made for the heavy starting current required
for some motors to avoid undue drop.

TABLE OF APPROXIMATE AMPERES PER TERMINAL FOR
INDUCTION MOTORS

. Two phase Three phase
| Single phase four wire three lv?vix'e
Horse | . T — B |
power | 110 220 | 440 | 110 220 | 440 | 110 220 | 440 | 550 |
volts | volts | volts volts volts volts | volts | volts | volts | volts l
| | |
5| 6.6 3.4 1.8 3.3 1.7 9| 3.7 1.8 1|
1 14 7 3.5 6.4 3.2 16| 7.4| 37| 19
2 | 28 12 6 11 5.7 291 13 | 68| 3.3 2.51
3 34 17 | 85| 18 8.1 4.1| 19 9.3 4.7 3.5
4 52 26 | 13 26 13 | 653 | 15 | 75| 6
5 74 37 | 185 | 38 19 9.5| 44 2 | 11 | 9
10 94 47 23.5 | 44 22 | 11 50 25 12.5 | 11
15 . 66 33 16.5| 76 | 38 19 | 16
20 . 88 44 22 |102 | 51 25.5 | 22
25 . | 111 55 28 | 129 64 32 | 25
30 . 134 67 3351154 | 77 | 38.5| 32 |
40 . 178 | 89 44.5 | 204 107 53.5| 44
50 . [ 204 102 51 | 238 118 | 59 | 52
75 . 308 | 154 | 356 178 | 89 | 77
100 l . | 108 | | 102|472 236 18 | 100
S E——

Ques. What are the usual power factors encountered
on commercial circuits?

Ans. A mixed load of incandescent lamps and induction
motors will have a power factor of from .8 to .85; induction
motors above .8 to .85; incandescent and Nernst lamps .98;
arc lamps, .85.
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Wire Calculations.—In the calculation of alternating current
circuits, the two chief factors which make the computation
different from that for direct current circuits, is Znduction and
power factor. The first depends on the frequency, and physical
condition of the circuit, and the second upon the character of
the load.

Ques. Under what conditions may inductancde be
neglected?

NEGLIGIBLE

NOT OVER ONE INCH INDUCTANCE
BOTH WIRES IN SAME CONDUIT
INDUCTANCE NEGLIGIBLE

CONSIDERED

WIRES SEPARATED

SEVERAL INCHES
INDUCTANCE. TO:BE

FiGs. 2,66 to 2,698.—Example of wiring showing where inductance is negligible, and wh
must be considered in wire calculations.

g

Ans. In cases where the wires of a circuit are not spaced
over an inch apart, or in conduit work, where both wires are in
the same conduit.

Under these conditions the calculation is the same as for direct current
after making proper allowance for power factor.

Ques. Under what conditions must induction be
considered?

Ans. On exposed circuits with wires separated several inches,
particularly in the case of large wires.
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Sizes of Wire.—The size of wire for any alternating circuit
may be determined by slightly modifying the formula used in
direct current work, and which, as derived in Guide No. 4,
page 748, is
amperes X feet X 21.6

drop

The quantity 21.6, is twice the resistance (10.8) of a foot of copper
wire one mil in diameter (mil foot). This resistance (10.8) is multiplied
by 2, giving the quantity 21.6, because the length of a circuit, or feet
in the formula, is given as the ‘‘run’’ or distance one way, that is, one-
half the total length of wire in the circuit, must be multiplied by 2 to get
the total drop, viz.:

amperes X feet X 10.8 X 2 _ amperes X feet X 21.6
drop B drop

circular mils =

circular mils =

It is sometimes however convenient to make the calculation
in terms of watts. Formula (1) may be modified for such cal-
culation.

In modifying the formula, the “drop’” should be expressed in
percentage instead of actual volts lost, that is, instead of the
difference in pressure between the beginning and the end of
the circuit.

In any circuit the loss in percentage, or

drop
loss = ——— X 100
7 loss impressed pressure
from which
i = %_lgss_ X impressed pressure. @)
100
Substituting equation (2) in equation (1)
circular mils = amperes >< feet X 21.6
% loss X imp. pressure
100
amperes X feet X 2,160
o e T 3)

" 9, loss X imp. pressure
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Equation (3) is modified for calculation in terms of watts as
follows: The power in watts is equal to the applied wvoltage
multiplicd by the current, that is to say, the power is equal to
the volts at the consumer’s end of the circuit multiplied by the
current, or simply

watts = volts X amperes
{from which
watts

amperes = . . . . (4)
volts

165, 2,699 to 2,703.—Stranded copper cables. For conductors of large areas and in the smaller
sizes where extra flexibility is required it becomes necessary to employ stranded cables
made by grouping a number of wires together in either concentric or rope form. The
concentric cable as here illustrated is formed by grouping six wires around a central wire
thereby forming a seven wire cable. The next step is the application in a reverse direction
of another layer of 12 wires and a nineteen wire cable is produced. This is again increased
by a third layer of eighteen wires for a 37 wire cable and a fourth layer of 24 wires for a 61
wire cable. Successive layers, each containing 6 more wires than that preceding, may be
applied until the desired capacity is obtained. The cuts show sectional views of con-
centric cables each formed from No. 10 B. & S. gauge wires.

Substituting this value for the current in equation (3) and
remembering that the pressure taken is the volts at the consumer’s
end of the line

t
WalS o feet X 2,160 |
volts

N % loss X volts

circular mils

_ watts X feet X 2160 o
T 9% loss X volts® o |
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This formula (5) applies to a direct current two wire circuit,
and to adapt it to any alternating current circuit it is only neces-
sary to use the letter M instead of the number 2,160, thus

watts X feet X M
% loss X volts?
in which M is a coefficient which has various values according

to the kind of circuit and value of the power factor. These
values are given in the following table:

(6)

circular mils =

VALUES OF M

POWER FACTOR

SYSTEM | T 1 .
ll '.Sox.75i.70‘.65§.60
, |

o |

Single phase | 2,160( 2,249 2,400/ 2,660 3,000 3,380 3,840 4,400, 5,112/ 6,000

T(wo pha)se 1,080/ 1,125/ 1,200/ 1,330/ 1,500 1,690‘ 1,920 2,200 2,556, 3,000
4 wire | | | [ | |

Three phase | 1,080 1,125/ 1,200/ 1,330/ 1,500|1,690 11,920 2,200 2,556 3,000
(3 wire) l | | | | |

NOTE.—The above table is calculated as follows: For single phase M = 2,160 -+ power
factor? X 100; for two phase four wire, or three phase three wire, M = } (2,160 + power
fac{gl(-)‘) lOO.OOThus the value of M for a single phase line with power factor .95 = 2,160 +- .95%
X = 2,400,

It must be evident that when 2,160 is taken as the value of M,
formula (6) applies to a two wire direct current circuit and also
to a single phase alternating current circuit when the power
factor is unity.

In the table the value of M for any particular power factor is
found by dividing 2,160 by the square of that power factor for
single phase and twice the square of the power factor for two
phase and three phase.
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Ques. For a given load and voltage how do the wires
of a single and two phase system compare in size and
weight, the power factor being the same in each case?

Ans. Since the two phase system is virtually two single phase
systems, the four wires of the two phase systems are half the
size of the two wires of the single phase system, and accordingly,
the weight is the same for either system.

VALUES OF T

PowgRr FAcCToRr

SYSTEM ‘
| 100 | 98 | 90 | 80 | 70
| 1
= R |
f i
Single phase.......... 1.00 .98 90 .80 70
iTwo phase, 4 wire. . . .. [ 2.00 | 1.96 ‘ 1.80 1.60 | 1.40
1.70 1.55 1.38 1.21

I’[‘hrce phase, 3 wires.. .| 1.73 |
|

—

NOTE.—This table is for finding the value of the current in line, using the formula
I =W + (E X T), in which I = current in line; E = voltage between main conductors at
receiving or consumers’ end; W = watts. For instance, what is the current in a two phase line
transmitting 1,000 watts at 550 volts, power factor .802 I = 1,000+ (550X 1.60) = 1.13.

Ques. Since there is no saving in copper in using two
phases, what advantage has the two phase system over the
one phase system?

Ans. It is more desirable on power circuits, because two
phase motors are self-starting.

That is to say, the rotating magnetic field that can be produced by a
two phase current, permits an induction motor to start without being
equipped with any special phase splitting devices which are necessary
on single phase motors, because the oscillating field produced by a single
phase current does not produce any torque on a squirrel cage armature
at rest.
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Ques. For equal working conditions, what is the com -
parison between the single, two and three phase systen:
as to size and weight of wires?

Ans. Each wire of the three phase system is half the size of
one of the wires of the single phase system, hence the weight of
copper required for the three phase system is 759, of that re-
quired for the single phase system. Since in the two phase
system half of the load is carried by each phase, each wire of the
three phase system is the same size as one of the wires of the
two phase system, hence, the copper required by the three
phase system is 75%, of that required by the two phase system.

MISCELLANEOUS FORMULAZ FOR COPPER WIRES

Diameter squared = circular mils

Circular mils X .7854 = square mils
.000003027 X circular mils = pounds per foot
.003027 X circular mils = pounds per 1,000 feet
.0159847 X circular mils = pounds per mile

.003879 X square mils = pounds per 1,000 feet

.33033 =+ circular mils = feet per pound

.0000002924 X circular mils = pounds per ohm

.342 + circular mils = ohms per pound

.096585 X circular mils = feet per ohm
10.353568 + circular mils = ohms per foot

Breaking weight of wire + area = breaking weight por
square inch.

Breaking weight per square inch X area = breaking weight
of wire.

The weight of copper wire is 17 times the weight of iron
wire of same diameter.
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EXAMPLE.—What size wires must be used on a single hase circuit
2,000 feet in length to supply 30 kw. at 220 volts with loss of 49, the power
factor being .9?

The formula for circular mils is

watts X feet X M )
% loss X volts? T

Substituting the given values and the proper value of M from the

table, in (1)
circular mils = 30,0007X72.900 X~2'669
- 4 X 220
Referring to the accompanying table of the properties of copper wire,
the nearest larger size wire is No. 1 B. & S. gauge having an area of 83,690
circular mils.

circular mils =

= 824,380

TABLE OF THE PROPERTIES OF COPPER WIRE

Civing weights, length and resistances of wires of Matthiessen’s Standard Conductivity for both
B. & S.G. (Brown & Sharpe Gauge) and B. W. G, (Birmi Wire G fi ‘Transacti
OQctober 1903, of the Amerir'?:n lns“g:uu of Elertrical Esw:::el;‘hm suge) from tovs

Gauges. To the nearest fourth significent digit. - . * Length. Renfmno:-
Diameter. Area. wf;g“‘ Feet per Ib. e 936‘6“‘%
- per 1,000 feet. :

B.&S, |B.W,G.| Inches Circular @ 68" F.
ww | 0.460 | 211,600 640.5 1.561 .04893
0000 | 0.454 206,100 623.9 1.603 .05023
000 0.425 180,600 546.8 1.829 .05732
000 0.4096 167,800 508.0 1.969 .06170
00 | 0.380 144,400 437.1 2.288 .07170
00 0.3648 133,100 402.8 2.482 .07780
0 | 0.340 115,600 349.9 2.858 .08957
0 0.3249 165,500 319.5 3.130 .09811

1 | 0.3000 90,000 272.4 3.671 .1150

] 0.2893 83,690 253.3 3.947 .1237

2 | 0.2840 80,660 244.1 4.096 .1284

3 | 0.2590 67,080 203.1 4. 921 .1543

0.2576 66,370 200.9 4.977 .1560

4. { 0.238 56,640 171.5 5,832 .1828

0.2294 52,630 159.3 6.276 .1967

5 | 0.2200 48,400 146.5 6.826 .2139

4 0.2043 41,740 126.4 7.914| .2480

6 | 0230 | 41,210 124.7 | 8.017| .2513
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TABLE OF THE PROPERTIES OF COPPER WIRE

(Continued)
Gauges. To the nearest fo_;xrth sizr-xiﬁcent]igit. | Lengin. | Keastance.
Diameter, l Aresa. Wﬂ:‘:‘" j‘ Feet per lb. | p & 103(')‘6" =
- 1,000 feet. | 2 .
B.&S. | B.W.G.| fnenen | Circuiar | Per 10000t @ 68° F.
5 0.1819 34,100 100.2 4.980/ .3128
7 | 0.1800 32400 | 98.08 | 10.20 .3196
8 | 0.1650 | 27,230 82.41 12.13 .3803
0.1620 | 26,250 79.46 12.58 .3944
9 | 0.1480 21,900 66.30 15.08 L4727
7 0.1443 20,820 63.02 15.87 .4973
10 | 01340 | 17,960 54.35 18.40 .5766
8 0.1285 16,510 49.98 20.01 .6271
11 | o0.1200 14,400 43.59 22.94 .7190
9 0.1144 13,090 39.63 25.23 .7908
12 | 0.109 11,880 35.96 27.81 .8715
10 0.1019 | 10,380 [ 3143 31.82 .9972
13 | 0.0950 9,025 | 27.32 36.60 1.147
11 0.09074 8,234 24.93 40.12 1.257
14 | 0.08300 6,889 20.85 47.95 1.503
12 0.08081 6,530 19.77 50.59 1.586
15 | 0.07200 5,184 15.69 63.73 1.997
13 0.07196 5,178 15.68 63.79 1.999
16 | 0.06500 4,225 12.79 78.19 2.451
14 0.06408 4,107 | 12.43 80.44 2.521
17 | 0.0580 3,364 10.18 98.23 3.078
15 0.05707 3,257 9.858 101.4 3.179
16 0.05082 2,583 | 7.818 127.9 4.009
18 | 0.04900 2,401 | 7.268 137.6 4.312
17 0.045260 | 2,048 | 6.200 161.3 5.055
19 0.042000 | 1,764 | 5.340 187.3 5.870
18 0.040300 | 1,624 4.917 203.4 6.374
19 | 0.0358% 1,288 3.899 256.5 8.038
20 | 0.035000 1,225 3.708 269.7 8.452
21 | 0.032000 | 1,024 3.100 322.6 10.11
20 0.031960 1,022 3.092 323.4 10.14
21 0.028460 810.1 2.452 407.8 12.78
22 | 0.028000 | 784.0 2.373 421.4 13.21
22 0.025350 | 642.4 1.945 514.2 16.12
23 | 0.025000 | 625.0 1.892 528.6 16.57
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TABLE OF THE PROPERTIES OF COPPER WIRE

(Concluded)
-(‘:ungen_ ) T_o !:h:m;r;st fourth significent digit. | - Length. Resistance,
Diameter. Area, WL;,.‘-‘“' Feet per Ib. per?(hll)-b'f oy
- - -— —— — - - '(m N v
B.&S. |B.W,G.| Inchea | Circylar por 1,000 foet . @68°F.
23 | 6.622576‘| 509.5 | 1.542 |  648.4 20.82
24 | 0.022000 | 484.0 1.465 682.6 21.39
24 0.020100 404.0 1.223 817.6 25.63
25 | 0.020000 1 400.0 1.211 825.9 25.88
26 | 0.018000 324.0 .9808 1,020 31.96
25 0.017900 | 320.4 .9699 1,031 32.31
27 0.016000 256.0 7749 1,290 40.45
26 0.015940 254.1 .7692 1,300 40.75
27 0.014200 201.5 .6100 1,639 51.38
28 0.014000 196.0 - .5933 1,685 52.83
29 | 0.013000 169.0 .5116 1,955 61.27
28 0.012640 159.8 .4837 2,067 64.79
30 | 0.012000 144.0 .4359 2,294 71.90
29 0.011260 126.7 .3836 2,607 81.70
30 0.010030 l 100.5 .3042 3,287 103.0
31 0.010000 100.0 | .3027 | 3,304 103.5
32 0.009000 | 81.0 .2452 ' 4,078 127.8
31 0.008928 79.70 2413 4,145 129.9
33 | 0.008000 64.0 1937 | 5,162 161.8
32 0.007950 63.21 .1913 5,227 163.8
33 0.007080 50.13 1517 6,591 206.6
34 | 0.007000 49.0 .1483 6,742 211.3
34 0.006305 39.75 .1203 8,311 260.5
35 0.005615 31.52 09543 | 10,480 328.4
36 35 0.005000 25.0 .07568 | 13,210 414.2
37 0.004453 l 19.83 .06001 | 16,660 522.2
36 | 0.004000 16. .04843 | 20,650 647.1
38 0.003965 | 15.72 -04759 | 21,010 658.5
39 0.003531 l 12.47 .03774 | 26,500 830.4
40 0.003145 9.888 .02993 | 33.410 1047,

Drop.—In order to determine the drop or volts lost in the
line, the following formula may be used

9% loss X volts

drop = e

I ¢
100 xS &
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in which the 9, loss is a percentage of the applied power, that
is, the power delivered to the consumer and not a percentage of
the power at the alternator. “Volts” is the pressure at the
consumer’s end of the circuit.

VALUE OF “S” FOR 60 CYCLES

.98 power factor .90 power factor .80 power factor .70 power factor
o | A Spacing of Spacing of Spacing of Spacing of
5 in pacing of pacing pacing pacing of
wire [ circular conductors conductors conductors conductors
B.& 8. " its
gauge —— = T

I)II 3/1 6”, 121[‘ 24[ lll ’ 3" 6[! lzlli 24" lll i 3[' 61[ 12, 24/ lll 3[' 6” 12/’ 24"

- RO OO O OOt A A L

500,000500,000 |1.21/1.45/1.611.77 1.911.32‘1.80 2.11/2.44(2.75}1.27(1.89 2.25/2.64/3.031.14{1.722.12i2.53(3.92
7]

300,000{300,000 |1.15/1.29 1.3811.48(1.57[1.10{1.47/1.66|1.84(2.02]1.11/1.46|1.68(1.90(2.12{1.00{1.331.56(1.78/2.01
0,0001211,600 ]1.12|1.22(1.281.34|1.41J1.13|1.33(1.45 1.58/1.63 l.03|1.27;l.;§l.58]1.7 1.00(1.14(1.2911.45(1.69

000[167,800 [1.09/1.181.22/1.28/1.2911.08(1.2311.33|1.44/1.53{1.00{1.161.28(1.41}.15341.00{1.02 | 1.15/1.28/1.50
00133,100 [1.07|1.14/1.18/1.21{1.251.03/1.16/1.24| 1.32{1.40{1.0011.07|1.17]1.271.361.00{1.00 1.03/1.131.21
0]105,500 {1.05/1.10{1.14/1.17|1.20{1.0011.09]1.161.22{1.28]1.0011.00(1.07|1.15|1.2241.00{1.001.00{1.01(1.09
1] 83,690 [1.04|1.08(1.10{1.13{1.15]1.0011.05/1.09/1.14/1.19{1.0011.00/ 1. l.OSil.ll 1.00{1.00/1.00{1.00{1.00
2| 66,370 |1.02(1.05(1.08/1.10(1.1241.00{1.00{1.04 1.08/1.12}1.00{1.00|1.00{1.00 1.0241.00{1.00(1.00{1.00|1.00
3

52,630 11.02/1.04 1.06/1.07|1.0941.00/1.00{1.00| 1.03|1.06{1.00{1.00| 1.00{1.00| 1.0041.00{1.00| 1.00{1.00{1.00
Lol LT T
; 33'100} 1.00(1.02|1.03,1.04/1.0741.0011.00{1.00!1.00{1.00}1.0011.00| 1.00{1.60| 1.0042.00!1.00| 1.60/1.00{1.00
J | | 1
Ld VLTI T
' } 1.00{1.00/1.0011.00| 1.0011.00(1.0011.001.00]1.00}2..00{1.001.001.00| 1.00§1.00{1.00| 1.00(1.00{1.00
7] 20,820 I [ , {1
8l 1850)] | | | ' ! f (
9] 13,090 1]1.00{1.00|1.00{1.00; 1.071.001.001.00/1.00{1.00}1.00(1.00/1.00(1.00/1.0041.00!1.00| 1.00(1.00{1.00
10] 10380)f | | ' I ' | | [ l I
RN . EEEEE

The coefficient S has various values as given in the accom-
panying tables. As will be seen from the table, the value of S to
be used depends upon the size of wire, spacing, power factor and
frequency.

These values are accurate enough for all practical purposes,
and may be used for distances of 20 miles or less and for voltages
up to 25,000.
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The capacity effect on very long high voltage lines, makes this
method of determining the drop somewhat inaccurate beyond the

limits above mentioned.

VALUE OF “S” FOR 25 CYCLES

98 power factor .90 power factor .80 power factor .70 power factor
Sise | Area N B
of _in Spacing of Spacing of Bpacing of Spacing of
wire | gircular conductors conductors d d
B. & 8. " inits.
gsuge PFeETTTE = =
lul 2” 6" 1277 24" 1”l 3:1 8 ‘ 12”1 24" l" 311 6" 12111 241 1/; i 3” 6" 12"‘ 24"
: 1 l ‘- I 2 g T
£00,000] 500,000 l.01‘l.l7l.23‘1.29 1.36{1.02]1.22 1.35‘1.43 1.611.00/1.15/1.3011.47(1.62{1.00/1.00{1.161.331.49
300,000] 300 000 l.Oil.lOl.l:ﬂl.l" 1.21]1.0011.081.16/1.25/1.3111.00/1.00(1.091 16/1.2511.0011.0011.00{1.02]1.12
0,000]211,600 1.03.[.07:1.09‘1.1][.14 1.00(1.02{1.07]1.13/1.15{1.00{1.00{1.00{1.03|1.1041.00{1 .00{1.00{1.00{1 .00
0001167,800 J1.00/1.05(1.06{1.0911.10{1.00 1.001.0?11.07\1.11 1.00{1.00{1.00{1.00{1.01]1.00{1.00:1.00{1 .00{1.00
00]133.100 §1.0011.03/1.05(1.06(1.08{1.00'1.00{1.00{1.02|1.05/1.00{1.00{1.00{1.00{1.001.001.00 1.00{1.0011.00
0[105,500 11.00{1.01/1.0211.03/1.04]1.00/1.00(1.00{1.001.0011.00{1.00/1.00{1.00{1.0041.00{1.00{1 .00{1.00/1.00
0 1 0 A A O O A
2 %.g;g 1.001.001.00‘1. 1.00{1.0011.00{1.0011.00;1.0041.00{1.001.00{1 OO:I.OOI.OOI.Ml.OQI.M)l.W
3] 52,6 l [
4| 41,790 l l | ‘ | | . | ‘
5 ,100 ¢]1.0011.001.00/1.00{1.00]1.00{1 .00{1.00{1.00:1.0041.00{1.0011 . 1.00{1.001.00{1.00{1.0012.90/1.00
6| 26,250 ‘ ] [
7{ 20,820 f | |
81 15000 1.00:1.001.oo|1.oo 1.00{1.0011.00}1.00{1. l.m'l.ooil. 1.00‘1.00r.ooln.oohmlx.ooil.oo
10] 10338 | | | | | |

EXAMPLE.—A circuit supplying current at 440 volts, 60 frequency,
with 5%, loss and .8 power factor is com of No. 2 B. & S. gauge wires
spaced one foot apart. What is the drop 1n the line?

According to the formula

loss X volts
drop = % 100

Substituting the given values, and value of S as obtained from the
table for frequency 60

XS

5 X 440

drop = 100

X 1 = 22 volts

Current.—As has been stated, the effect of powar factor less
than unity, is to increase the current; hence, in inductive circuit
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calculations, the first step is to determine the current flowing in a
circuit. This is done as follows:

apparent load

current = . (1)
volts
and
watts .
apparent load = - — 2
= power factor @
Substituting (2) in (1)
watts

current — POVer factor _ _ watts - 3)

volts power factor X volts

£16. 2,704.—Rope ’f_{pe of stranded oonex; cable which is used when a high degree of flexibility
is required, e construction of this cable is the stranding together of seven groups,
each containing seven wires and producing a total of 49 wires. In cases when a greater
carrying capacity is desired than can be obtained through the use of the 7 X 7 or 49 wire
z:agle. !.,he number of groups is increased to nineteen thereby making a total of 133 wires

19 X 7).

EXAMPLE.—A 50 horse power 440 volt motor has a full load efficiency
of .9 and power factor of .8. How much current is required?

Since the brake horse power of the motor is given, it is necessary to
obtain the electrical horse power, thus

_ brake horse power _ 50
E.H.P. = iRt —— 55.5

which in watts is
55.5 X 746 = 41,403

which is the actual load, and from which

actual load 41,403

e T powerfactor .8

= 51,754
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The current therefore at 440 volts is

apparent load _ 51,754
volts T 440

EXAMPLE.—A 50 horse power single phase 440 volt motor, having
a full load efficiency of .92 and power factor of .8, is to be operated at
a distance of 1,000 feet from the alternator. The wires are to be spaced
6 inches apart and the frequency is 60, and % loss 5. Determine:
A, electrical horse power; B, walts; G, apparent load: D, current;
E, size of wires; F, drop; G, voltage al the alternator.

A, Electrical horse power

= 117.6 amperes

brake horse power _, 50
efficiency X9z~ e

E.H.P. =
54.3 X 746 = 40,508 watts

TABLE OF WIRE EQUIVALENTS
(Brown and Sharpe gauge)

| 1 | |
0000 ’2No 0|4No. 3|8No. 6|16 No. 9|32 No.12 | 64 No. 15
000 |2 1/4 “ 48 716 “ 10(32 “ 13|64 * 16
00 |2 * 214" 5/8 “ 8|16 “ 11|32 “ 14|64 “ 17
0 |2 3|4 6/8* 9|16 “ 1232 * 15464 “ 18
1 |2« 4/4a* 7[8 “ 1016 “ 13(32 * 16|64 “ 19
2 |2 ¢ 5(4 ¢ 8[8 11 16 “ 14/32 “ 17 64 " 20
3 |24 G4« 9/8 " 1216 1532 18 [64 21
4 |2« 7/4 %« 108 * 13[16 “ 1632 “ 19 |64 © .2
5 |2 % 8|4 * 11(/8 ** 14|16 “ 1732 “ 20|64 “ 23
6 |2 « 9|4 * 12/8 “ 15|16 “ 1832 “ 21 |64 “ 24
7 |2 ¢ 10[4 “ 138 “ 16/16 " 19(32 “ 22 |64 “ 25
8 |2 “ 11/4 * 14(8 * 17/16 “ 20|32 “ 23|64 “ 26
9 |2 % 12/4 “ 158 * 18[16 “ 2132 “ 24 |64 “ 27
10 (2% 13[4 % 16/8 " 1916 © 22|32 " 25|64 " 28
1 Iz “ 144 % 17|8 ¥ 20|16 ¢ 23|21 ¢ 26|64 ¢ 29
12 |2« 154 % 18(8 “ 21[16 “ 24[32 “ 27|64 “ 30
13 (2 “ 16/4 “ 19/8 “ 22|16 “ 25(32 *“ 28| ........
14 (2« 17/4 % 208 “ 23|16 “ 2632 “ 20| ........
5 (2 « 18/4 “ 218 “ 2416 “ 27[32 * 30| ........
16 |2 “ 194 “ 22/8 “ 25|16 “ 28| ...t | ciuinnns
17 (2 “ 2004 “ 23/8 “ 26116 “ 20| ... | ieiiuin.
18 (2 “ 2114 « 248 “ 27)16 “ 30| ........ | ...
19 (2 224 “ 25,8 “ 28| ... | i,
20 |2 % 234 * 26(8 “ 20| ... |
91 |2 24 4 278 % 30| meeuniii o |
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B. Walts
watts = E. H. P. X 746 = 54.3 X 746 = 40,508

C. Apparent load
actual load or watts _ 40,508
apparent load or kva = ° T (T =—% = 50,635

D. Current
apparentload orkva _ 50,635

=115
volts 440 115 amperes

current =
E. Size of wires
watts X feet X M _ 40,508 X 1,000 X 3,380 _ .,
% loss X volts? - 5 X 4402 !
From table page 1,907, nearest size larger wire is No. 00 B. & S. gauge.

cir, mils =

F. Drop

% loss X volts %S = 5 X 440
100 - 100

NOTE.—Values of S are given on page 1910,

X 1.17 = 25.74 volts

drop =

G. Voltage at alternator
aiternator pressure = volts at motor + drop = 440 + 25.74 = 465.7 volts.




POWER STATIONS

CHAPTER LXVI

POWER STATIONS

The term power station is usually applied to any building
containing an installation of machinery for the conversion of
energy from one form into another form. There are three general
classes of station:

1. Central stations;
2. Sub-stations;
3. Isolated plants.

These may also be classified with respect to their function as

1. Generating stations;
2. Distributing stations;
3. Converting stations;

and with respect to the form of power used in generating the
electric current, generating stations may be classed as

1. Steam electric;
2. Hydro-electric;
3. Gas electric, etc.

Central Stations.—It must be evident that the general type
of central station to be adapted to a given case, that is to say,
the general character of the machinery to be installed depends
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upon the kind of natural energy available for conversion into
electrical energy, and the character of the electrical energy
required by the consumers.

This gives rise to a further classification, as

1. Alternating current stations;

2. Direct current stations;

3. Alternating and direct current station.

The alternators or dynamos may be driven by steam or water

turbines, reciprocating engines, or gas engines, according to the
character of the natural energy available.

Z \Z)
% ENGINE AND

Z GENERATOR

é BOILER Z 7

% &k A (=1

Z Ak & %
\\\\\\\\ Nkt \\\\\\\ NN \

NN

F1G. 2,705.—Elevation of small station with dxrect dnve. showmg arrangement of the boiler
engine, piping, etc.

Ques. Why is the reciprocating engine being largely
replaced by the steam turbine, especially for large units?

Ans. Because of its higher rotative speed, and absence of
a multiplicity of bearings which in thc case of a high speed,
reciprocating engine must be maintained in close adjustment
for the proper operation of the engine.

The higher speed of rotation results in a more compact unit, desirable
for driving high frequency alternators.
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Ques. Is the steam turbine more economical than
a high duty reciprocating engine?
Ans. No.

Location of Central Stations.—As a rule, central stations
should be so located that the average loss of voltage in over-
coming the resistance of the lines is a minimum, and this point

CONSUMER

STATION BUS

REGULATOR CENTER OF
DISTRIBUTION

STATION BUS

REGULATOR

FIG. 2,708.—Diagram illustrating graphical method of determining the center of gravity of &
system in Jocating the central station.

is located at the center of gravity of the system. In fig. 2,706 is
shown a graphical method of locating this important spot.

Suppose a rough canvass of prospective consumers in a district to be
supplied with electric light or power shows the principal loads to be
located at A, B, C, D, E, etc., and for simplicity assume that these
loads v;rill be approximately cqual, so that each may be denoted by 1 for
example:
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The relative locations of A, B, C, D, E, etc., should be drawn to scale (say
1 inch to the 1,000 fect) after which the problem resolves itself into finding
the location of the station with respect to this scale.

The solution consists in first finding the center of gravity of any two of the loads, such
as those at A and B. Since each of these is 1, they will together have the same effect on the
system as the resultant load of 1 and 1, or 2, located at their center of gravity, this point being
so chosen that the product of the loads by their respective distances from this point will in
both cases be equal.

The loads being equal in this case the distances must be equal in order that the products be
the same, so that the center of gravity of A 4B is at G, which point is midway between A and B.

Considering, next, the resultant load of 2 at G and the load of 1 at C, the resultant load
at the center of gravity of these will be 3, and this must be situated at a distance of two units
from C and one unit from G so that the distance 2 times the load 1 at C equals the distance
1 times the load 2 at G. Having thus located the load 3 at H, the same method is followed in
{im';liinsg th§ load 4 at I. Then in like manner the resultant load 4 and the load 1 at E gives a
oa at S.

The point S being the last to be determined rcpresents, therefore, the position of the center
of gravity of the entire system, and consequently the proper position of the plant in order to
give the minimum loss of voltage on the lines.

F1G. 2,707.—Exterior of central station at Lewis, Ia.; example of very small station located in
the principal business section of a town. It also illustrates the use of a direct connected
gasoline electric set. The central station is located on Main Street, which is the principal
thoroughfare, and is installed in a low one story building for which a mere nominal rental
charge 1is paid, the company having the option to buy the property later at the value of
the land plus the cost of the improvements and simple interest on the same. To the front
of an old frame building about 16 feet by 28 feet has been built a neat, well lighted con-
crete block room, about 16 feet by 16 feet, carrying the building to the lot line and affording
ample space for the generating set and switchboards, and such desk room as is needed for
the ordinary office business 2% the company. In this room, which is finished in natural
pine with plastered walls, has been installed a standard General Electric 25 kw. gasolene
electric generating set consisting of a four cylinder, four cycle, vertical water cooled,
43-54 H.P. pasoline engine, direct connected to a three phase, 2,300 volt, 600 R.P.M.
alternator with a 125 volt exciter mounted on the same shaft and in the same frame.
With the generating set is a slate switchboard panel equipped with three ammeters, one
voltmeter, an instrument plug switch for voltage indication, one single pole carbon break
switch, one automatic oil circuit breaker line switch and rheostats. Instrument trans-
formers are mounted above and back of the board. For strect lighting service a 4 kw.
constant current transformer has been installed, and with it a gray marble switchboard
panel mounted on iron frames and carrying an ammeter and a four point plug switch. On
a board near the generator set are mounted in convenient reach suitable wrenches, span-
ners, and repair parts and tools. To cool the engine cylinders five 8 X 8 steel tanks have
been installed in the old building, a pump on eagine giving forced circulation.
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Ques. Is the center of gravity of the system, as obtained
in fig. 2,706, the proper loccation for the central station?

Ans. It is very rarely the best location.

Ques. Why?

Ans. Other conditions, such as the price of land, difficulty
of obtaining water, facilities for delivery of coal and removal

ATLANTIC OCEAN

TG, 2,708.—Map of Cia Docas de Santos hydro-electric system; an examge of station location
remote from the center of distribution. In the figure A is the intake; B, flume; C, forebay;
D, penstocks; E, power house; F, narrow gauge railway; G, general store; H, point of
debarkation; I, transmission line; J, dead ends; K, sub-station. Santos, in the republic
of Brazil, is on2 of the great coffee shipping ports of the world, and for the development
of its water front has required an elaborate system of quays. These have been develo,
by the Santos Dock Company, which _holds a concession for the whole water front. e
company, needing electric power for its own use, has developed a system deriving its
power from a point about thirty miles from the city, where a small stream plunges down
the sea coast from the mountain range that runs along it. The engineers have estimated
that 100,000 horse power can be obtained from this source.

of ashes, etc., may more than offset the minimum line losses
and copper cost due to locating the station at the center of
gravity of the system.

Ques. How then should the station be located?

Ans. The more practical experience the designer has had,
and the more common sense he possesses, the better is he equipped

.
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to handle the problem, as the solution is generally such that it
cannot be worked out by any rule of thumb method.

Ques. What are the general considerations with
respect to the price of land?

Ans. The cost for the station site may be so high as to
necessitate building or renting room at a considerable distance
from the district to be supplied.

DISTRIBUTION
CENTER A

F16. 2,700.—Station location. The figure shows two, distribution centers as a town A and
suburb B supplied with electricity from one station. For minimum cost of copper the
location of the station would he at G, the center of grawty. However, it is very rarely

that this is the best location. For instance at C, land is cheaper than at G, and there is

room for future extension to the station, as shown by the dotted lines, whereas at G, only
enough land is available for present requirements. Moreover C is near the railroad where
coal may be obtained without the expense of cartage, and being located at the river, the
plant may be run condensing thus eftecting considerable ecoaomy. The conditions may
sometimes be such that any one of the advantiges to bz sccured by locating the station at
C may more than offset the additional cost of copper.

If the price of land selected for the station be high, the running ex-
penses will be similarly affected, inasmuch as more interest must then
be paid on the capital invested.

The price or rent of real estate might also in certain instances alter
the proposed interior arrangement of the station, particularly so in the
case of a company with small capital operating in a city where high
prices prevail. In general, however, it may be stated that whatever
effect the price of real estate would have upon the arrangement, opera-
tion and location of a central station it can quite readily and accurately
be determined in advance.
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Ques. With respect to the cost of the land what should
be especially considered?

Ans. Room for the future extension of the plant.

Although such additional space need not be purchased at the time
of the original installation it is well, if possible, to make provision
whereby it can be obtained at a reasonable figure when desired. The
preliminary canvass of consumers will aid in deciding the amount
of space advisable to allow for future extensions; asa rule, however, it

7~
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Fi1e. 2,710.—Section of the central station or “‘electricity works' at Derby, showing boiler and
engine room and arrangement of bunkers, conveyor, ash pit, grates, boilers (drum, heating
surface and superheater), economizer, flue, turbines, condenser pumps, etc.; also location
of switchboard gallery and system of piping.

is wise to count on the plant enlarging to not less than twice its originai
size, as often the dimensions have to be increased four and even six
times those found sufficient at the beginning.

Ques. What trouble is likely to be encountered with
an illy located plant after it is in operation?

Ans. It may be considered a nuisance by those residing in
the vicinity, occasioning many complaints.
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F16. 2,711.—View of old and new Waterside stations. The new station at the right has an all turbine eguipment of ten unbs, |
same Curtis and some Parsons muchines, tivo have a capacity of 14,000 kw., and the remaimng eight are of 12,600 kw. sach.
The old Riverside station, men at the left s described on page 1940, |
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Thus, if the plant be placed in a residential section of the community
the smoke, noise and vibration of the machines may become a nuisance
to the surrounding inhabitants, and eventually end in suits for damage
against the company responsible for the same. For these and the other
reasons just given a company is sometimes forced to disregard entirely
the location of a central station near the center of gravity o the system,
and build at a considerable distance; such a g)rooecding would, if the
distance be great, necessitate the installation of a high pressure system.

There might, however, be certain local laws in force restricting the
use of high pressure currents on account of the danger resulting to life,
that would prevent this solution of the problem. In such cases there
could undoubtedly be found some site where the objections previously
noted would be tolerated; thus, there would naturally be little objection
to locating next to a stable, a brewery, or a factory of any description.

Ques. Why is the matter of water supply important
for a central station?

Ans. Because, in a steam driven plant, water is used in the
loilers for the production of steam by boiling, and if the engines
I e of the condensing type it is also used in them for creating a
\acuum into which the exhaust steam passes so as to increase
{he efficiency of the engine above what it would be if the exhaust
steam were obliged to discharge into the comparatively high
pressure of the atmosphere.

The force of this will be apparent by considering that the water con-
sum;i)ltion of the engine ordinarily js from 15 to 25 lbs. of "feed water”
per horse power per hour, and the amount of “circulating water” re-
quired to maintain the vacuum is about 25 to 30 times the feed water,
and in the case of turbines with their 28 or 29 inch vacuum, much more.
For instance, a 1,000 horse power plant running on 15 Ibs. of feed water
and 30 to 1 circulating water would require (1,000 X 15) X 30 + 1) =
465,000 1bs. or 55,822 gals. per- hour at full capacity.

Ques. Besides price what other considerations are
important with respect to water?
Ans. Its quality and the possibility of a scarcity of supply.
It is quite necessary that the water used in the boilers should be as

free as possible from impurities, so as to prevent the deposition within
them of any scale or sediments. The quality of the water used for
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condensing purposes, however, is not quite so important, although the purer
it is the better.

If the plant is to be located in a city, the matter of water supply need
not generally be considered, because, as a rule, it can be obtained from the
waterworks; there will then, of course, be a water tax to consider and
this, if large, may warrant an cffort being made to obtain the water in some
other way. Inany event, however, the possibility of a scarcity in the supply
should be reduced to a minimum.

If the plant be located in the country, some natural source of water would
be utilized unless the place be suppliet{ with waterworks, which is not gen-

F16. 2,712.—View illustrating the location of a station as governed bs' the presence of a wate:
falls. In such cases the natural water power may be at a considerable distance from ths
center of gravity of the distribution system because of the saving in generation. In the
case of long distance transmission very high pressure may be used and a transforme:
step down sub-station be located at or near the center of gravity of the system, thus con.
siderably reducing the cost of copper for the transmission line.

erally the casc. It is usual, however, to find a stream, lake or pond in the
vicinity, but if none such be conveniently ncar, an artesian or other form of
well must be sunk.

If abundance of water exist in the vicinity of the proposed installation, not
only would the location of the plant be governed thereby, but the kind of
power to be used for its operation would depend thereon. Thus, if the quantity
of the water were sufficient throughout the entire year to supply the neces-
sary power, water wheels might be installed and used in place of boilers
and steam engines for driving the generators. The station would then, of
course, be situated close to the waterfall, regardless of the center of gravity
of the system.
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Ques. What should be noted with respect to the coal
supply?

Ans. The facility for transporting the coal from the supply
point to the boiler room.

In this connection, an admirable location, other conditions permitting,
is adjacent to a railway line or water front so that coal delivered by car
or boat may be unloaded directly into the bins supplying the boilers.

L~ e

‘ \ﬁeg =

FIG. 2,713.—View of a station admirably located with respect to transportation of the coal
supply. As shown, the coal may be obtained either by boat or rail, and with modern
machinery for conveying the coal to the interior of the station, the transportation cost is
reduced to a minimum.

If the coal be brought by train, a side or branch track will usually
be found convenient, and this will usually render any carting of the fuel
entirely unnecessary.

In whatever way the coal is to be supplied, the liability of a shortage
due to traffic or navigation being closed at any time of the year should
be well looked into, as should also the facility for the removal of ashes,
before deciding upon the final location for the plant.

Choice of System.—The chief considerations in the design
of a central station are economy and capacity. When the
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current has to be transmitted long distances for either lighting
or power purposes, economy is attainable only by reducing the
weight of the copper conductors. This can be accomplished
only by the use of the high voltage currents obtainable from
alternators.

Again, where the consumers are located within a radius of
two miles from the central station, thereby requiring a trans-
mission voltage of 550 volts or less, dynamos may be employed
with greater economy.

Alternating current possesses serious disadvantages for certain
important applications.

For instance, in operating electric railways and for lighting
it is often necessary to transmit direct current at 500 volts a
distance of five or ten miles. In such cases, the excessive drop
cannot be economically reduced by increasing the sizes of the
line wire, while a sufficient increase of the voltage would cause
serious variations under changes of load. Hence, it is common
practice to employ some form of auxiliary generator or booster,
which when connected in series with the feeder, automatically
maintains the required pressure in the most remote districts
so long as the main generators continue to furnish the normal or
working voltage.

The advantage of a direct current installation in such cases
over a similar plant supplying alternating current line is the
fact that a storage battery may be used in connection with the

- former for taking up the fluctuations of the current, thereby
permitting the dynamo to run with a less variable load, and
consequently at higher efficiency.

Ques. Name some services requiring direct current.

Ans. Direct current is required for certain kinds of electrolytic
work, such as electroplating, the electrical separation of metals,
etc., also the charging of storage batteries for electric automobiles.
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._"ég g Ques. How is direct cur-

8 % rent supplied?

g; Ans. Sometimes the central
5 station isequipped with suitable

apparatus for supplying both
direct and alternating current.
This may be accomplished in
several different ways: By in-
stalling both direct and alter-
nating current generators in the
central station; by the use of
double current generators or
dynamotors, from which direct
current may be taken from one
side and alternating current
from the other side; or by in-
stalling, in the sub-station of an
alternating current central sta-
tion, in addition to the trans-
formers usually placed therein,
a rotary converter for changing
or converting alternating cur-
rent into direct current.

g center and furnishing alternati

through step down transformers and supplied at m
sub-station contains also converters supplying direct current for battery cha;

LONG DISTANCE TRANSMISSION

passed

GENTRE
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¢
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DISTRIBUTION
In some cases the

Thus, it is evident that the char-
acter of a central station will be
governed to a great extent by the
class of services to te supplied.

" _SUB- STATION

I

An exception to this is where
the entire output has to be trans-
mitted a long distance to the point
of utilization.

ressure to a sub-station where the current is

P
the distribution_system.
ing, electro-plating, etc

In such cases a copper econ-
omy demands the use of high

F16. 2,715.—Example of central station located remote from the distributin,
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tension alternating current, and its distribution to consumers may
be made directly by means of step down transformers mounted near
by or within the consumers’ premuses, or it may be transformed into
low voltage alternating current by a conveniently located sub-station.

Where the current is to be used chiefly for lighting and there are
only a few or no motors to be supplied, the choice between direct cur-
rent and alternating current will depend greatly upon the size of the
installation, direct current being preferable for small installations and
alternating current for large installations.

If the current is to be used primarily for operating machinery, such
as elevators, travelling cranes, machine tools and other devices of a

4

MAXIMUM DIVIDED BY CONNECT
~ED LOAD IN TENTHS
~

3
3

I 20 - 40

NUMBER OF 50-WATT LAMPS CONNECTED
P1G. 2.716.—Diagram illustrating diversity factor. By definition diversity faclor = combined
actual maximum demand of a group of customers divided by the sum of their individual maxi-
mum demands. Example, a customer has fifty (50) watt lamps and, of course, the sum of

the individual maximum demands of the lamps is 2.5 kw. watts (‘'connected load").
The customer's maximum demand, however, is 1.5 kw. Hence, the diversity factor® of
the customer's group of lamps is 1.5 +2.5=.6. In the diagram the ordinates of the curves
show the ratio maximum demand to connecled soad for various kinds of electric lighting
service in Chicago.

similar character, which have to be operated intermittently and at
varying speeds and loads, direct current is the more suitable; but if
the motors performing such work can be operated continuously for
many hours at a time under practically constant loads, as, for instance
in the general work of a pumping station, alternating current may be
employed with advantage.

Size of Plant.—Before any definite calculation can be made,
or plans drawn, the engineer must determine the probable load.
This is usually ascertained in terms of the number and distances

*NOT E.—The diversity factor of a customer’s group of lamps, namely, the ratio of
d d to cc ted load is usually called the demand facior of the customer.

ma.
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of lamps that will be required, by making a thorough canvass
of the city or town, or that portion for which electrical energy
is to be supplied. The probable load that the station is to carry
when it begins operation, the nature of this load, and the prob-
able rate of increase are matters upon which the design and
construction chiefly depend.
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FiG. 2,717.—Load curve for one day.

Ques. What is the nature of the load carried by a
central station?

Ans. It fluctuates with the time of day and also with the
time of year.

Ques. How is a fluctuating load best represented?
Ans. Graphically, that is to say by means of a curve plotted
on coordinate paper of which ordinates represent load values

and the corresponding abscissz time values, as in the accom-
panying curves.
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Ques. What is the nature of a power load?

Ans. Where electricity is supplied for power purposes to
a number of factories, the load is fairly steady, dropping, of
course, during meal hours. In the case of traction, the average
value of the load is fairly steady but there are momentarily
violent fluctuations duc to starting cars or trains.
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F16. 2,718.—Load curve for one year.

JULY
AUG
SEPT
OCT.
NOV.

Ques. What is the peak load?

Ans. The maximum load which has to be carried by the
station at any time of day or night as shown by the highest
point of the load curve.

Ques. Define the load factor.

Ans. The machinery of the station evidently must be large
enough to carry the peak load, and therefore considerably in
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excess of that required for the average demand. The ratio of
the average to the maximum load is called the load factor.

There are two kinds of load factor: the annual, and the daily.

The annual load factor is obtained as a percentage by multiplying the
number of units sold (per year) by 100, and dividing by the product of
the maximum load and the number of hours in the year.” The daily load
factor is obtained by taking the figures for 24 hours instead of a’ year.

Ques. What must be provided in addition to the
machinery required to supply the peak load?

=i B S v R ) T e i O S o i B
B F=CAPACITY OF CAS ENGINE P’L"Lnf‘ 2 825 i
D) -,:-1_-;1-,-1--*--5-.*-- . =
& [CAPAGTY OF HYDRAULIC AL~
$ 6| CAPACITY OF STEAN 1 A - =1
3 ENGINE PLANT SR 18, B : -
=5 B3 el e S et B B ‘{
x ol ! 4 - .
— ‘
S 4 == = i 5 = 6 “I_ ==
§ 3 5 I T e e 1 e e | 1*1— —
« l =] ==
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=2 1 — — e ! & £ ¢ < ¢ 4 4 & -
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21 23 456789101121 23456738 91001
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F1G. 2,719.—Load curve of plant quplying power for the o-gemtion of motors in a manu-
facturing district. The horizontal dotted lines show suitable power ratings. A properly
designed steam plant has a large overload capacity, a hydraulic p'ant has a small ove-load
capacity, and a gasoline engine plant has no overload capacity. Accordingly, the peak of the
load (maximum load) may be 25 or 30 per cent. in excess of the rated capacity of a steam
plant, not more than 5 or 10 per cent. in excess of the rated capacity of a hydraulic plant,
not at all in excess of the rated capacity of a gas engine plant.

Ans. Additional units must be installed for use in case of
repairs or break down of some of the other units.

EXAMPLE.—What would be the boiler horse power required to
generate 5,000 kw. under the following conditions: Efficiency of gen-
erators 859,; efficiency of engines 90%,; feed water of engines and
auxiliaries 15 lbs. per I. H. P.; boiler pressure 175 lbs.; temperature
of feed water 150° Fahr? With a rate of combustion of 15 lbs. of coal
per_sq. foot of grate per hour and an evaporation (from and at 212°)
of 8 lbs. of water per ﬁ: of coal, what area of grate would be required
and how much heating surface?

5,000 kcw. =5,000 +.746 = 6,702 electrical horse power
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To obtain this electrical horse power with alternators whose efficiency
is 859, requires

6,702 .85 =7,885 brake horse power at the engine
This, with mechanical efficiency of 909, is equivalent to
7,885 +.9=8,761 indicated horse power

Since 15 lbs. of feed water are required for the engines and auxiliaries
per indicated horse power per hour, the total feed water or evaporation
required to generate 5,000 kw. is

158,761 =131,415 1bs. per hour.

that is to say, the boilers must be of sufficient capacity to generate
131,415 1bs. of steam per hour from water at a temperature of 150° Fahr.
This must be multiplied by the factor of evaporation for steam at 175 lbs
pressure from feed water at a temperature of 150°, in order to get the
equivalent evaporation ‘‘from and at 212°.

The formula for the factor of evaporation is

H—-#%

factor of evaporation = 9657 - - (1)
in which
H =total heat of steam at the observed pressure;
h=total heat of feed water of the observed temperature;

965.7 =latent heat, of steam at atmospheric pressure.

Substituting in (1) values for the observed pressure and temperatura
as obtained from the steam table

1,197 118

factor of evaporation= 9657 1.117

for which the equivalent evaporation “from and at 212°” ig

131,415X1.117 = 146,79} lbs. per hour
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FACTORS OF EVAPORATION

o
"535 STEAM PRESSURE BY GAUGE
2
& i
38 [60 | 70 | 50 | 0 | 100 | 110 | 120 | '
<A 50 60 70 80 | 90 | 100 | 110 | 120 | 130 I 140 | 150 [ 160 | 170
I | [ | [ |
32 |1.214 1.210! 1.220( 1.222 l.225| 1.227| 1.229( 1.231| 1.232| 1.234/ 1.236| 1.237| 1.239
40 |1.206 1.209 1.212 1.214) 1.216/ 1.219/ 1.220, 1.222| 1.224/| 1.226 1.227 1.229 1.230
60 | 1.195) 1.197| 1.201| 1.204 1.2061 1.208| 1.210| 1.212 1.214| 1.215/ 1.217 1.218 1.220
60 |1.185 1.188 1.191/ 1.193 1.196 1.198/ 1.200/ 1.202 1.203 1.205/ 1.207| 1.208| 1.210
70 |(1.175 1.178| 1.180; 1.183L 1.185 1.187| 1.189| 1.191/ 1.193| 1.194| 1.196| 1.197 1.199
80 |1.184) 1.167| 1.170| 1.173 l.l75| 1.177| 1.179| 1.181| 1.183| 1.184/| 1.186/ 1.187 1.189
90 [ 1.154| 1.157 1.160| 1.162] 1.165| 1.167| 1.169| 1.170| 1.172| 1.174| 1.176 1.177| 1.179
100 | 1.144) 1.147| 1.150) 1.152/ 1.154| 1.156 1.158/ 1.160 1.162 1.164| 1.165 1.167| 1.168
110 (1.133| 1.136( 1.139| 1.142| 1.144) 1.146) 1.148 1.150/ 1.152| 1.153| 1.155 1.156| 1.158
120 |1.123| 1.126| 1.129| 1.131) 1.133 1.1361 1.138| 1.140, 1.141( 1.143 1.145| 1.146| 1.147
130 [ 1.113| 1.116/ 1.118| 1.121| 1.123| 1.125{ 1.127  1.129| 1.130( 1.132| 1.134| 1.136| 1.137
140 |1.102| 1.105| 1.108! 1.110| 1.113| 1.115 1.117! 1.119| 1.120| 1.122! 1.124 1.125| 1.127
150 |1.091| 1.095| 1.008| 1.100| 1.102| 1.104| 1.106 1.108| 1.110| 1.111 1.113/ 1.115/ 1.118
160 | 1.081| 1.084| 1.087| 1.090‘ 1.092 1.094‘ 1.096 1.008| 1.100| 1.101' 1.103| 1.104| 1.106
170 | 1.070| 1.074| 3.077| 1.079| 1.081| 1.083| 1.085 1.087| 1.089| 1.091! 1.092 1.094! 1.095
180 | 1.060( 1.063| 1.066| 1.068| 1.071| 1.073  1.075/ 1.077| 1.079| 1.080' 1.082| 1.083| 1.
190 | 1.050| 1.053  1.056 1.058 1.060 1.063 1.085 1.066 1.068| 1.070) 1.071| 1.073 1.074
200 | 1.039 1.043 1.045 1.048\ 1.050| 1.052| 1.054| 1.056, 1.058| 1.059 1.061 1.063| 1.
210 | 1.029| 1.032] 1,035/ 1.037| 1.040: 1.042| 1.044| 1.046| 1.047! 1.049! 1.051| 1.0-52| 1.053
1 1 ] 1
e E-E STEAM PRESSURE BY GAUGE
&g
S'gif D
&A | 180 190‘200‘210]220;230|240 250.260‘270‘280‘290!300
‘ ] | | | | | | | [
32 |1.240| 1.241| 1.243| 1.244| 1.245| 1.246 1.247 1.248 1.250) 1.2511 1.252| 1.253| 1.254
40 | 1.232| 1.233| 1.234| 1.236/ 1.237| 1.238| 1.239| 1.240/ 1.241| 1.242| 1.243 1.244| 1,245
50 |[1.221] 1.223| 1.224  1.225( 1.226 1.228[ 1.229] 1.230 1.2311 1.232| 1.233| 1.234| 1.235
60 {1.211fv.212 1.214/ 1.215 1.216] 1.217| 1.218/ 1.219/ 1.220| 1.221| 1.222| 1.223| 1.224
70 | 1.200{ 1.202| 1.203| l.205| 1.208| 1.207| 1.208/| 1.209; 1.210! 1.211| 1.212 1.213‘ 1.214
80 | 1.190) 1.192/ 1.193| 1.194  1.195( 1.196( 1.198 1.199( 1.200, 1.201/ 1.202| 1.203| 1.204
90 |1.180 1.181 1.183| 1.184| 1.185| 1.186| 1.187 1.18%| 1.189| 1.190! 1.191| 1.192| 1.193
100 | 1.170| 1.171| 1.172| 1.174| 1.175| 1.176| 1.177| 1.178| 1.179| 1.180] 1.181{ 1.182| 1.183
110 | 1.159| 1.160f 1.162) 1.163| 1.164| 1.166| 1.167 1.168| 1.169| 1.170! 1.171} 1.172| 1.173
120 | 1.149| 1.150| 1.151| 1.153| 1.154| 1.155| 1.156| 1.157 1.158| 1.159| 1.160| 1.161| 1.162
130 | 1.138) 1.140, 1.141| 1.142| 1.144| 1.145| 1.146, 1.147 1.148 1.149/ 1.150| 1.151 1.152
140 1.128| 1.129| 1.131 1.132( 1.133| 1 1.135/ 1.136| 1.137| 1.138| 1.139/ 1 140 1.141
150 | 1.118]1.119] 1.120| 1.121| 1.123 1.124| 1.125/ 1 126} 1 127l 1.128 .129' 1.130/ 1.131
160 | 1.107| 1.108| 1.110| 1.111| 1.112| 1.113| 1.115 1.116| 1.117 lllSI 1.119| 1.120| 1.121
170 | 1.097| 1.093( 1.089| 1,101/ 1.102| 1.103| 1.104, 1.105| 1.106| 1.107| 1.108| 1.109/ 1.110
180 | 1.086( 1.088( 1.089| 1.080 1.091 1.093| 1.094, 1.095! 1.096| 1.097| 1.098| 1.099| 1.100
190 | 1.076| 1.077| 1.078| 1.080| 1.081| 1.082| 1.083| 1.084| 1.085 1.086! 1.087 l.088| 1.08¢2
200 | 1.065 1.067| 1. 1.069 1.071} 1.072| 1.073| 1.074| 1.075| 1.076/ 1.077| 1.078| 1.079
210 | 1.055 1.056| 1.057| 1.059 1.06G, 1.061| 1.062 1.063| 1.064 1.085| 1.066 1.067} 1.068
) ] 1
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One boiler horse power being equal to an evaporation of 3414 Ibs. of
water from a feed water temperature of 212° Fahr., into steam at the same
temperature, the boiler capacity is accordingly

148,105 + 3414 =4,293 boiler horse power.

The rate of evaporation is given at 8 lbs. of water (from and at 212°
Fahr.), for which the fuel required is

148,105 +8 =18,513 1bs. of coal per hour.

For a rate of combustion of 15 Ibs. of coal per hour per square foot
of grate,

grate area=18,513 +15=1,234 sq. {t.

For stationary boilers the usual ratio of heating surface to grate
area is 35:1, accordingly the heating surface corresponding to this

ratio is
1,234 X35=43,190 sq. ft.

The above calculation is based on a rate of evaporation of 8 lbs. of
water per lb. of coal and a rate of combustion of 15 lbs. of coal per
sq. ft. of grate. For other rates the required grate area may be ob-
tained from the following table:

GRATE SURFACE PER HORSE POWER (KENT)
Pounds | Pounds of coal burned per square foot of grate
[ Pounds per hour
water o
from coal | - ]
and at T
2i2e | B | 8 | 10|12 {15 |20 | 25 | 30|35 |40
per per
poufnd | hour |——— - — - — e—
Ol
cnal Square feet grate per horse power
1 | T n T >
Good coal and | 1o | 345 | .43 | .35 | .28 | .23 | .17 | .14 | .11 | .10 | .00
boiler. ...... 9 | 383 | .48 | .38 | .32 | .25 | .19 | .15 | .13 ‘ .11 | .10
| [ |
. 8.61 | 4. .50 | .40 | .33 | .26 | .20 | .16 | .13 | .12 | .10
Fi‘,';'1 coal or| g 431 |54 | .43 |38 |29 |22 | a7 |1s | 13| 0
Ebo 0 0oooo|| |y 4.93 | .62 | .49 | .41 | .33 | .24 | .20 | .17 | .14 ‘. .12
6.9 | 5. .63 |.50 | .42 | .34 | .25|.20|.17 | .15 | .13
\bf;‘?l‘" coal or|lg"” | 575 | .72 | (58 | .48 | .38 | (29 | .23 | .19 | .17 | .14
EHooo0aoa 5 |69 |.86 .69 .58 .46 |.35 | .28 | .23 .22' 17
- | |
‘L‘I;‘O“‘oﬁeboﬁgf }3.45 110. 1.25 1.00 | .83 I .67 | .50 | .40 | .33 I .29 | 25
. l l .
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General Arrangement cf Station.—In designing an elec-
trical station, it is preferable that whatever rooms or divisions
of the interior space are desired should determine the total

SAVING DUE TO HEATING THE FEED WATER

Table showing the percentage of saving for each degree of increase in temperature of
feed water heated by waste steam.

PRESSURE OF STEAM IN BOILER, LBS. PER SQ. INCH ABOVE ATMOSPHERE

Initial "

temp. | Initial

of feed 20 | 40 | 60 l 80 | 100 | 120 | 140 | 160 | 180 l 200 | temp.

| S N N A R

32° _0861|.0855|.0851|.0847|.0814).0841(.0839.0837|.0835| .0833|" 32
10 -0867| 0861/ 0856 0853 .0850“)847‘.0845 [0813|.0841|.0839| 40
50 -0875(.0868| -0864( 0860/ 0857|0834 | .0852| |0850| |0848|.0846| 50
60 [0883| 0876|0872 0867 .0864| .0862| |0850| .0856/ 0855| .0853] 60
70 .0890(.0884| | 0879| 0875|0872 0369| -0867] -0864| 0862/ 0860 70
80 "0898| 0891/ 0887/ .0883| 0879|0877 |087+4| 0872| 0870| .0868| %0
90 10007| |0900| .0805) -0888| 0887|0884 (OSK3| |0879| [0877 0875 90
100 -0915( .0908| [0903| -0809| |085| 0892|0890/ 0887|0885/ 0883 100
110 0923) 0016 0911| .0907| .0903| .0900| 0598 0805| 0893|0891 110
120 0032|0925 0910/ |0915| .0911| 0908| :0906( :0903/ 0901 | '0899| 120
130 | 10941/ 0954|0928/ 0924|0920 0917 .0914( 0912|0909 .0907| 130
140 | | 0950( 0943|0937 0932|0920/ 0925 .0923| [0920| 0918|0916 140
150 | 0959( 0051|0946/ .0941| :0937 .0934| .0931| .0929| .0926|.0924| 150
160 | 0968| .0961| .0955( .0950| -0946( .0943| |0940| |0937| -0935( .0933| 160
170 | 0978]0970| .0964| .0959| 0955( .0952| |0949! .0946| .0944| .0941| 170
180 | 109s8{.0081| .0973| .0969] |0965( .0061| .0958! .0955| .0953| .0951| 180
190 | 10998/ 0989 . 0983| .0978| .0974| .0971| .0968| .0964| 0962/ .0960| 190
200 | 11008 .0900| 0993 .0988| 0984/ .0980| |0977| .0974| .0972| .0969| 200
210 11018} /1000|1003 .0998| ‘0994 0990 0987! [0984| 0981/ 0879 210
220 | 11029 1019|1013/ 1008 . 1004/ - 1000| .0997| .0994| 0991| ‘0989| 220
230 | 1039| 11031/ 1024|1018| 0112|1010/ | 1007| . 1003| . 1001|0098 230
210 1050 1011|1034/ 71020| 11024 |1020| . 1017| |1014| :1011| [1008| 240
250 1062|1052 .1015/ . 1040l |1035!.1031! 1027|1025/ . 1022/ 1019| 250

outside dimensions of the plant in the original plans of the
building than that these latter dimensions be fixed and the
rooms, etc., be fitted in afterward.

NOTE.—An approximate rule for the conditions of ordinary practice is a saving of 1 per
cent. made by each increase of 11° in the temperature of the feed water, This corresponds
to .0909 per cent. per degree. The calculation of saving is made as follows: Boiler pressure, 100
Ibs. gauge; total heat in steam above 32°= 1,185 B.T.U. feed water, original temperature
60°, %nal temperature 209°F. Increase in heat units, 150. Heat units above 32° in feed water
of original temperature =28. Heat units in steam above that in cold feed water, 1,185 —28 =
1,157. Saving by the feed water heater =150 +1,157 =12.96 per cent. The same result is
obtained by tge use of the table. Increase in temperature 150°X tabular figure .0864 =12.96
per cent. Let total heat of 1 1b. of steam at the boiler pressure =H; total heat of 1 1b. of feed
water before entering the,tleate,r =h', and after passing through the heater =4’’; then the saving

an l
made by the heater is Ho’
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Under usual conditions the plans of an electrical station are
readily drawn, as they are generally of a simple nature. The
engines and generators will occupy the majority of the space,
and these are usually placed in one large room; in some stations,
however, they are located respectively in two adjacent rooms. |
The boilers are generally located in a room apart from the engines

¥16. 2.720.—Ploor plan of an electrical station having a belted drive with counter shaft,

and dynamos, and in some cases a separate building is provided
for them; the pumps, etc., must be installed not far from the
boilers, and space must also be allowed near the boilers for coal

and ashes.

Fig. 2,720 shows the floor plan of an electrical station, in which a
countershaft and belted connections are used between the engines and
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generators. Referring first to the plan of the building itself, A repre-
sents the engine and dynamo room, B denotes the boiler room, C the
office, D the store room, and E the chimney connected with the boilers
by means of the uptake w. Referring next to the apparatus installed,
S, S, S, S represents a battery of four boilers; these are connected by
steamn piping VV to the two stcam engines, M and M, which are belted
to the countershaft O. Belted to the countershaft are the generators,
T, T, T, T, the circuits from which are controlled on the switchboard, H.

Ques. What are the objections to the arrangement
shown in fig. 2,720.

Ans. The large space required by the belt drive especially

NN

COLNTER  GENERATOR ENGINE
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D2 aar OtE e T T

Fic. 5,7221%E1evation of station heving a belted drive with countershaft, as shown in plan in
8. 4y

in location where land is expensive. Another objection is the
frictional loss due to the belt drive with its countershaft, etc.

Ques. What are the desirable features of the belt drive?

Ans. High speed generators may be used, thus reducing the
first cost, and the multiplicity of speeds and flexibility of the
system resulting from the use of a friction clutch.

Thus in fig. 2,720, each pulley may be mounted on the counter shaft
O with a friction clutch. A jaw clutch may also be provided at Z, thus
permitting the shaft O to be divided into two sections. It is therefore
possible by this arrangement to cause either of the engines to drive any

one of the generators, or all of them, or both of the engines to drive all
of the generators simultaneously.

Ques. Under what condition is the counter shaft
belt drive particularly valuable?
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Ans. In case of a break down of any one of the engines or
generators, and also when it becomes necessary to clean them
without interrupting the service.

BOILER ROOM
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F1G. 2,722.—Plan of station arranged for extension. The space required for a central station
depends upon the number and kind of lights to be supplied, and upon the character and
arrangement of the machinery. In calculating the size of building required, two thinga
must_be carefully considered: first, the building must be adapted to the plant to be
installed in the beginning; and second, it must be arranged so that enlargement can be
made without disarranging or interfering with the plant already in existence. This ia
usually best secured by providing for expansion in one or two definite directions, the
building being made large enough to accommodate additional units that wi'l be necessary
at some future time because of the growth of the community and consequent increased
demand for electric current.

Ques. How may the design in fig. 2,720 be modified
for the installation of a storage battery?

Ans. If a storage battery be necessary, a partition may be
constructed across the room A, as indicated by the dotted lines,
and the battery installed in the room thus formed.
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Pig. 2,723.—Interior of old Riverside station showing at the right, seven 6,000 horse power alternators driven by reciprocating
engines, and at the left, a number of turbine units aggregating 90,000 horse power.
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Ques. Mention a few details in the general arrange-
ment of the building fig. 2,720.

Ans. Two doors to the room A may conveniently be pro-
vided at K and L, the former connecting with the boiler room B,and
the latter serving as the main entrance to the station. There
is little that need be added to what has alrcady been stated
regarding the boiler room B. The door at F provides for the
entrance of coal and the removal of ashes, while at P, the pump
and heaters may conveniently be located. In the office C,
visitors may be reccived, the station reports made out, bulletins
issued from time to time, and whatever engineering problems
arisc may here be solved on paper by the engineer in charge of
the plant. The store room D will be found convenient for
various supplies, tools and appliances nceded in the operation
of the station. These may here be kept under lock and key
and the daily waste and loss resulting from carclessness avoided.

Ques. What important point should be noted in
locating the engines and boilers?

Ans. They should be so placed that the piping between
them will be as short and direct as possible.

Ques. Why?

Ans. The steam pipe should be short to reduce the loss of
heat between engine and boiler to a minimum, and both short
and direct to avoid undue friction and consequent drop in
pressure of the steam in passing through the pipe to the engine.

Entirely too little attention is given to this matter on the part of
designers and it cannot e too strongly emphasized that, for economy,
the steam pipe between an engine and boiler should be as short and
dircct as possible, having regard of course, for proper piping methods.

Ques. What should be provided for the steam pipe?
Ans. A heavy covering of approved material should be
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placed around the pipe to reduce the loss of heat by radiation.
For this purpose hair felt, mineral wool and asbestos are used.

1
JJ, RELIEF VALVE
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F16. 2,724.—View of engine and condenser, showing how to arrange the piping to secure
g vacuum. Locale the condenser as near the engine as possible; use easy bends instead
%_e‘lbo’ws; pluce the pump below botiom of condenser so the water will drain to pump. At

18 a relief valve, for protection in case the condenser become flooded through failure of
the pump, and at B is a gate valve to shut off condenser in case atmospheric exhaust is
desired to permit repairs to be made to condenser during operation. A water seal should

maintained on the relief valve and special attention should be given to the stufing box
of the gate valve to prevent air leakage. The discharge valve of the pump should be
water sealed,

Ques. How should the piping be arranged between the
engine and condenser, and why?

Ans. It should be as short and direct as possible; especially
should elbows be avoided so that the back pressure on the engine
piston will be reduced as near as can be to that of the condenser
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That is to say, in order to
get nearly the full effect of the
vacuum 1n the condenser the
frictional resistance of the pip-
ing should be reduced to a
minimum,

Where 90° turns are neces-
sary, easy bends should be used
instead of sharp elbows. The
force of this argument must be
apparent by noting the prac-
tice of steam turbine builders
of placing the turbine right up
against the condenser, and re-
membering that a high vacuum
is necessary to the economical
working of a turbine. See fig.
1,445, page 1,182.

Ques. What are the
considerations respect-
ing the number and
type of engine to be
used ?

Ans. In the illustration
fig. 2,720, two engines M
and M’ are employed, one
belted to each end of the
countershaft O. These en-
gines should be of similar
or identical pattern; for a
small output they may be
either simple or compound,
as the conditions of fuel ex-
penditure may dictate, but
if the output be large, triple
expansion engines or tur-
bincs are advisable.

ted with small

surface is perforaf  Sma|
rge area, so that it will

t a dome shoutd be fitted with a dry pipe; most engincers do not

eam is taken f-om the boiler over a la

gement st

tal boilers

With this arran

All hori
realize the importance of obtaining dry steam for engine operation.

holes, the far end being closed.

G, 2,725.—* Dry pipe” for horizontal boiler; it is counected to the main outlet and its uj
contain very little moisture.



1,944 HAWKINS ELECTRICITY

G,

Corliss or similar slow speed engines may advantageously be used in
either case. In all cases the engine should be run condensing unless the
cost for circulating water is prohibitive; even in such cases cooling
towers may be installed and effect a saving. . .

In operation, during the greater part of the day, one engine running
two or perhaps three of the generators, will carry the load, but when the
load is particularly heavy, as in the morning and evening, both engines
and all the generators may be required to meet the demands.

9 NON-RETURN
BOILER STOP VALVE

HEADER

2,726.—Method of connecting a header to a battery of boilers. Where two or more boilers
are connected to a single header, the use of a reliable non-return boiler stop valve is nec-
essary, and in some countries their installation is com uisory. A non-return boiler stop
valve will instantly close should the pressure in the boiler *o which it is attached suddenly
decrease below that in the header, and thereby prevent the entrance of steam from the
other boilers of the battery. This sudden decrease in pressure may be caused by a ruptured
fitting or the blowing out of a tube, in which event an ordinary stop valve taking the pizce
of a non-return boiler stop valve would be inadequate, as the loss of steam from the other
boilers of the battery would be tremendous before an ordinary valve could be reached
and closed, assuming that it would be possible to do so, which in the majority of cases
it is not. Should it be desired to cut out a boiler for cleaning or repairs, the non-return
boiler stop valve will not permit steam to enter the boiler from the header, even should
the handwheel be operated for this purpose, as it cannot be opened by hand, but can,
however, be closed. "A non-return boiler stop valve should be attached to each boiler and
connected to an angle valve on the header. A pipe bend should be used for connecting the
valves, as this will allow for expansion and contraction. The pipe should sl a trifle
downward toward the header and a suitable drain provided. This drain shoulm opened
and all water permitted to escape before .he angle valve is opened, thereby preventing
any damage due to water hammer.

By exercising a little ingenuity in shifting the load on different machines
at different times, both engines and dynamos, may readily be cleaned and
repaired without interrupting the service.
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Ques. For economy what kind of steam should be used?
Ans. Super-heated steam.

The saving due to the use of superheated steam is about 19, for every
ten degrees Fahr. of super-heat. It should be used in all cases.
Ques. How should the machines be located?

Ans. Sufficient space should be allowed between them that
cleaning and repairing may be done easily, quickly and effectually.

show towd side views of a main header carried in suitable frames fit

roller. ile the pipe is illustrated as resting on the adjustable rollers, nevertheless the
rollers may also be placed at the sides or on top of the pipe to prevent vibration, or in
cases where the thrust from a horizontal ot vertical branch has to be provided for. This
arrangement will take care of the vibration without in any way preventing the free expan-
sion and contraction of the pipe.

Fics. 2,727 and 2,728.—Method of preventing vibration and of supporting t;;itrcs:th’l;l‘lje, ﬁguﬁs
wi justable

Ques. How should the switchboard be located?

Ans. In fig. 2,720, the switchboard H is mounted against the
wall dividing the room A from the room B, and is in line with
the machines.

The advantages arising from a switchboard thus installed are, that
the switchboard attendant working thereon can obtain at any time an
unobstructed view of the performance of each individual machine, and
he has in consequence a much better control of them; then, too, while
he is engaged at the engines or generators he can also see the measuring
instruments on the switchboard, and ascertain approximately the
readings upon them.

In cases of emergency it is sometimes necessary for the engineer in
charge of a plant to be in several places at the same time in order to
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prevent an accident, and that this seemingly impossibility may be
approximated as nearly as possible, it is essential that the controlling
devices be located as closely together as is consistent, and that no moving
belt or pulley intervene between them.

These conditions are well satisfied in fig. 2,720, and owing to the
short distances between the generators and the switchboard the drop of
voltage in each of the conducting wires between them will be low.

This latter advantage is worthy of notice in a station generating large
currents at a low pressure. To offset the advantages just mentioned,
the location of the switchboard in line with the machines introduces
an element of danger to the switchboard, its apparatus, and the

FiGs. 2,729 and 2,730.—Points on placing stop valves. The first and most important feature
is to ascertain whether the valve wﬂfnct as a water trap for condensed steam. Fig. 2,729
illustrates a common error in the placing of valves, as this arrangement permits of an
accumulation of condensed steam above the valve when closed, and should the engineer
be careless and open the valve suddenly, serious results might follow owing to water-
hammer. Fig. 2,730 illustrates the correct method of placing the valve. It sometimes
occurs, however, that it is not convenient to place the valve as shown in fig. 2,730 and that
fig. 2,729 is the only manner in which the valve can be placed. In such cases, the valve
shoulgi have a drain, and this drain should always be opened before the large valve is
opened.

attendant, on account of the possible bursting of a flywheel or other
parts of the machines from centrifugal force.

If the switchboard be placed in the dotted position at H’, or, in fact,
at the opposite end of the room A, the damage to life and property
that might result from the effects of centrifugal force would be elimi-
nated, but in place thereof would be the disadvantages of an obstructed
view of the machines from the switchboard, an obstructed view of the
switchboard from the machines, inaccessibility between these two, and
a greater drop of voltage in the majority of the conducting wires between
the generators and the switchboard.
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Ques. Describe a second arrangement of station with
belt drive and compare it with the design shown in fig.
2,720.

Ans. A floor plan somewhat different from that presented
in fig. 2,720 is shown in fig. 2,731. Here a belt drive is employed,

P1G. 2,731.—Plan of electrical station with belt drive without counter shaft. The installation
here represented consists of two boilers, S, etc., and three sets of engines and generators,
.M, etc. Sufficient allowance has been made in the plans, however, for future increase
of business, as additional space has been provided for an extra engine and generator sct,

as indicated by the dotted lines.
but no countershaft is used. Each generator, therefore, is
dependent upon its respective engine, and in consequence the
flexibility obtained by the use of a countershaft is lost. On the

other hand, there is less loss of mechanical power between the
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engines and generators in the driving of the latter, and less floor
space is necessary in the room A. If, however, the floor area
of this room be made the same as in the previous arrangement
and the same number of machines are to be installed, they may
be spaced further apart, affording in consequence considerably
more room for cleaning and repairing them.

In operation, the normal conditions should be such that any two of
the engine and generator scts may readily carry the average load, the
third set to be used only as a reserve either to aid the other two when
the load is unusually heavy or to replace one of the other sets when it
becomes necessary to clean or repair the latter.

The switchboard may perhaps be best located at H, as a similar posi-
tion on the opposite side of the room A would bring it beneath one or
more of the steam pipes and thus endanger it should a possible leakage
occur from these pipes. If located at H, however, it will be in line with
the machines, and therefore will be subject to the disadvantages pre-
viously mentioned for such cases; consequently it might be as well to
place it at the further end of the room, either against the partition
(shown dotted) of the storage battery room if this be built, or else Gf
no storage battery is to be installed), against the end wall itself. The
nearer end of the room A would not be very desirable for the switch-
board installation on account of being so far removed from the machines,
and therefore more or less inaccessible from them. Outside of what
has now been n entioned, the division of the floor plan and the arrange-
ment therein is practically the same as in fig. 2,720, accordingly what
has already been stated regarding the former installation applies, there-
fore, with equal force to the present installation.

Ques. Describe a plant with direct drive.

Ans. This type of drive is shown in fig. 2,732. Each engine
is directly connected to a generator, that is, the main shafts of
both are joined together in line so that the generator is driven
without the aid of a belt.

Ques. What is the advantage of direct drive?

Ans. The great saving in floor space, which is plainly shown
in fig. 2,732, the portion A’ representing the saving which re-
sults over the installations previously illustrated in figs. 2,720
and 2,731.




S

POWER STATIONS 1,949

Ques. How could the floor space be further reduced?

Ans. By employing vertical instead of horizontal engines.

Ques. What should be done before drawing the plans
for the station?

Ans. The types of the various machines and apparatus to
he installed should, as nearly as possible, be selected in advance

Fi:. 2,732 —Plan of electrical station containing direct connected units. As shown, space is
provided for an extra boiler and engine and generator sct, as indicated by the dotted lines.
Space also exists for a storage battery room if necessary, and the partition dividing this
room from the engine and dynamo room is shown by a dotted line as in previous cases,

so that their approximate dimensions may serve as a guide in
drawing up the plans of the building.
Owing to the great difference in these dimensions for the various

types, and in fact for the same types as manufactured by different
concerns, no definite rulcs regarding the nccessary space required can
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here be given. In a general way, however, the author has endeavored
to indicate by the drawings the relative amounts of space that ordinarily
would be considered sufficient.

Ques. What is the disadvantage of direct drive?

Ans. A more cxpensive gencrator is required because it must
run at the same speed as the engine, which is relatively low as
compared with that of a belted generator.

Station Construction.—The construction or rearrangement
of the buildihg intended for the plant is a problem that under
ordinary conditions would be solved by an architect, or at least
by an architect with the assistance of an electrical or mechanical
engineer, still there are many installations where the electrical
engineer has been compelled to design the building.

In such instances he should be equipped with a general
knowledge of the construction of buildings.

Foundations.—The foundation may be either natural or
artifisfal; that is, it may be composed of rock or soil sufficiently
solid to serve the purpose unaided, or it may be such as to require
strengthening by means of wood or iron beams, etc. In either
case any tendency toward a considcrable scttling or shifting of
the foundation due to the action of water, frost, etc., after the
station has been completed must be well guarded against. To
this end special attention should be given to the matter of
drainage.

Ques. How should the foundation be constructed for
the machines?

Ans. The foundations constructed for the machines should

be entirely separate from that built for the walls of the building
so that the vibrations of the former will not affect the latter.
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If there be several engines and dynamos to be installed, it is best to
construct two foundations, one for the engines and one for the dynamos.
1f, however, there be considerable distance between the units, it may
be advisable to build a separate foundation for each engine and for cach
dynamo. The materia! of which these foundations are composed should
if the machines be of 20 horse power or over, possess considerable strength
and be impervious to moisture. Brick, stone and concrete are desirable
for the purpose, and only the best quality of ccment mortar should be
enmiployed.  Care must be taken that lime mortar is not used in place
of cement mortar, as the former is not well adapted to withstand the
vibrations of the machines without crumbling.
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Fic. 2.733.—Angle for foundation footing. In ordinary practice the footing courses upon
which the walls of the building proper rest, consist of blocks or slabs of stone as large as
are available and convenient to handle. Footings of brick or concrete are also used in
very soft soils; footings consisting of timber grillage are often employed. =~ A grillage of
iron or stcel beams has also been used successfully. The inclination of the angle ¢, of
footing should be about as follows: for metal footings 75° for stone, 60°; for concrete,
45°; for brick, 30°. Damp proof courses of slate, or layer of asphalt are laid in or on the

foundations or lower walls to prevent moisture arising or penetrating by capillary attraction.

Ques. Describe a method of constructing foundations.

Ans. An excavation is made to the desired depth and a form
inserted corresponding to the desired dimensions for the founda-
tion. A template is placed on top locating all the centers,
with iron pipes suspended from these centers, two or three sizes
larger than the anchor bolts. At the lower end of the pipes are
core boxes. Concrete is poured into the mould thus formed,
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and when hard, the forms are removed thus leaving the solid
foundation. The anchor bolts are inserted through the pipes
and passed through iron plates at the lower end as shown in
fig. 2,734, being secured by nuts. By using pipe of two or three
bolt diameters a margin is provided for adjustment so the bolts
will pass through the holes in the frame of the machine thus
allowing for any slight errors in laying out the centers on the
template.

GROUND LINE

CEMENT

F16. 2,734.—Concrete foundation showing method of installing the anchor bolts.

Ques. What is the object of the openings in the bottom
of the foundation?

Ans. In case of a defective bolt it may be replaced by a
new one without injury to the foundation.

Walls.—Regarding the material for the walls of the station
iron, stone, brick and wood may be considered. Of these, iron
in the form of sheets or plates would be entirely fireproof, but
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being itself a conductor would introduce difficulties in main-
taining a high insulation resistance of the current carrying
circuits; it would also make the building difficult to heat in
winter and to keep cool in summer. Stone in the form of lime-
stone, granite or sandstone, as a building material is desirable
for solidity and attractiveness; it is also fireproof and an insu-
lator, but the high cost of such a structure for an electrical
station usually prohibits its use except in private plants or in
electrical stations located in large cities.

ANCHOR BOLTS

TEMPLATE

FiG. 2,735.—View showing part of template for locating anchor bolt centers, pipes th
which the bolts pass and bolt boxes at lower end of bolts. The completed foundation is
shown in fig. 2,734, with template removed. The template is made of plain boards upon
which the center lines are drawn, and bolt center located. Holes are bored at the bolt
centers to permit insertion of the pipes as shown.

Brick is a good material and is readily obtained in nearly all
parts of the country; it is comparatively cheap, and is also an
insulating and fireproof material. The bricks selected for this

purpose should possess true sharp edges, and be hard burned.
Ques. What are the features of wood?
Ans. Wood forms the cheapest material that can be used

for the walls of electrical stations, and it usually affords satis-
faction. but has the disadvantage of high fire risk.
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Roofs.—In fig. 2,736 is shown one form of construction for
the roof of an electrical station. The end view here presented
shows the upper portion of the walls at B and D; these support
the iron trusses C, and the roof proper MN. In many stations
there is provided throughout the length of the building, a monitor
or raised structure on the peak of the roof for ventilation and
light. The end view of the monitor is shown at S in the figure;
its sides should be fitted with windows adjustable from the floor.

16, 2,736.—Cne form of roof construction.

Floors.—The floor of the station should be so designed that
it will be capable of supporting a reasonable weight, but as the
weights of the machines are borne entirely by their respective
foundations the normal weight upon the floor will not be great;
for short periods, however, it may be called upon to support one
or two machines while they are being placed in position or
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interchanged, and due allowance must be made for such
occurrences.

Station floors for engine and dynamo rooms are, as a rule,
constructed of wood. Where very high currents are generated,
however, insulated floors of special construction mounted on
glass are necessary as a protection from injurious shocks. Brick,
concrete, cement, and other substances of a similar nature are

THEORETICAL DRAFT PRESSURE IN INCHES OF WATER IN
A CHIMNEY 100 FEET HIGH

(For other heights the draft varics directly as the height)

776 | 7411710 | 6 49 | 620 | 591 [ 566
829 | 791 1,760 | 730 | .697 | 669 | 639 | 610 | 586

Temperature in TEMP. OF EXTERNAL AIR. (BaAroOMETER 30 INCHES)
Chimney, Fahr. ot £5
0" | 10° | 20° 30° 40° | 50° [ 60° | T0° | $0° { 90° | 100°
453 | 419 | 384 | .353 1 .321 | .292 | .263 ‘, 234 | 209 | (182 [ 157
488 | .453 | 419 | .388 | .355 ‘ .326 | 208 | 269 | 244 | .217 | 192
520 | 488 | 451 | 421 | .388 | .359 | .330 | .301 | .276 ‘ 250 | .225
B35 1 S28 | 454 1‘ 453 | 420 | .392 | .363 | .334 | 309 | .282 § 257
O84S0 ] 513 | 2 | 451 | 422 | 394 | .365 | .340 | .313 | .288
611 l 576 478 | 449 | 420 | 302 | 367 } 340 | 315
637 | 603 503 l 476 | 447 | 419 | 394 | .36
562 | g : 501 | 472 [ 443 [ 19 | 30:
| B18 | ARS8 [ L3535 | .526 | 197 | 468 | 444 | .
541 | LBL1 | LHTH l 549 | 520 ] 192 | 467 | .
662 | 632 | .5 | 370 | 541 513 | 488 | .
684 | 653 501 {563 [ 534 | 500 | .
705 | 674 612 | 584 | 555 | L6380 | .
724 | 694 632 | 603 | 574 | 549 § .

objectionable as a floor material for engine and dynamo rooms
on account of the grit from them, caused by constant wear,
being liable to get into the bearings of the machines.

Where there are no moving parts, however, as in the boiler
room, the materials just mentioned possess no disadvantages
and are preferable to wood on account of being fireproof.

Chimneys.—These are generally constructed of brick and
iron, sometimes of concrete. Iron chimneys cost less than brick
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An exanple of diroct connected unit with gas engine power. The view Shows &
ouse 200 kva,, 4,000 volt, three phase, 80 cycle alternator direct connected to &
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chimneys, necessitate less substantial foundations, and are
free from the liability of cracking. They must be painted to
prevent corrosion, are less substantizl, and losc considerably
more heat by radiation than do brick chimneys.

Both brick and iron chimneys, require an inner wall or lining
of brick, which forms the flue proper, and in order that this wall
be not cracked by sudden cooling an air space is left between it

RELATIVE COSTS

1
3,000

HORSE-POWFR .
111G, 2,738.—Curves showing comparative costs ¥ chimney and mechanical draft. In certain

of these, the cost of the existing chimney is known, and that of the complete mechanical
draft plant is estimated, while in others, the cost of mechanical draft installation is deter-
mined from the contract price, and the expense of a chimney to produce equivalent re-
sults is calculated. Costs are shown for both single, forced and induced engine driven
fans and for duplex engine driven plants, in which either fan may serve as a relay. An
apparatus of the latter type is the most expensive, and finds its greatest use where
econamizers are employed.

and the outer wall. In a brick chimney the inner wall need not
extend much beyond half the height of the chimney, but when
iron is used it should reach to the top.

Y
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Ques. Upon what does the force of natural draught
in a chimney depend? '

Ans. It depends upon the difference between the weight of
the column of hot gases inside the chimney and the weight of
a like column of the cold external air.

F1Gs. 2,739 and 2,740.—Substituting mechanical draught in place of chimney. The relative
proprotions of a brick chimney, and of the smoke pipe required when mechanical draft is
mtroduced are forcibly shown in the illustrations, which show the works of the B. 15
Sturtevant Co., at Jamaica Plain, Mass. The removal of the boilers to a position too far
distant from the existing chimney to permit of its longer fulfilling its oi%ce. led to the
substitution of an induced draft fan and the subsequent removal of the chimney. The
present stack or smoke pipe, barely visible in fig. 2,740, extends only 31 feet above the
ground, and no trouble is experienced from smoke.

Ques. How is the intensity of the draught expressed ?

Ans. In terms of the number of inches of a water column
sustained by the pressure produced.
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Ques. Are high chimneys necessary?
Ans. No.

Chimneys above 150 feet in height are very costly, and their increased
cost is not justified by increased efficiency.

oo oa
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FiGs. 2,741 to 2.741.—Installation of forced draft system to old boiler lant. The figures
illustrate the simplest method. The fan which is of steel late with direct connected
double cylinder engine, is placed immediately over the end of a brick duct into which the
air is discharged. This duct is carried under ground across the front of the boilers, to
the ash pits of each of which connection is made through branch ducts. Each bramch
duct opening is provided with special ash pit damper, operated by notched handle bar,
as illustrated in the detail. This method of introduction serves to distribute the air within
the ash pit, and to secure even flow through the fuel upon the grate above. Of course, the
ash pit doors must remain closed in order to bring about this result. A chimney of suffi-
cient height to merely discharge the Xases above objectionable level is all that is absolutely
necessary with this arrangement. Although the introduction of a fan in an old plant is
usually evidence of the insufficiency of the existing chimney to meet the requirements,
such a chimney, will, however, usually serve as a discharge pipe for the gam when the
fan is employed. The fan thus becomes more than a mere auxiliary to the chimney; it
practically supplants it so far as the method of draught production is concerned.

The latest chimney practice is to build two or more small chimneys
instead of one large one. A notable example is the Spreckels Sugar
Refinery in Philadelphia, where three separate chimneys are used for
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one boiler plant of 7,500 horse power. The three chimneys are said to
have cost several thousand dollars less than an equivalent single chimney.

Very tall chimneys have been characterized by one writer as ‘“‘mon-
uments to the folly of their builders.”

ECONOMIZERS
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Pics. 2,745 and 2,746.—Comparison of chimney draft and mechanical draft. The illustra-
tions show a plantof 2,400 H. P. of modern water tube boilers, 12in number, setin pairsand
equipped with economizess. Fig. 2,745 indicates the location of a chimney, 9 feet in
internal diameter by 180 fect high, designed to furaish the necessary draft; fig. 2,746
represents the same plant with a'complete duplex induced draught a; paratus substituted
for the chimney, and placed above the economizer connections. Eac of the two fans is
driven by a special engine, direct connected to the fan shaft, and each is capable of pro-
ducing draft for the entire plant. A short steel plate stack unites the two fan outlets and
discharges the gases just abowe the boiler house roof. All of the room necessary for the
chimney is saved, and no-¥aluable space is required for the fans.

Ques. How is mechanical draft secured?

Ans. In two ways, known respectively as induced draught
and forced draught.

Ques. Describe the method of induced draft.
Ans. A fan is located in the smoke flue, and which in
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operation draws the gases through the furnace and discharges
them inte a short chimney.

Ques. Describe the method of forced draft.

Ans. In this method, air is forced into the furnace under-
neath the grate bars by means of a fan or a steam jet blower.

- . Ty >+ - - o

F16. 2747.—Forced draft plant with hollow bridge wall at the Crystal Water Co., Buffalo.
N.Y. The air is delivered to the ash pit via the hollow bridge wall, being supplied under
pressure by the blower seen at the side of the boiler setting. As shown, the blower is
operated by a small reciprocating engine; how~ver, compact blowing units with steam
turbine drive can be had and which are desigmed to be placed in the boiler setting.

Ques. What is the application of the two systems?

Ans. Induced draft is installed mostly in new plants, while
forced draft is better adapted to old plants.

Steam Turbines.—It is not the author’s intention to discuss
at length the steam end of the electric plant, because too much
space would be required, and also because the subject belongs
properly to the field of mechanical engineering rather than

@
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F1G. 2,748.—Longitudinal section of elementary Parsons type steam turbine. The turbine
consists essent.iallfr of a fixed casing, or cylinder, and a revolving spindle or drum. The
ends of the spindle are extended in the form of a shaft, carried in two bearings A and B,
and, excepting the small parts of the governing mechanism and the oil pump, these bear-
ings are the only rubbing Earts in the entire turbine. Steam enters from the steam pipe
at C and passes through the main throttle or regulating valve D, which, as actually con-
structed, is a balanced valve. This valve is operated by the governor through suitable
controlling mechanism. The steam enters the cylinder through the passage E and, turning
to the left s t"~ough alternate stationary and revolving rows of blades, finally emerg-
ing from them at F and flowing through the connection G to the condenser or to_the
at.mothere. depending upon whether the turbine is condensing or non-condensing. Each
row of blades, both stationary and revolving, extends completely around the turbine and
the steam flows through the full annulus between the spindle and the cylinder. In an
ideal turbine the lengths of the blades and the diameter of the spindle which carries them
would continuously and gradually increase from the steam inlet to the exhaust. Prac-
tically, however, the desired effect is produced by making the spindle in steps, there being
generally three such steps or stages, H, gegpd K. The blades in each step are arranged
in groups of increasing length. At the inning of each of the larger steps, the blades
are usually shorter than at the end of the })recedmg smaller step, the change being made
in such a way that the correct relation of blade length to spindle diameter is secured.
The steam, acting as previously described, produces a thrust tending to force the spindle
toward the left, as seen in.the cut. This thrust, however, is counteracted by the **balance
pistons,” L, M and N, which are of the necessary diameter to neutralize the thrust on the
spindle ste{)s. H. J and K, respectively. These elements are called **pistons” for con-
venience, although they do not come in contact with the cylinder, but both the pistonsand
the cylinder are provided with alternate rings which form a labyrinth packing to retard
the leakage uf steam. In order that each balance piston may have the proper pressure on
both sides, equalizing passages O, P and ) are provided connecting the balance pistons
with the corresponding stages of the blading: The end thrust being thus practically
neutralized by means of the balance pistons, the spindle *floats™ so that it can be easily
moved in one direction or the other. In order to definitely fix the position of the spindle,
a small adjustable collar bearing is provided at R, inside the housing of the main bearing B.
This collar bearing is adjustable so as to locate and hold the spindle in such position so
that there will be such a clearance between the rings of the balance piston and those of the
cylinder, that the leakage of steam will be reduced to a minimum and, at the same time,
prevent actual contact under varying conditions of temperature. Where the shaft
passes out of the cylinder, at S and T, it is necessary to provide iagaxpst in-leakage of air
or out-leakage of steam by means of glands. These glands are made tight by water pack-
ing without metallic contact. The shaft of the turbine is extended at U and coupled to
the shaft of the alternator by means of a flexible coupling. The high pressure turbines
are so proportioned that, when using steam as previously described, they have enough
capacity to take care of the ordinary fluctuations of load when controlled by the governor
through the valve D, thus insuring maximum economy of steam consumption at ap-
proximately the rated load. To provide for overloads, the valve V is supplied to
admit steam to an intermediate stage of the turbine. This valve shown diagrammati-
cally in the illustration, is arranged to be operated by the governor and is, according to cir-
cumstances, located either ug shown by the illustration, or at another stage of the turbine,
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electrical engineering. However, because of the recent intro-
duction of the stcam turbine for the direct driving of large
gencerators, and the fact that it is now almost universally used in
large central stations, a detailed explanation of its principles and
construction may not be out of place.

A turbine is a machine in which a rotary motion is obtained
by transference of the momentum of a fluid or gas. In general
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Pii. 2,749.—Arrangement of blading in Parsons type turbine, consisting of alternate moving
and stationary blades, The path taken by the steam is indicated by the arrows.
the fluid is guided by fixed blades, attached to a casing, and,
impinging on other blades mounted on a drum or shaft, causing
the latter to revolve.

Turbines are classed in various ways as : 1, radial flow, when
the steam enters near the center and escapes toward the cir-
cumference; and 2, parallel flow, when the steam travels axzally
or parallel to the length of the turning body.

Turbines are commonly, yet erroneously classed as*

1. Impulse;
2. Reaction.
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Ques. What is the distinction between these two
types?

Ans. In the so called impulse type, steam enters and leaves
the passages between the vanes at the same pressure. In the so
called reaction type, the pressure 1s less on the exit side of the
canes than on the entrance side.

Fig. 2,750 is a sectional view of the Parsons-Westinghouse parallel
flow turbine. Steam from the boiler enters first a receiver in which are

the governor controlled admission valves. These valves are actuated
by a centrifugal governor.

16, 2,750.8ectional view of Parsons-Westinghouse tirhine, showing rotor and govermor.

Steam does not enter the turhine in a continuons blast, but intermittently,
or in puffs. The speed regulation is therefore accomplished by pro-
portioning the duration of these puffs to the load of the engine, this
being effected by the governor, fig. 2,752,

The governor of the turbine has only to move a small pilot valve,
or slide, 2, which admits stcam under the piston F, and lifts the throttle
valve proper off its scat.

As soon as the pilot valve closes, the spring shifts the main throttle
valve. Thus, at light loads, the main throttle or admission valve is
continually opening and shutting at uniform intervals, the length of
time during which it remains open depending upon the load.

As the load increases, the duration of the valve opening also increases,
until at full load the valve does not reach its seat at all and the steam
flows steadily through the turbine. The steam thus admitted flows
into the annular passage A, fig. 2,750, by the opening S, and then past
the blades, revolving the rotor.
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When the load increases above the normal rated amount a secondary
pilot valve is moved by the same means, this in tumn admitting steam
to a piston, similar to F, which lifts another throttle valve. This admits
steam into the annular space I, so that it acts upon the larger diameter
of the drum or rotor, giving largely increased power for the time being.

The levers or arms of the governor are mounted upon knife edges
instead of pins, making it extremely scnsitive. The tension spring may
be adjusted by hand while the turbine is running.

The governor does not actually move the pilot valve, but shifts the
point L'in fig. 2,752. A reciprocating motion is given to the rod I by a
small eccentric on the governor shaft; this is driven by worm gearing
shown near O in fig. 2,750, so that the eccentric makes one revolution
to about eight of the turbine. Thus, with a turbine running 1,200

-- Nozzle Chamber
-===~Impulse Wheel

Exhaust --

Fi1G. 2,751.—Sectional view of a combination impulse and reaction single flow turbine. This
is a modification of the single flow type, in which the smallest barrel of reaction
blading is replaced by an impulse wheel. Steam is admitted to the nozzle block A, is
expanded in the nozzles and discharged against a portion of the periphery of the impulse
wheel. The intermediate and low pressure stages are identical with the corresponding
stages in the single flow type. The substitution of the impulse element for the high

ressure section of reaction blading has no influence one way or another on the efficiency.

hat is to say the efficiency of an impulse wheel is about the same at the least efficient
section of reaction blading. This design is attractive, however, in that it shortens the
machine materially, and gives a stiffer design of rotor. The entering steam is confined
in the nozzle chamber until its pressure and temperature have been materially reduced
by expanding through the nozzles. As the nozzle chamber is cast separately from the
main cylinder, the temperature and pressure differences to which the cylinder is subjected
are correspondingly lessened. However, probably on account of its small diameter at the
high pressure section, the straight Parsons type has always shown itself to be adequate
for all of the steam pressures and temperatures encountered in ordinary practice.

revolutions, the rod I would be moved up and down 150 times per minute.
As the points A and H are fixed, the motion is conveyed to the small
pilot valve E, thus giving 150 puffs a minute. The governor in shifting
the point L brings the edge of the pilot valve nearer the port and so
cuts off the steam carlier.

The annular diameter or space between the rotor and the stator is

gradually increased from inlet to exhaust, the blades being made longer
in cach ring. When the mechanical limit is reached, the diameter of
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the rotor is increased as at I and 1D so as to keep the length of blade
within bound.

Balance pistons as at B, C, F are attached to the rotor, their office
being to oppose end thrust upon those blades in corresponding diameter
of the rotor. Communication is established through the passage V
and pipe M between the eduction pipe and the back of these pistons,
thus increasing the efficiency of their balancing and also taking care of
any leakage past them.

A small thrust bearing T prevents end play of the rotor, and is ad-
justable to maintain the proper clearance between the rings of blades;
this varies from 1§ inch at the admission to 1 inch at the exhaust. This
bearing also takes up any extra unbalanced thrust. A turbine should
operate with a high vacuum, because without this it does not compare
favorably withanordinary reciprocating engine from the point of economy.

P1G. 2,752.—Sectional view of governor of the Parsons-Westinghouse turbine.

Separate air pumps are provided to create the vacuum.

Where the ordinary type of vertical air pump is employed, a booster
or vacuum increaser is added, as nothing below 26 inches is advisable,
28 and 29 inches being always striven for. It is also preferable
to use a certain amount of superheat with steam turbines.

To assist in producing the high vacuum, exhaust passages are made
large, the eduction passage E in fig. 2,750 being nearly twenty-three
times the area of the steam pipe.

Among other details, a noteworthy feature is a small oil pump K,
which circulates oil through bearings of the machinery, the oil being
drawn from the tank under the governor shaft and gravitating there
after use. No pressure of oil is employed. Stuffing rings prevent leak-
age; these consist of alternate grooves and collars in shaft and bearing,
like the grooves in an indicator piston.
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Ques. Why is a high vacuum desirable?

Ans. Because the turbine is capable of expanding the steam
to a very low terminal pressure, and this is necessary for
economy.

Ques. What may be said of the working pressures
for turbines?
Ans. To meet the varied conditions of service, turbines are

designed to operate with: 1, high pressure, 2, low pressure, or 3,
mixed pressure.

Reaction Element _. Reaction Element

Exhaust - -~~~ Exhaust

FiG. 2,753.—Sectional view of a double flow turbine. The maximum economical capacity of a
single flow turbine is limited by the rotative speed. The economical velocity at which the
steam may pass through the blades of the turbine depends on the velocity of the moving
blades. The capacity of the turbine depends on the weight of the steam passed per unit
of time, which in turn deﬁends on the mean velocity and the height of the blades. For
a given rotative speed, the mean diameter of blade ring practicable is limited by the
allowable stresses due to centrifugal force, and thereisa practical limit for the height of the
blades. Now if the rotative speed be taken only half as great, the maximum diameter of
the rotor may be doubled and, without increasing the height of the blades, the capacity
of the turbine will be doubled. So with the single flow steam turbine as well as with the
single crank reciprocating engine, there is a practical limiting economical capacity for any
given speed. If this limit be reached with a single crank reciprocating engine, a unit of
double the power may be produced at the same speed by coupling two single crank engines
to one shaft. Similar results are secured making a double flow turbine which is in effect.
as will be seen from the figure, two single flow turbines made up in a single rotor in a single
casing with a common inlet and two exhaust. Steam enters the nozzle block, acts on
the impulse element, and then the current divides, one-half of the steam going through the
reaction blading at the left of the impulse wheel; the remainder passes over the top of
the impulse wheel and through the impulse blading at the right.

High pressure turbines operate at about the same initial pressure as
triple expansion engines.

Low pressure, as here applied, means the exhaust pressure of the
reciprocating engine from which the exhaust steam passes through the
turbine before entering the condenser.

Mixed pressure implies that the exhaust steam is supplemented, for
heavy loads, by the admission of live steam.
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Ques. What determines the working pressure?

Ans. When all the power is furnished by the turbine, it is
designed for high pressure; when operated in combination with

Single FIow —woo. o ooooommeme Impulse Wheel
Reaction Element - g— T Duramy
- e PN----- Reaction Element

Reaction Element ;
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F1G. 2,754.—Sectional view of a semi-double flow turbine. This is a modification in which the
intermediate section of reaction blading is single flow, and the low pressure section only is
double flow. This would be analogous to a four cylinder triple expansion engine, that is,
one with one high pressure, one intermediate pressure and two low pressure cylinders—
a design not at all uncommon in very large engines in which the required dimensions of a
single low pressure cylinder would be prohibitive. Such turbines are useful for capacities
greater than is desirable for a single flow turbine, and which are still below the maximum
possibilities of a double flow turbine of the same speed. In such machines the best efficiency
18 secured by making the intermediate blading in a single section large enough to pass the
entire quantity of steam. A ‘“‘dummy’ similar to those used on the single flow Parsons
type, shown at the right of the impulse wheel, compels all of the steam to pass through the
single intermediate section of the reaction blading, and balances the end thrust due to
this section. When the steam issues from the intermediate section, the current is divided,
one-half passing directly to the adjacent low pressure section, while the other half passes
through the holes shown in the Een’phery of the hollow rotor and through the rotor itself,
beyg_nd the dummy ring, into the other low pressure section at the left hand end of the
turbine.

NOTE.—There are logical engineering reasons for the existence of the several types of
turbine, viz., single flow, double flow, and semi-double flow. The double flow turbine is not
mherently superior to the single flow design, but is used under conditions for which the single
flow mach.ne is unsuitable. Similarly, the semi-double flow is recommended only for conditions
which it can meet more satisfactorily than either of the other types.

NOTE.—Low pressure turbines use exhaust steam from non-condensing engines and are
valuable as an adjunct to existing plants for the purpose of increasing economy and capacity
with a minimum outlay for new equipment.

NOTE.—Bleeder turbines are for use in plants which are required to furnish, not only
wer, but also considerable and varying quantities of Jow pressure steam for heating purposes.
n these turbines a part of the steam after it has done work in the high pressure stages may be
diverted to the heating system, and the remainder expanded through the low pressure blading
and exhausted into the condenser. In this way none of the energy of the heating steam, due to
the difference of pressure between the boiler and the heating system is wasted. On the other
hand if no steam is required for heating purposes, the turbine operates just as efficiently as
though the bleeder feature were absent.
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a reciprocating engine, low pressure is used for constant load,
and mixed pressure for variable load.

The I'e Laval steam turbine is termed by its builders a high speed
rotary sicam engine. It has but a single wheel, fitted with vanes or
buckets of such curvature as has been found to be best adapted for
receiving t:e im~ulse of the steam jet.  There are no stationary or guide
Llades, the angular position of tl.e nozzles giving direction to the jet.
The nozzles are j laced at an angle of 20 degrees to the plane of motion
of the buckets. The best energy ia the steam is practically devoted to
the production of velocity in the expanding or divergent nozzle, and
the velocity thus attained by the issuing jet of steam is about 4,000
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FiG. 2,755.—Westinghouse valve gear with steam relay. In the smaller turbines, the governor

. acts directly on the steam admission valves, opening first the primary valve, and then,

if necessary, the seccondary valve, aftcr the primary is fully open. In turbines of the single

flow Parsons type, the governor actuates two small valves controlling ports leading to

steam relay cylinders which operate the admission valves. The little valve controlling

the relay cylinder for the sccondary valve has more lap than the other and consequently

does not come into action until the primary valve has attained its maximum (::%[ective
opening. The figure shows the general design of this type of valve gear.

feet per second. To attain the maximum efficiency, the buckets at-
tached to the periphery of the wheel against which this jet impinges
should have a speed of about 1,900 feet per second, but, owing to the
difficulty of producing a material for the wheel strong enough to with-
stand the strains induced by such a high speed, it has been found neces-
sary to limit the peripheral speed to 1,200 or 1,300 feet per second.

It is well known that in a correctly designed nozzle the adiabatic
expansion of the steam from maximum to minimum pressure will con-
vert the entire static energy of the steam into kinetic energy. Theo-
retically this is what occurs in the De Laval nozzle. The expanding
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steam acquires great velocity, and the energy of the jet of steam issuing
from the nozzle is equal to the amcunt of energy that would be developed
if an equal volume of steam were allowed to adiabatically expand be-
hind the piston of a reciprocating engine, a condition, however, which for
obvious reasons has never yet been attained in practice with the reciprocat-
ing engine. But with the divergent nozzle the conditions are different.

The Curtis turbine is built by the General Electric Company at their
works in Schenectady, N. Y., and Lynn, Mass. They are of the hori-
zontal and vertical types. In the vertical type the revolving parts areset
upon a vertical shaft, the diameter of the shaft corresponding to the size
of the machine.

The shaft is supported by and runs upon a step bearing at the bottom.
This step bearing consists of two cylindrical cast iron plates bearing
upon each other and having a central recess between them into which
lubricating oil is forced under pressure by a steam or electrically driven
pump, the oil passing up from beneath.
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F1Gs. 2,756 and 2,757.—Westinghouse valve gear with oil relay. Governors for the larger turbines,
particularly those of the combination 1mﬁulse and reaction double, or single double flow
type, employ an oil relay mechanism, as shown in the figuse, for operating the steam valves.
In these turbines the lubricating oil circulating pump. maintains a higher pressure than
is required for the lubricating system. The governor controls a small relay valve A which
admits pressure oil to, or exhausts it from the operating cylinder. When oil is admitted
to the operating cylinder raising the piston, the lever %: lifts the primary valve E. The
lever D moves simult.aneousl; with C, but on account of the slotted connection with the
stem of the secondary valve F, the latter does not begin to lift until the primary valve is
raised %0 the point at which its effective opening ceases to be increased by further upward
travel. In the Westinghouse designs, the operating valve, A is connected not only to
the governor, but also to a vibrator, which gives it a slight but continuous reciprocating
motion, while the %overnor controls its mean position. The effect of this is manifested in
a slight pulsatibn throughout the entire relay system, which, so to speak, keeps it *‘alive™
and ready to respond instantly to the smallest change in the position of the governor.
The oil relay can be made sufficiently powerful to operate valves of any size, and it is alsa
in effect a safety device in that any failure of the lubricating oil supply will automatically
and immediately shut off the steam and stop the Jusbine.
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Ol SWITCHES _

CABLE | VALLT

y 640 feet and equipped
The switching arrangements
y boiler room, turbine room and

See fig. 2,714 for plan.

The boiler room is 149 feet, 6 i~ches b

The total floor space covered b

iler, one group consisting of eight 512 H.P. boilers for each turbine.

rom outside to outside of the walls.

g b

separate building as shown in the elevation.
switchboard room is 2.64 square feet per kw. The boilers are all on the ground floor.

wide and 650 feet lon,
with twelve groups of

are located in a

Fic. 2,758.—Elevation of new turbine central station erected by the Boston Edison Co. The turbine room is 68 feet, 4 inches

A weighted accumulator is
sometimesinstalled in connec-
tion with the oil pipe as a
convenient device for govern-
ing the step bearing pumps,
and also as a safety device in
case the pumps should fail,
but it is seldom required for
the latter purpose, as tl:e step
bearing pumps have jroven
after a long service in a num-
ber of cases, to ke reliable.
The vertical shaft is also Leld
in place and kept stcady by
three sleeve bearings one just
above the step, one between
the turbine and generator,
and the other near the top.

These guide bearings are
lubricated by a standard
gravity feed system. It is
apparent that the amount of
friction in the machine is
very small, and as there is
no end thrust caused by the
action of the steam, the rela-
tion between the revolving
and stationary blades may be
maintained accurately. Asa
consequence, therefore, the
clearances are reduced to the
minimum.

The Curtis turbine is di-
vided into two or more stages,
and each stage has one, two
or more sets of revolving
blades bolted upon the peri-
pheries of wheels keyed 1o the
shaft. Thereare also the cor-
responding sets of stationary
blades bolted to the inner
walls of the cylinder or casing.

The governing of speed is
accomplished in the first set
of nozzles and the control of
the admission valves here is
cffected by means of a cen-
trifugal governor attached to
the top end of the shaft. This
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governor, by a very slight movement, imparts motion to levers, which
in turn work the valve mechanism.

The admission of steam to the nozzles is controlled by piston valves
which are actuated by steam from small pilot valves which are in turn
under the control of the governor.

F1G. 2.759.—Illustration of a weir. Tomake a weir, place a boatd across the stream at some point
which will allow a pond to form above. The hoard should have a notch cut in it with
both side edges and the bottom sharply beveled toward the intake, as shown in the
above cut. The bottom of the notch, which is called the “crest™ of the weir, should be
perfectly level and the sides vertical. In the pond back of the weir, at a distance not
less than the length of the notch, drive a stake near the bank, with its top precisely level
with the crest. By means of a rule, or a graduated stake as shown, mecasure the depth
of water over the top of stake, making allowance for capillary attraction of the water
against the sides of the weir. For extreme accuracy this depth may be measured to
thousanths of a foot by means of a “hook gauge,” familiar to all engineers. Having
ascertained the depth of water over the stake, refer to the accompanying table, from
which may be calculated the amount of water flowing over the weir, There are certain
proportions which must be observed in the dimensions of this notch. Its length, or
width, should be between four and eight times the depth of water flowing over the creat
of the weir. The pond hack of the weir should be at least fifty per cent. wider than the
notch and of sufficient width and depth that the velocity of flow or approach he not over
one foot per seccond. In order to obtain these results it is advisable to experiment to
some extent.
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Speed regulation is effected by varying the nuntber of nozzles in flow,
that is, for light loads fewer nozzles are open and a smaller volume of
steam 1s admitted to the turbine wheel, but the steam that is admitted
impinges against the moving blades with the same velocity always, no
matter whether the volume be large or small. With a full load and all
the nozzle sections in flow, the steam passes to the wheel in a broad belt
and steady flow.

WEIR TABLE

giving cubic feet of water per minute that will flow over a weir one inch wide
and from Y4 to 2074 inches deep.

De thl ) '

inches % % % ¥ | % | ¥ | %
0 | oof .01 05 09| a4 19| .26 .32
1 40| 47 55| 4| 13| 82| 92| 1.02
2 1013 | 1.23| 1.35| 1.36| 1.58| 1.70| 1.82 | 1.95
3 207 | 221 | 234 | 2,48 2,61 2.76| 2.90| 3.05
4 320 3.35 350 3.66 3.81| 3.97| 4.14| 4.30
5 447 | 464 | 481 | 498 515 5.33| 5.51| 5.69
6 587 | 6.06| 6.25| 6.44 6.62 68| 7.01| 7.21
7 740 | 7.60| 7.80| 801 8.21 8.42| 8.63| 8.83
8 | 9.05| 9.26| 90.47| 9.69 | 9.91 10.13 | 10.35 | 10.57
9 1080 | 11.02 | 11.25  11.48 | 11.71  11.04 | 12.17 | 12.41
10 | 12,64 | 12.88 | 13.12 | 13.36 | 13.60 | 13.85 | 14.00 | 14.34
11 | 14.50 | 14.84 | 15.00 | 15.34 | 15.59  15.85 | 16.11 | 16.36
12 | 16.62 | 16.88 | 17.15 | 17.41 | 17.67 | 17.94 | 18.21 | 18.47
13| 1874 | 19.01 | 1929 | 19156 | 1984 | 20011 | 20.39 | 20.67
14 [ 2095 21.23 | 21.51 | 21.80 | 22.08 | 22.37 | 22.65 | 22.904
15 [ 2323 2352 | 23.82 | 24.11 | 24.40 | 24 70 | 25.00 | 25.30
16 | 25.60 2590 | 26.20 | 26.50 | 26.80 | 27.11 | 27.42 | 27.72

17 28.03 | 28.34 | 28.65  28.97 | 29.28 | 29.59 | 29.91 | 30.22
18 | 30.54 | 30.86 | 31.18 | 31.50 | 31.82 | 32.15 | 32.47 | 32.80
19 33.12 | 33.45 | 33.78 | 34.11 | 34.44 | 34.77 | 35.10 | 35.44
35.77 | 36.11 | 36.45 | 36.78 | 37.12 | 37.46 | 37.80 | 38.15

[
o

NOTE.—The weir table on this page contains figures 1, 2, 3, etc., in the first vertical
column which indicates the inches depth of water running over weir board notches. Frequently
the depths measured represent also fractional inches, between 1 and 2, 2 and 3, etc, The hon-
zontal line of fraction at the top represents these fractional parts, and can be apg‘hed between
any of the numbers of inches depth, from 1 to 25. The body of the table shows the cubic feet,
and the fractional parts of a cubic foot, which will Fasu each minute for each inch in de};‘)th.
and for each fractional part of an inch by eighths for all depths from 1 to 25inches. Each of these
results is for only one inch width of weir. To estimate for any width of weir the result obtained
for ot;'e i?ch width must be multiplied by the number of inches constituting the whole horizontal
length of weir.
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Fi1G. 2,762.—Water discharging from a necdle nozzle due to a pressure of 169 lbs. per sqg. in.

Hydro-Electric Plants.—The economy with which elec-
tricity can be transmitted long distances by high tension alterna-
ting currents, has led to the development of a large number of
water powers in more or less remote regions.

FiG. b2.733.—Photograpb of an operating tangential water wheel equipped with Peiton
uckets.
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This economy is possible by the facility with which alternating current
can be transformed up and down. Thus at the hydro-electro plant, the

current generated by the water wheel driven alternator is transformed
to very high pressure and transmitted with economy a long distance to
the distributing point where it is transformed down to the proper pres-

sure for distribution.

A water wheel or turbine is a machine in which a rotary motion is
obtained by transference of the momentum of water; broadly speaking,

Fig. 2,764. —Sectional elevation ot one of the 5,000
horse power vertical Pelton-Francis turbines directly
connected to generator, as installed for the Schenec-
tady Power Co,

the fluid is guided by fixed
blades, attached with a
casing, and impinging on
other blades mounted on a
drum or shaft, causing the
latter to revolve.

There are two general
classes of turbine:

1. Impulse turbines;
2. Reaction turbines.

Ques. What is an
impulse turbine?

Ans. One in which
the fluid is directed by
means of a series of noz-
zles against vanes which
it drives.

Ques. What is a
reaction turbine?

Ans. One in which
the pressure or head of
the water 1s employed
rather than its velocity.
The current is deflected
upon the wheel by the
action of suitably dis-
posed guide blades, the
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turbine wheel shafts pass and connect to the generators. Section E-F gives an end view of one of these wheel rooms or pen- o
stocks, and shows the extension of the draft tube from wheel case into tail water. The section A-B shows the sub-structure of >
gravel and macadam under the controlling gates, this forming also a portion or extension of the dam proper. These gates turm on
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an axis made of two 15 inch I beams securely riveted together with plates and angle irons to which the wooden frame is |
attached. The radius of the gates is 14 feet. They are designed to allow the water to pass underneath the t_gate, thus
controlling any height of head water. They are intended to take care of an excess of water at unusual staZes of the river. {
The whole affair has been well designed and executed. This plant furnishes a good example of a secure, and level founda- —
tion, since the wheel houses and generator room are immediately on the rock. It is necessary in all tandem plants to l ©
provide a very secure, substantial super-structure so_that the Jong line of turbines and shaft will always remain straight and -3
in proper alignment with the generator and the turbine cases. Users cannot be reminded of this too often. -3
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passages being full of water. Rotary motion is obtained by the
change in the direction and momentum of the fluid.

Ques. Name three classes of reaction turbines.

Ans. Parallel flow, inward flow, and outward flow.

Parallel flow turbines have an efficiency of about 70¢% and are suited
for low falls not over 30 feet. Inward and outward flow turbines have an
efficiency of about 85%. Impulse turbines are suitable for high heads.

Pics. 2,769 and 2,770.—Exterior and interior of hydro-clectric plant at Harrisburg, Va. It is
located on the south fork of the Shenandoah River, twelve and one-half miles distant.
A dam 720 feet long and 15 feet high was built on a limestone ledge running across the
river; which with a fall of 5 feet from the dam to the power house, a quarter of a mile
distant, secured an effective head pressure of 20 fect. The power house, comprising the
generator room and the wheel room, also the machinery room, are here shown. The wheel
room, which is 20 X 40 feet, extends across the head race, and rests upon solid concrete
walls, forming the sides and ends of the wheel pits. end wall is 6 feet thick at the
bottom, and 414 feet at the top. It has three arched openings, each 8 feet wide and 9 feet
high, through which the water escapes after leaving the turbines. The intake is pro-
tected by a wrought iron rack 40 feet long.  The power is obtained by three 50 inch vertical
shaft Samson turbines, with a 20 inch Samson for an exciter. The three large turbines
have a rating of 1,350 horse power; and are connected to the main horizontal line shaft b
bevel mortise gears 7 feet diameter and 153 inches face. The couplings on the main shaft
have 48 inch friction clutch hubs, permitting either or each turbine being operated, or
shut down independently of the others. The main shaft is 85 feet long and 6 inches diam-
eter; making 2%0 revolutions. This shaft carries two pulleys 70 inches diameter and 38
inches face for driving the generators. The accompanying illustration shows the harmess
work, gears, pulleys, etc., fumished with the turbines. The 20 inch horizontal shaft
Samson turbine of 72 horse power i8 direct connected to an exciter generator of 20 kw.,
running 700 rev. per min. he two large generators are driven 450 revolutions per minute
by belts producing a three phase current of 60 cycles of 11,300 volts for the twelve and
one-half miles transmission. The line consists of three strands of No. 4 bare copper wire.
This current is used for lighting and power purposes, and the plant is of the latest im-
proved design and construction.

Isolated Plants.—When electric power transmission from
central stations first came into commercial use, the distance
from the station at which current could be obtained at a reason-
able cost was exceedingly limited.
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iG. 2,769.—Triumph direct FiG. }:.720.—-}11n- W alternating current direct connected
current generator set with unit with high speed Corliss engine and belt driven exciter
upright slide valve engine. 50, 75 and 100 kva. alternator and 150 R.P.M. engine.

16. 2,772.—Buckeye mobile, or self contained F16. 2,773.— Westinghouse three cylinder

unit consisting of compound condenting en- gas enpine, direct connested ta dy-
gine, boiler, superheater, reheater, feed and air namo, showing application of gas en-
pumps; it produces one horsé povier on 119 lbs. gine drive for small direct connected

of coal, builtin sizes from 75 to 300 horse nower. units.
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FI1G. 2,774.—General Electric 25

Consequently, persons desiring electrical power were in the majority
of cases forced to install their own apparatus for producing it, this being
the origin of isolated plants. i

From the nature of the case it is evident that an isolated plant is as a
rule smaller and more simple in construction than a central station, andin |
consequence much more readily operated and managed. It is gencrally
owneg by a private individual or a corporation and operated in conjunc-

tion with other affairs of a similar charact.er. A basement or other
portion of a building is usually set aside in which the necessary apparatus
1s installed.

kw., gasoline electric generating set for lighting and power.
The engine has four cylinders 7 }{ X 734, and runs ata speed of 560 revolutions Fer minute.
The total candle power capactiy in Mazda ]amfps is 20,000. The ignition is by low tension
magneto, coil and battery. Carburetter is of the constant level type to which gasoline
is delivered by a pump driven by the engine. Forced lubrication; five crank shaft bearings
babbitted; valves in side; overall dimensions 96 X 34 X 60 higf\; weight 5,000.

Although electricity is now transmitted economically to great distances
from central stations, there is still a field for the isolated plant.

The average type of isolated plant has enlarged from a small dynamo
driven by a little slide valve engine located in an out of the way corner
to direct connected generators and engines of hundreds and even thou-
sands of horse power assembled in a large room specially adapted to the
purpose.
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In the more modern of these, the electrical outputs are each frequently
equal to that of a town central station of respectable size, and the
auxiliary equipments are similar in every particular As a matter of
fact, in certain modern isolated plants the only feature that distinguishes
them from central stations is that in the former case the owner of the
plant represents the sole consumer and conducts other business in con-
nection with it, whereas in the latter case there are a large number of
consumers uninterested financially in the enterprise, which is itself

enerally owned and operated by a company conducting no other

usiness.

|

\
i
lx
|
|

37
b @ A
| 5 ]
i : s
i : = g;;
DOORTO /  CURRENT | =

AIR LOCK TRANSFORMER

£1G. 2.775.—Plan of sub-station with air blast transformers and motor operated oil switches
and underground 11,000 or 13,200 volt high tension lines.

Sub-Stations.—According to the usual meaning of the
term, a sub-station is a building provided with apparatus for
changing high pressure alternating current received from the
central station into direct current of the requisite pressure,
which in the case of railways is 550 to 600 volts.

Where traffic is heavy and the railway system of considerable
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116, 2,777.—Elevation of small sub-station, as shown in pian in Fig. 2.770.

more readily made in case of accident or burnouts in the coils.
The three phase units have the advantage of low first cost.

Sub-station transformers produce considerable heat, d_ue to the
hysteresis and eddy currents, and it is necessary to get rid of it. )

Small transformers radiate the heat from the shell and the medium
sizes have corrugated shells which increase the surface and provide

more rapid radiation.
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distance, sub-stations are provided at intervuls along the line,
cach receiving high pressure current from one large central
station and converiing it into moderate pressure direct current
for their districts.

Ques. Upon what does the arrangement of the sub-
station depend?

Ans. Upon the characier of the work and the type of ap-

:: l f::‘ E-:_—::L.-_.: ,
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Large toansformers are cooled by an air Llast suppliw‘l by meior

driven blowers or by water pumpod through & coil of pipe which is
immersed in the insulating (] of the transformer. The lage size il
insulated, witer ocooled  transformens are used on crouits of 33,000 voltg
or more.  In water turbine plants, the water may be piped to the trans
former under pressure and the pump omitted which cuts down the cost
of aperating.  Air blast transformers usually have a damper or shutter
for sir contral.

Fic, 2,778 —Marine portalile trandormer stationt on Leos Angeles Aquoduct.  The view shows
three 20 keva., Westinghouss ot deor transformerns installed on a float, 33,000 voits hygh
prowmre; 440 volts low pressure; M) cyeles.

Ques. Explain the use of reactance coils in sub-stations.
Ans.  In order that the direct current voltage of the ordinary
rotary may be regulated by a field rbeostat, which calls for a
corresponding change in the alternating current voltage, a re-
actunce coil is provided between the low tension winding and
the converter.
Without such a reactance, the maintenance of the samo voltage at

full Tond as at no load involves excessive leadiog and lageing currents
and consequently excessive heating in the armature inductors, unless
.
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the resistance drop from the source of constant pressure is small, or the
natural reactance of the circuit high.
Ques. What is the effect of weakening the converter field?

Ans. A lagging current is set up which causes a drep in the
reactance coil.
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FiG. 2.779. —Sectional elevation of portable outdsor transformer type sub-station. The high
voltage switching and protective apparatus 13 mounted, out of the way, on the roof of the
car, but is operated from the switchboard with a standard remote control handle. The
transformer is carried directly over the truck at the uncovered end of the car and the low-
tension leads from it run in conduit beneath the floor and up inte the caby, (which contain3
the converter and switchboard) to the converter.  The positive lead Tuns through a con-
duit and ends in a terminal on the roof. The energy thus makes a complete circuit of the
car leaving at a point close to that at which it entered. The low pressure alternating cur-
rent as well as the direct current positive leads are carried below the car floor in iron conduit
supported from the channel frame. The ficld wires are carried through this couduit to the
rheostat., Wiring for the lights is arranged to supply two, 5 light ctusters. One is fed with
the 60O volt direct current and the other with 420 volt alternating current. All lighting
conductors are carried in metal moulding carried between the flanges of the channe! iron
ribs. High wiring is carried entirely on the roof of the car where it is entirely out of the
way and where the operator cannot come in contact with it.  The switchbourd should be
of the utmost simplicity.  Usually the negative and equalizer switches, and the field breuk-
up switch are mounted on the frame of the converter. The double throw switch for starting
and running the converter can be mounted under the floor of the car and operated by
handle at the switchboard. The rheostat can be mounted back of the switchboarl on
brackets bolted to the car super-structure, The switchboard need only carry the positive
knife switch and circuit breaker, and the alternating current ammeter, voltmeter and power
factor meter. Sometimes a watthour meter is added. The positive lead is brought out
through a conduit on the roof of the car and is arrunger for bolting to the positive feeder.
The negative and equalizer terminals are lucated at the cab end of the car and are arranged
so that connectinn can be easily made frean them to the ground and, if necessary, Lo an
equalizer circuit. There is usually a sliding deor at wach end of the cab and two w indows
on each side. Above the doors, transoms, extending the width of the cab, are arrunged
to drop so that a current of air will circulate through the cab under the roof, carrying out the
heated air. There are also several ventilating holes beneath the converter in the flcor of
the car. These provisions insure a constant circulation of air through the car which carries
away all heated air.
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Ques. State the effect of strengthening converter field.
Ans. A leading current is sct up which gives a rise of voltage
in the reactance coil.

Hence when a heavy current passes through the series coil of a com-
pound wound converter and tends to produce a leading current, the react-
ance coil will balance it, and improve the power factor of the whole line.

P1G. 2,780.—Westinghouse 300 kw. converter in portable sub-station.

Portable Sub-Stations.—A portable sub-station constitutes
a spare equipment for practically any number of permanent
sub-stations and renders unnecessary the installation of spare
equipment in each.
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It can be used to increase the capacity of a permanent sub-station
when the load is unusually heavy, or to provide service while a per-
manent sub-station is being overhauled or rebuilt.

The transformer can be used for emergency lighting, the primary being
connected to a high pressure line and the secondary to the load, if
special provision be made at the time the transformer is built to adapt
it for these applications.

Fic. 2,781.—Switchboard end of Westinghouse portable sub-station.

When an electric railway has a portable sub-station, direct
current can be provided at any point on the system where there
is track at the high pressure line. The direct current can be
made available very quickly as its production involves only the
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transferring of the sub-station, and its connection to the high
pressure line.

Portable sub-stations range in capacity from 200 to 500 kw., and for
all alternating current voltages up to 66,000, and frequencies of 25
and 60 cycles.

Although portable sub-stations usually must be of more or less special
design to adapt them to the conditions under which they must operate,
there are certain general features that are common to all. All members
are readily accessible and there are no unnecessary parts. The weight
and dimensions are a minimum insuring ease of transportation. Live
parts are so protected that the danger of accidental contact with them
is minimized.

PiGs. 2,782 and 2,783.—Views of levelling device for Westinghouse converter.

Ques. What are the advantages of using outdoor
transformers on portable sub-stations?

Ans. All high pressure wiring is kept out of the car. The
transformer is more effectively cooled and the heat dissipated
by the transformer does not warm the interior of the cab. The
transformer is much more accessible. The car can be run under
a crane and the transformer coils pulled out with a hoist.

Taps for different high and low pressure voltages can be readily pro-
dedp at the time the transformer is being built.

Vi
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CHAPTER LXVII

MANAGEMENT

The term ‘“‘management,” broadly speaking, includes not only
the actual skilled attention nccessary for the proper operation
of the machines, after the plant is built, but also other duties
which must be performed from its inception to completion, and
which may be classified as

Selection;
Location;
Erection;
Testing;
Running;
. Care;
Repair.

Moo P

That is to say, someone must select the machinery, determine
where each machine is to be located, install them, and then
attend to the running of the machines and make any necessary
repairs due to the ordinary mishaps likely to occur in operation.

These various duties are usually entrusted to more than one
individual: thus, the selection and location of the machinery is
done by the designer of the plant, and requires for its proper
execution the services of an electrical engineer, or one possessing
more than simply a practical knowledge of power plants.
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The erection of the machines is best accomplished by those
making a specialty of this line of work, who by the naturc of the
undertaking acquire proficiency in methods of precision and an
appreciation of the value of accuracy which is so essential in the
work of aligning the machines, and which if poorly done will
prove a constant source of annoyance afterward.

The attention required for the operation of the machines,
embracing the running care and repair, is left to the “man in
charge,” who in most cases of small and mcdium size plants is
the chief steam engineer. He must therefore, not only under-
stand the steam apparatus, but poss.ss suflicient knowledge of
clectrical machinery to operate and maintain it in proper
working order.

The present chapter deals chicily with alternating current
machinery, the mranagement of direct current machines having
been fully explained in Guide No. 3, however, some of the matter
here presented is common to both classes of apparatus.

Selection.—In order to intelligently sclect a machine so that
it will properly harmonize with the conditions under which it
is to operate, there are several things to be considered.

1. Type;

2. Capacity;

3. Efficiency;
4. Construction.

The gencral type of machine to be used is, of course, dependent
on the system employed, that is, whether it be direct or alter-
nating, single or polyphase.

Thus, the voltage in most cases is fixed except on transformer sys-

tems where a choice of voltage may be had by selecting a transformer
to suit.
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In alternating current constant pressure transmission circuits,
an average voltage of 2,200 volts with step down transformer
ratios of & and 2—13 is in general use, and is recommended.

For long distance, the following average voltages are recommended
6,000, 11,000; 22,000; 33,000; 44,000; 66,000; 83,000;
and higher, depending on the lengthof thelineand degreeof ecconomy desired.

In alternating circuits the standard frequencies are 25, and 60
cycles. These frequencies are already in extensive use and it 1s
recommended to adhere to them as closely as possible.

ADJUSTABLE

1%6. 2,784.—Diagram of connections for testing to obtain the saturation curve of an alternatur.
e saturation curve shows the relation between the volts generated in the armature and
the amperes of field current (or ampere turns of the field) for a constant armature current.
‘I'he armature current may be zero, in which case the curve is called no load saturation
curve, or sometimes the open circuit characteristic curve. A saturation curveenay be taken
with full load current in the armature; but this is rarely done, except in alternators of
comparatively small output. If a full load saturation curve be desired, it can be approx-
imately calculated from the no load saturation curve. The figure shows the connections.
If the voltage generated is greater than the capacity of the voltmeter, a multiplying coil
or a step down pressure transformer may be used, as shown. A series of observations of
the voltage between the terminals of one of the phases, is made for different values of the
field current. Eight or nine points along the curve are usually sufficient, the series ex-
tending from zero to about fifty per cent. above normal rated voltage. The points should
be taken more closely together in the vicinity of normal voltage than at other portions of
the curve. Care must be taken that the alternator is run at its yated Speetfoand this
speed must be kept constant. Deviations from constant may be most easily des
tected by the use of a tachometer. If the machine be two phase or three phase, the volt-
meter may be connected to any one phase throughout a complete series of observations.
The voltage of all the phases should be observed for normal full load excitation by connect-
ing the voltmeter to each phase successively, keeping the field current constant at normal
voltage. This is done in order to see how closely the voltage of the different phases agree.

In fixing the capacity of a machine, careful consideration should be sien
{o the conditions of operation both present and future in order thuc the
resultant efficiency may be maximum.

Most machines show the best efficiency at or near full load. If the
load be always constant, as for instance, a pump forcing water to a
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given head, it would be a simple matter to specify the proper size of
machine, but in nearly all cases, and especially in electrical plants, the
load varies widely, not only the daily and hourly fluctuations, but the
varying demands depending on the season of the year and growth of
the plant’s business. All of these conditions ten(g, to complicate the
matter, so that intelligent selection of capacity of a machine requires
not only calculation but mature judgment, which is only obtained by
long experience.
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F16. 2,785.—Saturation curve taken from a 2,000 kw., three phase alternator of the revolving
field t}g)&,) }ﬁa\g% 16 poles, and generating 2,000 volts, and 576 amperes per phase when
run at P.M.

In selecting a machine, or in fact any item connected with
the plant ¢ts construction should be carefully considered.

Standard construction should be insisted upon so that in the event
of damage a new part can be obtained with the least possible delay.

The parts of most machines are inferchangeable, that is to say, with
the refined methods of machinery a duplicate part (usually carried in
stock) may be obtained at once to replace a defective or broken part,
and made with such precision that little or no fitting will be required.
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The importance of standard construction cannot be better
illustrated than in the matter of steam piping, that is, the
kind of fittings selected for a given installation.

With the exception of the cxhaust line from engine to con-
denser, where other than standard construction may sometimes
be used to reduce the frictional resistance to the steam, the
author would adhere to standard construction cxcept in very
cxceptional cases. Those who have had practical expericnce
in pipe fitting will appreciate the wisdom of this.

For installations in places remote from large supply houses,
the more usual forms of standard fittings should be employed,
such as ordinary T’s, 45° and 90° elbows, etc.

In such locations, where designers specify the less usual
forms of standard fittings such as union fittings, offset
reducers, etc., or special fittings made to sketch, it simply
means, in the first instance that they usually cannot be
obtained of the local dealer, making it necessary to order
from some large supply house and resulting in vexatious
-delays.

As a rule, those who specify special fittings have found that
their making requires an unrcasonable length of time, and the
cost to be several times that of the equivalent in standard
fittings.

An examination of a few installations will usually show
numerous special and odd shape fittings, which are entirely
unnecessary.

Moreover, a standard design, in general, is better than a
special design, because the former has been tried out, and any
imperfection or weakness remedied, and where thousands of
castings of a kind are turned out, a better article is usually
the result as compared with a special casting.
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In the matter of construction, in addition to the items just
mentioned, it should be considered with respect to

. Quality,
Range;
Accessibility;
Proportion;
Lubrication;
Adjustment.

SOICAIESIES (O 100

It is poor policy, excepting in very rare instances, to buy a
“cheap” article, as, especially in these days of commercial greed,
the best is none too good.
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F1Gs. 2,786 and 2,787.—Wheel and roller pipe cutters illustrating range. The illustrations
show the comparative movements necessary with the twa types of cutter to perform their
function. The wheel cutter requiring only a small arc of movement will cut a pipe in an
inaccessible place as shown, which with a roller cutter would be impossible.  Accordingly,
the wheel cutter is said to have a greater range than the roller cutter.

Perhaps next in importance to quality, at least in most cases,
is range. 'This may be defined as scope of operation, effectiveness,
or adaptability. The importance of range is perhaps most pro-
nounced in the selection of tools, especially for plants remote
from repair shops.

For instance, in selecting a pipe cutter, there are two general classes:
wheel cutters, and roller cutters. A wheel cutter has three wheels and
a roller cutter one wheel and two rollers, the object of the rollers being
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The design should be such that there is ample strength, and the bear-
ings for moving parts should be of liberal proportions to avoid heating
with minimum attention.

A comparison of the proportions used by different manufacturers for a
machine of given size might profitably be made before a selection is made.

The matter of lubrication is important.

Fast running machines, such as generators and motors, should be
provided with ring oilers and oil reservoirs of ample capacity, as shown
n figs. 2,788 to 2,794.

F16. 2,788.—Sectional view showing a ring oiler or self oiling bearing. As shown the pedestal
or bearing standard is cored out to form a reservoir for the oil. The rings are in rolling
contact with the shaft, and dip at their lower part into the oil. Inoperation, oilis brought up
by the rings which revolve because of the frictional contacts with the shaft. The o1l is in
this way brought up to the top of the bearing and distributed along the shaft gradually
descending by gravity to the reservoir, being thus used over and over. A drain cock, is
provided 1n the base so that the oil may be periodically removed from the reservoir and
strained to remove the accumulation of foreign matter.” This should be frequently done
to minimize the wear of the bearing.

All bearings subject to appreciable wear should be made
adjustable so that lost motion may be taken up from time to

time and thus keep the vibration and noise of operation within
proper limits.
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Selection of Generators.—This is governed by the class of
work to be done and by certain local conditions which are liable
to vary considerably for different stations.

These variable factors determine whether the generators must
be of the direct or alternating current type, whether they must
be wound to develop a high or a low voltage, and whether their
outputs in amperes must be large or small. Sufficient information
has already been given to cover these various cases; there are,
however, certain general rules that may advantageously be
observed in the selection of generators designed to fill any of the
aforementioned conditions, and it is well to possess certain
facts regarding their construction. a

~16s. 2,739 to 2.794.—Self oiling self aligning bearing open. Views showing oil grooves,
rings, bolts etc.

Ques. Name an important point to be considered in
selecting a generator.

Ans. Its efficiency.
Ques. What are the important points with respect
to efficiency?

Ans. A generator possessing a high cfficiency at the average
load is more desirable than a generator showing a high efficiency
at full load
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the floor upon pieces of iron pipe. If, however, the parts be
large and heavy, a traveling crane such as shown in fig. 2,797,
becomes necessary.

Ques. What precaution should be taken in moving
the parts of machines?

Ans. Care should be taken not to injure the bearings and
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FiG. 2,797.—Cross section of electrical station showing a traveling crane for the installation or
removal of large and heavy machine parts. A traveling crane consists of an iron beam
which, being supplicd with wheels at the ends, can be made to move either mechanically or
electrically upon a track running the entire length of the station. This track is not sup-

orted by the walls of the building, but rests upon beams specially provided for the purpose.
Yn addition to the horizontal motion thus obtained, another horizontal motion at right
angles to the former is afforded by means of the carriage which, being also mounted on
wheels, runs upon a track on the fop ot the beam. Electrical power is generally used to
move the carriage and also the revolving drums contained thereon, the latter of which give
a vertical motion to the main hoist or the auxiliary hoist, these hoists being used respectively
for raising or lowering heavy or light loads. In the larger sizes of electric traveling crane,
a cage is attached to the beam for the operator, who, by means of three controllers mounted
in the cage, can move a load on either the main or auxiliary hoist in any direction.

TRACK
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shafts, the joints in magnetic circuits such as those between
frame and pole pieces, and the windings on the field and armature.

The insulations of the windings are perhaps the most vital parts of
a generator, and the most readily injured. The prick of a pin or tack,
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a bruise, or a bending of the wires by resting their weight upon them
or by their coming in contact with some hard substance, will often
render a field coil or an armature uscless.

Owing to its costly construction, it is advisable when transporting
armatures by means of cranes to use a wooden spreader, as shown in
fig. 2,798 to prevent the supporting rope bruising the winding.

Fio. 2.98.— View of armature in_transit showing use of a wooden spreader as a(rrobection.

1T 4 chain be used in place of the rope, a padding of cloth should be placed aroun the arma-

ture shaft and special care taken that the chain does not scratch the commutator.

Ques. If an armature cannot be placed at once in its
final position what should be done? ¢

Ans. It may be laid temporarily upon the floor, if a sheet of
cardboard or cloth be placed underneath the armature as a
protection for the windings; in case the armature is not to be
nsed for some time, it is better practice to place it in a horizontal
position on two wooden supports near the shaft ends.
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Ques. What kind of base should be used with a belt
driven generator or motor?

Ans. The base should be provided with V ways and adjusting

screws for moving the machine horizontally to take up slack in
the belt, as shown in fig. 2,799.

Owing to the normdl tension on the belt, there is a moment exerted
equal in amount to the distance from the center of gravity of the ma-
ADJUSTING ouinnn
'
6L 19 VvV WAYS—_ o
=i il
N

g

BELT

Fig. 2,799.—Plan of belt drive machine shrwing V wavs and adjusting screws for moving the
machine forward from the engine or counter shalt 1o take up slack in the belt.

chine to the center of the belt, multiplied by the effective pull on the
belt. This force tends to turn the machine about its center of gravity.
By placing the screws as shown, any turning moment, as just men-
tiorfed, is prevented.

Ques. How should a machine be assembled?

Ans. The assembling should progress by the aid of a blue
print, or by the information obtained from a photograph of the
complete machine as it appears when ready for service. Each
part should be perfectly clean when placed in position, especially
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those parts between which there is friction when the machine
is in operation, or across which pass lines of magnetic force; in
both cases the surfaces in contact must be true and slightly
oiled before placing in position.

Contact surfaces forming part of electrical circuits must also be
clean and tightly screwed together. An important point to bear in
mind when assembling a machine is, to so place the parts that it will
not be necessary to remove any one of them in order to get some other
part in its proper position. By remembering this simple rule much

I,
NI TT 7
/?901‘\::\' R, N
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Fros. 2,800 to 2,802.—Starrett's improved speed indicator. In construction, the working parte
are enclosed like a'wa'.c'n. e graduations show every reyo‘ution. and with two rows of
figures read both right and left as the shaft may run. While looking at the watch, each
hundred revolutions may be counted by allowing the oval headed pin on the revolving
disc t ) pass under the thumb as the instrument is pressed toits work. A late improvement
in this indicator consists in the rotating disc, which, being carried by friction may be
moved to the starting point where the raised knobs coincide. When the spindle is placed
in connection with the revolving shaft, pressing the raised knob with the thumb will
prevent the disc rotating, while the hand of the watch (fets to the right position to
take the time. By releasing the pressure the disc is liberate: for counting the revolutions
of the shaft when every 100 may be noted by feeling the knob pass under the thumb
lightly pressed against it, thus relicving the eye, which has only to look on the watch to
note the time.

time will e saved, and in the majority of instances the parts will finally be
better fitted together than if the task has to be repeated a number of Limes.
When there are two or more parts of the machine similarly shaped,
it is often difficult to properly locate them, but in such cases notice should
be taken of the factory marks usually stamped upon such pieces and their
proper places determined from the instructions sent with the machine.

Ques. What should be noted with respect to speed of
generator?
Ans. Each generator is designed to be run at a certain speed
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in order to develop the voltage at which the machine is rated.
The speed, in revolutions per minute, the pressure in volts, and
the capacity or output in watts (volts X amperes) or in kilo-
watts (thousands of watts) are generally stamped on a name-
plate screwed to the machine.

This requirement frequently requires calculations to be made by the

erectors to determine the proper size pulleys to employ to obtain the
desired speed.

& BOLT WITH LONG THREAD BELT

OAK GLAMPS I3x3
'OR LARGER ACCORD-
ING TO CAPACITY

DESIRED

6. 2,803.—Home made belt clamp. It is made with four pieces of cak of ample size to firmly
grip the belt ends where the bolts are tightened. The figure shows the clamp complete and
in position on the belt and clearly illustrates the details of construction. In making the
long bolts the thread should be cut about three-quarter length of bolt and deep enough so
that the nuts will casily screw on.

Example.—What diameter of engine pulley is required to run a
dynamo at a speed of 1,450 revolutions per minute the dynamo pulley
being 10 inches in diameter and the speed of engine, 275 revolutions
per minute?

The diameter of pulley required on engine is
1,450

275
Rule.—To find the diameter of the driving pulley, muitiply the sf«d

of the driven pulley by its diameter, divide the product by the speed of the
driver and the answer will be the size of the driver required,

10X

=53 inches, nearly.
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Example.—If the speed of an engine be 325 revolutions per min-
ute, diameter of engine pulley 42 inches, and the speed of the dynamo
1,400 revolutions per minute, how large a pulley is required on dynamo?

The size of the dynamo pulley is

42 X—3€5— =934 inches
1,400 °* ‘
Rule.—To find the size of dynamo pulley, muitiply the speed of engine
by the diameter of engine wheel and divide the product by the speed of the
dynamo.

C1gs. 2,804 and 2,805.—A good method of lacing a belt. The view at the left shows outer side
of belt, and at the right, inner or pulley side.

Fxample—1{ a steam cngine, running 300 revolutions per minute,
have a beltl wheel 18 inches in diameter, and be belted to a dynamo
having a pulley 12 inches in diameter, how many revolutions per min-
ute will the dynamo make?

The speed of dynamo will be

300 X%—g= 1,200 rev. per min,

Rule.—When the speed of the driving pulley and its diameter are
known, and the diameter of the driven pulley is known, the speed of
the driven pulley is found by multiplying the speed of the driver by its
diameter in tnches and dividing the product by the diameter of the driver
pulley.
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Example.—What will be the required spesd of an engine having a
belt wheel 46 inches in diameter to run a dynamo 1,500 revolutions
per minute, the dynamo pulley being 11 inches in diameter?

The speed of the engine is .

11

1,50())(4'

6=359 rev. per min. ncarly.
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F16. 2,806.—Wiring diagram and directions for operating Holzer-Cabot single phase self-
starting motor, Location: The motor should be placed in as cloar and dry a location as
possible, away from acid or other fumes which wuufc)l attack the metal parts or insulation,
and should be located where it is easily accessible for cleaning and oiling. Erection: The
motor should be set so that the shaft is level and parallel with the shaft it is to drive so
that the belt will run in the middle of the pulleys. Do not use a belt which is too heavy
or too tight for the work it has to do, as it will materially reduce the output of the motor.
The belt should be from one-haif to one inch narrower than the pulley. Rotation: In
order to reverse the direction of rotation, inte rchange leads A and B.  Suspended Motors:
Motors with ring 0il bearings may be used on the wall or ceiling by taking off end caps and
revolving 90 or 180 degrees until the oil wells come directly below the bearings. Starting:
Motors are provided with link acress two terminals on the upper right hand bracket at
the front of the motor and with this connection should start considerable overloads. If
the starting current be too great with this connection, it may be reduced by removing
the link. ‘Temperatures: At full load the motor will feel hot to the hand, but this is
far below the danger point, If too hot for touch, meastire temperature witha thermometer
by placing bulb against field winding for 10 minutes, ¢ wvering thermometer with cloth or
waste, The temperature should not exceed 75 degrecs Fahr. above the surrounding air.
Oiling: Fill the oil wells to the overflow before starting and keep them full. See that
the oil rings turn freely with shaft. Care: The motor must be kept clean. Smooth
collector rings with sandpaper and see that the brushes make good contact, When
brushes become worn they may be reversed. When fitting new hrushes or changing them
always sandpaper them down until they make goud contact, with the collector rings, by
passing a strip of sandpaper beneath the bLrush.
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Rule.—To find the speed of enﬁ'.ne when diameter of both pulleys,
and speed of dynamo are given, multiply the dynamo speed by the diam-
eter o_fp ils pulley and divide by the diameter of engine pulley.

Ques. How are the diameters and speeds of gear wheels
figured?

Ans. The same as belted wheels, using either the pitch circle
diameters or number of teeth in each gear wheel.

SINGLE PHASE TWO PHASE THREE PHASE

Figs. 2,807 to 2,809.—Wiring diagrams and directions for operating Holzer-Cabot slow
speed alternating current motors. Erecting: In installing the motor, be sure the trans-
former and wiring to the motor are large enough to permit the proper voltage at the
terminals.  If too small, the voltage will drop and reduce the capacity of the motor.
Oiling: Maintain oil in wells to the overflow. Starting: Single phase motors are
started by first throwing the starting switch down into the starting position, and whenthe
motor is up to speed, throwing it up into the running position. Do not hold the swiich in
starting fosition over 10 seconds. Starter for single phase motors above 5 H.P. are
arranged with an adjusting link at the bottom of the panel. The link is shown in the
position of least starting torque and current. Connect from W to 2 or W to 3 for start-
ing heavier loads. Two or three phase motors are started simply by closing the switch.
These motors start full load without starters. The motor should start promptly on
closing the switch. It should be started the first time without being coupled to the line
shaft. If the motor start free, but will not start loaded, it shows either that the load
upon the motor is too great, the line voltage too low. or the frequency too high. The
voltage and frequency with the motor running should be within 59, of the name plate
rating and the voltage with 10 to 157 while starting, If the motor do not start free,
either it is getting no current or something is wrong with the motor, In either case an
electrician sgould be consulted. Solution: To reverse the direction of rotation inter-
change the leads marked XX " in the diagrams. ‘Temperature: At full load the motor
should not heat over 75 degrees Fahr. above the temperature of the surrounding air; if
}r:_mhin a small enclosed space with no ventilation, the temperature will be somewhat

igher.




2,008

HAWKINS ELECTRICITY

=il

- “l'

GENERATORS

In

Belts of different lengths are used, as shown,

1d be governed by the width of the machines thus installed, this method is a very

asses over the driving wheel d of the engine, and then over the pulley whee!l of one of the generators.
efficient one for accomplishing the end in view,

ement the belts would be run lengthwise through the roon ir which the machines are placed, and it is obvious

P
that since the width of the room wou

such an arrang

PiG. 2.810.—Tandem drive for economizing floor space with belt transmission.
each of which

Ques. What should be
noted with respect to gen-
erator pulleys?

Ans. A pulley of certain
size is usually supplied with
each generator by its manu-
facturer, and it is not gener-
ally advisable to depart much
from the dimensions of this
pulley. Accordingly, the so-
lution of the pulley problem
usually consists in finding the
necessary diameter of the
driving pulley relative to
that of the pulley on the
gencrator in order to furnish
the required speed.

Ques. What is the chief
objection to belt drive?

Ans. The large amount of
floor space required.

Ques. How may the
amount of space that
would ordinarily be re-
quired for belt drive, be
reduced?

Ans. By driving machines
in tandem as in fig. 2,810, or
by the double pulley drive as
in fig. 2,811.
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Ques. What is the objection to the tandem method?

Ans. The most economical distance between centers cannot
be employed for all machines.

Ques. What is the objectionable tendency in resorting
to floor economy methods with belt transmission?

Ans. The tendency to place the machines too closely together.
This is poor economy as it makes the cleaning of the machines
a difficult and dangerous task; it is therefore advisable to allow
sufficient room for this purpose regardless of the method of
belting employed.

D i =

CENTER CRANK ENGINE

Fic. 2.811.—Double pulley drive for economizing floor space with belt transmission.  Where
a center crank engine is used both pulleys may be employed by belting a machine to each
as shown. Although considerable floor space would be saved by the use of this scheme
if the generators thus belted were placed at M and G yet still more floor space would be
saved by having them occupy the positions indicuted at M and S,

Ques. What is the approved location for an alternator
exciter?

Ans. To economize floor spacc the exciter may be placed
between the alternator and engine at S in fig. 2,811.

Belts.—In the sclection of a belt, the quality of the leather
should be first under consideration. The leather must be firm,
yet pliable, freec from wrinkles on the grain or hair side, and of
an even thickness throughout.
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BELT DRIVE

EXCITER

ALTERNATOR

ENGINE
In an electrical station where alter-

arate excitation for their field wind-

shaft.

ynamo for supplying current to the
nly about 1 per cent.of the capacity of

ry pulley mounted on the alternator

h an alternator a small &
requires o

in fact, it
ted to an auxilia;

ften bel

y locating the exciter at S, between the alternator and the engine, much

the general appearance of the installation improved.

producing the current generally require zep:
ied by an installation of this nature if the exciter be placed at M, and belted to

lines. B

ted

the dott

d so being small is o
o

floor space will be saved an

ce would be oc

spa

it is usually necessary to install in conjunction witl
the alternator as indicated

alternator field. The exciter is a comparatively small machine;

nating current is generated, the alternators for

ings; that is,

the alternator which it excites, an

Considerable floor

F1G. 2,812.—Separately excited belt driven alternator showing approved location of exciter.

If the belt be well selected and
properly handled, it should do ser-
vice for twenty years, and even
then if the worn part be cut off,
the remaining portion may be re-
made and used again as a narrower
and shorter belt.

Besides leather belts, there are those
made of rubber which withstand moist-
ure much better than leather belts, und
which also possess an excellent grip on
the pulley; they are, however, morc
costly and much less durable under
normal conditions.

In addition to leather and rubber
belts, there are belts composed of cot-
ton, of a combination of cotton and
leather, and of rope. The leather belt,
however, is the standard and is to be
recommended.

Equally important with the qual-
ity of a belt is its size in order to
transmit the nccessary power.

The average strain under which lea-
ther will break has been found by
many experiments to be 3,200 pounds
per square inch of cross section. A
good quality of leather will sustain a
somewhat greater strain. In use on
the pulleys, belts should not be sub-
jected to a greater strain than one-
eleventh their tensile strength, or about
290 pounds to the square inch or cross
section. This will be about 55 pounds
average strain for every inch in width
of single belt three-sixteenths inch
thick. The strain allowed for all
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widths of belting—single, light double, and heavy double—is in direct
proportion to the thickness of the belt. :

Ques. How much horse power will a belt transmit?

Ans. The capacity of a belt depends on, its width, speed,
and thickness. A single belt one inch wide and travelling 1,000
feet per minute will transmit one horse power; a double belt under
the same conditions, will transmit two horse power.

SPEED OF BELT, 1,000 FEET PER'MINUTE

~#  1-INGH WIDE

|-LB. DRAG OR BAGK PULLIN BELT

159.23 RPM

DRIVER SIDE

34 LB. PULL IN BELT

F1G. 2,.813.—One horse power transmitted by belt to illustrate the rule given above, A pulley
is driven by a belt by means of the friction between the surfaces in contact. Let T be
the tension on the driving side of the belt, and T’, the tension on the loose side; then the
driving force =T —T’. In the figure T is taken at 34 lbs. and T’ at 1 1b.; hence driving
force =34 —1=33 Ibs, Since the belt is travelling at a velocity of 1,000 feet per minute
the power transmitted =33 lbs, X 1,000 ft, =33,000 £t lbs, per minutc = 1 horse power.

This corresponds to a working pull of 33 and 66 lbs. per inch of
width respectively.

Example.—What width double belt will be required to transmit
50 horse power travelling at a speed of 3,000 feet per minute?

The horse power transmitted by each inch width of douhle belt trav-
elling at the stated speed is

3,000\ L.
(lxl.ooo)X2"6'

hence the width of belt required to transmit 50 horse power is
50-+6=28.33, say 8 inches.
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Ques. At what velocity should a belt be run?

Ans. At from 3,000 to 5,000 feet per minute.

Ques. How may the greatest amount of power trans-
mitting capacity be obtained from belts?

Ans. By covering the pulleys with leather.

Ques. How should belts be run?

Ans. With the tight side underneath as in fig. 2,814.

_— :
= SIDE »

— 16171 L

S

RIGHT WAY

— —— |
WRONG WwWAY

FiGs. 2,814 and 2.815.—Right and wrong way to run a belt. The tight side should be under-
neath so as to increase the arc of contact and consequently the adhesion, that is to say, a
betler grip, is in this way obtained.

Ques. What is a good indication of the capacity of a
belt in operation?
Ans. Its appearance after a few days’ run.
If the side of the belt coming in contact with the pulley assume a

mottled appearance, it is an indication that the capacity of the belt is
eonsiderably in excess of the power which it is transmitting, inasmuch
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as the spotted portions of the belt do not touch the pulley; and in
consequence of this there is liable to be more or less slipping.

Small quantities of a mixture of tallow and fish oil which have pre-
viously becn melted together in the proportion of two of the former
to one of the latter, will, if applied to the belt at frequent intervals,
do much toward softening it, and thus by permitting its entire surface
to come in contact with the pulley, prevent any tendency toward slip-
ping. The best results are obtained when the smooth side of the belt
is used next to the pulley, since tests conducted in the past prove that
more power is thus transmitted, and that the belt lasts longer when
used in this way.

F1G. 2,816.—The Hill friction clutch ;)ulley for power control. The clutch mechanism will start
a load equivalent to the double belt capacity of the pulley to which the clutch is attached.

Ques. What is the comparison between the so called
endless belts and laced belts?

Ans. With an endless belt there is no uneven or noisy action
as with laced belts, when the laced joint passes over the pulleys,
and the former is free from the liability of breakage at the joint.

Ques. How should a belt be placed on the pulleys?

Ans. The belt should first be placed on the pulley at rest,
and then run on the other pulley while the latter is in motion.
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The best results are obtained, and the strain on the belt is less, when
the speed at which the moving pulley revolves is comparatively low.
With heavy belts, particular care should be taken to prevent any por-
tion of the clothing being caught either by the moving belt or pulleys,
as many serious accidents have resulted in the past from carelessness
in regard to this important detail. The person handling the belt should,
therefore, be sure of a firm footing, and when it is impossible to secure
this, it is advisable to stop the engine and fit the belt around the engine
pulley as well as possible by the aid of a rope looped around the belt.

*
F1G. 2,817 —Sectional view of Hill clutch mechanism. In every case the mechanism hub A,
and in a clutch coupling the ring W, is permanently and rigidly secured to the shaft and
need not be disturbed when removing the wearing parts. When erccted, the adjustment
should be verified, and always with the clutch and ring engaged and at rest. If the jaws
do not Ercss equally on the ring, or if the pressure required on the cone be abnormal,
loosen the upper adjusting nuts T’ on eye bolts and set up the lower adjusting nuts T
until each sct of jaws is under the same pressure.  Should the clutch then siip when started
it is evident that the jaw pressure is insufficient and a further adjustment will be necessary.
All clutches are equipped throughout with split lock washers. Vibration or shock will
not loosen the nuts if properly set up. The jaws can be removed parallel to the shaft as
follows: Remove the gibs V, and withdraw the jaw pins P, then pull out the levers D.
Do not disturb the eye bolt nuts T’ and T"’. The outside jaws B can now be taken out.
Remove the bolt nuts I allowing the fulcrum plates R to be taken off. On the separable
hub pattern the clamping bolts must be taken out before fulerum plate is removed. The
inside jaws C may now be withdrawn. Always set the clutch operating lever in the position
as shown in fig. 2,816 to avoid interference with mechanism parts. %il the moving parts
of the clutch. Keep it clean. Examine at regular intervals.

Ques. Under what conditions does a belt drive give
the best results?
Ans. When the two pulleys are at the same level.

If the belt must occupy an inclined position it should not form a greater
angle than 45 degrees with the horizontal.

Ques. What is a characteristic feature in the operation
of belts, and why?

Ans. Belts in motion will always run to the highest side of a
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pulley; this is due partially to the greater speed in feet per
minute developed at that point owing to the greater circum-
ference of the pulley, and also to the effects of centrifugal force.

If, therefore, the highest sides of both pulleys be in line with each
other, and the shafts of the respective puileys be parallel to each other,
there will be no tendency for the belt to leave the pulleys when once
in its proper position. In order that these conditions be maintained,
the belt should be no more than tight enough to prevent slipping, and
the distance between the centers of the pulleys should be approximately
3.5 times the diameter of the larger onc.

¥IG. 2%'Iﬂilﬁ’““h mec}mmsm leuit.hAtﬁpe.rt Thteﬂf‘rictionlsurfaces aref woo<li to iron, the
W shoes mgmade Tom maple. parts of e toggle r are of steel d forgi
with the exception of the connection lever which is of cast irog:.ali e

Ques. What minor appurtenances should be provided
in a station?

Ans. Apparatus should be installed as a prevention against
accidents, such as fire, and protection of attendants from danger.

In every electrical station there should be a pump, pipes and hose;
the pump may be either directly connected to a smal e?ectric motor or
belted to a countershaft, while the pipes and hose should be so placed
that ;1: water can accidentally reach the generators and eclectrical
circul

—t o
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[Fxcs. 2,821 to 2,825.—

eral Electric dia-
grams of connections.
A, ammeter; C.B, cir-
cuit breaker; C.P, can-
dle power; C.T, cur-
rent transformer; D.R,
discharge resistance; F,
fuse; F.S, field switch;
L, lamp; O.C, overload
coil; P.P, pressure plug;

CB
QocC.

Ve D { P.R, ;i{e(s:sure recept-
r—po—— N { acle; .C, reactance;
eo— o e — rheo, rheostat; R.P,

synchronizing plug,
nmnings; R..S.hrcsést]-
b ance; S, switch; S.I,
‘—_:E —:E syncflronism indicator;
| 8. P, synchronizing
plug, starting; S.R,
synchronizing recept-
acle; V, voltmeter.
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alternator since the main leads of the exciter are connected through a
double pole switch G to the field winding of the alternator.

A rheostat is also introduced in the alterantor field winding circuit
to adjust the alternator pressurc. It may scem unnecessary to employ
a rheostat in each of two separate field Circuits to regulate the voltage
of the alternator, but these rheostats are not both used to produce the
same result. When a considerable variation of pressure is required,
the exciter rheostat is manipulated, whereas for a fine adjustment of

voltage the alternator rheostat is preferably employed.

Sometimes a direct current ammeter is introduced in the alternator’s
field circuit to aid in the adjustment.

The main circuit of alternator after being protected on both sides by
fuses, runs tothe double pole switch K. These fuses serve as a protection
to the alternator in case of a short circuit at the main switch, It will
be noticed the fuses are of the single pole type and are mounted a con-
siderable distance apart; this is to prevent any liability of a short
circuit between them in case of action. Enclosed fuses are now used en-
tirely for such work, since in these there is no danger of heated metal
being thrown about and causing damage when the %use wire is melted.
Enclosed fuses are also more readily and quickly replaced than open fuses,
the containing tube of each being easy to adjust in circuit, and when the
fuse wire within is once melted the tube is discarded for a new one.

The main circuit after passing through the main switch is further
protected on both sides by circuit breakers. Leaving these protective
devices, the left hand side of the circuit includes the alternating current
ammeter, and then connects with one of the bus bars. The right hand
side of the circuit runs from the circuit breaker to the other bus bar.
As many feeder circuits may be connected to the bus bars and supplied
with current by the alternator as the capacity of this machine will per-
mit. If, however, there be more than one feeder circuit, each must be
wired through a double pole switch.

In alternating current work the pressures dealt with aremuch greater
than those in direct current installations, so that proportionate care
must be taken in the wiring to remove all possibility of grounds.

To locate such troubles, however, should they occur, a ground detector
is provided. For this class of work the ground detector must be an
instrument especially designed for high pressure circuits. Two of its
terminals should be connected to the line wires and the third, to ground;

in case of a leak on the line,a current will then flow through the detector
and by the position of the pointer the location and seriousness of the
leak may be judged.

A step down transformer is also rendered necessary for the voltmeter
and the pilot lamps, owing to the high voltage in use. The primary
winding of the transformer is connected across the main circuit of the
alternator. This connection should never be made so that it will be cut
out of circuit when the main switch is open, for it is always advisable to
consult the voltmeter before throwing on the load by closing this switch.
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Ques. How does the switchboard wiring for a two
phase system differ from the single phase arrangement
shown in fig. 2,820?

Ans. It is practically the same, except for the introduction
of an extra ammeter and a compensator in each of the outside
wires, and in the use of a four pole switch in place of the two
pole main switch.

The ammeters, of course, are for measuring the alternating currents
in each of the two phases or legs of the system, and the compensators
are two transformers with their primary coils in series with the outside
wires and their secondary coils in scries with each other across the out-
side wires. The transformers thus connected are known as compen-
sators or pressure regulators, and as such compensate for the drop in
pressure on either side of the system.

Ques. How is the four pole main switch wired?

Ans. Its two central terminals which connect dircctly with
the line wires, are joined together by a conductor, and from
this point one wire is led off. This wire, together with the two
outside wires, form the feeders of the system.

Ques. How many voltmeters are required for the two
phase system?

Ans. One voltmeter is sufficient on the board if a proper
switching device be employed to shift its connections across
cither of the two circuits; otherwise, two voltmeters will be
necessary, one bridged across each of these respective circuits.

The same reasoning holds true in regard to ground detectors, so that
one or two of these will be required, depending upon the aforementioned
conditions.

Ques. What are the essential points of difference
between the single phase switchboard wiring as shown
in fig. 2,820, and that required for a three wire three phase
system?

Ans. The three phase system requires the use of a three pole
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switch in place of the two pole switch; the insertion of an amme-
ter, a circuit breaker, and a compensator in cach of the three
wires of the system; the presence of two ground detectors in-
stead of one, and the addition of a voltmeter switch if but one
voltmeter be provided, or else the installation of two voltmeters,
connected the one between the middle wire and outer right hand
wire, and the other betwecen the middle wire and outer left
hand wire.
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F16. 2,830.- ~Diagram of switchboard connections for General Electric automatic voltage
regulator with two exciters and two alternators.

Ques. Mention a few points relating to lightning
arresters.

Ans. In most cases where direct current is used they are
mounted on the walls of the station near the place at which the
line wires enter. If they be mounted outside the station at this
point, special precautions should be taken to keep them free
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Fics. 2,831 and 2,832.—Garton-Daniels alternating
" current lightning arrester; diagram showing con-
nections. A lightning discharge takes the path
indicated by the dotted line, across the upper air Mne p——
gap A, through resistance rod B, C, DD, across cop- St
per strip R on the base, thence flowing to ground 1
through the movable plunger M, lower on gap |A
N, and ground binding Eost L. _The discharge
path is practically straight, contains an air gap,
distance of but 3-32 inch, a series resistance
averaging but 225 ohms. The lightning dis-
charge does not flow through the flexible lead
connecting band D on the lower end of the re-
sistance rod with the top of the movable plunger.
These two points are electrically connected by
the heavy copper strip R, and lightning discharges
generally, if not always, take the ath across this
copper_strip in preference to flowing through
the inductance of the one turn of flexible cable,
When a discharge_occurs from line to ground
through any lightning arrester, the air gaps arc
over, and so there is offered a path from line to
und for the line current. This flow of line
current following the lightning discharge to
und may vary anywhere from a small capac-
ity current where the arrester is installed on an
ungrounded circuit, a moderately heavy flow on
a partially grounded circuit, to a very heavy
flow on a grounded circuit—either a circuit oper-
ated as a dead grounded circuit, or a circuit
which has become accidentally grounded during
a storm. The path taken by this flow of line
current from line to %round maxi'l be traced by
following the path shown by the dashed line.
It, as seen, crosses upper air gap A, flows through
section B of the resistance rod to band C. Leav-,
ing band C it flows through the magnet winding
H, thence to band D on the resistance rod,
through flexible lead to up{)er end of move
able plunger, through movable plunger, across FroNT VIEW SipE ViEw
lower air gap N, to ground binding post L,
thence to ground. The function of the short
length of resistance rod CD is as follows: It has an ohmic resistance of about 30 ohms
but is mom-inductive. Magnet winding H, connected to bands C and D on the ends of this
short length of rod has an ohmic resistance of 3 ohms, but is highly inductive.. Lightnin[g
discharges being of high frequency take the higher resistance but non-inductive path C
in their passage from line to ground. The flow of normal current from line to ground being
of a very low frequency, 25 or 60 cycles in ordinary alternating current circuits, zero in
direct current circuits—takes the low resistance path through coil H in its ?ath to ground.
Section CD of the rod is used therefore simply to shunt the inductance of, winding H to
high frequency lightning discharges, leaving the lightning discharge path in the arrester
a non-inductive highly efficient path. In all Garton-Daniels A. C. lightning arresters
operating_on non-grounded or partially grounded circuits, the action of the air gaps and
series resistance are together sufficient to extinguish the flow of normal current to ground
at the zero point of the generator voltage wave. If, however, as frequently happens, the
line grounds accidentally during a storm, then the arrester does not have to depend for its
roper operation on the arc extinguishing properties of the air gaps and resistance, but the
ﬁeavier ow of line current through the arrester energizes the wovable M)lu er, which
raises upward in the coil, opening the circuit between the discharge int M and the lower
end of the plunger. To limit the flow of line current to ground the resistance rod B is
rovided, there being approximately 225 ohms between the discharge point A and clamp C
in the 2,500 volt arrester. This feature is particularly effective where the circuit is_tem-
porarily o accidentally grounded. The senes resistance prevents a heavy short circuit
through the arrester and ts the current to a value that is readily broken by the cut ous
and is not enough to impede the p of the discharge.
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from moisture by enclosing them in iron cases, but no matter
where they are located it is necessary that they be dry in order
to work properly.

If possible, one place should be sct aside for them and a marble or slate
panel provided on which they may be mounted.

Wooden supports are undesirable for lightning arresters on account
of the fire risk incurred; this, however, may be reduced to a minimum
by employing skeleton boards and using sheets of asbestos between the
arresters and the wood.

In parts of the country where lightning is of common occurrence
and where overhead circuits are installed which carry high pressures,
heavy currents, and extend over considerable territory, it is advisable
to have the station well equipped with lightning arresters of the most
improved types.

In each side of the main circuit, between the lightning arrester con-
nections and the switchboard apparatus there should be connected a
choke coil or else each of the main conductors at this point should be
tightly coiled up part of its length to answer the same purpose.

A quick and effective way of coiling up a wire consists in wrapping
around a cylindrical piece of iron or wood that part of the conductor
in which it is desired to have the coils, the desired number of times, and
then withdrawing the cylindrical piece. The coils, each of which may
contain 50 or 200 turns, thus inserted in the main circuit introduce a
high resistance or reluctance to a lightning current, and thus prevent
it passing to the generator; there will, however, be an easy path to
earth afforded it through the lightning arrester, and so no damage wili
be done. Coils of the nature just mentioned may advantageously be
introduced between the generator and switchboard to take up the
reactive current developed upon the opening of the circuit, and in the
case of suspended conductors, the coils may be used to take up the
slack by the spring-like effect produced by them.

The safety of the operator should be especially considered in the
design of high pressure alternating current switchboards.

Such protection may be secured by screening all the exposed terminals,
or preferably by mounting all the switch mechanism on the back of the
board with simply the switch handle projecting through to the front;
by pushing or pulling the switch handle, the connections can thus be
shifted either to one side of the system or to the other.

Ques. Upon what does the work of assembling a switch-
board depend?

Ans. It depends almost entirely upon the size of the plant,
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varying from the simple task of mounting a single panel in the
case of an isolated plant, to the more difficult problem of
supporting a large number of panels in a central station.

Ques. When the material chosen for a switchboard
must be shipped a considerable distance, what form of
board should be used?

Ans. The board
units or ‘“‘slabs”
should be of smali
dimensions, to
avoid the liability
of breakage and
expense of renewal
when a unit be-
comes cracked or
machine injured.

Ordinarily, switch-
boards vary from five
to cight feetin height
and the widths of
the panels vary from
five to six feet. In
some boards the
scams between the
slabs run vertically,
and in others hori-
zontally. In order
to render the assem-
bling of the switch-
board as simple as
possible, and its
appearance when
finished the most
artistic, these seams
should run horizon-
tally rather than ver-
tically. The cdgesof
cach of the slabs

Fius. 2,834 and 2,835.—Front and fear views showing General

Eleetric automatic voltage regulator mounted on switchboard should also be cham-
panel. fered so that there
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will be less danger of their breaking out when being mounted on the
framework.

Ques. In assembling a swtichboard, how should the
lower slabs be placed, and why? /
Ans. They should be suspended /
a little distance from the floor to s
prevent contact with any oil, dirt,

water or rubbish that might be on
the floor.

Ques. How are the slabs or
panels supported?

Ans. They are carried on an
ion or wooden framework with
hraces to give stability.

The braces should be securely fas-
tened at one end to the wall of the sta-
tion, and at the other end to the frame-
work of the board, as shown in fig.
2,836.

To fasten the switchboard end of the
brace directly to the slate, marble or
other material composing the board is
poor practice and should never be at-
tempted.

If the station be constructed of iron,
these switchboard braces must be
such that they will thoroughly insu-
late the board and its contents from
the adjoining wall.

Ques. What is the usual  pi 2836 —Mcthod of supporting
equipment Of a switchboard? the framework of a switchboard.

Ans. It comprises switching devices, current or pressure
limiting devices, indicating devices, and fuses for protecting the
apparatus and circuits.
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Fi6. 2,837.—Diagram showing elementary connections of General Electric automatic regulator

for direct current. It consists essentially of a main control magnet with two independent
windings and a differentially wound relay magnet. One winding, known as the pressure
winding, of the main control magnet is connected across the dynamo terminals, the other
across a shunt in one of the load mains, The latter isthe *‘compensating winding "’ and it
opposes the action of the pressure winding so that as the load increases, a higher pressure at
the dynamo is necessary to *‘over compound” for line drop. In ordinary practice, the
voltage terminalsare connected to the bus bars, and the compensating shunt inserted in one
of the principal feeders of the system. In operation the shunt circuit across the dynamo
ficld rheostat is first opened by means of a switch provided for that purpose on the base of
the regulator and the rheostat turned to a point tgat will reduce the generator voltage 35
per_cent below normal. The main control magnet is at once weakened and allows the
spring to pull out the movable core until the main contacts are closed. This closes the
second circuit of the differential relay, thus neutralizing its windings. The relay spring
then lifts the armature and closes the reluy contacts. The switch in the shunt circuit
across the dynamo field rheostat is now closed, practically short circuiting the rheostat, and
the dynamao voltage at once rises. As soon as it reaches the point for which the regulator
has been adjusted, the main control magnet is strengthened, wgich causes the main contacts
to open, which in turn open the relay contacts across the rheostat.

The rheostat is now in
the field circuit, the voltage at once falls off, the main contacts are closed, and relay arma-
ture released, and_shunt circuit across the rheostat again completed. The voltage then
starts to rise and this cycle of operation is continued at a high rate of vibration, maintaining
not a constant but a steady voltage at the bus bars. \%/hen neither the compensating
winding nor pressure wires are used, there will be no *“‘over compounding’' effect due to
increase of load and a constant voltage will be maintained at the bus bars. The compensat-
ing winding on the control magnet, which opposes the pressure winding is connected across
an adjustable shunt in the principal feeder circuit. As the load increases the voltage drop
across the shunt increases and the effect of the compensating winding becomes greater.
This will require a higher voltage on the pressure winding to open the main contacts and
the regulator will therefore cause the dynamo to compensate for line drop, maintaining at
the bus bars a steady voltage without ffuctuations. which rises and falls with aload on the
feeders, giving a constant voltage at the lamps or center of distribution. The compensat-
ing shunt may be adjusted so as to compensate for an‘y; desired line drop up to 15 percent;
it 1s preferably placed in the principal lighting feeder, but may be connected tothe bus bars
so that the total current will pass through it. The latter method, however, is sometimes
desirable, as large fluctuating power loads on separate feeders might disturb the regulation
of the lighting ?eeders. Adjustment is made by sliding the movable contact at the center
of the shunt.  This contact may be clamped at any desired point and determines the pres-
sure across the compensating winding of the regulator’s main control magnet. here
pressure wires are run back to the central station from the center of distribution they may be
connected directly to the pressure winding of the main control magnet, and it is unnecessary
to use the compensating shunt. The pressure wires take the place of the leads from the
control magnet to the bus bars and maintain a constant voltage at the center of distribution,
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On some switchboards are also mounted small transformers for raising
or lowering the voltages, and lightning arresters as a protection from
lightning. In addition to the apparatus previously mentioned nearly
all switchboards carry at or near their top two or more incandescent
lamps provided with shades or reflectors, for lighting the board.

Ques. What should be done before wiring a switch-
board?

Ans. The electrical .connections between the various ap-
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Fic. 2.838.—Diagram showing connections of General Electric antomatic voltage regulator
for direct current as connected for maintaining balanced voltage on both sides of a threa
wire system using a balancer set. In operation, should the voltage on the upper bus bars
become greater tian that on the lower oncs, the middle and lapper contacts on the (e%u-
lator will close, thus opening the relay contacts to the left and closing those to the right.
This inserts all the resistance in the ficld of balancer A, and short circuits the resistance
in the ficld of balancer B. A will then be running as a motor,and Basa dynamo, thereby
e?ualizim; the two voltages until that on the lower bus bars becomes greater than that
of the upper ones; then the regulator contacts operate 12 the opposite direction and
balancer A{Wis run as a dynamo, and balancer B as a motor. This cycie of operation is
repeated at the rate of from three to four hundred times per minute, thus maintaining a
balanced voltage on the system.

paratus mounted on the face or front of the board, arc made on
the back of the board. It is necessary that these connections
be properly made else considerable electrical power will be
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———— T e ———

wasted at this point. The wiring on the back of the board should
therefore be planned out on paper before commencing the work.
In laying out the plan of wiring care must be taken to allow sufficient

contact surface at each connection; there should be not less than one
square inch of contact surface allowed for each 160 amperes of current

transmitted.
o CURRENT
g5 Z - TRANSFORMER
58 B
ol 5|2
BUS BARS =5 3l
' PRESSURE Ly
TRANSFORMER
i RESISTANCE
ALTERNATOR [lag (rogy
g i LI MAIN CONTACTS
ALTERNATOR 2T | DC.MAGNET
RHEQSTAT HHHAC MAGNET
s
EXCITER-. | L]
UrH—RELAY
RHEQSTAT o U;J» [T RekAY.
i 3¢ | 1{FOR ADJUSTING
e i
EXCITER —=' | \REVERSING
CONDENSER SWITCH

Fic. 2.839.—Diagram of connections of General Electric voltage regulators for one or more
altermators using one exciter.

For the bus bars, which by the w:i( are always of copper, one square
inch per 1,000 amperes is the usual allowance; this is equal to 1,000
circular mils of cross sectional area per ampere.

Every effort should be made to give the bus bars the greatest amount
of radiation consistent with other conditions, in order that their resist-
ances may not become excessive owing to the heat developed by the
large currents they are forced to carry. Suppose, for instance, the
number of amperes to be generated is such as to require bus bars having
each a cross sectional area of one square inch. If the end dimensions
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of these bars were each 1 inch by 1 inch, there would be less radiating

surface than if their dimensions were each 2 inches by 14 inch.
Operation of Alternators.—The operation of an alterna-
tor when run singly differs but little from that for a dynamo.
As to the preliminaries, the exciter must first be started. This is done

in the same way as for any shunt dynamo. At first only a small current
should be sent through the field winding of the alternator; then, if the
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Figs. 2,840 and 2,841.—General Electric
equalizer regulator designed to equalize
theload on two machines, and diagram of
connections.

exciter operates satisfactorily and the field magnetism of *he operator
show up well, the load may gradually be thrown on until the normal
current is carried, the same method of procedure being followed as in
the similar case of a dynamo.

On loading an alternator, a noticeable drop in voltage occurs
across its terminals. This drop in voltage is caused in part

I



. 2,032 HAWKINS ELECTRICITY

by the demagnetization of the field magnets due to the armature
current, and so depends in a measure upon the position and form
of the pole picces as well as upon those of the teeth in the
armature core. The resistance of the armature winding also
causes a drop in voltage under an increase of load.

Another cause which may be mentioned is the inductance of the

armature winding, which is in turn due to the positions of the armature
coils with respect to each other and also with respect to the field magnets.

D.C.BUS BARS
FEEDER
REGULATOR
7 AC.SUPPLY
l | \ 1
\ / &
6 ROTARY REGULATOR
,7—4%5 CONVERTER C%TTS%L
RHEQSTAT N
] EARELDEEED PRESSURE

— — —a

TRANSFORMER (1"}
_[RESISTANCE [

EQUALIZER
REGULATOR

[ I LIMIT SWITCH
L e . — jJ = MOUNTED ON
L —F— =£ _[MONTEDD

F16. 2,842 —Connection of General Electric equalizing regulator for equalizing loads on an
engine driven dynamo and rotary converter running in parallel. Should the load on the
dynamo become greater than that on the rotary converter, the middle and upper con-
tacts on the regulator cloge, and thus by means of the relay switch and control motor,
cause the feeder regulator to boost the voltage on the rotary until the loads again be-
come equal. Should the load on the mtary converter become greater than that on the

enerator, the regulator contacts operate in the reverse direction and the feeder regu-
ator is caused to buck the rotary voltage.
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Alternators in Parallel.—When the load on a station in-
creases beyond that which can conveniently be carried by one
alternator, it becomes necessary to connect other alternators in
parallel with it. To properly switch in a new machine in
parallel with one already in operation and carrying load, requires
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a complete knowledge of the situation on the part of the at-
tendant, and also some experiencc.

The connections for operating alternators in parallel are shownin fig.
2,843. In theillustration the alternator A is in operation and is supply-
ing current to the bus bars. The alternator B is at rest. The main pole
switch B’ by means of which this machine can be connected into circuit
is therefore open.

| BUS BARS 1

SYNGHRONIZIN
LAMP

"k

MAIN SWITCHES

ALTERNATORS

Fic. 2.843.—Method of synchronizing with one lanip; dark lamp method. — Assuming A tobein
operation, B, may be brought up to approximately the proper speed, and voltage. Then
if B, be run a littlc slower or faster than A, the synchronizing lamp will glow for one mo-
ment and be dark the next. At the instant when the pressures are equal and the machines
in phase, the lamp will become dark, but when the phases arc in quadrature, the lamp will
glow at 1ts maximum brilliancy. Since the ﬂickerini of the lamp is dependent upon the
difference in frequency, the machines should not be thrown in parallel while this flickering
exists. The nearer alternator approaches synchronism, in adjusting its speed, the slower
the flickering, and when the flickering becomes very slow, the incoming machine may be
thrown in the moment the lamp is dark by closing the switch. _The machines are then in
phase and tend to remain so, since if one slow down, the other will drive it as a motor.

Now, if the load increase to such extent as to require the service of
the second alterantor B, it must be switched in parallel with A. In
order that both machines may operate properly in parallel, three con-
ditions must be satisfied before they are connected together, or else the
one alternator will be short circuited through the other, and serious
results will undoubtedly follow.



2,034 HAWKINS ELECTRICITY

Accordingly before closing main switch B, it is necessary that
1. The frequencics of both machines be the same;

2. The machines must be in synchronism;

3. The voltages must be the same.,

Ques. How are the frequencies made the same?

Ans. By speeding up the alternator to be cut in, or change
the speed of both until frequency of both machines is the same.
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F16. 2,844, -Diagram of connections of General Electric
several alternators runming in parallel with exciters in par

automatic voltage ragulator for
allel.

Ques. How are the alternators synchronized or brought
in phase?

Ans. The synchronism of the alternators is determined hy

emploving some forin of synchronizer, as by the single lamp
method of fig. 2,843, or the two lamp method of fig. 2,845.
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Ques. In synchronizing by the one lampmethod, when
should the incoming machine be thrown in?

Ans. It is advisable to close the switch when the machines
are approaching synchronism rather than when they are receding
from it, that is to say, the instant the lamp becomes dark.
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Fic. 2,845.—Method of synchronizing with two lamps; dark lamp method. The two synchronizing
s are connected as shown, and each must be designed to supply its rated candle power
at the normal voltage developed by the alternators.  Now since the alternators are both
running under normal field excitation the left hand terminals of each of them will
alternately be positive and negative in polarity, while the right hand terminals are respec-
tively nczative and positive in polarity. If, however, the alternators be in phase with
each other, the left hand terminals of both of them will be positive while the right hand
terminals are negative, and when the left hand terminals of both machines are negative the
right hand terminals will be positive. Hence, when the machines are in phase there will
be no difference of pressure between the left hand terminals or between the right hand
terminals of the two machines. Hence, if the synchronizing lamps be connected as shown,
both will be dark. The instant there is a difference of phase, both lamps will glow attaining
full candle power when the difference of phase has reached a maximum. _As the alterna-
tors continue to come closer in step, the red glow will gradually fade away until the lamps
e dark. Then the switch may be closed, thereby throwing the two machines in
parallel, If the intervals hetween the successive lighting up of the lamps are of short dura-
tion it is advisable to wait uatil these become longer even though the other conditions are
satisfied, because where the phases pass cach other rapidly there is a greater possibility of
not bringing them together at the proper instant. An interval of not less than five seconds
gould_ ttch erefore be allowed between the successive lighting up of the lamps, before closing
e switch,
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Ques. What are the objections to the one lamp
method?

Ans. The filament of the lamp may break, and cause

Pic. 2,846.—Inductor type
synchroscope. This type
is especially applicable
where pressure transe
formers are already ine
stalled for use with other
meters., As it requires
only about ten apparer.t
watts it may be used on
the same transformers
with other meters. There
are three stationary coils,
N, M and C, and a mow-
ing system, comprising an
iron armature, A, dly
attached to a
smtabtlgd pivoted an
mounted in bearings,
pointer is also attached
to the shaft. The move
ing systea is balanced
and is not subjected to
any restraining force, such
as a spring or gravity
control. The axes of the
coils N and M are in the
same vertical plane, but
90 degrees apart, while the

X axisof C is in a horizontal
plane. The coils N and M are connected in ‘*split phase* relation through an inductive resiste
ance P and non-inductive resistance Q, and these two circuits are parailel across the bus bar
terminals 3 and 4 of the synchroscope. Coil C is connected through a non-inductive re-
sistance across the upper machine terminals 1 and 2 of the synchroscope. In operation,
current in the coil C magnetizes the iron core carried by the shaft and the two projecti
marked A and “iron armature.” There is however, no tendency to rotate the shaft, I
current be passed throu%_h one of the other coils, say M, a magnetic ficld will be produced
parallel with its axis. This will act on the projections of the iron armature, causing it to
turn so_that the positive and negative projections assume their appropriate position in
the field of the coil M. A reversal of the direction in both coils will obviously not affect
the position of the armature, hence alternating current of the same frequency and
in the coils C and M cause the same directional effect upon the armature as if direct current
were passed through the coils. If current lagging 90 degrees behind that in the coils M
and C be passed through the coil N, it will cause no rotative effect upon the armature,
because the maximum value of the field which it produces will occur at the instant when
the pole strength of the armature is zeso. The two currents in the coils M and N produce
a shifting magnetic field which rotates about the shaft as an axis. | As all currents are
assumed to be of the same frequency, the rate of rotation of this field is such that its direc-
tion corresponds with that of the armature projections at the instant when the poles in-
duced in them by the current in_the coil C are at maximum value, and the field shifts
through 180 degrees in the same interval as is required for reversal of the poles, This is
the essential feature of the instrument, namely, that the armature prct'jections take a
position in the rotating magnetic field which corresponds-to the direction of the field at the
instant when the projections are magnetized to vheir maximum strength by their current
in the coil C. If the frequency of the currents in the coils which produce the shifting field
be less than that in the coil w! ch magnetized the armature, then the armature must turg
in order that it may be parallel with the field when its poles are 8t mazimum strength.
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darkness, or the lamp may be dark with considerable voltage
as it takes over 20 volts to cause a 100 volt lamp to glow.

Ques. What capacity of single lamp must be used?
Ans. It must be good for twice the voltage of either machine,
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Fii. 2,847.—Brilliant lamp method of synchronizing. The synchronizing lamps are connected
as shown, and must be of the alternator voltage. When the voltages are equal and the
machines in phase, the difference of pressure between @ and a given point is the same as that
hetween a’ and the same point; this obtains for band #. Accordingly, a lamp connected
across @ b’ will burn with the same brilliancy as across @’ b; the same holds for the other lamp.
When the voltages are the same and the phase difference is 180° the lamps are dark, and
as the phase difference is decreased, the lamps glow with increasing brightness until at
synchronism they glow with maximum brilliancy. Hence the incoming alternator should
be thrown in at the instant of maximum brilliancy.

Ques. What modification of the synchronizing methods
shown in the accompanying illustrations is necessary
when high pressure alternators are used?

Ans.  Step down transformers must be used between the
alternators and the lamps to obtain the proper working voltages
for the lamps.
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Fi1c 2,848 —Synchronizing with high pressure alternators; dark and brilliant lamp methods. In both methods the primaries of

the transformers are connected in the sume way across the terminals of the alternators as shown. In the dark lamp method, the
connections between the secondary coils of the transformers must be made so that when eachis subjected to the sume conditions
the action of the one coil opposes that of the other as in the dark lamp method; then, if the transformers be both of the same
design, there will be no voltage acruss the lamps when the alternators are in phase with each other. If the ratio of each trans-
former is such as to give, for example, 100 volts across itssecondary terminals, then the twoincandescent lamps since they are joined
together in series must each be designed for 100 volts. One 200 volt lamp could be used in either method in place of the two 100
volt lamps. When, therefore, the alternators are directly opposite in phase to each other, both the lamps will burn brightly; as
thealternators come together in phase the lamps will produce less and less light, until when the machinesare exactly in phase no
light will be emitted at all, at which instant the incoming alternator should be thrown in. It must be evident, if the transformer
secondary connections arearranged asin the brilliant lamp method, so that they donot oppose each other, the lamps will be at maxi-
mum brilliancy when the alternators are in phase and dark when the phase difference is 130°, assuming of coursc equalized voltage.
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Ques. How is the voltage of an incoming machine ad-
justed so that it will be the same as the one already in
operation?

Ans. By varying the field excitation with a rheostat in the
alternator field circuit.

Ques. How may two or more alternators be started
simultaneously?

Ans. After bringing each of them up to its proper speed so
as to obtain equal frequencies, the main switches may be closed,
thereby joining their armature circuits in parallel. As yet,
however, their respective field windings have not been supplied
with current, so that no harm can result in doing this. The
exciters of these machines after being joined in parallel, should
then be made to send direct current simultaneously through the
field windings of the alternators, and from this stage on the
directions previously given may be followed in detail.

Ques. What are the conditions when two or more alter-
nators are directly connected together?

Ans. If rigidly connected together, or directly connected to
the same engine, they must necessarily run in the same manner
at all times.

When machines connected in this way are once properly adjusted so
that they are in phase with each other, their operation in parallel is even

a simpler task than when they are all started together but are not
directly connected.

Ques. When an alternator is driven by a gas engine,
what provision is sometimes made to insure successful
operation in parallel?

Ans. An amortisseur winding is provided to counteract the
tendency to “hunting.”
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MOVABLE SYSTEM

COIL A FASTENED
~RIGIDLY T0 COIL B
AT AN ANGLE OF

STATIONARY
coin

P1G. 2.849.—Diagram of Lincoln Synchronizer. In construction, a stationary coil F, has sus-
pended within it a coil A, free to move about an axis in the %lanes of both coils and including
& diameter of each. If an alternating current be passed t rough both coils, A, will take a
position with its plane parallel to F. If now the currents in A and F be reversed with
respect to each other, coil A will take up a position 180° from its former position. Reversal
of the relative directions of currents in A and F is equivalent to changing their phase rela:
tion by 180°, and therefore this change of 180°in phase relation is followed by & corre-

ding change of 180° in their mechanical relation. Suppose now, instead o reversinyg
the relative direction of currentsin A and F, the change in phase relation between them be
made gradually and without disturbing the current strength in cither coil. It is evident
that when the phase difference between A and F reaches 90° the force between A and F
will become reduced to zero, and a movable system, of which A may be made a part, is in
condition to take up any position demanded by any other force. Let a second number of
this movable system consist of coil B, which may be fastened rigidly to coil A, with its
plane 90° from that of coil A, and the axis of A passing through diameter of B. Further,
suppose a current to circulate through B, whose difference in phase relation to that in A,
is always 90°. It js evident under these conditions that when the difference in phase
between A and F is 90°, the movable system will take up a position, such that B is parallel
to F. because the force between A and'F is zero, and the force between B and F is a maxi-
mum; similarly when the difference in_phase between B and F is 90°, A will be paralle: to
. That is, beginning with a phase difference between A and F of zero a phase change of
90° will be followed by a mechanical change on a movable system of 90°, ancf) cach successive
change of 90° in phase will be followed by a corresponding mechanical change of 90°, For
intermediate phase relation, it can be proved that under certain conditions the position
of equilibrium assumed by the movable element will exactly represent the phase relations.
That is, with proper design, the mechani.al angle between the plane of F and that ot A
and also between the glane of F and that of B, is always equal to the phase angle between
the current flowing in Fand those in A and B respectively. As commercially constructed
coil F consists of a small laminated iron field magnet with a winding whose terminals are
connected with binding posts. The coi's A and B are windings practically 90° apart on a
laminated iron armature pivoted between the poles of the magnet. These two windings are
joined, and a tap from the junction is brought out through a slip ring to one of two other
binding posts. The two remaining ends are brought out through two more slip rings. one
of which is connected to the remaining binding post, through a non-inductive resistance, and
the other to the same binding post through an inductive resistance. A light aluminum
band attached to the armature shaft marks the position assumed by the armature.
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Ques. What is the action of the amortisseur winding?

Ans.  Any sudden change in the speed of the field, generates
a current in the amortisseur winding which resists the change of
velocity that caused the current.

The appearance of an amortisseur winding is shown in the cut below
(fig. 2,850) illustrating the field of a synchronous condenser equipped
with amortisseur winding.

I'1G. 2,850.—General Electric ficld of synchronous condenser provided with amortisseur wind-
ing. Hunting is accompanied by a shifting of flux across the face of the pole pieces due
to the variation in the effect of armature reaction on the main field flux as the current
varies and the angular displacement between the field and armature poles is changed.
Copper short circuited collars placed around the pole face have currents induced in them
by this shifting flux, which have such a direction as to exert a torque tending to oppose
any change in the relative position of the field and armature. This action is similar to
that of the running torque of an induction motor and the dawuping device has been still
further develuped until 1n its best form it resembles the armature winding of a *squirrel
cage'’ induction motor. The pole pieces are in ducts, and low resistance copper bars placed
in them with their ends joined by means of a continuous short circuiting ring extending
around the field. Such a device has proven very effective in damping out oscillations
started from any cause, the same winding doing duty as a damping device and to assist
the starting characteristics.

Ques. How are three phase alternators synchronized?
Ans. In a manner similar to the single phase method.

Thus the synchronizing lamps may be arranged as in fig. 2,581, which
is simply an cxtension of the single phase method.

Ques. Are three lamps necessary?

Ans. Only to insure that the connections are properly made,
after which one lamp is all that is required.
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Ques. How is it known that the connections of fig.
2,851 are correct?

Ans. If, in operation, the three lamps become bright or dark
stmultaneously, the connections are correct; if, this action take
place successively, the connections are wrong.

If wrong, transpose the leads of one machine until simultaneous
action of the lamps is secured.
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Fic. 2.851.—Method of synchronizing three phase alternators with, three lamps, being an
extension of the single phase method.

Ques. What is the disadvantage of the lamp method
of synchronizing ?

Ans., Lack of sensitiveness.

Ques. Which is the accepted lamp method, dark or
brilliant?

Ans. In the United States it is usual to make the connections
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for a dark lamp at synchronism, while in England the opposite
practice obtains.

With the dark lamp method, the breaking of a filament might cause
the machines to be connected with a great phase difference, whereas,
with the brilliant lamp it is difficult to determine the point of maximum
brilliancy. This latter method, therefore may be called the safer.

Ques. What may be used in place of lamps for syn-
chronizing?

Ans. Some form of synchroscopes, or synchronizers.

Ques. How does the Lincoln synchronizer work?

Ans. The construction is such that a hand moves around a
dial so that the angle between the hand and the vertical is always
the phase angle between the two sources of electric pressure to
which the synchronizer is connected.

If the incoming alternator be running too slow, the hand deflects in
one direction, if too fast, in the other direction. When the hand shows
no deflection, that is, when it stands vertical, the machines-are in phase.

A complete revolution of the hand indicates a gain or loss of one cycle
in the frequency of the incoming machine, as referred to the bus bars.

Cutting Out Alternator.—When it is desired to cut out of
circuit an alternator running in parallel with others, the method
of procedure is as follows:

1. Reduce driving power until the load has been transferred
to the other alternators, adjusting field rheostat to obtain
minimum current;

2. Open main switch;
3. Open field switch.

Ques. What precaution should be taken?

Ans. Never open field switch before main switch.



2.852.—General Blectric 500 kw., borizontal mixed pressure Curtis turbine connected to a 500 kw. dynamo. Ina Curtis
turbine it is not hecessary to use the whole periphery of the first stage for low pressure steam nozzles. A section can be
partitioned off and equipped with special expanding nozzles to receive steam at high pressure direct from the boilers. Such
nozzles deliver their steam against the same wheel as do the low pressure nozzles, but occupy only a small portion of its peri-
phery. The steam 1s expanded in these nozzles from high pressure all the way down to the normal pressure of the first stage,
and in such expansion acquires a high velocity and consequently contains a great deal of energy—much more than does an
equal’quantl.ty of low pressure steam. In conse_xi;;en'ce of this, high pressure steam is with a far lower water rate
than is obtained with OW pressure steam, or with high gmssure steam reduced to low pressure in a reducing valve. This
onstruction is called “mixed pressure.” . Its function 1s the same as that of the reducing valve, that is, it makes up for a
leficiency of low Xfessum steam by drawing direct on the boilers. With this construction, the full power of the turbine can be

Il low pressure steam, all high pressure steam, or, any necessary p rtion of steam of each pressure.
ermore, the transition from all low pressure to all high pressure, through all the conx'tions intermediate between these
extremes, is provided for nuul)mat:cally by the turbine governor; a deficiency of low pressure steam causes the high pressure
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Ques. What is the ordinary method of cutting out an
alternator?

Ans. The main switch is usually opened without any pre-
liminaries.

Ques. What is the objection to this procedure?

Ans. It suddenly throws all the load on the other alternators,
and causes ‘‘hunting.”

Ques. What forms of drive are especially desirable for
running alternators in parallel, and why?

Ans. Water turbine or steam turbine because of the uniform
tormue, thus giving uniform motion of rotation.

With reciprocating engines, the crank effect is very variable during
the revolution, resulting in pulsations driving the alternator too fast or
too slow, and causing cross current between the alternators.

Ques. Is a sluggish, or a too sensitive governor pref-
erable on an engine driving alternators in parallel?

Ans. A sluggish governor.

Alternators in Series.—Alternators are seldom if ever con-
nected in series, for the rcason that the synchronizing tendency
peculiar to these machines causes them to oppose each other and
fall out of phase when they are joined together in this way. If,
however, they be directly connected to each other, or to an
engine, so that they necessarily keep in phase at all times, and

NOTE.—According to the practice of the General Electric Co., 214 degrees of phase
difference from a mean is the limit allowable in ordinary cases. It will, in certain cases, be
possible to operate satisfactorily in parallel, or to run synchronous a;ff)aratus from machines
whose angular variation exceeds this amount, and in othcr cases it will be easy and desirable
to obtain & better speed control. The 214 degree limit is intended to imply that the maximum
departure from the mean position during any revolution shall not excee: 234 +360 of an angle
corresponding to two poles of a machine. The angle of circumference which corresponds to
the 2ﬁ)degree 0!26)hase variation can be ascertained by dividing 213 by !2 the number of
pole; thus, in a 20 pole machine, the allowable angular variation from the mean would be
236 +10 =1£ aof one degree,
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thus add their respective voltages instead of counteracting them,
series operation is possible.
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P1G. 2,853.—Diagram of connections for synchronizing two compound wound three phase
alternators. A and A’ are the armatures of the two machines, the fields of which are
partly separately excited, the amount of excitation current being controlled by the series
compounding rheostats B and B, which form a stationary shunt. It is assumed that the
alternator A is connected to the bus bars 1, 2, and 3, by the switch 1S. If an increase
make it necessary to introduce the alternator A’, it is first run up to speed and excited to
standard pressure by its exciter, and then the double plug switch 3S is closed, connecting
the primary of the station transformer T and T’ with the bus bars through the secondar
coil, so that the synchronizing lamps light up when_the sccondary circuit is closed throug
the single pole switch 4S. e primary of the station transformer T is thus excited throu%h
the double pole switch 5S, connecting it with the outer terminals of the armature A’.  The
two alternators will now work in oppasition to each other upon the synchronizing lamps,
the transformer T being operated by the new alternator A’ through the switch 25, and the
transformer T’ being operated by the working alternator A, from the bus bars. If the
new alternator be not in step with the working alternator, the synchronizing lamps will glow,
growing brighter and dimmer alternately with greater or lesser rapidity. In this case, the
armature speed of the new alternator must be controlled in such a manner that the brighten-
ing and dimming will occur more and more slowly, until the lamps cease to glow or remain
extinguished for a decided interval of time. The extinction of the light isdue to_the disap-
pearance of the secondary current, and indicates that the alternators are in step. The switch
2S should now be thrown, thus coupling the two machines el.ectricalle;. and both of them
will continue to operate in step. The double pole equalizer switch 65 should now be closed,
connecting the two field windings in parallel and equalizing the compounding, so that any
variations of load will affect the two alternators equally. After the alternators have been
counceted in parallel, the switches 4S and 5S, may be opened leaving the switch 3S closed,
to operate ilis switchboard lamps K, K, as pilot lights from the bus bars.

-
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Transformers.—These, as a whole, are simple in construc-
tion, high in efficiency, and comparatively inexpensive. Their
principles of operation are also readily understood.

The cfficiency of a transformer, that is, the ratio betwcen
full load primary and full load sccondary is greatest when the
load on it is such that the sum of the constant losses cquals the
sum of the variable losscs.

In general, transformers designed for high frequencies and large
capacities are mor¢ cfficient than those designed for low frequencies and
small capacities. As a whole, however, a transformer leaves but little
to be desired as regards efficiency, a modern 60 cycle transformer of
50 kilowatts capacity or more possesses an efficiency of approximately
98 c;l)cr cent. at full load and an efficiency of about 97 per cent. at half
load.

Ques. How should a transformer be selected, with re-
spect to efficiency?

Ans. One should be chosen, whose parts are so proportioned
that the point of maximum efficiency occurs at that load which
the transformer usually carries in service.

In many alternating current installations, comparatively light loads
are carried the greater part of the time, the rated full load or an over-
load being occurrences of short durations. For such purposes special
attention should be given to the designing or selecting of transformers
having low core losses rather than low resistance losses, because the
latter arc then of relatively small importance. :

Ques. What kind of efficiency is the station manager
interested in?

Ans. The “all day efficiency.”

This expression, as commonly met with in practice, denotes the per-
centage that the amount of energy actually used by the consumer is of the
tolal energy supplied to his transformer during 24 hours. The formula
for calculating the all day efficiency of a transformer is based upon the
supposition that the amount of energy used by the consumer during
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24 hours is equivalent to full load on his transformer during five hours.
and is as follows:

E=o %
24c + 5r + 5w
where
E = the all day efficiency of the transformer,
w = the full load in watts on the primary,
¢ = the core loss in watts,
r = the resistance loss in watts.
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Fi6. 2,854.—Performance curves of Westinghouse air blast 550 kw, 10,500 volt transformer.
3,000 alternations.

Ques. What are the usual all day efficiencies?

Ans. The average is about 85 per cent. for those of 1 kilowatt
capacity, 92 per cent. for those of 5 kilowatts capacity, 94 per
cent. for those of 10 kilowatts capacity, and about 94.5 per cent.
for those of 15 kilowatts capacity.

Ques. What becomes of the energy lost by a trans-
former?

Ans. It reappears as heat in the windings and core.
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This heat not only increases the resistances of the windings and core,
producing thereby a further increase of their Irespective losses, but in
addition causes in time a peculiar effect on the iron core which is in-
tensified by the reversals oF magnetism constantly going on within it.

After about two years' service, the iron apparently becomes fatigued
or tired, and this phenomenon is called aging of the iron. Since the life
of the transformer depends to a great extent upon this factor, the con-
ditions responsible for its existence should as far as possible be removed.
Means must therefore be provided in the construction to radiate the
heat as quickly as it is generated.

Ques. What kind of oil is used in oil cooled trans-
formers?

Ans. Mineral oil.

AIR CHAMBER

P1G. 2,855.—General arrangement of air blast transkormers and blow'ers,

Ques. How is it obtained?

Ans. By fractional distillations of petroleum unmixed with
any other substances and without subsequent chemical treatment.

Ques. What is the important requirement for trans-
former oil?

Ans. It should be free from moisture, acid, alkali or sulphur
compounds.

Ques. How may the presence of moisture be deter-
mined?

Ans. By thrusting a red hot iron rod in the oil; if it “‘crackle,”
moisture is present.
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Ques. Describe the Westinghouse method of drying oil.
Ans. It is circulated through a tank containing lime, and
afterwards, through a dry sand filter.

Ques. What is the objection to heating the oil (raising
its temperature slightly above boiling point of water)
to remove the moisture?

Ans. The time consumed (several days) is excessive.

F1G. 2,856.—Small Curtis turbine %eenerator set as made by the General Electric Co., in sizes

from 5 kw., to 300 kw. It can be arranged to operate either condensing or non-condensi g
and at any steam pressure above 80 lbs. for the smaller sizes and 100 Ibs. for the larger.
There are only two main bearings. A thrust bearing, consisting of roller bearings and
running between hardened steel face washers located at either end of the main bearings is
provided solely for centering the rotor so as to equalize the clearance. A centrifugal
governor is provided (in the smaller sizes) completely housed, and mounted directly on
the main shaft end. It controls a balanced poppet valve through a bell crank. In the larger
sizes (75 kw. and above) the governor is mounted on a vertical secondary shaft geared to
the main shaft and controls a cam shaft which opens or closes a series of valves in rotation,
admitting the steam to different sections of the first stage nozzles. In this way throttling
of the steam is avoided. There is also an emergency governor which closes the throttle
valve in the event of the speed reaching a predetermined limit. The speeds of o, ration
range from 5,000 R.P.M. for the smallest size to 1,500 R.P.M. for the largest. The lubri-
cation system is enclosed and is automatic. Air leakage where the shaft passes through the
wheel casing is prevented by steam seal.

Ques. What effect has moisture?

Ans. It reduces the insulation value of the oil. .06 per cent.
of moisture has been found to reduce the dielectric strength of
oil about 50 per cent. “dry” oil will withstand a pressure of
25,000 volts between two 934 inch knobs separated .15 inch.
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Ques. What is understood by transformer regulation ?

Ans. It is the difference between the secondary voltage at
no load and at full load, and is generally expressed as a per-
centage of the secondary voltage at no load.

Ques. What governs its value?

Ans. The resistance and reactance of the windings.

CUT OFF POWER DELIVERED
POWER RECEIVED COUPLING

- e

F1G. 2,857.—Cut off coupling for power transmission by line shafting. It is used to cut off a
grivmg ghaft from a driven shaft. Its use obviates the use of a quill, such as is shown in
g. 2,858,

Ques. How may the regulation be improved?

Ans. By decreasing the resistances of the windings by em-
ploying conductors of greater cross section, or decreasing their
reactance by dividing the coils into sections and closely inter-
spersing those of the primary between those of the secondary.

NOTE.—The term *regulation’ as here used is synonymous with “diop.” The voliage
drop in a transformer denotes the drop of voltage occurring across the secondary terminals of a
transformer with load. This drop is due to two causes: 1, the resistance of the windings; and
2, the reactance or magnetic leakage of the windings. On non-inductive load, the reactive drop,
being in quadrature, produces but a slight effect, but on inductive loads it causes the voltage
to drop, and on leading currsnt loads it causes the voltage to rise. As the voltage drop of a good
transformer is very small even on inductive load, direct accurate measurement 13 ditficult.
It is best to measure the copper loss with short circuited secondary by means of a wattmeter,
and at the same time the voltage required to drive full load current through. Prom the watts,
the resistance drop can be found, and from this and the impedence voltage, the reactive dro
may be calculated. From these data a simple vector diagram will give, near enough fo1 al
practical pui poses, the drop for any power factor, or the following formula may be used which
has been deduced from the vector diagram. D = VW +X)? + (R + P»2— 100 where R =%
resistance drop; X = % reactive drop; P = % power factor of load; W = %, wattless factor og

load ( VIi—= P%); D = % resultunt secondary drop. For non-inductive loads where P = 100 and
I W =0, D= vyX? + (100 + R)*=100. In the case of leading currents it should be considered
negative.
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In transformers where there is a great difference in voltage between
the primary and secondary windings, however, this remedy has its
limitations on account of the great amount of insulation which must
necessarily be used between the windings, and which therefore causes
the distances between them to become such as to cause considerable
leakage of the lines of force.

Ques. How does the regulation vary for different
transformers, and what should be the limit?

Ans. Those of large capacity usually have a better regulation

M
FACE OF -
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A S~ : H {A >K{ B R—m -

P1c. 2,858.—Quill drive. This is the proper transmission arrangement substitute for heavy
service, requiring large pullgtgs. sheaves, gears, rotors, etc. It is a hollow shaft supported
by independent bearings. he main dniving shaft running through the quill is thus re-
lieved of all transverse stresses. The power is transmitted to the quill by means of a
friction or jaw clutch. When the clutch is thrown out the pulley or sheave stands idle and
the driving shaft revolves freely within the quill. As there is no contact between moving
parts there is no wear. Jaw clutches should be used for drives demanding positive angular
displacement. They can only be thrown in and out of engagement when at rest. All very
large clutch pulleys, sheaves, or gears designed to run loose on the line shaft are preferably
mounted on quills. The letters A, B, C, etc., indicate the dimensions to be specified in
ordering a quill.

than those of small capacity, but in no case should its value ex-
ceed 2 per cent.

Ques. ‘What advantages have shell type transformers
over those of the core type?

Ans. They have a larger proportion of core surface exposed
for radiation of heat, and a shorter magnetic circuit which re-
duces the tendency for a leakage of the lines of force into the air.

\
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Both types have advantages and disadvantages as compared with
the other. In the shell type, there is less magnetic leakage, but also less
surface exposed for radiation, and greater difficulty in providing efficient
insulation between the two circuits; in the core type there is more sur-
face exposed for radiation and less difficulty in insulating the windings,
but there is also a great leakage of the lines of magnetic force into the
outer air.

Ques. How are the windings usually arranged?

Ans. As a rule, there is only one primary winding but the
secondary winding is generally divided into two equal sections,
the four terminals of which are permanently wired to four con-
nection blocks which may be connected so as to throw the
secondary sections either in parallel or in series with each other

at will,

Ques. What is necessary for satisfactory operation of
transformers in parallel?

Ans. They must be designed for the same pressures and
capacities, their percentages of regulation should be the same
and they must have the same polarity at a given instant.

One may satisfy himself as to the first of these conditions by ex-
amining the name plates fastened to the transfgrmers, whereon are
stamped the values of the respective pressures and capacities of each.

Although equal values of regulation is given as onc of the conditions to
be satisfied, transformers may be operated in parallel when their per-
centages of regulation are not the same. Ideal operation, however,
can be attained only under the former state of affairs. Suppose, for
instance, a transformer having a regulation of two per cent. be operated
in paraliel with another of similar size and design but having a regu-
lation of one per cent. The secondary pressures of these transformers
at no load will of course be the same, but at full load if the secondary
pressure of the one be 98 volts, that of the other will be 99 volts.
There will, therefore, be a difference of pressure of one volt between
them which will tend to force a current backward through the secondary
winding of the transformer delivering 98 volts. This reversed current,
although comparatively small in value, lowers the efficiency of the
installation by causing a displacement of phase and a decrease in the
combined power factor of the transformers.
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Ques. Describe the polarity test.

Ans. The test for polarity consists in joining together by
means of a fuse wire, a terminal of the secondary winding of
each transformer, and then with the primary windings supplied
with normal voltage, connecting temporarily the remaining
terminals of the secondary windings. The melting of the fuse
wire thus connected indicates that the secondary terminals
joined together are of opposite polarities, and that the connections

FiG. 2,859.—Single overhung tangential water wheel equipped with Doble ellipsoidal buck-
The central position of the front entering wedge or li{) of the bucket is cut away in

the form of a semi-circular notch, which allows a solid circular water jet to discharge upon
the central dividing wedge of the bucket without being split in a horizontal plane.

must therefore be reversed, whereas if the fuse wire do not melt,
it shows that the proper terminals have been joined and that
the connections may be made permanent.

The object of this test is, obviously, not to determine the exact
polarity of each secondary terminal, but merely to indicate which of
them are of the same polarity. ’

T m
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Motor Generators.—In motor generator sets, either the
shunt or series wound type of motor may be employed at the
power producing end of the set, but the field of the generator
is either shunt or compound wound, depending upon whether
or not it is desired to maintain or to raise the secondary voltage
near full load. In either case a rheostat introduced in the shunt

Fic. 2.860.—Motor generator exciter set driven by a Peiton-Doble tangential water wheel.
The water wheel runner is mornted on the shaft overhung and the jet is regulated by
either a hand actuated or governor controlled needle nozzle. The speed of the water
wheel is equivalent to the synchronous speed of the induction motor, hence, the latter
floats on the line, and under certain conditions may perform the functions of an alterna-
tor by feeding into the circuit, should the water wheel tend to operate above synchro-
nous speed. Should any interruption to the ﬁferation of the wheel occur, causing a

diminution of speed, the induction motor would drop back to full load speed and take
up the exciter joad, resulting in no appreciable d\;o‘) of exciter voltaqveg; e only varia-
tion of speed possible is dependent upon the *‘slip’’ of the motor. here two or more
exciter sets are employed in the station, an advantageous arrangement embraces the
installation of a water wheel driven motor generator set and an exciter set, consisting
of merely the direct current generator and water wheel. The induction motor being
electrically tied into the circuit, the ibility of a runaway of the water wheel is elimi.
nated, since its speed can only slightly exceed the synchronous speed of the system.

field winding of the generator will be found very essential. Both
generator and motor are so mounted on the base that their
respective commutators are at the outer ends of the set. By
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this means ample space surrounds all of the working parts, and
repairs can readily be made.

Motor generators are frequently used as boosters to raise or
boost the voltage near the extremities of long distance, direct
current transmission lines. Of these, electric railway systems in
which it is desired to extend certain of the longer lines, form a
typical example.

FiG. 2,861.—Automatically governed Pelton-Doble tangential water wheel driving exciter
dynamo. The water wheel is mounted on one end of the shaft, while the opposite end
is extended to carry a fly wheel of suitable design to compensate for the low fly wheel effect
of the direct current armature. Two bearings support the shaft which carries the rotat-
ing elements of the unit. A needle nozzle actuated by a direct motion Pelton-Doble
goveedmor (designed for operation by either oil or water pressure) maintains constant
speed.

Owing to the ‘great cost of changing such a system over to
one employing alternating current, or storage batteries, or of
constructing an additional power station, these solutions of the
problem are usually at variance with good judgment and the
amount of money at hand. The choice then remains between

the purchase of additional wire for feeders, the connection of a
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booster in the old feeders, or the installation of both larger
feeders and a booster. Of these, it is generally found that either
the second or the third mentioned alternative meets the con-
ditions most satisfactorily.

A booster installed in a railway system for the purpose just men-
tioned, would have a series wound motor, and the conditions to which
it must conform would be as follows: The motor having a series winding
must provide for the full feeder current passing through both armature
and field windings.

Owing to the varying loads on a railway system, due to the frequent
starting and stopping of cars, the feeder current varies between zero
and some such value as 150 amperes. This fluctuation of current through
the ficld winding will, in ordinary cases, vary the magnetization of the
pole picces from zero almost to the point of saturation; that is, the maxi-
mum feeder current will so nearly fill the magnet cores with lines of
force that it would be quite difficult to cause more lines of magnetic
force to pass through them.

So long as the point of saturation is not reached, however, the pro-
portion of current to ficld strength remains constant, and therefore the
ratio of amperes to volts will not vary.

The severe fluctuations of the feeder current would, if the motor were
shunt or compound wound, cause most scrious sparking and various
other troubles, but in a scries motor where the back ampere turns on the
armature that react on the ficld vary in precisely the same proportion
as the ampere turns in the field, there cxists at all times a tendency to
balance the active forces and produce satisfactory operation. If, how-
ever, the field magnet cores be very large, they cannot so quickly respond,
magnetically, to changes in the strength of the current, and there is
then greater liability of the armature reaction momentarily weakening
the field and thereby producing temporary sparking.

Ques. Are motor generators always composed of
direct current sets?

Ans. No.

Ques. Describe conditions requiring a different com-
bination.

Ans. For purposes where for instance dircet currents of widely

different voltages arc to be obtained from an alternating current
circuit, and it is desired to install but one set, a motor generator
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consisting of an alternating current motor such as an induction
motor, and a dynamo must necessarily be employed.

In such sets, it is common to find both motor and dynamo armatures
mounted on a common shaft, and the respective field frames resting on
a single base, although for connection on a very high pressire alter-
nating current circuit, separaie armaturc shafts insulated from each
other but directly connected together, and separate bases resting on a
single foundation, are usually employed to afford the highest degree of
insulation between the respective circuits of the two machines.

Ques. What is the objection to a set composed of
alternating current motor and alternator?

Ans. The commercial field that would be naturally covered
by such a set is better supplied by a transformer.

Ques. Why?

Ans. Because a transformer contains no moving parts, and
is therefore simpler in construction, cheaper in price, and less
liable to get out of order.

Dynamotors.—A dynamotor differs from a motor generato:
in that the motor armature and the generator armature are
combined into one, thereby requiring but onc ficld frame.
Since the motor and generator armature windings arc mounted
on a single core, the armature reaction due to the onc winding
is neutralized by the reaction caused by the other winding. There
is, consequently, little or no tendency for sparking to occur at
the brushes, and they therefore need not be shifted on this
account for different loads.

Ques. How is a dynamotor usually constructed?

Ans. It is usually built with two pole pieces which are shunt
wound.
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Ques. Why does the voltage developed fall off slightly
under an increase of load?

Ans. Because a compound winding cannot be provided.

Ques. Describe the armature construction and
operation.

Ans. It consists of two separate windings; onc of which is

F:Gs. 2,862 and 2,863.—Method of putting on belts when the driver is i motion, and device
used. The latter is called a belt slipper, and consists, as shown in fig. 2,862, of a cone and
shield, which revolve upon the stem, B, thus yielding easily to the pull of the belt. A staff
or handle C ot any convenient length can be fastened to the socket. The mode of operation
is illustrated in fig. 2,863, which is self explanatory.

joined to a commutator mounted on one side of the armature
for motor purposes, and the other to the commutator on
the other side of the armature for generator purposes.

By means of two studs of brushes pressing on the motor commutator,
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current from the service wires is fed into the winding connected ta
this commutator, and since the shunt field winding is also excited
by the current from the service wires, there is developed in the generator
winding on the rotating armature a direct voltage which is pro-
portional to the speed of rotation of the armature in revolutions per

FIGs. 2,864 to 2,866.—Converter connections; fig. 2,864 double delta connection; fig. 2,865 dia-
metrical connection; ﬁg_ 2,866 two circuit single phase connection. For six phase synchro-
1

nous converter, two different arrangements of the connections are generally used. One is
called the double deltu, and the other the diumetrical connection. Let the armature wind-
ing of the converter be represented by a circle as in figs. 2,864 and 2,865, and let the six
equidistant points on the circumference represent collector rings, then the secondary of
the supply transformers can be connected to the collector rings in a double delta as in
fig. 2,864, or across diametrical pairs of pointer as in fig. 2,865. In the first instance,
the voltage ratio is the same as_for the three phase synchronous converter and simply
consists of two delta systems. The transformers can also be connected in double star,
and in such a case the ratio between the three phase yoltage between the terminals of
each star, and the direct voltage will be the same as for double delta, while the volt-
age of each transformer coil, or voltage' to neutral, is 1 + V3 times as much. With
the diametrical connection, the ratio is the same as for the two ring single phase
converter, it being analogous to three such systems. Hence six phase double delta
Ei= V3E +2V2=612E. Six phase diametrical, E1=E + v2=_707E. The ratio of
the virtual voltage Eo between any collector ring and the neutral point is always
Eo=E +2 V2 =.354E. . For single phase s'ync}_lronous converters, consisting of a closed
circuit armature winding tapped at two equidistant points to the two collector rings
the virtual voltage is 1+ V2 Xthe direct current voltage. While such an arrangement of
the single phase converter is the simplest, requiring only two collector rings, it is unde-
sirable, especially for larger machines, on account of excessive heating of the armature
conductors. In fig. 2,866, which represents the armature winding of a single phase con-
verter, the supply circuits from two secondaries of the step down transformers are con-
nected to four collector rings, so that the two circuits are in phase with each other, but
each spreads over an arc l;‘::%3120 electrical degrees instcad of over 180 degrees as in the
single phase circuit converter. To distinguish the two types, it is generally called a two
circuit single phase synchronous converter. The virtual voltage E3 bears to the direct
voltage the same relation as in the three phase converter, that is single phase two cir-

cuit, Er = V3 +2 V2 =.612E.

second, the number of conductors in series which constitute the gen-
erator winding, and the total strength of the field in which the armature
revolves. This pressure causes current to pass through the generator
winding and the distributing circuit when the distributing circuit to
which this winding is connected by means of its respective commutator,
brushes, ctc., is closed.

1

o Em
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Ques. How is a dynamotor started?

Ans. It is connected at its motor end and started in the
same manner as any shunt wound motor on a constant pressure
circuit.

Ques. What precautions should be taken in starting a
dynamotor?

Ans. The necessary precautions are, to have the poles
strongly magnetized before passing current through the motor
winding on the armaturc; to increase gradually the current
through this winding, and not to close the generating circuit
until normal conditions regarding speed, ete., are established
in the motor circuit.

Ques. lHow is the current developed in the machine
regulated?

Ans. It can be regulated by the introduction of resistance
in one or the other of the armature circuits, or by a shifting of
the brushes around the commutator.

Ques. Are dynamotors less efficient than motor gen-
erators of a similar type?
Ans. No, they are more ecfficient.

Ques. Why?

Ans. Because they have only one field circuit and at least
one bearing less than a motor generator.

A motor generator has at least three bearings, and occasionally, four,
where the set consists of two independent machines directly connected
together.

Rotary Converters.—An important modification of the
dynamotor is the rotary converter. This machine forms, as it
were, a link between alternating and direct current systems,
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being in general a combination of an aiternating current motor
and a dynamo.

It has practically become a fixture in all large electric railway
systems and in other installations where heavy direct currents
of constant pressure arc required at a considerable distance
from the generating plant. In such cases a rotary converter is
installed in the sub-station, and being simpler .n construction,
higher in efficiency, more economical of floor space, and lower
in price than a motor generator set consisting of an alternating
current motor and a dynamo which might be used in its place,
it has almost entirely superseded the latter machine for the
class of work mentioned.

Ques. What is the objection to the single phase rotary
converter?

Ans. It is not self-starting.

Ques. What feature of operation is inherent in a
rotary converter?

Ans. A rotary converter is a “reversible machine.”

That is to say, if it be supplied with direct current of the proper
voltage at its commutator end, it will run as a direct current motor and
deliver alternating current to the collector rings. While this feature is
sometimes taken advantage of in starting the converter from rest, the
machine is not often used permanently in this way, its commercial
application being usually the conversion of alternating currents into
direct currents.

Ques. How does a rotary converter operate when
driven by direct current?

Ans. The same as a direct current motor, its speed of rotation
depending upon the relation existing between the strength
of the field and the direct current voltage applied.

If the field be weak with respect to the armature magnetism re-

sulting from the applied voltage, the armature will rotate at a high
speed, increasing until the conductors on the armature cut the lines of
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force in the field so as to develop a voltage which will be equal to that
applied.

Again, if the field be strong with respect to the armature etism, resulting from the
applied voltage, the armature will rotate at a low speed. If, therefore, it be desired to operate
tﬁe converter in this manner and maintain an alternating current of constant frequency, the
speed of rotation must be kept constant by supplying a constant voltage not only to the brushes
pressing on the commutator, but also to the terminals of the field winding.

F1G. 2,868.—General Electric gynchronous converter with series booster. This type of con-
verter generally consists of an alternator with revolvong field mounted on the same shaft
as the converter armature. The armature of the alternator, or booster, as it is usually
called, is stationary and connected electrically in series between the supply circuit and
the collector rings cf the synchronous converter. The booster field has the same number
of pole as the converter and is generally shunt wound. A change in the booster voltage
will correspondingly change the alternating voltage impressed on the converter and this
regulation can, of course,be made 30 as to either increase or decrease the impressed voltage by
means of strengthening or weakening the booster field. The voltage variation can be made
either non-automatic or automatic, and in the latter case, it becomes necessary to pro-
vide a motor operated rheostat controlled by suitable relays, or the booster can be pro-
vided with a series field. By means of a booster, it is possible to vary the direct voltage
of the converter with a constant alternating supply voltage, and this voltage regulation
is obtained without disturbance of the power factor or wave shape of the system. Syn-
chronous converters are frequently installed in connection with Edison systems, where
three wire direct current is required. The three wire feature is obtained either by providing
extra collector rings and compensator, as with ordinary direct current generators, or also
by connecting the neutral wire directly to the neutral point of the secondary winding of
step down transformers, if such be furnished.

Ques. Howdoesitoperatewithalternating currentdrive?
Ans. The same as a synchronous motor. ’

Ques. What is the most troublesome part and why?
Ans. The commutator, because of the many pieces of which
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it is composed and the necessary lines along which it is con-
structed, its peripheral specd must be kept within reasonable

limits.
Ques. What should be the limit of the commutator
speed?
Ans. The commutator speed, or tangential speed at the
brushes should not exceed 3,000 fcet per minute.
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£16. 2,869.—Wiring diagram for General Electric synchronous converter with series booster
as illustrated in fig. 2,868.

Ques. Name another limitation necessary for satis-
factory operation.
Ans. The pressure between adjacent commutator bars
should not exceed eight or ten volts.
1f the commutator bars be made narrow in order to obtain the neces-
sary number for the desired voltage with the minimum circumference
and therefore low commutator speed, the brushes employed to collect

the current are liable to require excessive width inorder to provide the
proper cross section and yet not cover more than two bars at once.
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Ques. How can the commutator speed be kept within
reasonable limits, other than by reducing the width of
the commutator bars?

Ans. By using alternating current of comparatively low
frequency.

For a rotary converter delivering 500 volt direct current, the proper
frequency for the alternating current circuit has been found to be 25
cycles per second.

Ques. When a rotary converter is operated in the usual
manner on an alternating current circuit, how can the
direct current be varied? ‘

Ans. It may be varied (from zero to a maximum) by chang-
ing the value of the alternating pressure supplied to the ma-
chine, or it may be altered within a limited range by moving
the brushes around the commutator, or in a compound wound
converter by changing the amount of compounding.

Under ordinary conditions, varying the voltage developed by changing
the voltage at the motor end is not practical, hence the voltage developed
can be varied only over a limited range. In addition to this, the voltage
developed at the direct current end bears always a certain constant
proportion to the alternating current voltage applied at the motor end;
this is due to the same winding being used both for motor and generator
purposes. In all cases the proportion is such that the alternating current
voltage is the lower, being in the single phase and in the two phase con-
verters about .707 of the direct current voltage, and in the three phase
converter about .612 of the direct current voltage. It is thus scen that
whatever valuc of direct current voltage be desired, the value of the
applied alternating current voitage must be lower, requiring in con-
sequence the installation of step down transformers at the sub-station
for reducing the line wire voltage to conform to the direct current pres-
sure required.

Ques. What is the efficiency of a rotary converter?

Ans. It may be said to have approximately the same
efficiency as that in the average of the same output, although
in reality the converter is a trifle more efficient on account of




MANAGEMENT 2,067

affording a somewhat shorter average path for the current in
the armature, reducing in consequence the resistance loss and
the armature reaction.

Ques. May a converter be overloaded more than a
dynamo of the same output, and why?

Ans. Yes, because there is usually less resistance loss in the
armature of the converter than in the armature of the dynamo.

_— =y
FiG. 2,870.—Wiring diagram for three wirc synchronous converter with delta-Y connected

step down transformer with the neutral brought out. It is cvident that in this case each
transformer secondary reccives )4 of the neutral current, and if this current be not so

small, as compared with the exciting current of the transformer, it will cause an increase
1in the magnetic density.

Thus, @ two phase converter may be overloaded approximately 60
per cent., and a three phase converter may be overloaded about 30 per
cent. above their respective outputs if operated as dynamos.

Ques. Describe how a converter is started.

Ans. There are several methods any one of which may be
employed, the choice in any given case depending upon which
of them may best be followed under the existing conditions.
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If it be found advisable to start the converter with direct current,
the same connections would be made between the source of the direct
current and the armature terminals on the commutator side of the
converter as would be the case were a direct current shunt motor of
considerable size to be started; this naturally means that a starting
rheostat and a circuit breaker will be introduced in the armature cirenit.

The shunt field winding alone is used, and this part of the wiring may
be made permanent if, as is usually the case, the same source of direct
current is used normally for separate field excitation.
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FiG. 2,671.—Wiring diagram of three wire synchronous converter with distributed Y sec-
ondary. This system eliminates the flux distortion due to the unbalanced direct current
in the neutral. Two separate interconnected windings are used for each leg of the Y.
The unbalanced neutral current flowing in this system may be compared in action to the
effect of a magnetizing current in a transformer. The effect of the main transformer
currents in the primary and secondary is balanced with regard to the flux in the trans-
former core, which depends upon the magnetic current. When a direct current is passed
through the transformer, unless the fluxes produced by the same neutralize one another,
its effect on the transformer iron varies as the magnetizing current. For example, assume
a transformer having a normal ampere capacity of 100 and, approximately, 6 amperes
magnetizing current, and assume that three such transformers are used with Y con-
nected secondaries for operating a synchronous converter connected to a three wire
Edison system. Allowing 25 per cent. unbalancing, the current will divide equally
among the three le%; giving 8.33 amperes per leg, which is more than the normal mag-
netizing current. e loss due to this current is, however, inappreciable, but the in-
ereased core losses may be considerable. If a distributed winding be used, the direct
current flows in the opposite direction, around the halves of each core thus entirely
neutralizing the flux distortion. Whether the straight Y connection is to be used is
merely & question of balancing the increased core loss of the straight Y connection
against the increased copper loss and the greater cost of the interconnected Y system.
The strai{;ht Y connection is much simpler, and it would be quite permissible to use it
for transtormers of small capacities where the direct current circulating in the neutral
is less than 30 per cent. of the rated transformer current.

=
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The direct current may be derived from a storage battery, from a
separate converter, or from a motor generator set installed in the sub-
station for the purpose.

An adjustable rheostat will, of course, be connected in the field circuit
for regulation. Before starting the converter, however, it is necessary
to do certain wiring between the terminals on the co'lector side of the
machine and the alternating current supply wires, in order that the
change over from direct current motive power to alternating current
motive power may be made when the proper phase relations are estah-
lished between the alternating current in the supply wires and the al-
ternating current in the armature winding of the converter.

In order that proper phase relations exist, the armature of the con-
verter must rotate at such a speed that each coil thereon passes its proper
reversal point at the same time as the alternating current reverses in
the supply wires. This speed may be calculated by doubling the fre-
quency of the supply current and then dividing by the number of pole
pieces on the converter, but a far more accurate method of judging
when the converter is in step or in gy ‘chronism with the supply current
consists in employing incandescent lar._ps as shown in fig. 2,872,

Ques. How is a polyphase converter started with
alternating current?

Ans. This may be done by applying the alternating pressure
directly to the collector rings while the armature is at rest.
There need be no field excitation; in fact the field windings on
the separate pole pieces should be disconnected from each other
before the alternating voltage is applied to the armature, else
a high voltage will be induced in the field windings which may
prove injurious to their insulation. The passage of the alter-
nating current through the armaturc winding produces a mag-
netic field that rotates about the armature core, and induces in
the pole pieces eddy currents, which, reacting on the armature,
exert a sufficient torque to start the converter from rest and
cause it to speed up to synchronism.

Ques. How much alternating current is required to
start a polyphase converter?

Ans. About 100 per cent. more than that required for full load.
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Ques. How may this starting current be reduced?

Ans. Transformers may be switched into circuit temporarily
to reduce the line wire voltage until the speed become normal.

In conjunction with this method, the method of synchronizing shown
in fig. 2,872 may be used, thus, in starting, there is an alternating current
between the brushes which pulsates very rapidly, but when synchronism
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FiG. 2,872.—Wiring diagram showing arrangement of incandescent lamps for determining
the proper phase relations in starting a rotary converter. The alternating current side of a
three phase converter is shown at C. The three brushes, D, T and G pressing on its collect-
or rings are joined in order to the three single pole switches H, L and B which can be made
to connect with the respective wires M, R, and V., of the alternating current supply circuit.
Across one of the outside switches, H, for example, a number of incandescent lamps are
joined in series as indicated at E, while the three pole switch (not shown) in the main cir~
cuit, between the alternator and the single pole switches is open. If then tae main switch
just mentioned and the middle switch L be ggth closed, and the armature of the alternator
gse brought up to normal speed by running it as a direct curre=t motor, the lamps at E will
light up and darken in rapid succession; the lighting and darkening of the lamps will con-
tinue until, by a proper adjustment of the speed, the correct phase relations be established
between the alternating current in the supply circuit and the alternating current developed
in the armature of the converter. As this condition is approached, the intervals between
the successuve lighting up and darkening of the lamps will increase until they remain per-

erfectly dark. There is then no difference of pressure between the supply circuit M
fl V and the rotary converter armature circuit, so the source of the direct current may at
that instant be disconnected from the machine, and the switches H and B, closed. If the
change over has been accomplished before the phase relations of the two circuits differed,
the converter will at once conform itself to the supply circuit and run thereon as a synchro-
nous motor without further trouble. The opening of the direct current circuit and the
closing of the alternating current supply circuit may be done by hand, but preferably
by employing a device that will automatically trip the circuit breaker in the direct current
circuit at the instant the switches in the alternating current ciccuit are closed.

.~
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is approached, the pulsations become less rapid until finally with the
converter in step with the alternator the pulsations entirely disappear.
The light given by the lamps thus connected indicates accurately the
condition of affairs at any one time, varying from a rapidly fluctuating
light at the beginning to one of constant brilliancy at synchronism.
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£1G. 2,873.—Diagram of motor converter. This machine which is only to be used for converting
from alternating to direct current, consists of an ordinary induction motor with p!
wound armature, and a dynamo. The revolving parts of both machines are mounted
on the same shaft and from the figure it is seen that the armature of the motor and the
armature of the dynamo are also electrically connected. The motor converter is a syn-
chronous machine, but the dynamo receives the current from the armature of the motor
at a frequency much reduced from that impressed upon the field winding of the motor.
Assuming that the motor and the converter have the same number of pole, the motor
will rotate at a speed corresponding to one-half the fre?uency of the supply circuit. The
motor will operate half as a motor and half as a transtormer, and the converter, half as
a dynamo and half as a _synchronous converter, in that one-half of the electrical energy
supplied to the motor will be converted into mechanical power for driving the converter,
while the other one-half is transferred to the secondary motor windings and theret.y to
the converter armature in the form of electrical power. The capacity of the motor is
theoretically only half what it would be if it were to convert the whole of the electrical
energy into hanical power b the rating depends upon the speed of the rotating
field and not on that of the rotor. If the two machines have a different number of pole,
or are connected to run at different speeds, the division of power is at a different but con-
stant ratio. The machine starts up as an ordinary polyphase induction motor and the
field of the converter is built up as though it were an ordinary dynamo. Motor converters
are occasionally used on high frequency systems, as their commutating component is of
half frequency, and thus ?crmits better commutator design than a high frequency con-
verter. The advantage of this type of machine is that for phase control it requires no
extra reactive coils, the motor itself having sufficient reactance. It is, however, larger
than standard converters, but smaller than motor generators, as half the power is con-
verted in each machine.  Its efficiency is less than for synchronous converters, and the
danger of reaching double speed in case of a short circuit on the direct current side is
very great. It has been used abroad to some extent for 60 cycle work, in preference to
synchronous converters, but with the present reliable design of 60 cycle converters, and
e general use of 25 cycles, where severe service conditions are met, as in railroading,
motor converters should not be recommended.

ey
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Ques. If the armature of the starting motor have a
starting resistance, how must this be connected?

Ans. It should be connected in series with the armature
inductors before the alternating voltage is applied.

As the motor increases in speed, the starting resistance is gradually
short circuited until it is entirely cut out of circuit. .

{CENTER}
NE OF ARMATURE:
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PFic. 2,874.—Sectional view of General Electric vertical synchronous converter. In this con-
struction, the field frame carrying the poles is mounted on cast iron pedestals and is
split vertically. This allows the two halves of the frame to be separated for inspection
or repairs of the armature. The armature, including commutator and co}lector_rings,
is mounted on a vertical stationary shaft, which is rigidly supported from the foundation.
The thrust of the armature is carried on a roller bearing attached to the top of the shaft
and upper side of the armature spider. The under side of the lower plate of the roller
bearing is made spherical and fits into a corresponding spherical cup on the end of the
shaft, making the ring self aligning. The armature spider has a babbited sleeve along
the fit of the vertical shaft, which acts as a guide bearing and has to take only the thrust
due to the unbalancing effect of the rotating parts. A circulating pump furnishes oil to
the roller bearing, the oil draining off through the guide bearing. A marked advantage
of this type of construction is the accessibility of the commutator for adjustment of the

brushes, etc., as there is no pit or pedestal bearing to interfere.

NOTE.—Some converters are provided with a small induction motor for starting
mounted on an iron bracket cast in the converter frame, and whose shaft is keyed to that of
the converter. Allowing for a certain amount of slip in the induction motor, the field of this,
machine must possess a less number of magnet poles than the converter in order to enable the
latter machine to be brought to full synchronism. To start the induction motor, it is simply
necessary to apply to its field terminals the proper alternating voltage. The bracket, and
therefore the motor, is usually mounted outside the armature bearing on the collector side
of the converters
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Ques. Describe the usual wiring for the installation
of a rotary converter in a sub-station.

Ans. Commencing at the entrance of the high pressure cables,
first there is the wiring for the lightning arresters, then for
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P16, 2,875.—Resistance measurement by *‘drop’’ method. The circuit whose resistance is
to be measured, is connected in series with an ammeter and an adjustable resistance to
vary the flow of current. A voltmeter is connected directly across the terminals of the
resistance to be measured, as shown in the figure. According to Ohm’s law I =E +R,
from which, R =E +I. If then the current flowing in the circuit through the unknown
resistance be measured, and also the drop or difference of pressure, the resistance can be
calculated by above formula. In order to secure accurate determination of the resistance
such value of current must be used as will give large deflections of the needle on the in-
struments employed. A number of independent readings should be taken with some varia-
tion of the current and necessarily a corresponding variation in voltage. The resistance
should then be figured from each set of readings and the average ot all readings taken for
the correct resistance. (ireat care must be taken, however, in the readings, and the
instruments must be fairly accurate. For example, suppose that the combined instru-
ment error and the error of the reading in the voltmeter should be 1 per cent., the reading
being high, while the corresponding error of the ammeter is 1 per cent.low. This would
cause an error of approximately 2 per cent.in the reading of the resistance. In making
careful measurements of the resistance, it is also necessary to determine the temperature
of the resistance being measured, as the resistance of copper increases approximately .4
of 1 per cent. for each degree rise in temperature. Use is made of this fact for determining
the increase in temperature of a piece of apparatus when operating uader load, The re-
sistance ot the apparatus at some known temperature is measured, this being called the
cold resistance of the apparatus. At the end oF the temperature _test the hot resistance 18
taken. Assume the resistance has increased by 15 per cent. This would indicate a nse
in temperature of 37 14 degrees above the original or cold temperature of che apparatus.
Suppose then that in measuring the cold resistance, results are obtained which arc 2 per
cent. low, and that 1n measuring the hot resistance, there be 2 per cent error 14 the oppo-
site direction. This would mean that a total error of 4 per cent. had been made in the
difference between the not and cold resistances, or an error of 10 degrees. The correct
rise 1n temperature is, therefore, about 27 % instead of 37 4 degrees. In other words, an
error of 2 per cant. in measuring each resistance has caused an error of approximately 36 14
per cent. in the measurement of the rise in temperature. The constant .4 which has been
used above 1s only approximate and should not be used for exact work. For detail in-
structions of making calculations of resistance and termperature, see ‘*Standardization
Rulesof the A.I.E £."
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FiGs. 2.876 to 2,879.—How to connect instruments for power measurement. There are several
ways of connecting an ammeter, voltmeter and wattmeter in the circuit for the measure-
ment of power. few of the methods are discussed below. ~With some of the connec-
tions it i8 necessary to correct the readings of the wattmeter for the losses in the coil, or
coils, of the wattmeter, or for losses in ammeter or voltmeter, This is necessary since
the instruments may be 50 ¢ d that the w not onli,v es the load but
includes in its indications some of the instrument losses. If the load measured be small,
or considerable accuracy is required, these instrument losses may be calculated as follows:

ss in pressure coil is E2+R, in which E is the volta.ie at the terminals of the pressure
coil and R is the resistance. Loss in current coil is I* R in which I is the current flowing
and R the resistance of the current coil. In general let Ep =voltage across terminals of the
voltmeter; Ew =voltage across the terminals of the pressure coil of the .wattmeter; Jw=
current through cur coil of wattmeter; Iq =current through current coil of ammeter; Ro =
resistance of pressure coil of volt 3 Rw =resi of pressure coil of wattmeter; Rly =
resistance of current coil of wattmeter; Rg =resist. of current coil of ammeter. Then
the losses in the various coils will be as follows: E% +Rp =loss in pressure coil of voltmeter.
E%, +Ry;=loss in pressure coil of wattmeter. I?,;R1; =loss in current coil of wattmeter.
I1Rq ={oss in current coil of ammeter. If connection be made as in fig. 2,876, the correct
power ot the circuit will be the wattmeter reading W ~ (E% +Ry+E%, +Ry,) in which
Ey=E,. In fig. 2,877, the power is W — E%,+ Ryp. In fig. 2,878, the poweris W
— I%,,Rl,, or the correct power is_the wattmeter, m&gng minus the loss in the current
coil of the wattmeter. In fig. 2,879, the power is W — (E%,, +R,,+ I2aRq). The usual
method of connection is either as in fig. 2,876 or fig. 2,877. In either case the cur-
rent reading is that of the load plus the currents in the pressure coils of the voltmeter and
wattmeter. Unless the current being measured, however, is very small, or extreme accu-
racy is desired, it is unnecessary to correct ammeter readg:gs. In fig. 2,877 a small
error is introduced due to the fact that the actual voltage applied to the load is that given
by the voltmeter minus the small drop in voltage through the current coil of the watt-
meter. If an accurate measure of the current in connection with the power consumed by
the load be ll:%uxred. the connections shown in fig. 2,879 are used, and if extreme accu-
racy is required, the wattmeter reading is reduced by the losses in the ammeter and in the
pressure coil of the wattmeter. The loss in the pressure coil of a wattmeter or voltmeter
may be as high as 12 or 15 watts at 220 volts. he loss in the current coil of a wattmeter
wit{ 10 amperes flowing may be 6 or 8 watts. It can be easily seen that if the core or
copper losses of small transtormers are being measured, it is quite necessary to correct
the wattmeter readings, for the instrument losses. In measuring the losses of a 25 or
50 H.P. induction motor, the instrument losses may be neglected. A careful study of the
above will show when it becomes necessary to correct for instrument losses and the method
of making these corrections. Connections are seldom used which make it necessary to
correct for the losses in the current coils of either ammeter or wattmeter, as the losses vary
with the change in the current. On the other hand, the voltages generally used are fairly
constant at 110 or 220, and when the losses of the pressure coils at these voltages have
once been calculated, the y instrument corroction can be readily made.
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the connection in circuit of the high tension switching devices,
from which the conductors are led to bus bars, and thence to
the step down transformers. .

On a three phase system the transformers should be joined in delta
connection, as a considerable advantage is thereby gained over the star
connection, in that should one of the transformers become defective, the
remaining two will carry the load without change except more or less
additional heating. Between the transformers and rotary converter the
circuits should be as short and simple as possible, switches, fuses,
and other instruments being entirely excluded. The direct current from
the converter is led to the direct current switchboard, and from there
distributed to the feeder circuits.

WATTMETER ERROR FOR A LOAD OF 1,000 VOLT-AMPERES

(For a lag of 1 degree in the pressure coil)

1

| l Error of indi-

Powerfactor  Truewatts |  Eror Controf tiae
[ | value
1. 1,000 | 3 I 0.03
9 900 | 7.6 | 0.85
8 800 | 105 1.31
i 700 | 12.5 1.78
6 600 | 139 2.32
5| 500 15.1 3.02
4 ! 400 | 159 3.98
3 | 300 | 166 5.54
2 200 | 17.1 8.55
1 10 | 173 | 173

]

NOTE.—In the iron vane type instrument when used as a wattmeter, the current of the
series coil always remains in perfect phase with the current of the circuit, provided series trans-
formers are not introduced. The error, then, is entirely due to the lag of the current in the
})ressure coil, and this error in high power factor is exceedingly small, increasing as the power

actor decreases. In the above table it should be noted that the value of the error as dis-
tinguished from the per cent. of error, instead of indefinitely increasing as the power factor
diminishes, rapidly attains a maximum value which is less than 2 per ceat. of the power deliv-
ered under the same current and without inductance. It should also be noted that the above
tabulation is on the assumption of a lag of 1 degree in the pressure coil. The actual lag in
Wagner instruments for instance, is approximately .085 of a degree, and the error due to the
lag of the pressure coil in Wagner instruments is, therefore, proportionally reduced from the
figures shown in the above tal tion.
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Ques. In large sub-stations containing several rotary
converters how are they operated?

Ans. Frequently they are installed to receive their respec-
tive currents from the same sct of bus bars; that is, they may
be operated as alternating current motors in parallel. They are
also frequently operated independently from single bus bars,
but very seldom in series with each other.
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F1G. 2,880.—Single phase motor test. In this method of measuring the input of a single phase
motor of any type, the ammeter, voltmeter and wattmeter are connected as shown in
the illustration,  The ammeter measures the current flowing through the motor,
the voltmeter, the pressure across the terminals of the motor, and the wattmeter the total
power which flows through the motor circuit. With the connections as shown, the watt-
meter would also measure the slight losses in the voltmeter and the pressure coil of the
wattmeter, but for motors of }{ H.P. and larger, this loss is so small that it may be neg-
lected. The power factor may be calculated by dividing the true watts as indicated by
the wattmeter, by the product of the volts and amperes.

Ques. How may the direct current circuit be con-
nected?

Ans. In parallel.

NOTE.—1n motor testing, by the methods jllustrated in the accompanying cuts, it is
assumed that the motor is loaded in the ordinary way by belting or direct connecting the
motor to some form of load, and that the object is to determine whether the motor is over or
under loaded, and approximately what per cent. of full load it is carrying. All commercial
motors have name plates, giving the rating of the motor and the full load current in amperes.
Hence the per cent. of loag carried can be determined approximately by measuring the current
input and the voltage. If an efficiency test of the apparatus be required, it becomes necessary
to use some form of absorption by dynamometer, such as a Prony or other form of brake.
The output of the motor can then be determined from the brake readings. The scope of the
present treatment is, however, too limited to go into the subject of different methods of meas.
uring the output of the apparatus, and is confined rather to methods of measuring current
input, voltage, and watts. e accuracy of all tests is obviously dependent upon the accuracy
of the instruments employed. Before accepting the result obtained by any test, e:?ecia.lly
under light or no load, correction should be made for wattmeter error. See table of watts

meter error on page 2,075.
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Ques. What provision should be made against inter-
ruption of service in sub-stations?

Ans. There should be one reserve rotary converter to every

three or four converters actually required.

Ques. Why does a rotary converter operate with
greater efficiency, and require less attention than does
a dynamo of the same output?

Ans. There is less friction, and less armature resistance,

THREE PHASE LINE

(] D
THREE .PHASE MOTOR i
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FiG. 2,881.—Three phase motor test; voltmeter and ammeter method. If it be desired to
determine the approximate load on a three phase motor, this may be done by means of
the connections as shown in the figure, and the current through one of the three lines and
the voltage across the phase measured. If the voltage be approximately the rated voltage
of the motor and the amperes the rated current of the motor (as noted on the name plate)
it may be assumed that the motor is carrying approximately full load. If, on the other
hand, the amperes show much in excess of fuﬁ load rating, the motor is carrying an over-
load. The heat generated in the copper varies as the square of the current. at gen-
erated in the iron varies anywhere from the 1.6 power, to the square. This method is very
convenient if a wattmeter be not available, although, it is, of course, of no value for the
determination of the eﬂiciencg or power factor of the apparatus. This method gives fairly
accurate results, providing the load on the three phases of the motor be fairly well bal-
anced. If there be much difference, however, in the voltage of the three phases, the
ammeter should be switched from one circuit to another, and the current measured in
each phase. If the motor be very li%htl loaded and the voltage of the different phases
vary by 2 or 3 per cent., the current in the three legs of the circuit will vary 20 to 30 per cent.

the latter because the alternating current at certain portions of
each revolution passes directly to the commutator bars without
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traversing the entire armature winding as it does in a dynamo;
there is no distortion of the field and consequently no sparking,
or shifting of the brushes, since the armature reaction resulting
from the current fed into the machine and that due to the cur-
rent generated in the armature completely neutralizes each
other.
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Fi1G. 2,882.—Three phase motor test by the two wattmeter method. If an accurate test of
a three phase motor be required, it is necessary to use the method here indicated. Assume
the motor to be loaded with a brake so that its output can be determined. This method
gives correct results even with considerable unbalancing in the voltages of the three
phases. With the connections as shown, the sum of the two wattmeter readings gives
the total power in the circuit. Neither meter by itself measures the power in any one
of the three phases. In fact, with light load one of the meters wiil probably give a nega-
tive reading, and it will then be necessary to either reverse its current or pressuie leads
in order that the deflection may be noted. In such cases the algebraic sums of the two
readings must be taken. In other words, if one read plus 500 watts and the other, minus
300 watts, the total power in the circuit will be minus 300, or 200 watts. As the
load comes on, the readings of the instrument which gave the negative deflection will
decrease until the reading drops to zero, and it will then be necessary to again reverse
the pressure leads on this wattmeter. Thereafter the readings of both instruments will
be positive, and the numerical sum of the two should be taken as the measurement of
the load. If one set of the instruments be removed from the circuit, the reading of the
remaining wattmeter will have no meaning. As stated_above, it will not indicate the
power under these conditions in any one g ase of the circuit. The power factor is ob-
tained by dividing the actual watts input by the product of the average of the voltmeter
readings Xthe average of the ampere readings X1.73.
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Ques. What electrical difficulty is experienced with
a rotary converter?

Ans. Regulation of the direct current voltage.
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Ques. How is this done?

Ans. It can be maintained constant only by preserving
uniform conditions of inductance in the alternating current
circuit, and uniform conditions in the alternator.

While changes in either of these may be compensated to a certain extent
by adjustment of the field strength of the converter, they canmot be
entirely neutralized in this manner; it is therefore necessary that both
the line circuit and the alternator be given attention if the best results
are to be obtained from the converter.

Ques. What mechanical difficulty is experienced with
rotary converters?
Ans. Hunting.

Ques. What is the cause of this?
Ans. It is due to a variation in frequency.

The inertia of the converter armature tends to maintain a constant
speed; variations in the frequency of the supply circuit will cause a dis-
placement of phase between the current in the armature and that in
the line wires, which displacement, however, the synchronizing current
strives to decrease. The synchronizing current, although beneficial in
remedying the trouble after it occurs, exerts but little effort in preventing
it, and many attempts have been made to devise a plan to eliminate
this trouble.

NOTE.—Three phase motor test; polyphase wattmeter method. This is identical with
the test of ﬁ%. 2,882, except that the wattmeter itself combines the movement of the two
wattmeters. Otherwise the method of making the measurements is identical. 1f the power
factor be known to be less than 50 per cent., connect one movement 50 as to give a positive
deflection; then disconnect movement one and connect movement two s0 as to give a positive
deflection. Then reverse either the pressure or current leads of the movement, giving the
smaller deflection, leaving the remaining movement with the original connections. ~The
readin%senow obtained will be the correct total watts delivered to the motor. If the power
factor be known to be over 50 per cent., the same methods should be employed, except that
both movements should be independently connected to give positive readings. An unloaded
induetion motor has a power factor of less than 50 per cent., and may, therefore, be used
as above for determining the correct connections. For a better understanding of the reasons
for the above method of procedure, the explanation of the two wattmeter method, fig, 2,882,
should be read. The power factor may be calculated as explained under fig. 2,882. nect
as shown in fig. 2,882, The following check on connection may be made. t the polyphase
induction motor run idle, that is, with no load. The motor will then operate witgoa wer
factor less than 50 per cent. The polyphase meter should give a positive indication, but if
each movement be tried separately one will be found to give a negative reading, the other
movement will give a positive reading. This can be done by disconnecting one of the pressure
leads from the binding post of one movement. When the power factor is above 50 per cent.
then both movemeats will give positive deflection.

e
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Ques. What are the methods employed to prevent
hunting? :

Ans. 1, the employment of a strongly magnetized field
relative to that developed by the armature; 2, a heavy fly-
wheel cffect in the converter; 3, the increasing of the inductance
of the armature by sinking the windings thereon in deep slots
in the core, the slots being provided with extended heads; and
4, the employment of damping devices or amortisseur winding
on the pole pieces of the converter.
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FiG. 2,883.—Three phase motor test; one wattmeter method. This method is equivalent to
the two wattmeter method with the following difference. A single voltmeter (as shown
above) with a switch, A, can be used to connect the voltmeter across either one of the
two phases. Three switches, B, C and D, are employed for changing the connection of
the ammeter and wattmeter in either one of the two lines. With the switches B and D
in the position shown, the ammeter and wattmeter series coils are connected in the left
hand line. The switch C must be closed under these conditions in order to have the mid-
dle lineclosed. Another reading should then be taken before any change of load hat
occurred, with switch A thrown to the right, switch B closed, switch D thrown to the
right and switch C opened. The ammeter and the current coil of the wattmeter will
then be connected to the middle line of the motor. In order to prevent any interruption
of the circuit, the switches B, I and C should be operated in the order given above.
With very light load on the motor the wattmeter will probably give a negative deflection
in one phase or the other, and it will be necessary to reverse its connections before i
the readings. For this purpose a double pole, double throw switch is sometimes in:
in the circuit of the pressure coil of the wattmeter so that the indications can be reversed
without disturbing any of the connections. It is suggested, before undertaking this test,
that the instructions for test by the two wattmeter and by the polyphase wattmeter
methods be read.
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Ques. What method is the best?
Ans. The damping method.

The devices employed for the purpose are usually copper shields
placed between or around the pole pieces, although in some converters
the copper is embedded in the poles, and in others it is made simply to
surround a portion of the pole tips.

Inany caseitsactionisasfollows: Thearmature rotating at a variab'e
speed has a field devcloped therein which is assumed to be also rotating
at a variable speed; the magnetism of this rotary field induces currents
in the copper which, however, react on the armature and oppose any
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PI1G. 2,884.—Three phase motor, one wattmeter and Y box method. This method is of service,
only, provided the voltages of the three phases are the same. A slight variation of the
voltage of the different phases may cause a very large error in the readings of the watt-
meter, and inasmuch as the voltage of all commercial three phase circuits is more or
less unbalanced, this method is not to be recommended for motor testing. With bal-
anced voltage in all three phases, the power is that indicated by the wattmeter, multi-
plied by three, Power factor may be calculated as before.

tendency toward a further shifting of the magnetism in the armature
and therefore prevent the development of additional currents in the
copper. Since copper is of low resistance, the induced currents are

cient in strength to thus dampen any tendency toward phase dis-
pl}al.oiﬂnent, and so exert a steadying influence upon the ins tion as a
whole.

Electrical Measuring Instruments.—In the manufacture
of most measuring instruments, the graduations of the scale
are made at the factory, by comparing the deflections of the
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]
pointer with voltages as measured on standard apparatus. The
voltmeters in most common use have capacities of 5, 15, 75,
150, 300, 500 and 750 volts each, although in the measurement
of very low resistances such as those of armatures, heavy cables,
or bus bars, voltmeters having capacities as low as .02 volt are
employed.

The difference between the design of direct current volt-
meters of different capacities lies simply in the high resistance
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F1G. 2,885.—Test of three phase motor with neutral brought out; single wattmeter method.

ome star connected motors have the connection brought out from the neutral of the

winding. In this case the circuit may be connected, as here shown. The voltmeter now

measures voltage between the neutral and one of the lines, and the wattmeter the power

in one of the three phases of the motor, Therefore, the tota:xi)ower taken by the motor

will be three times the wattmeter readings. By this method, just as accurate results

can be obtained as with the two wattmeter method. The power factor will be the indi-
cated watts divided by the product of the indicated amperes and volts.

joined in series with the fine wire coil. This resistance is usually
about 100 ohms per volt capacity of the meter, and is composed
of fine silk covered copper wire wound non-inductively on a
wooden spool.

In the operation of an instrument, if the pointer when de-
flected do not readily come to a position of rest owing to
friction in the moving parts, it may be aided in this respect by

L
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gently tapping the case of the instrument with the hand; this

will often enable the obstruction, if not of a serious nature, to

be overcome and an accurate reading to be obtained.

Ques. Describe a two scale voltmeter.
Ans. In this type of instrument, one scale is for low voltage
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Fic. 2,888.—Temperature test of a large three phase induction motor. Temperature tests are

usually made on small induction motors by beiting the motor to a_generator and loading
the generator with a lamp bank or resistance until the motor input is equal to the full load.
If, however, the motor of considerable size, such that the cost of power becomes
a considerable item in the cost of testing, the method here shown may be employed.
For this purpose, however, two motors, preferably of the same size and type, are required.
One isdniven asa motor and runs slightly below synchronism, due to its slip when operating
with load. This motor is belted to a second machine, If the pulley of the second machine
be smaller than the pulley of the first machine, the second machine will then operate
as an induction generator, and will return to the line as much power as the first motor
draws from the line, less the losses of the second machine. By properly selecting the
ratio of pulleys, the first machine can be caused to draw full loatf current and full load
energy from the line. In this way, the total energy consumed is equivalent to the total of
the losses of both machines, which is approximately twice the losses of a single machine.
The figure shows the connection of the wattmeters, without necessary switches, for read-
ing the total energy by two wattmeter method. Detailed connection of the wattmeter is
shown in fig. 2,883, Itis usual, in making temperature tests, to insert one or more ther-
mometers m what is supposed to be the hottest part of the winding, one on the surface
of the laminae and one in the air duct between the iron laminae. The test should be
continued until the difference in temperature between any part of the motor and the air
reaches a steady value. The motor should then be stopped and the temperature of the
armature also measured. For_ the method of testing wound armature type induction
motors of very large size, see fig. 2,800. For the approved way of taking ternﬁenture
seadings and interpreting results, sco the “Shndangn' tion Rules of the A. 1. B, B."
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readings and the other for high voltage readings; on these
scales the values of the graduations for low voltages are usually
marked with red figures, while those for high voltages are marked
with black figures. A voltmeter carrying two scales must also
contain two resistances in place of one; a terminal from each
of these coils must be connected with a separate binding post,
but the remaining terminal of each resistance is joined to a wire
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Pic. 2,887.—Alternator excitation or tization curve test. The object of this testis to

determine the change of the armature voltage due to the variation of the field current
when the external circuit is kept open. As here shown, the field circuit is connected with
an ammeter and an adjustable resistance in series with a direct current source of supply.
The adjustable resistance is varied, and readings of the voltmeter across the armature,
and of the ammeter, are recorded. The speed of the generator must be kept constant,
preferably at the speed which is given on the name plate. The excitation or magnetiza-
tion curve of the machine is obtained by plotting the current and the voltage.

which connects through the fine wire coil with the third binding
post of the meter. The two first mentioned binding posts are
usually mounted at the left hand side of the meter and the
last mentioned binding post and key at the right hand side.

The resistance corresponding to the high reading scale is composed
of copper wire having the same diameter as that constjtuting the
resistance for the low reading scale, but as the capacity of the former
scale is generally a whole number of times greater than that of the
latter scale, the resistances for the two must bear the same proportion.

e
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Ques. How is a two scale voltmeter connected?

Ans. In the connection of a two scale voltmeter in circuit,
the single binding post is always employed regardless of which
scale is desired. If, then, the voltage be such that it may be
measured on the low reading scale, the other binding post
employed is that connected to the lower of the two resistances
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PiG. 2,888.—Three phase alternator synchronous impedance test. In determining the regu-
lation of an alternator, it is necessary to obtain what is called the synchronous impedance
of the machine. To obtain this, the field is connected, as shown above, Volt-
meters are removed and the armature short circuited with the ammeters in circuit. The
field current is then varied, the armature driven at synchronous speed, and the arma-
ture current measured by the ammeters in circuit, The relation between field and arma-
ture amperes are then plotted. The combination of the results of this test, with those
obtainecl)efrom the test shown in fig. 2,887, are used in the determination of the regula-
tion of an alternator. Engineers differ widely in the _apflicanon of the above to the
determination of regulation, and employ many empirical formulae and constants for
different lines of design.

NOTE.—Three phase alternator load test. By means of the connection shown in fig.
2,888, readings of armature current and field amperes can be obtained with any desired load.
‘The field current can be varied also so as to maintain constant armature voltage irrespective
of load; or the field current may be kept constant and the armature voltage allowed to vary
as the load increases. The connections may also be used to make a tem&)erature test on the
alternator by loading it with an artificial load. In some cases after the alternator is installed
the connection nm;ge used to make a temperature test, using the actual commercial load the

alternator is furnishing.
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contained within; if, however, the pressure be higher than those
recorded on the low reading scale, the binding post connected
to the higher of the two resistances contained within is used.

Inasmuch as the capacities of the scales are usually marked on or
near the corresponding binding posts, there will generally be no difficulty
in selecting the proper one of the two left hand binding posts.
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716, 2,889.—Three phase alternator or synchronous motor temperature test. In this test two
alternators or synchronous motors of same size and type are used, and are belted together,
one to be driven as a synchronous motor and the other as an alternator. The method
employed is to synchronize the synchronous motor with the alternator or alternators
on the three phase circuit, and then connect to the line by means of a three pole single
throw switch. The alternator is then similarly synchronized with the altcinator of the three
phase circuit and thrown onto the line. By varying the field of the alternator it_can be
made to carry approximately full load, and the motor will then be also approxlmat::{
fully loaded. " The usual method is to have the motor carry slightly in excess of full load,
and the alternator slightly less than full load. Under these conditions the motor will
run a little warmer than it should with normal load, while the alternator will run slightly
cooler. Temperature measurements are made in the same way as discussed under three

hase motors. The necessary ammeters, voltmeters and wattmeters for adjustin, _the
E)ads on the motors and generator are shown in above figure. If pulleys be of sufficient
size to transmit the full load, with, say one per cent. slip, the pulley on the motor should
be one per cent. larger in diameter than the pulley on the alternator, so as to enable the
alternator to remain in synchronism and at the same time deliver power to the circuit.
With very large machines under test, it is inadvisable to use the above method as it is
sometimes digcult to so adjust the pulleys and belt tension that the belt slip will be
just right to make up for the difference in diameter of the pulleys, and very violent flap-

ing of the belt results. To meet such cases, various other methods have been devised.

which gives consistent results is shown in fig. 2,800,
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Ques. How is a two scale voltmeter connected when
the binding posts are not marked?

Ans. If only an approximate idea is possessed of the voltage
to be measured, it is always advisable to connect to the binding
post corresponding to the high reading scale of the meter in
order to determine if the measurement may not be made safely
and more accurately on the low reading scale. In any case,
some knowledge must be had of the voltage at hand, else the
high reading portion of the instrument may be endangered.

o

AMMETER

ADJUSTABLE
RESISTANCE

P1G. 2,890.—Three phase alternator or synchronous motor temperature test. Sgl{)p]y the field
with normal field current. The armature is connected in open delta as illustrated, and
full load current sent through it from an external source of direct current, care being
taken to ground one terminal of the dynamo so as to avoid danger of shock due to the
voltage on the armature winding. The field is then driven at synchronous speed. If
the armature be designed to be connected star for 2,300 volts, the voltage generated in
each leg of the delta will be 1.330 volts, and unless one leg of the dynamo were grounded,
the tester might receive a severe shock by coming in contact with the direct current
circuit. The insulation of the dynamo would also be subjected to abnormal strain unless
one terminal were grounded. By the above method the field is subjected to its full copper
loss and the armature to full copper loss and core loss. Temperature readings are taE:n
ag per standardization rules of the A. I. E. E. This method may also be used with
satisfactory results on large three phase motors of the wound rotor type. If the alter-
nator pressure be above 600 volts, a pressure transformer should be used in connection
with the voltmeter.

Too much care cannot be taken to observe these precautions whenever
the voltmeter is used, for the burning out or charring of the insulation
either in the fine wire coil or in the high resistgnce of the meter by an

L
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excessive current, is one of the most serious accidents that can befall the
instrument.

If a voltmeter has been subjected to a voltage higher than that for which
it was designed, yet not sufficiently high to injure the insulation, but high
enough to cause the pointer to pass rapidly over the entire scale, damage
has been done in another way. The pointer being forced against the side of
the case in this manner, bends it more or less and so introduces an error in
the readings that are afterward taken.

The same damage will be done if the meter be connected in circuit so
that the current does not pass through it in the proper direction, although
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F16. 2,801.—Direct motor or dynamo magnetization test. The object of this test is to de-
termine the variation of armature vol without load, with the current flowing th:
the field circuit. The armature should be driven at normal . The adjustment

resistance in the field circuit is varied and the voltage across the armature measured,
The curve obtained by plotting these two figures is usually called magnetization curve
of the dynamo. It is usual to start with the higher resistance in the field circuit so that
very small current flows, gradually increasing this current by cutting out the field re-
sistance. When the highest no load voltage required is reached, the field current is then
diminished, and what 1s called the descending (as opposed to the ascending) magneti-
zation curves are obtained. The difference in the two curves is due to the lag of the
magnetization behind the magnetizing current, and is caused by the hysteresis of the
iron of the armature core.

in this case the pointer is not liable to be bent so much as when it is forced
to the opposite side of the meter by an abnormal current, since then it has
gained considerable momentum which causes a severer impact. The extent
of the damage may be ascertained by noting how far away from the zero
mark the pointer lies when no current is passing through the instrument.
If this distance be more than two-tenths of a division, the metal case enclos-
ing the working part should be removed and the pointer straightened by the
careful use of a pair of pinchers.

L
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Ques. What should be noted with respect to location
of instruments?

Ans. If they be placed ncar conductors carrying large cur-
rents, the magnetic field developed thereby will produce a change
in the magnetism of the instruments and so introduce an error
in the readings.
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fiG. 2.892.—Shunt dynamo, external characteristic test. The external characteristic of a
shunt dynamo is a_curvt showing the relation between the current and voltage of the
external circuit. This is obtained by the connection as here shown., The shunt field
is so adjusted that the machine gives normal voltage when the external circuit is open.
The field current is then maintained constant and the external current varied by vary-
ing the resistance in the circuit. By Elotting voltage along the vertical, against the corre-
sponding amperes represented along the horizontal, the external characteristic is obtained.

Ques. How should portable instruments be wired?

Ans. The wires must be firmly secured to the supports on
which they rcst, so as to reduce the possibility of their being
pulled by accident, and so causing the instruments to fall.

A fall or a rough handling of the meter at once shows its effect on the

readings, for as much harm is done as would result from a similar treat-
ment of a watch.
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The hardened steel pivots used in all high grade voltmeters are ground
and polished with extreme care so as to secure and maintain a high
degree of sensitiveness. The jewels on which the moving parts revolve
are of sapphire, and they too must necessarily be made with skill and
carefulness; if, therefore, the jewels become cracked and the pivots
dulled by careless handling, the meter at once becomes useless as a meas-
uring instrument.

Ques. How should readings be taken?
Ans. The deflections of the pointer should be read to tenths
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Fic. 2,893.—Load and speed test of direct current shunt motor. The object of this test is |
to maintain the voltage applied to the motor constant, and to vary the load by means
of a brake and find the corresponding variation in speed of the machine and the current
drawn from the circuit. If the motor be a constant speed motor, the field resistance is
maintained constant. The above indicates the method of connecting instruments for
the tt:dt alone; for starting the machine the ordinary, starting box, should, of course, be
inserted.

of a division; this can be done with considerable accuracy,
especially after a little practice.

For very accurate results, a temperature correction sheuld be apphied
to compensate the effect which the temperature of the atmosphere has
upon the resistance of the meter when measurements are being taken.
In ordinary station practice the temperature correction is negligible,
being for resistance corresponding to the high scale in first class meters,
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less than one-quarter of 1 per cent. for a range of 35 degrees above or
35 degrees below 70 degrees Fahrenheit.

Ques. What attachment is sometimes provided on
station voltmeters used for constant pressure service?

Ans. A normal index.
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Fi1G. 2,804.—Temperature test of direct current motor or dynamo; loading back method.
In making temperature tests on a small dynamo it is usual to drive the dynamo with a
motor and load the dynamo by means of a lamp bank or resistance, the voltage across
the dynamo being maintained constant, and the current through the external circuit
adjusted to full load value. The temperatures are then recorded, and when they reach
a constant value above the temperature of the atmosphere, the test is discontinued.
Similarly, in making a test on a small motor, the motor is loaded with a dynamo and the
Joad increased until the input current reaches the normal full load value of the motor,
the test being conducted as for a small dynamo. When, however, the apparatus, either
motor or dynamo, reaches a certain size, it becomes necessary, in order to economize
energy, to use what is called the loading back method, as here illustrated. The motor is
started in the usual way, with the dynamo belted to it, the circuit of the dynamo bei
open. The field of the dynamo is then adjusted so that the dynamo voltage is equal
to that of the line. The dynamo is then connected to the circuit and its field resistance
varied until it carries normal full load current. Under these conditions, if the motor
and dynamo be of the same size and type, the motor will carry slightly in excess of full
load, the difference being approximately twice the losses of the machines. Under these
conditions the total power drawn from the line is equal to twice the loss of either ma-
chine. Temperature readings are taken as in other temperature tests.
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Ques. What precaution must be taken in connecting
station voltmeters?

Ans. Care must be taken to guard against any short cir-
cuiting of the voltmeter, which, would mean a short circuiting
of the generator, and as a result the probable burning out of its
armature.

The high resistance of the voltmeter prevents any such occurrence
when it is connected in the proper way, but should one side of the circuit
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Fi6. 2,895.—Compound dynamo external characteristics test; adjustable load. The object
of this test is to determine the relation between armature voltage and armature current.
Shunt field is adjusted to give normal secondary voltage when the external circuit is
open. The load is then applied by means of an adjustable resistance or lamp bank, and
readings of external voltage and current recorded. If the machine be normally com-
pounded, the external vo‘ftage will remain practically constant throughout the load
range. If the machine be under-compounded, the external voltage will drop with load,
while if over-compounded, there will be a rise in voltage with increase in load.

be grounded to the metal case or frame of the meter, a careless handling
of the lead connected with the other sidé of the circuit would produce
the result just mentioned.

Ques. Why do station voltmeters indicate a voltage
slightly lower than actually exists across the leads?

Ans. Since they are usually connected permanently in

[
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circuit; a certain amount of heat is developed in the wiring of
the instrument.
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F1cs. 2,806 and 2,897.—Transformer core loss and leakage, or exciting current test. With the
primary circuit open, the ammeter indicatcs the exciting or no load current. It should be
noted that all instruments are inserted on the low voltage side, for both safety of the oper-
atorand because the measurements are more accurate. ‘The no load primary current, if the
ratio of transformation be 10 : 1, will be one-tenth of the measurcd secondary cuirent.
The wattmeter connected, as shown, measures the sum of the losses, in the transformer,
in the pressure coil of the wattmeter, and in the voltmeter. On all standard makes of
portable instruments, the resistance of the wattmeter pressure coil and of the voltreter
is given, and the loss in either instrument is the square of the voltage at its termenals,
divided by its resistance. Subtracting these_losses from the total indicated upor the
wattmeter, gives the true core or iron loss. It should be noted that in this diagram is
shown an auxiliary transformer with a_number of taps for obtaining the exact rated
voltage of the transformer under test. In fig. 2,897 is shown, in general, the same con-
nections as int fig. 2,896, except that the auto-transformer has been replaced by a resist-
ance. If the line voltage available be not much in excess of the rated voltage of the
transformer under test, very little error is introduced by the use of the resistance method.
However, if the difference be 10 per cent. or more the auxiliary transformer shown in
fig. 2,896 should be used. Measurements made under the resistance method always
give lower results than those obtained with the auxiliary transformer,
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The effect of this heat increases the voltmeter resistance and conse-
quently reduces the current below that which otherwise would pass
through the meter; since the deflections of the pointer are governed by
the strength of the current, station voltmeters invariably indicate a
voltage slightly lower than that which actually exists across their leads.
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F1c. 2,898.—Diagram of connections for calibrating a wattmeter. The calibration of a portables
wattmeter is accomplished with direct current of constant value which is passed through
the series windiniby connecting the source thereof with the current terminals. A direct
current voltage which may be varied throughout the range of the wattmeter is also applied
to the instrument between the middle and right hand pressure terminals A and E the wiring
in the meter between these terminals being such that its differential winding is then cut out
of circuit. The method of procedure conststs in comparing the deflections on the wattmeter
at five or six approximately equidistant points over its scale with the corresponding prod-
ucts of volts and amperes used to obtain them. The changes in the wattmeter deflections
are effected by merely varying the voltage, the value of the current being maintained con-
stant at a value which represents the full current capacity of the meter.

NOTE.—Checking up of a recording wattmeter. This may conveniently be done by
noting the deflections at short intervals on an ammeter connected in circuit, and also the readings
on the dial of the recording wattmeter during this period. If this test be continued for an
appreciable time, the product of the pressure in volts, the current in amperes, and the time
in hours, should equal the number of watthours recorded on the counters of the dial.

NOTE.—Transformer testing. In the early days of transformer building, before the com-
mercial wattmeter had been perfected, leakage or exciting current was the criterion of good
design.  Atter the introduction of the wattmeter, core loss became the all important factor, and
for a long time the question of leakage current was lost sight of. With the introduction
of silicon steel, leakage or exciting current again assumed prominence. Keeping in mind
the fact that all characteristics of a transformer are of more or less importance, it is essen-
tial that the user of such apparatus have at hand the necessary facilities for making tests
of all such variable quantities, The tests which all users of transformers should make, are
aiven in this chapter.
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Ques. Can direct current be measured by an alter-
nating current voltmeter?

Ans. Yes.

-4
w
—
W
x
-
-
o

I1G. 2,805.—Transformer coprer loss by wattmeter measurement and impedance. At first
glance, this method would seem better than the calculation of loss after measurement
of the resistance. However, it should be noted that the wattmeter is, in itself, subject
to considerable error under the low power factor that will exist in this test. The secondary
of the transformer is short circuited, and a voltage applied to the primary which is just
sufficient to cause full load primary current. If full current pass through the primary of
the transformer with the secondary short circuited, the secondary will also carry full
load current. With connections as shown, and with the full load current, the voltmeter
indicates the impedance volts of the transformer. This divided by the rated voltage gives
what is called the per cent. impedance of the transformer. In a commercial transformer
of 5 kw., this should be approximately 3 per cent. The iron loss of the transformer
under approximately 3 per cent. of the normal voltage will be neqllglble. and the losses
measured will be the sum of the primary and secondary copper losses. As in the dis-
cussion of the core loss measurements, the wattmeter readings must be corrected for the
loss in its pressure coil, the method of correction being the same as that discussed under
the core loss measurement. If the impedance volts, as measured, be divided by the pri-
mary current, the impedance of the transformer is obtained. The reciprocal of this quan-
tity is known by the term ‘“‘admittance.” When two or more transformers are connected in
parallel they divide the load in proportion o their admitlance. It 1s, therefore, important
that the users of transformers know the impedance of the apparatus used, in order to
determine whether two or more transformers will operate satisfactorily in parallel. For
discussion of wattmeter error on low power factor, see note on page 2,075. Fcr accurate
measurement osmi:?edance, the voltmeter should be connected directly across the ter-
minals of the t rmer rather than as shown in the diagram.

NOTE.—Transformer copper loss test. The usual and best method of obtaining copper
losses is to separately measure the primary and secondary resistance and calculate from these
the l!l:d'in'\.ary and secondary copger ‘Tosses. For general diagram of connections and discussion
of the drop method, see fig. 2,875. The current should be kept well within the load current
of the transformer to avoid temperature rise during the test. In other words, the resistance
of the coil is the voltage across its terminals divided by the current. The resistance of the
primary coil can be measured similarly. The copper loss in watts in each coil will then be the
md;x:lfi %‘e the resistance and the square of the rated current for that ceil. The total copper

suk.
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Ques. What would be the effect of placing a direct
current voltmeter across an alternating current circuit,
and why?

Ans. There would be no deflection of the pointer owing to
the rapid reversals of the alternating current.

Ques. What are the usual capacities of alternating
current voltmeters?

Ans. They are 3, 7.5, 10, 12, 15, 20, 60, 75, 120, 150, 300 and

00
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FI1G. 2,900.—Temperature test of transformer with non-inductive load. The figure shows
the simplest way of making the test. Connect the primary of the transformer to the
line as shown, and cai normal secondary load by means of a bank of lamps or other
suitable resistance, until full Joad secondary current is shown by the ammeter in the
secondary circuit. The transformer should then be allowed to run at its rated load for
the desired interval of time, temperature readings being made of the oil in jts hottest
part, and also of the surrounding air. Where temperatures of the coil rather than tem-
peratures of the oil are desired, it is necessary to use the resistance method. This is
obtained by first carefully measuring the resistance of both primary and secondary
coils at the temperature of the room, and then, after the transformer has been under
heat test for the desired time, disconnect it from the circuit and again measure the re-
sistance of primary and secondary. For proper method of calculating the temperature
rise from resistance measurements, the reader is referred to the standardization rules
of the A. I. E. E. In making resistance measurements of large transformers by the
drop method care should be taken to allow both ammeter and voltmeter indications to
settle down to steady values before readings are taken. This may require several min-
utes. Each time the current is changed it is necessary in order to obtain check values
on resistance measurements, to wait until the current is again settled to its permanent
value before taking readings. All resistance measurements must be taken with great
care, as small_errors in the measurement of the resistance may make very large errors
in the determination of the temperature rise. The method above described is satisfac-
tory for small transformers. Where large units are to be tested, the cost of current for
testing becomes an important item. The **bucking test'’ as in fig. 2,901, is more economical.

PRIMARY

LINE
SECONDARY

600 volts, but these capacities may each be increased by the
use of a multiplier. .
Ques. How are station voltmeters usually attached

to the switchboard?
Ans. They are usually bolted to the switchboard by means
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of four iron supports mounted on the back of the instrument;
two of these are fastened near each side of the case.

Under certain conditions, however, as in paralleling of alternators.
it is convenient to have the alternating current voltmeter mounted oz
a swinging bracket at the side of the switchboard. The voltmeter may
then be swung around in any desired direction so as to enable the at-
tendant to keep informed of the voltage while switching in cach addi-
tional alternator.

j HIGH TENSION l l HIGH TENSION ’T
LOW TENSION ' LOW TENSION
€
fqon)
GROUND AMMETER
— ONNECTION =)
VOLTMETER
4
- D
o AUTO-
TRANSPORN|
== AMMETER
ADJUSTABLE L )
RESISTANCE -
VOLTMETER

] LINE [’

F16. 2,901, —Transformer temperature *‘bucking test.” FPor this purpose two transforiuers
of the same size and ratio are required. The connections are as shown. Full secondary
voltage is applied, and rheostats or auxiliary auto-transformers are inserted in the circuit
to properly regulate the voltage. The primaries are connected with one bucking the
other, and a voltage equal to twice the impedance voltage of either transformer inse
in the primary circuit. It should be noted that when the secondaries are subjected to
the full secondary voltage, a full primary voltage exists across either primary, but with
the primaries connected so that the voltage of one is bucked a¥amst the voltage of the
other, the resultant voltage in the circuit will be zero. By applying to the primary cir-
cuit twice the impedance voltage of either transformer, full primary and secondary cur-
rent will circulate through both transformers. On the other hand, by subjecting the
secondaries to the full secondary voltage.‘the iron of the transformer will be magnet-
ized as under its regular operating conditions, and the full iron loss of the transforme:
introduced. This method permits the operation of two transformers under temperature
test with their full losses, without taking energy from the line equal to the rated capacity.
Mecasurements of temperature are taken in exactly the same way as above. This method

is successfully employed for making temperature tests on transformers of all sizes.
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Ques. How should an ammeter be operated to get
accurate readings, and why?

Ans. It should be cut out of circuit except while taking a
reading, because of the error introduced by the heating effect
of the current.

In an ammeter having a capacity of 50 amperes, the error thus intro-
duced will be less than 1 per cent. if connected continuously in circuit
with a current not exceeding three-quarters this capacity. . .

An ammeter of 100 amperes capacity may be used’ indefinitely in
circuit with less than 1 per cent. error up to one-half its capacity, and

ADJUSTABLE
RESISTANCE

FUSE

F16. 2,802.—Transformer insulation test. In applying a 10,000 volt insulation test between
the primary and secondary of a transformer, the mtc:f leads should be disconnected frem
the transformer under test, and a spark gap introduced as shown, with the test needle set
at a proper sparking distance for 10,000 volts. A high resistance should be connected in
the secondary before closing its circuit, and the voltage dually increased by cutfs:
out this secondary resistance until a spark jumps across tg? spark gap. When the spar
jumps across the spark £ap. the voltmeter reading should be recorded and the testing
transformer disconnected. The spark gap should then be increased about 10 per cent,
and the hi?h tension leads connected to the transformer under test as indicated in the
diagram. In order to equalize the insulation strains, all primary leads should be con-
nected together, all secondary leads not only connected together, but to the core as
well. Al resistance in the rheostat in the low tension circuit ghould then be inserted and
the switch closed. Gradually cut out secondary resistance until the voltmeter shows
the same voltage as was recorded previously v%en. the spark jumped across the gap,
and apply this voltage to the transformer for one minute. Insulation tests for a period
of over one minute are very unadvisable, ag transformers with excellent insulation m’y;
be seriously dapmgeq by prolonged insulation tests. The | er the strain to whic|

i la i b abrec Pl ; i m:%e ;nsglation. Also tze

greater the applied voltage a ve the actual operating voltage of the apparatus, the
5 ufe of the insulation. In testing smt;’l? transformers, the spark

2ap may be omitted and the voltage of the low pressure coil of the testing transformer
measured. This multiplied by the ratio of transformation gives the testing voltage.

- Em
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TRANSFORMER UNDER
TEST

BG. 2,904.—Transformer internal insulation test, sometimes called double normal voltage test, from the fact that most trans-
formers are tested with double normal voltage across their terminals. If either the primary or secondary of the transformer
oonnected to some source of current with voltage double that of the vol of the transformer under test, the insulation
between adjacent turns, and also the insulation between adjacent layers will be subjected to twice the normal operating
voitage. It is good practice to employ high frequency for this test in order to prevent an abnormal current from passing
through the transformer. Sixty cycle” transformers are usually tested on 133 cycle, and 25 cycle transformers on 60 cycle
circuits for this double normal voltage test. It is necessary to insert the resistance in the circuit of the transformer and
bring the voltage up gradually, the same as applying other high insulation tests in order to prevent abnormal rises in
pressure at the instant of closing the circuit.
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Electrical measuring instruments, owing to the nature of their con-
struction and the conditions under which thegr must necessarily be used,
are subject to variations in accuracy. This feature is an annoying one
on account of the difficulty of detecting it; a meter may, as far as ap-
pearances go, be in excellent working order and yet give readings which
are not to be relied upon.

Ridiculous as it may appear, the average station attendant may
frequently be seen straining his eyes to read to tenths of a division on
the scale of a meter which, if subjected to test, would show an inaccuracy
of over 2 per cent.

In testing a meter, by comparing it with a standard, in order to
obtain the best results there should be one man at each meter so that
simultaneous readings may be taken on both instruments, and the man
at the standard meter should maintain the voltage constant while g

e com]

o - - -

VOLTMETER AMMETER

"LINE

FiG. 2,005.—Transformer insulation resistance test. The insulation, besides being able to
resist puncture, due to increased voltage, must also have sufficient resistance to prevent
any appreciable amount of current flowing between primary and secondary coils. It is,
therefore, sometimes important that the insulation resistance between primary and sec-
ondary be measured. his can be done, as here shown. Great care should be taken to
have all wires thoroughly insulated from the ground, and to have an ammeter placed as
near as possible to the terminals of the transformer under test, in order that current leaki
from one side of the line to the other, external to the transformer, may not be measu
Great care is required in making this measurement, in order to obtain consistent results.

reading is being taken, by means of a rheostat in the field circuit of the
genetator supplyiug the current.

Each meter should be checked or calibrated at five or six approxi-
mately equidistant points over its scale; the adjustable resistance
being varied each time to give a deflection on the standard meter of an
even number of divisions and the deflection on the other meter tecorded
at whatever it may be. Having obtained the necessary readings, the
calculation of the ~constant or multiplying factor of the meter under-
going test is next in order.

This may best be shown by taking an actual case in which a 150 scale

voltmeter is being tested to determine its accuracy. The data and
calculations are as follows:
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Readings on Readings on Constant
standard meter neter tested

150 149.2 150 +149.2 =1.005

125 125.0 125 +125.0 = 1,000

100 08.9 100 <+ 98.9 =1.011

75 73.6 75+ 73.6=1.019

50 50.0 50+ 50.0 =1.000

25 24.8 25 + 24.8 =1.008

6.043

Average constant for six readings, 6.043+-6—1.007.

TRANSFOR
UNDER

o q

STANDARD

TRANSFORMER

110 VOLT LINE

F16. 2,906 —Transformer winding or ratio test. The object of this test is to check the ratio

between the primary and the secondary windings. For this purpose a transformer of
known ratio is used as a standard. Connect the transformer under test with a standard
transformer as shown. Leave switch S: open.  With the single pole double throw switch
in position SiB, the voltmeter is thrown across the terminals of the standard transformer.
With the switch in position $iA, the voltmeter is thrown across the terminals of the trans-
former under test. The voltmeter should be read with the switch in each position. If

- the winding ratio be the same as that of the standard transformer, the two voltmeter
readings will be identical,

It may be stated in general that before taking the readings for this
test, the zero position of the pointer on the meter tested should be noted,
and if it be more than two-tenths of a division off the zero mark, the
case of the meter should be removed and the 1.ointer straightened.

Furthermore, it will be noticed from the rcadings here recorded that
the test is started at the high reading end of the scale; this is done in
order that the pointer may gradually be brought up to this spot, by
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slowlf\: cutting out of circuit the adjustable resistance, and thus show
whether or not the pointer has a tendency to stick at any part of the
scale. If the meter seem to be defective in this respect, it sl}m,ould be rem-
edied either by bending the pointer or scale, or by renewing one or both
of the jewels, before the comparison with the standard is commenced.

It is obvious from the readings recorded for the 150 scale voltmeter,
that as compared with the corresponding deflections of the standard,
the former are a trifle low.

In order to determine for each observation how much too low they
are, it is necessary to divide each reading on the standard by the cor-
responding reading on the meter tested. The result is the amount by
which a deflection of this size on the meter tested must be multiplied
in order to obtain the exact reading. ‘L'his multiplier is called a con-
stant, and as shown, a constant is determined for each of the six

. observations. .

The average constant for the six readings is then found, and this is
taken as the constant for the meter as a whole; that is, whenever this
150 scale voltmeter is used, each reading taken thereon must be mul-
tiplied by 1.007 in order to correct for its inaccuracy.

The most convenient and systematic way of registering the constant
of a meter is to write it, together with the number of the meter and the
date of its calibration, in ink on a cardboard tag and loop the same
by means of a string to the handle or some other convenient part of the
meter.

NOTE.—Transformer polarity test. A test of importance in the manufacture of trans-
formers, and sometimes necessary for the user, is the so called banking or polarity test. The
transformers from any particular manufacturer have the leads brought out in such a manner
that a transformer of any size can be connected to primary and secondary lines in a given
order without danger of blowing the fuses due to incorrect connections, All manufacturers
of transformers, however, do not bank transformers in the same way, so that it is neces-
sary in placing_transformers of different makes to test for polarity. This is done as shown
in fig. 2,906. One transformer is selected as a standard and the leads of the second trans-
former connected as indicated in the diagram. If the transformers be 1,100-2,200 volts to
110--220, two 110 volt lamps are connected in the secondaries of the transformers as indicated,
while the primary of the transformer is connected across the line. In transformers built for
two primary and two secondary voltages, it isnecessary totest each primary and each secondary.
The diagram shows the method of connecting one 2,200 volt coil and one 110 volt coil to the
transformer to be tested. When the primary circuit of the transformer under test is closed,
and if the secondary leads of the 110 volt coil under test be brought out of the case properly,
the two 110 volt lamps should be brightly illuminated. If, on the other hand, the two 110
volt terminals have been reversed, no current will flow through the lamps. If these two
terminals be found to be brought out correctly, transfer the secondary leads of the transformer
under test to the second 110 voit coil. Upon closing the primary _circuit, the lamp should
again be brightly illuminated. ~Repeat this process with each of the secondary coils and the
other primary coil, and if the lamps show up brightly in every casc on closing the primary
circuit., all leads have been properly brought out. 1f on any tests the lamps do not light up
brightly, the leads on the trapsformer must be so changed as to produce the proper banking,
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Ques. What are the usual remedies applied to a volt-
meter to correct a 3 or 4 per cent. error?

Ans. They consist of straightening the pointer, varying the
tension of the spiral springs, renewing the jewels in the bearings,
altering the value of the high resistance, and, in the case of
a direct current instrument, strengthening the permanent
magnet.

Ques. How is the permanent magnet strengthened?

Ans. After detaching it from the instrument wrap around
several turns of insulated wire, and pass through this wire for
a short time 3 or 4 amperes of direct current in such a direction
as to reinforce the magnet magnetism.

Ques. How may the value of the high resistance of a
voltmeter be altered?

Ans. Determine the resistance of the voltmeter and add
or subtract, according as the reading is high or low, a certain
length of wire whose resistance is in per cent. of the voltmeter
resistance the same as the per cent. of error.

NOTE.—The complete calibration of a two scale voltmeter does not, as might be sup-
posed, necessitate that the readings on both scales be checkpd with standards, for since the
resistance corresponding to the one scale is always some multiple of the resistance of the other,
the constants of the two scales are proportional. For instance, if S =the readmfg at the end of
the high scale of the voltmeter; S!= the reading at the end of the low scale o the voltmeter;
R =the resistance in the meter corresponding to the high scale; R = the resistance in the meter
corresponding to the low scale; K =the constant for the high scale, and K! =the constant for
the low scale. Then

SK +R =SIK! +-R1
from which
K!=SKR +SIR

Thatis to say, if the respective resistances corresponding to the two scales be known, and
the constant of the high scale be determined by comparison with a standard, then by aid of
these known values and the maximum readings on the two scales, the constant of the low
scale may be calculated. It is also possible to calculate the constant of the high scale if the
constant of the low scale be known, together with the values of the resistances corresponding
to the two scales; for from the equation previously given,

K=RSIK! +R1S
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Ques. What is a frequent cause of error in an alter-
nating current meter, and why?

Ans. The deterioration of its insulation, which permits the
working parts of the instrument coming in contact with the
surrounding metal case.

A convenient method of testing for deterioration cf insulation is
shown in fig. 2,905.

$1X-PHASE DOUBLE Y SIX-PHASE DOUBLE T

Fi1G. 2,907.—Diagrams showing various synchronous converter transformer connections.
The diametrical connection is used most frequently as it r:gmres only one secondary
cal

<oil on each transformer, this being connected to diametrically opposite points on the
armature winding. The middle points can be connected together and a neutral obtained
the unbalanced three wire direct current having no distorting effect. With diametrical
secondaries, the prirharies should preferably be connected delta, except with ting
pole converters where they must %e connected Y. Diametrical secondaries with delta
primaries should not be used with regulating pole converters. . Double star connection
of secondaries may, however, be used with delta primaries, and is free from the trouble of
the triple harmonic of the tansformer appearing in the primary. In this case, however,
the two secondary neutrals must not be connected with each other.

How to Test Generators.—In the operation of electrical
stations, many problems dealing with the generators installed
therein can be readily solved by the aid of characteristic curves,



G, 2,908.—General form of characteristic_curves for a series dynamo.

AMPERES

5 t ) The general curve
that may be expected is OA. It is pbtained practically in the same manner as for the shunt
characteristic curve, except that nd field rheostat is employed. Commencing with no load
or amperes, there will probably be a small deflection noticeable on the voltmeter, due to the
residual magnetism. The other readings are taken n with succ re reductions of main cur-
rent resistance. The curve QA thus obtained for a certain scries generator is practi-ally

straight line at the beginning, representing thereby a proportional increase of voltage
with increase of current, but after a certain current is reached (about 20 amperes in this
case) the curve flattens and takes a downward direction. The turning point occurs in the
characteristic curves of all series generators, and it denotes the stage at which the iron
magnet cores become so saturated with lines of magnetic force that they will not readily
allow more to pass through them; this turning point is technically known as the point of
saturation, and the current corresponding (20 amperes in this case) is called the critical
current of the dynamo. The point of saturation in any given series machine is governed
by the amount of iron in the magnetic circuit; its position in the curve therefore varies
according to the design of the generator as does also the critical current. The value of
the latter is important inasmuch as the valuable features of a series generstor assert them-

L
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which bear a relation to the generators similarly as do indicator
diagrams to steam engines.

In steam engineering, a man who did not fully understand
the method of taking an indicator diagram would be considered
not in touch with his profession, and in electrical engineering
the same would be true of one ignorant of the method of ob-

taining characteristic curves.

The necessary arrangement or connection of the generator from which
it is desired to obtain a characteristic curve, consists in providing a
constant motive power so that the machine may be run at a uniform
speed, and when the field magnets of the generator are separately
excited the field current from the outside source must also be maintained
constant, preferably by a rheostat connected in the field of the auxiliary
exciting machine. It is also necessary in every case that means be pro-
vided for varying the main current of the generator step by step from
zoro to maximum, ‘This may best be done by employing a water rheostat,
as shown in fig. 2,909.

Ques. What instruments are needed in making a test
of dynamo characteristics?

Ans. A voltmeter, ammeter, speed indicator, the usual
switches and rheostats.

Ques. How is the apparatus connected?

Ans. It is conuected as shown in fig. 2,910.

Ques. Describe the test.

Ans. Having completed the preliminaries as in fig. 2,910,
‘he test should be started with the main circuit of the generator

F1G. 2,908, —Text continued.

selves only when the machine is supplying a greater number of amperes than that of the

itical current, for if the series generator be worked along that part M A of the curve to
the right of the point of saturation it becomes nearly self-regulating as regards current,
because a8 the current increases the voltage drops. In the diagram in addition to the charac-
teristic curve O A, which may more definitely be called an external characte-istic curve
on account of representing the conditions external to the generator, there is shown a total
characteristic curve, O C B. The latter curve represents the relation between the current
and the total voltage developed in the armature, and may be plotted from the external
characteristic curve if the resistance of the ammature between brushes and the resistance
of the series ficld winding be known. For example, assume these combined resistances
amount to .€ ohm. At 30 amperes there would be required 30 X.6 =13 volts to force this
current through the armature and ficld windings. At 30 amperes the external pressure i
65 volts, as shown by the curve O A; the total voltage developed for 30 amperes is, there-
fore, the external voitage plus the internal voltage or 65418 =83 volts. Plotting 83 volts
for 30 amperes will give one point for the external characteristic curve of this machine, and
by determining in like manner the total voltages developed for six or eight different cur-
rents over the scale, sufficient data will be at band for plotting and drawing in the curve OCB,



2,108 HAWKINS ELECTRICITY

open. Then, in the case of the shunt machine, the speed should
be made normal and the field rheostat adjusted until the volt-
meter reading indicates the rated voltage of the machine at no
load and readings taken. The electrodes of the water rheostat
should be adjusted for maximum resistance and main circuit
closed, and a second set of readings taken. Several sets of

PULLEY
ELECTRODE éa

ELECTRODE

ADJUSTING
ROD \
PULLEY

|
! TANK .

F1G. 2,909.—Water rheostat. It consists essentially of a tank of suitable size containing salt
water into which are placed two electrodes having means of adjustment of the distance
separating them, The solution depends on the voltage. Pure water is seldom used for
pressures under 1,000 volts. The size of the tank is determined by the size of the electrodes,
and roughly the size of the latter equal the number of amperes. With a current densit;
of one ampere per square inch, a water solution gives a drop of 2,500 to 3,000 volts per in
distance between the plates. Where high voltage is useti). the water must be circulated
through and from the tank by rubber hose allowing for 2,500 volts, a length of 15 to 20 feet
of 1 inch hose to prevent grounding. In place of the arrangement shown_above, a barrel
may be used for the tank, and for the electrodes, coils of galvanized iron wire. This is the
simplest form and is satisfactory.

readings are taken, with successive reductions of water rheostat
resistance. The results are then plotted on coordinate paper
giving the characteristic curve shown in fig. 2,908.

Ques. What does the characteristic curve (fig. 2,911}
show?

Ans. Ap examination of the curve shows that the highest
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point of the curve occurs at no load or 0 amperes; that as the
current is increased, the voltage drops, first slightly to the point
B and then rapidly until the point E is reached, when any further
lowering of resistance in the main circuit to increase the current
causes not only a rapid decline in the voltage but also of the
current until both voltage and current become approximately
zero.
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P16. 2.910.—Connections for test of dynamo. During the test, one man should be assigned
to the tachometer, another man to the water rheostat, and there should Iprefex'ably be one
man at each of the electrical measuring instruments. In order to enable the man at the

tachometer to keep the speed constant, he should be in communication either directly or

indirectly with the source of the driving power, and the man at the water rheostat should
be in plain view of the man readini the ammeter so that the latter party may signal him
for the proper adjustment of the rheostat in order that the desired increase of current be

obtained for each set of readings.

In some generators, a very slight current results even when the ter-
minals of the machine are actually short circuited; that is, due to residual
magnetism in the pole pieces, the lower portion of the curve often
terminates, not exactly at zero, but at a point some distance along the
current line.
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The working portion of the curve is from A to C, at which time the
machine is supplying a fairly constant voltage. From C to E shows a
critical condition of affairs, while the straight portion D O represents
the unstable part of the curve caused by the field current being below
its proper value.

The position of the point C determines the maximum power the
machine is capable of developing, being in this case (47.5 X25) +746 =
1.59 horse power.

Ques. How may the coramercial efficiency of a gen-
erator be determined?

Ans. To obtain the commercial cfficiency, the snput and
output must be found for different loads.

The input may be found by running the generator as a motor at its
rated speed, loading it by means of a Prony brake. The generator must
be stripped of all belting or other mechanical connections, supplied with
its normal voltage and full load current, and the pressure of the Prony
brake upon its armature shaft or pulley adjusted until the rated speed
of the armature is obtained. The data thus obtained is substituted
in the formula

2rLWR

input in brake horse power 33000 - -
in which
L =length of Prony brake lever;
=pounds pull at end of lever;
R =revolutions per minute.
The output or electrical horse power for the same load is easily cal-
culated from the formula

output in electrical horse power = amperes X volts

746 BN

After obtaining value for (1) and (2) the commercial efficiency for
the load taken is obtained from the formula

output

commercial efficiency =
mput

T )]

Having obtained the commercial efficiency, the difference
between the ideal 100 per cent. and the efficiency found will be
due to certain losses in the generator. These losses may be
classified as

1. Mechanical-
2. Electrical,
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The mechanical losses are the friction of the bearings and brushes,
and air friction. The electrical losses consist of the eddy current loss,
lhysteresis loss, armature resistance loss, and field resistance loss.

In testing for these losses, the generator to be tested should be belted
to a calibrated motor which latter machine should preferably be of the
constant pressure, shunt wound type.

The friction of the bearings and belt of the generator are determined
together by raising the brushes off its commutator and running it at
the rated speed by means of the calibrated motor.

70

Q

AMPER

F16. 2.911.—Characteristic curve of shunt dynamo. Suppose in making the test, the deflec-
{ions on the meters for the first readings be 63 volts and 0 amperes, the plotting of these
values will give the first point on the curve, Similarly, the second readi with main cir-
cuit closed and maximum resistance in the water rheostat may be assumed to be 62.5 volts
and 7.5 amperes, which plotted gives the second point B. A still further lowering of the
plate will permit a stronger current in the main circuit, and the value of this together with
its corresponding voltage will give a third point for the curve. Neither for this reading,
however, nor for the following readings of the test should the field rheostat be all .
When six or eight points ranging from zero to a ‘maximum current have been obtained and
plotted, a curved line should be drawn through them such as shown thro;gh ABCDEFGO,
the characlerisiic curve of the dynamo. While the curve may be sketched in free hand, it
should preferably be drawn by the aid of French curves. 1n case the French curve cannot
be exactly made to coincide with all the points as for instance C and D, it should be runin
between giving an average result, and smoothing out irregularities, or small errors due to
the “‘personal equation.” The meter of course must be correct or calibrated and the read-
ings corrected by the calibration coefficient.

The amount of power as ascertained from the calibration curve of the
motor for the voltage and current used therein when driving the gen-
erator as just explained, is a measure of these two losses. The power
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thus used is practically constant at all loads and is about 2 per cent. of
that necessary to drive the generator at full load.,
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F16. 2,912.—Characteristic_curves for a eom{)otmgf d 0. If the machine be over com-
orm

ded, the characteristic curve has the curve A B, which curve was obtained

TOmM a hine ovi mpounded from 118 to 123 volts, and designed to give 203 amperes
at full load. The preliminary arranﬁements for testing a compound dynamo are similar
to those for a shunt generator, the shunt across the series field winding be already

and

made up and in position, the readings are taken precisely in the same manner. It is
generally considered sufficient if observations be recorded at zero, 1, 14, 3{ and full load. If
1t be desired to ascertain the effect which residual magnetism has upon the field magnets
the current is decreased after the full load point is reached without opening the circuit, and
readings are taken in succession at 34,14, 1{ and zero load giving in this case the curve B C D
ES mﬁt is thus seen that residual magnetism exerts no small effect u the voltage ob-
tained at the different loads, for had there been no residual magnetism in the field magnets
the curve B C D E S would have coincided with the curve A gn The curve A B, and the
straight line A X drawn through the points A and B, are almost. identical, and as A X repre-
sents the theoretical characteristic curve for the machine, it is seen that compounding is
practically perfect. In order to insure such accurate results being obtained, providing the
machinery correctly designed, requires considerable care in taking the readings; for
example, each step or load on the ascending curve should not be exceeded before the
corresponding deflection is taken, else the residual magnetism will cause the pressure
reading to be higher than it actually should be, and the ollowing pressure readings will
also be affected in the same manner, In case the shunt to be employed across the series
field has not been made up, it_is advisable to orm a trial test before taking the read-
ings for the curve as previously described. e trial test consists in taking two readings,
—one at no load and the other at full load, the shunt being so adjusted as to length and
section that the desired amount of compounding will be obtained in the latter reading
with normal voltage at no load. If the first trial fail to produce the desired result by
giving too low a voltage at full load, the length of the shunt across the series field should be
in + Or, its section should be reduced by employing a less number of strig: in its
makeup; again, if the voltage at full load be higher than that desired, there must be mads
& decrease in length or an increase of section in the shunt employed.
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The friction of the brushes can very conveniently be determined next
by lowering them on the commutator and giving them the proper tension.

The increase in power resulting from the greater current that will
now be taken by the motor to run the dynamo at its rated speed, will
be a measure of this loss. In general, its value will be about .5 per cent.
of the total power required to drive the dynamo at full load, and this
also will remain constant at all loads.

The friction of the air upon the moving armature of the dynamo
cannot be determined experimentally, but theoretically this loss is
small and may be estimated as .5 per cent.; it is also constant at all loads.

The core loss may be determined experimentally by exciting the field
magnets of the dynamo with the normal full load field current through
the magnet coils, and noting the increase of power required by the
motor to maintain the rated speed of the dynamo thus excited under
no load, over that necessary under the same conditions with no field
excitation. This increase of power will be the value of the core loss.
The core loss is approximately 3 per cent. of the power required to operate
the dynamo at tull load, and it is constant at varying loads. If it be
desired to divide the core loss into its component parts, it is ne
also to run the dynamo under the same conditions as before witﬂ
field excitation but at half its.rated speed. If, then,

H =the power lost in hysteresis at rated speed,

E =the power lost in eddy currents at rated speed,

T =the power lost in hysteresis and eddy currents at rated speed,
S =the power lost in hysteresis and eddy currents at half speed,

there may be formed the two following equations:
T=H4+E, andS=%+—2I§'

from which the elimination of H will give E = 2T—48S.

The value of the eddy current loss thus found will be about 134 per
cent., and constant at all loads. :

Having previously ascertained the power lost in both eddy currents
and hysteresis, and knowing now the power lost in eddy currents alone,
it is easy to find that lost in hysteresis by simply subtracting the latter
known value from the former. The value of the hysteresis loss is there-
fore approximately 114 per cent., and it is constant at different loads.

There yet remains to be determined the armature resistance loss
and the field resistance loss. As for the calibrated motor, this may be
disconnected from the dynamo, as it need not be used further in the test.

The armature resistance is the resistance of the armature winding of
the dynamo, between the commutator bars upon which press the
positive and negative brushes. Assume that the value of the armature
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resistance be known, call this value R ohms, together with that of the
full load armature current, which is also known and which call I amperes,
this is sufficient data for calculating the armature resistance loss at full
load. It is evident that to force the full load current I through the
armature resistance R will require a pressure of R volts, and that the
watts lost in doing so will be the voltage multiplied by the current.
The armature resistance is consequently

IR XTI =1I*R watts
or, expressed in horse power it is
I*R + 746

At full load it is usually about 2 per cent. of the total power required
to drive the generator fully loaded. The armature resistance loss varies
in proportion to the load, in fact, as the last expression shows, it increases
as the square of the armature current.

The ficld resistance loss is calculated in the same manner as just
explained for the armature resistance loss, it being equal in horse power
to the square of the full load field current multiplied by the resistance
of the field winding and divided by 746. In a shunt dynamo it is prac
tically constant at 2 per cent. of the total power at full load, but in a
series or in a compound generator it will vary in proportion to the load
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CHAPTER LXVIII

THE TELEPHONE

The telephone is defined as: an instrument for the transmission
of articulate speech by the electric current. So it was described
in the application and specifications on which, in 1876, Alex-
ander Graham Bell was granted letters patent for his magnet
telephones, and because of this fortunate form of words, which
covered the process as well as the device, he was able to main-
tain a complete monopoly of the telephone business, until the
expiration of his patent rights, seventeen years later.

Principle of the Telephone.—The working of a telephone
operated by means of an electric current, is similar to that of
the simple toy telephone commonly known as the ‘‘lovers’ tele-
graph.” Thelatter is shown in fig. 2,917 and consists of two hollow
cylinders A and B, made of metal or wood, one end of each being
covered by a membrane C and D, the centers of which are con-
nected together by the string E. When the open end of the
tube A is placed before the mouth, the vibrations of the mem-
brane C, caused by the varying sound waves constituting
articulate human speech, are transmitted with mechanical
action by the string E to the membrane D and set up in the
latter vibrations corresponding to those of C. The vibrations
of C cause sound waves in the air which are propagated according
to the principles of acoustics, to the ear, placed at the open end
of the cylinder B.



Fics. 2,913 to 2,916.—Types of subscriber’s apparatus.
set called the desk stand set with a bell
smallest and lightest of these three types of
Where a writing shelf is desired the wall set is installed.
equipped with a shelf,

5. Fig. 2,013, hotel set; fig. 2,914, wall set;figs. 2,915 and 2,916, portable
x which may be mounted anywhere and in an

y position. The hotel set is the
v i on plaster walls are required.
This generally_consists of a hotel set mounted on a backboard
Where a table or desk is used by the su
connected to the desk stand by a flexible wire cord.

instrument and is generally used where mountin,

It is fastened to the wall with anchor bolts.
desk stand set is installed, the bell box being mounted on the table and

9113
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In the electric telephone, the vibrations of the diaphragm of the
transmitter are transmitted to that of the receiver by means
of electric currents sent out in the form of electric waves along
the conducting wires connecting the two instruments. The
current used for this purpose is of vibrating or alternating
character and its strength at any instant has direct relation
to the sound vibrations transmitted by the voice.

Ques. Of what does a telephone set consist?

Ans. It usually comprises: 1, a source of electric current
supply; 2, a transmitter; 3, a recetver, generally spoken of as

Fme’m‘_\c DB
I E

FiG. 2,917.—Diagram of simple toy telephone, consisting of two combined transmitters and
receivers A and B, having membranes C and D, respectively, and connected by a string E.

the “‘telephone”; 4, an induction coil consisting of primary and
secondary windings; 5, a receiver hook or automatic switch;
6, a bell or ringer consisting of two magnets and an armature
and two bell gongs, and 7, a condenser with common battery sets.

The source of current supply varies according to the system used at
the telephone companies’ exchanges. Of the primary batteries, one of
the cells desirable for telephone work is the Fuller bichromate cell.
The “Blue Bell” dry cell battery is used by the American Telephone
and Telegraph Co., and is fast taking the place of the Fuller bichromate
cell where primary battery cells are required.

The “common battery system’ is now universal and practically does
away with the use of primary batteries. The direct current required
for the talking and for the switchboard indicating signals is obtained
from storage batteries charged from power driven direct current gen-
erators, and the alternating current for operating the subscriber’s
polarized bell or ringer is obtained from alternators.
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PiGs. 2,918 and 2,919
and brass ri

Telephone trans-
millers are made in
a great variety of
form. A carbon
transmitter of the
solid back type is
the form most ex-
tensively used in the
United States. Fig.
2,918 shows the dia-
gram of a solid back
transmitter and fig.
2,919, a picture of
the working parts
without the shell.
The speaker talks
into the mouth piece
M, and the sound
waves caused by his
voice impinge on the
metal diaphragm D,
producing corre-
sponding vibrations
therein.  Attached
to the center of the
diaphragm is a but-
ton and cup of hard
carbon B, opposite
to which, and fas-
tened to the frame
of the device is a
second brass button
E, and carbon cup A.
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The space between the two cups is filled with coarse granules of
carbon C. The buttons A and B constitute the electrodes of the
transmitter. The electric current from the battery passes from
one to the other of the electrodes, through the carbon granules
which form a conducting path consisting of an indefinite number
of loose contacts. The resistance of the circuit, and conse-
quently the strength of the current, can be regulated by varying

F1G. 2,920.—Standard bi-polar hand receiver, The winding of the coils is done with silk
covered copper magnet wire. The outside terminals are soldered to metal strips which
are insula and extend to the cord terminals within the shell. The magnetisa single
piece, being formed from a bar of magnet steel. It slips over the casting which forms a
support for all of the parts and is held by a screw. All ﬁ‘srts are thus firmly clamped
together but the screw plays no part in the adjustment. e metal strips terminate in a
brass support to which are fastened the receiver cord terminals.

the rate of vibration of the carbon granules. The button B
communicates the vibrations of the diaphragm D, to the carbon
granules; therefore the voice of the speaker, characterized by
the inflections and articulations of human speech, is reproduced
in the varying strength of the electric current.

Telephone Receivers.—These are made in a great variety of
form, designated as single pole, bi-polar, and watch case re-
ceivers. However, the Bell receiver is the only commercially
practical type, and the one almost universally used.
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. This receiver was invented by Alexander Graham Bell, and is in
itself a complete telephone. In teality it alone was the original tele-
phone for it was used as the transmitter as well as the receiver by placing
it first to the mouth and then to
the ear. The original Bell tele-
phone patent number is 174,465.

Thomas A. Edison developed the
solid back transmitter and sold his
pateat to the Bell Telephone Com-
pany. Edison has done very little
else with the telephone, and its de-
velopment has rested mostly with
Bell and his associates.

Ques. Describe the oper-
ation of the Bell bi-polar
receiver as shown in fig.
2921.

Ans. The varying strength
of the electric current produced
by the vibrations of the dia-
phragm of the transmitter
cause corresponding variations
in the magnetic state of the
electromagnet D, making it
act upon the diaphragm B with
different degrees of intensity.
Consequently the vibrations
occurring in the: transmitter
are reproduced so faithfully

Fi1G. 2,921.—Bell bi-polar receiver, It consists of a hard rubber case A, hollowed out at its
upper extremity, and containing the thin, soft iron diaphragm B. This diaphragm is
about .01 of an inch thick and about 21{ inches in diameter. It is tightly held at its
circumference by the ear piece or cap C, which screwson the case A, but its central part,
about 134 inches in diameter, is capable of vibrating freely, D is a permanent magnet of
the horse shoe type, and E, E, an el ectromagnet located directly under the diglphragm B
which is in close proximity, but not in contact with, the poles of the magnet. These coils
have soft iron cores screwed fast to the ends of the steel magnet so that when heavy alter-
nating currents traverse through their windings the permanent magnetism of the horse-
shoe xil?agn;t is not disturbed. These coils are connected in series and terminate at the
wires F and G.
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that the listener’s ear placed close to the receiver cap readily
recognizes the characteristics of the speaker’s voice.
The use of the combination horse shoe permanent magnet,
and electromagnet produces a very sensitive receiver.
The Adler Bi-polar Receiver.—This receiver, which is extensively

used in France, employs a circular magnet, and a soft iron ring called
an over exciter. ‘The over exciter is placed above the diaphragm to

S

Fic. 2,922.—Telephone bell box with door open. In construction, Bis an induction coil con-
sisting of two windings, the primary wound over the iron core and the secondary wound
over the primary. A is the polarized bell and shows the two bell coils, and C is the con-

denser.

strengthen the field of force between the magnet poles, thus making
the receiver exceedingly sensitive.

The Gower Receiver.—A form used in Great Britain. It employs a
semi-circular magnet, like a bell watch case receiver magnet, each pole of
which carries a soft piece of iron on which the coils are wound. These
soft iron magnet cores are fastened by screws to the steel magnet ends.
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The Watch Case or Head Receiver.—This type is used in all coun-
tries and is the smaller type of receiver developed by the Western
Electric Co., which comga?:}; makes all apparatus used by the American

Telephone and Telegrap!

Subscriber’s Circuit.—A

PDST-’?

[RECEIVER
CORD

\ Jm.‘:‘u\
R"LRECEIVER HOOK |

TRANSMITTER

FiG. 2,923.—Diagram showing the inside
connections of a telephone bell box, the
binding posts of which are shown, top
and bottom. Flexible wire cords connect
these to the transmitter and receiver, as
shown. When the receiver is off the hook
the contacts there are closed by the up-
ward spring of the hook and the circuits
are closed for operation. The line is
always connected to the two outer posts
A and C, the middle post B often stamped
G and used for ground connection on
party line instruments.

diagram of the original sub-
scriber’s circuit including the
bell, condenser, and coil is illus-
trated in fig. 2923. A new cir-
cuit arrangement as shown in
the open bell box to which is
attached the desk stand cord and
line wires is shown in fig. 2,922,
the current diagram being
shown in fig. 2,924.

The Magneto Telephone.
—The theory of the electrical
action and reaction of the mag-
ncto telephone has always been
somewhat obscure. However,
it seems that the vibrations
heard in the rcceiver are due
to molecular vibrations in the
entire system, including the line
wire, and that these become
intensified in the coil and the
magnetic core. The ear receives
the sum total of the effects due
to the action of the coil, the in-
tensification of the core, and the
magnetic reaction due to the
strengthening of the latter by
the diaphragm, but apparently
fails to distinguish between them.
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Figs. 2,925 and 2,926 show a magneto set, open and closed, and ﬁg.
2,027, a diagram of the circuits. Figs. 2,928 and 2,929 show wiring
diagrams of magneto telephone sets.th}} cutting out switches called
listening keys, and hand generators with ringing keys.

2

!
PRIMARY CONDENSER
CcoiL

SECONDARY
coie

Fii. 2,924, —Diagram showing an improved plan of wiring a bell box used by the New York
* Telephone Co. A three wire corti connects with the three posts marked S, R, and T which
are at one end of bell box. At the other end the line, wires connect to L1 and L2 posts
and the bell coils are connected between L1 and C. If an auxiliary bell be wired in, the
two sets of coil are connected in series and the post G is used to connect the loops; other-
wise the G post is not used unless for ground connection in party wires. Post marked L1
corresponds to post A in fig. 2,923, post C corresponds to post B and post 1.2 corresponds
to post C in fig. 2,923, C referring to the condenser in each case. Post S is connected to
switch contact, post R to receiver cord and post T to transmitter. .

. —Magneto set telephone: views showing case closed and open. The
Fms&r?lr?szrgiage czt;g%gctionsganre made of stranded copper wire with a double silk insulation.
These wires lead from the transmitter through the hollow arm to the inside of the door.
From here one wire goes to onc terminal of the battery and the other is sqldcred to a
connector to which is already attached a wire that is garncd through a slot in the back
board to the primary winding of the induction coil. The set complete is made with all
parts of the circuit and all wires well insulated.
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Microphone transmitters are of four general classes:

1. Those in which a single loose contact is maintained;
2. Those having a line of loose contact;

3. Those having parallel contacts;

4. Those of the granular contact form.

L Ml MZ L2

FiG. 2,927.—Circuit diagram of magneto set
telephone as was adopted by the American
Bell Telephone Co. before introduction
of the common battery instruments.
To call central at a magneto switchboard,
subscriber turns generator handle and
then talks with battery in transmitter
circuit. Transmitter and primary coil
winding are in series with battery cells
when receiver is taken off hook and
secondary winding is thrown across line
in parallel circuit with the bell coils as
shown. At the same time the receiver
secondary coil, battery cells, transmitter
and primary coil winding are all thrown
in circuit between L1 and L2 posts,
which, when connected as shown by strap
wires to mn’fnem posts, are bridged, by
bell coils. here may be three posts or
four posts. These coils, which are of
high resistance, must be bridged across
the line so that the extension can be
called. No condenser is required tecause
no battery is connected to line until re-
ceiver hook springs up when instrument
battery is then connected. For wiring of
plan3or 5, the strap connection from L1
to M1 is disconnected, the listening key
strapping it out when thrown. The term
magneto as here used includes the bell
coils connected.

The Blake transmitter shown in fig. 2,930 represents the first
class. This transmitter gives a very clear and fine articulation
but is not very durable.

The induction coil greatly increases the transmitting as well
as the receiving power. Both primary and secondary windings
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ovide a greater range of resistance for a given variation of

pr
the voice. It has always been found most satisfactory to make
\ RINGING
R L L2
) LISTENING KEY
3/’1 KEY i “3 6"‘
mggm MAGNETO
EXTENSIO MAIN MAGNETD
STATION : STATION

Fic. 2,928.—Wiri

two magneto instruments wired so that only one bell
at a time can rung by central. With the listening key normal, central can ring only
the_main station but the extension can talk, and throwing the listening ke{ecuts off the
main and allows the extension bell only to ring. The rninging key must thrown to
ring the extension station from the main, which makes the system intercommunicating.
Each station is fed by its own battery and each has its own magneto. This is called plan
3 magneto by the New York Telephone Co.

diagram showi

the resistance of the secondary winding of the coil about equal
to the resistance of the line wire external to the coil.

l LXTENSION
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Fi16.2,929.—Wiring diagram showing three magnetos wired so that only one bell at a time can

be rung by central (according to which listening key is thrown) but one can talk from any
one of the three instruments when the keys are normal. If either hstening key be thrown
so that the swinging contact springs touch the outer contacts, the main jnstrument will
be cut out of circuit. If listening key 1be thrown, both the main and other extension sta-
tion will be cut out; if key 2 be thrown, station 1 can talk and hear but the bell will not
ring. With the keys normal, the main bell is rung by central, If alistening key be thrown,
the bell at that station will be rung by central. ach extension has its own ringing key for
ringing from the main which makes the system intercommunicating. Eacg station is
its own battery and each has its own magneto. This is called plan 5 magneto by

fed b
the New York Telephone Co.
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Ques. How is translation from one magneto circuit to
another sometimes made?

Ans. By running the line through the primary of a second
induction coil, and in this way wiring as many circuits as may
be required.

1"1G.2,930.—The Blake microphone transmitter. In this instrument a single contact is main-
tained between the platinum point A and the polished carbon button B, by means of the
adjusting screw C, acting against the strip of iron D, called the anvil. The vibrations of
the diaphragm thus affecting the current which passes from the battery through the
iron frame ring F, the anvil D, the connection G, the carbon button B, the platinum point
A, and out again from the contact H of the spring K. At one time the Blake transmitter
formed a part of the standard equipment of almost every telephone in the United States
and was also largely used abroad. No transmitter has ever exceeded it for clearness of
articulation but it 1s decidedly deficient in power in comparison with the modern trans-
mitters. The latter are composed of granulated carbon.

e
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The great sensitiveness of the magneto teleghone receiver makes such
translation possible, and no less than eight translations of energy
take place between the transmitter and the receiver.

Call Bells.—These signaling devices must be used in connec-
tion with a telephone system, for the purpose of attracting the

Gs. 2,931 and 2,932.—Combined tele-
phone set and switchboard for small
system. A switchboard, whether com-
bined with a magneto instrument as
shown, or a separate piece of appa-
ratus, is a device by means of which
two or more telephone lines may be
connected. In its simplest form, a
switchboard is a cabinet containing
the necessary apparatus to facilitate
the switching of telephone lines which
terminateinit. Connectionsare made
with flexible cords which terminate
on one end in brass phxs. divisions
of which are insulated. All groups of
wire which connect to a given piece
of apparatus are led out at one point
and the whole cable is tightly laced.
The cable is introduced into the cab-
inet and bound in place by means of
leather strips or saddles. Inthe insu-
lation of the wires a color scheme is
followed so that circuits may be fol-
Jlowed through without the necessity
of testing. Any switchboard must
contain jacks and drops or signals
listening and ringing keys, connecting
cords and plugs and transmitter, re-
ceiver and calling bell. In this simple
type of switchboard a magneto_is
combined with a polarized bell which
is the best bell for telephone use. The method of operation is as follows: Whena subscriber
Gesires to get connection through the switchboard he turns his generator handle and throws the
drop corresponding to his extension number. The operator then inserts a glug and removes the
receiver from the hook. Having learned that it is for a subscriber on another line, the rator
withdraws the plug from the jack of the calling line and inserts it into the jack of the line desired;
then, hanging up the receiver again, rings for the desired &uty by, turning the generator handle
C. When the subscriber responds the operator connects the two lines by inserting the two plugs
of a pair into their respective jacks.

SWITCHBOARD  F!
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attention of both the customer or subscriber who wishes to com-
municate, and the party desired.

‘A call bell usually consists of a polarized bell A, which is
operated by current derived from a magneto, located in a box B,
as shown in figs. 2,931 and 2,932. Fig. 2,933 shows the interior
of a Holzer-Cabot call bell box.

HOLTZER-CAROY Fuee. 9. 2
3 HosTon

MAGNETD
GENERATOR

F1;. 2,933.—Interior of call bell box as made by the Holzer-Cabot Co. In operation, the
armature of the magneto is revolved a few times by means of the crank or handle C,
(fig. 2,932), and an alternating current of considerable voltage,_comﬂared to that of the
battery, is transmitted to the distant station; this current energizes the electromagnet M,
(fig. 2,933), which rings the bell at that station. The alternating current thus generated
traverses the bell coils and rings the bell which is of the polanzed ringing type, where
the armature is alternately attracted first by one pole and then by the other pole of the
magnet, according to the alternations of the current. The magneto and bell remain in
circuit as long as the receiver hangs on the hook, which forms a switch, (as shown diagram-
matically infig. 2,927). The local circuit is connected with the line at the binding posts, of
which there may be three or four. When the crank operating the magneto is turned, an
alternating current is sent out through the bell and hook to the line, Then, when the
receiver is taken off the hook and placed to the ear, the hook is forced u; bg the action
of the spring S (fig. 2,933) thus cutting out the bell circuit and having onl y the telephone
circuit connecting with the line wire.




THE TELEPHONE 2,129

Inter-Communicating Switching Device.—For small sys-
tems such as those of hotels, the intercommunicating switching
device is often combined with the telephone set; but when there
are a large number of subscribers, an exchange or central station
is necessary, where the wires connecting the various subscribers or
other small stations can be joined at will by the central operators.

These are equipped with various types of annunciator either in che
form of a falling flap or drop suitably numbered, or an incandescent
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F1.G 2.931.—Circuit diagram of the original metallic circuit magneto switchboard operator’s

set. CD represent subscriber’s drops and jacks, ED the clearing out drop, RK a ri n*

key and LK a listening key; CP is the callin(g plug, C the operator’s induction cotl,
the transmitter, B the battery, R the receiver, G the generator. When a call was received

at central, the current coming in on the subscriber’s line wires caused the drop to fall,

thus indicating the number of the calling subscriber. The operator, would then insert the
plug AP in the subscriber's jack and throw the listening key and “listen in.” Then the
calling plug CP was inserted in the jack belonging to the called subscriber’s line and by
pressing the ringing key, alternating current was sent Lo the bell of the desired subscriber.

lamp called a pilot lamp, the lighting of which informs the operator at
central of the call, who, by means of the switchboard to which all the
wires of the various stations are led, makes the connections desired by
the subscriber.

The enormous growth in the use of telephones has resulted in such
important improvements in the design, construction, and size of tele-
phone switchboards that the work involved has become a special branch
of telephone engineering.

Figs. 2,935 to 2,937 show the circuits of the modern types of common
battery switchboard as adopted by the American Telephone and Tel~
graph Co.
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F1G. 2,935.—Wiring diagram of the original type of switchboard for apartment houses (P.B.X.) adopted by the New York Tele-
phone Co. Only one pair of cord and plug are shown with one cord rela:
iack connected to the one extension station. One central jack is s

eys connect to the two cords (front and b:
acks and station signals as there are extension stations and as many central jacks
There is only one buzzer key, one night key, one generator key and one emergency key

imes coming into switchboard,
wmounted on each switchboard. G.K. represents generator key;

E.K., emergency key; N.K., night

ack cords constitute a pair) and one listening key. There are as many station
and drops as there are centrai (trunk)

y. Also one station signal is shown and one station
hown with its drop, shutter, and condenser. T

key; B.K., buzzer key.
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F16. 2,936.—Circuit diagram of the new standard P.B.X. switchboard adopted by the New York Telephone Co. and called the
positive supertision type. One pair of cord and plug are shown with one cord relay, also one station signal is shown and one
station jack connected to the one extension station. One central jack is shown with its drop, shutter, and condenser. Two
ringing keys connect to the two cords (front and back cords constitute a pair) and one listening key. With this type of switch-
board, each pair of cord is supervised by the positive supervision relay which controls the bull's eye cord signal. Therc are
as many station jacks and station signals as there are extension stations and as marig central jacks and drops as there are
central (trunk) lines coming into switchboard. There is only one buzzer key B.K., one night key N.K., one generator
key G.K., one emergency key E.K. and one telephone receiver key T.K. mounted on each switchboard.
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Telephone Switchboards.—These are made in sections,
called positions, for central offices. The requirements of such
exchanges are satisfactorily met by the use of various forms of
multiple switchboard in which each subscriber’s line, instead
of terminating in only one jack, connects with several, equal
to the number of ‘“positions.”
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PiG. 2,937.—Circuits of the original P. B. X. switchhoard are shown for four pairs of cord
with the four cord relays and eight ringing keys. Four retardation coils are shown and
the plugs of the eight pairs of cord are represented. These circuits are connected to the
other circuits of the switchboard shown on the other page by the insertion of plugs in the
jacks. The front plugs are used for trunk jack connections and the back plugs for exten-
sion connections, " By pressing ringing keys, power generator current is supplied. The
cord relays are like those shown in the other diagrams and consist of two armatures to
each relay. Both are brought against the relay magnet when it is energized and serve
to make contact with inner springs. The retardation coils each consist of two windings
of cotton covered wire wound on one core.
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Ques. What is the advantage of this arrangement?

Ans. It enables each operator to make any desired con-
nection of the many thousands registered in the exchange,
either by inserting the plug in the jack on her own panel or by
reaching with the cord of her calling plug to the panel or position
on either side of her.
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Fic. 2,938.—Circuits of the original P. B. X. switchboard are shown for four station jacks and

five trunk jacks. The fifth trunk jack representing a private line is shown separated from

the others so that the simpler form of the circuit may be plainly seea. The locknut switch-

board connections are shown and the buzzer circuits. The buzzer key (B. K.), night key

K.), and emergency key (E. K.) are all shown, and the generator ke{l (6. ) is shown

on the other page. The two parts of the sthchboard are connected with cords and plugs.

By inserting a plug in a trunk jack or a station jack connection is made between the two

circuit_divisions of the switchboard. Trunk lines are thus connected wn.h extensions or

extensions in any part of a building ted togeth The d here are

the same as those shown in the swntchboard diagram where only one extensxon jack and one

pair of cord are connected.
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Ques. In the wiring of a multiple switchboard, for
effecting the multiplications of the jack connections,
how is each subscriber’s line run?

Ans. It is run the whole length of the switchboard, instead
of terminating at the panel where its drop is fixed, the switch-
board is “tapped” for jack connections at every position or panel.

P16, 2,939.—Modern ringing keys. In order to meet the needs of every callj subscriber, the
operator must perform several different acts in shifting and (:lmngiug8 circuits and to
facilitate this work devices to simplify it as much as possible have been developed. The
modern ringing keys have greatly helped in the saving of the operators’ time. By throwi
the little levers a hard rubber bushing makes or breaks the contacts at the springs an:
throws alternating current ringing power into the line. When the finger pressure is re-
leased, the levers fly back again into normal position.

Ques. How are the jacks connected to the line?
Ans. In parallel.

Drops are used on trunk lines and are mounted on the frame of the
switchboard. Fig. 2,940 shows a picture of five trunk drops mounted.

F1G. 2,940.—Mounted trunk drops. Tubular trunk drops are mounted on a metal strip each
being held by two small screws underneath the drop shutter. The tubular casing of each

i8 soft iron inside of which is the drop winding, the ends of the coil wires terminating

at l\:ﬁ:nwl:uch protrude from the casing and are insulated therefrom. The drop shutters
are screwed fast to the metal strip and adjusted so that they may fall easily when
the armature is held up by the magnet.
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The wiring of one elementary type of branch parallel switchboard
is shown in fig. 2,941, The diagram shows the connections of only
one line in the three sections of the switchboard.

The Common Battery Telephone System.—This is
sometimes called a central energy arrangement. A dynamo at
the central office charges storage batteries over night with
electricity which supplics current to all subscribers, thus effecting
a cost saving.
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FiG. 2,941.—Wiring_diagram of old style parallel jack magneto circuit. L and R are
the line wires, T is the test wire which was parallel to the line wires, G is the
ground wire common to all jacks and when the test circuit was closed, became
connected to the test wire. The jacks had five contact points: the three springs
B C,and E, and the two thimbles A and D, which connected to the line, test and
ground wires as shown. The drops used were of the self-restoring type, conse-

o quently the insertion of a plug in any jack closed two circuits—the telephonc

- . circuit, or metallic line, anc{)the drop restoring circuit or grounded line, besides

leaving the grounded battery connected to the test thimbles D, necessary to give
the busy test at any section of the switchboard. This magneto switchboard is
seldom used in the United States, the common battery having replaced it. The line signal
and its iccompanying jack are the most important pieces of apparatusin smallswitchboards.

In the modern exchanges these are combined into one piece of apparatus. = The combined

drop and jack is made up of a sensitive tubular drop mounted with a spring jack on the

same strip. The line or tip spring of the jack is elongated sufficiently to project through
an opening in the mounting strip and by its rise, due to the insertion of the plug, restores
the drop shutter and retains it as long as a connection is up.

Ques. What is a characteristic feature of this system?
Ans. The removal of the subscriber’s receiver informs central
of the subscriber’s presence at the telephone.

sanu. av o Lunooud UL @ fTguWdl lledd OF hand receiver and a
switchboard transmitter supported on an adjustable transmitter

F16. 2,943 —View showing method of wiring the distributing f T istributi i

5 h 1 A ! ng frame. The distributing frame is

i\lregi to the switchboard with flexible wire cables and to the street by lead covenr%d cables.
In cities, the lead cables terminate at back yard cable boxes and in the country at pole
cable boxes. A subscriber’s line enters the central office as two wires which are directly
connected to the distributing frame. Two such frames are here shown. The frame is
made of structural iron of open construction and is equipped with a set of terminal on the
line side for the outside lines, and a set of lightning arrester and heat coil on the switch-
board side.  Connections are so arranged that any line may be connected to any operator's
position without changing the number of the line or the jack. These telephone line
transfers are made by inside repair men when there is trouble in any part of the circuit.
The transfers are often only temporarily made until a short circuited jack or a broken
jack spring or. other defective apparatus can be changed. But where a cable wire is open
or ghort circuited, or for some reason the defective circuit cannot be repaired, the transfer
is recorded as permanent by the wire chief. All circuits are arranged to prevent cross talk.
The switchbeard cables are made of insulated wires twisted into pairs and formed into a
cable which is protected by a substantial cover. These cables are laced to the framework
and are carricd over a cable ruaway to the distributing frame.

There are hundreds of girl operator in each central office who sit
at the various ‘‘positions’’ of the switchboards, of which there are two
types called the A and the B boards.

Ques. Describe the operation of the A and B boards.

Ans. When a subscriber lifts the receiver, an electric light
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Common Battery Switchboards.—Fig. 2942 shows a
modern switchboard consisting of two positions and is the type
acknowledged in New York City as standard.

Fig. 2,943 shows the distributing frame wired to the street,
whereon all subscribers lines are wired to heat coils and then

2,138 HAWKINS ELECTRICITY

arm with cords, or a breast plate transmitter and receiver with
head band, cord, and: cut in plug as shown in fig. 2,945.

T'he oncrator's set also includes the necessary condensers, induction

2140 HAWKINS ELECTRICITY

glows at the A board, the operator inserts a back plug in the
corresponding jack, ascertains the number, passes it on to the
B operator through the front plug of the pair of cord used, the
B operator completes the connection with one cord through
the central office and presses the ringing key which calls the
desired number either by a falling drop at a P.B.X. board or
the ringing of a direct line bell.
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Fic. 2.946.—Transfer circuit. Transfer circuits are used as trunk lines between local and
toll boards, in which case order wires are installed for communication between operators
in ordering up connections, Each end of a transfer circuit or order wire circuit terminates
in a lamp and associated jack. These are mounted in strips of five on regular iron jack
frames just below the line jacks. The two ends of the circuit must be connected or the

lamps will remain lighted, so that the lamps serve as a check on each operator's action
and prevent line tie ups.

Ques. What happens when the parties finish talking?

Ans. When the receivers are hung up, a disconnect signal

is shown, whereupon all plugs and cords are pulled out of the
jacks, thus clearing the line.

Ques. How are trunk lines arranged ?
Ans. They are so arranged that the operators at the main

L
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exchanges can ring through a private branch exchange switch-
board and call the party direct, when the connections have becn
established.

This is often done at night when the P.B.X. operator throws up the
night key (N.K.) and plugs into the station jacE and the trunk jack
with a pair of cord, the front cord always being inserted in the trunk
jack. With this arrangement, connections established by the P.B.X.
operator may be made in the operator’s absence.

DROP SHUTTER DROP WINDING DROP ARMATURE

DROP CONTACT SPRING JACK SLEEVE DROP RESTORING: LEVER

Fi1G. 2,847.—Combined drop and jack. This affords a saving of space in switchboards and
although it has not generally n used at P.B.X. stations, it is acknowledged to be very
satisfactory for all types of switchboard. Each drop is so constructed as to operate a
positive night alarm contact when the shutter falls. The drop shutter is restored to its
normal position by the insertion of a cord plug in the jack.

Ques. How are extension stations arranged in P.B.X.
systems?

Ans. They are arranged to terminate on jacks of the size
suitable for the reception of the cord connecting plugs.

Trunk lines terminate at trunk jacks to which drops, equipped with
drop shutters are used as shown in fig. 2,940. The cord plugs fit the
trunk jacks also, all of which are of uniform size.
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— —— 2,

Direct Line Selective Systems.—This classification com-
prises systems so arranged that several telephones may be
connected on one line allowing one or several bells to ring, or
one telephone to be cut off while the other is holding conver-
sation, or several telephones to be cut off.

Fig. 2,948 shows how two stations may be connected for conversation
and yet only one bell will ring, depending upon the way in which the
listening key is thrown.

Fig. 2,949 shows how three stations may be connected for con-
versation and yet only one bell will ring.
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Fic. 2,048.—Wiring diagram showing two common battery instruments wired so that only
one bell at a time can be rung by central. With the listening key normal (as shown)
central can ring only the main station bell but the extension can talk, and by throwing
the ]istemni‘ key, the main is completely cut out and allows only the extension to ring
and talk. The ringing key must be thrown to ring the extension station from the main,
which makes the system intercommunicating. This is called plan 3 bé' the New York
Telephone Co. The generator posts are connected between posts B and C of the extension
but it does not short circuit the line because the spring connection is open, as shown,
until the handle is turned which renders it operative.

=

Fig. 2,950 shows two instruments connected wherein both bells ring
but one may be cut off at will.

Fig. 2,951 shows another plan of wiring two instruments. Fig. 2,952
shows how a private line telephone may be wired through a P.B.X.
switchboard.

Fig. 2,953 shows a booster set for special long distance work on common
battery telephones; fig. 2,954, a similar arrangement but connected
differently.

Ques. What is used with all booster sets to increase the
transmission ? i

Ans. A primary battery.
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Ques. Of what does the battery usually consist?

Ans. Three “Blue Bell” cells connected in series are generally
used.
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116, 2,949.—Method of wiring three telephones so that only one bell at a time can be rung by
central (according to which listening key is thrown) but one can talk and listen from any
one of the three instruments when the keys are normal. The diagram shows these keys in
normal position: if either key be thrown so that the swinging contact springs touch the
outer contacts, the main instrument will be cut out of circuit. If hsten.ingkl(ey No. 1 be
thrown, both the main and otherextension station will be cut out; if No. 2 key be thrown,
station No. 1 can talk and hear but the bell will not ring. With the keys normal, the main
bell is rung by central. If a key be thrown, the bell at that station will be mniby central,
The position of the ringing key determines which extension bell is to be rung by the hand
generator, for by this arrangement the system is intercommunicating, and although bat-
tery is fed through the line, no call is registered at _the central office when two of these
separated stations are used for communication. This is called plan 5 by the New York
Telephone Co.
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Frc. 2,050.—Two telephones wired so the extension may be cut in or out with the listening key,
atwill. The hand generator is used to call extension, making the set intercommunicating
when instruments are placed in different rooms, Operation isas follows: 1. With key
normal (as shown) turning of generator handle rings extension bell. 2, Key must then be
thrown on outer contacts to talk to extension. 3. If key be left thrown, central rings both
bells. 4. When key is normal only main bell is rung by central, but if extension be wanted,
generator can be used to ring and then key to connect party. 5. When key is thrown on
outer contacts, hand generator cannot be used, as inner contacts are broken from circuit.
. Key normal, main_alone can talk; key thrown, both instruments can talk. This is
called plan 8 by the New York Telephone Co.
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Ques. What is a P.B.X. emergency machine used for}

Ans. To generate alternating current for ringing power when
the incoming ringing current goes wrong at the central office.

Fig. 2,955 shows a P.B.X. emergency machine diagrammatieally.
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F1G. 2,951.—Wiring diagram showing two telephones with a listening key at the main instru-
ment to cut g% thaegextension station, This key can be placed at either instrument and
the extension wired to either inner or outer contacts. As shown the key is at the main
station and the extension is on the outer contacts. This is called plan 10.
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Fic. 2,952.—Wiring diagram showing private line extension statlon circuit from P.B.X.
switchboard, whereby absolute secrecy with outside exchanges is obtained. When exten-
sion listening key is normal, extension signals operator in same way as do all other exten-
sions. After asking for private connection special cord, without listening ke i
plugged in central (trunk) l;’ac by operator, subscriber throws extension listening key an
conversation ensues. If P.B.X. operator’s attention be again desired, listening key is
thrown normal. rator calls extension in usual way on any cord except speoial and
fings extension special bell no matter how listening key be thrown. Since there is no listen-
ing key on special cord, operator must use any other cord for connection between P.B.X.
snd extension station.
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Party Lines.—These are so arranged, that the telephones of
a number of subscribers may be connected on one circuit so

that all have a common drop and jack at the exchange
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A th battery connected in the circuit to strengthen
transmitting and receiving power of common battery instrument. The primary and secondary
windings of special induction coil are connected at one end and the battery cells are eon-
nected in series, as shown, with the switch hook contact and transmitter; otherwise the
circuit is the same as all common battery telephone instruments.

F16. 2,853.—Wiring diagram of booster set wi

Fic. 2,954.—Wiring diagram of independent telephone station wired for local battery talking

and common battery ringing. It is another circuit for a booster set, the object being to
strengthen transmission and receiving. Primary and secondary windings of special in-
duction coil are connected together and the battery cells are connected in series, as shown,
with the switch hook contact and transmitter; otherwise the circuit is like all common

battery instruments.
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switchboard. Systems of this type are frequently adopted where
the business is small in proportion to the length of the line.

The principal disadvantage of such systems has always been
that when one subscriber was called, all bells would ring, but
this fault is now overcome by the systems of the American
Telephone and Telegraph Co.

Ij‘igs. 2,956 and 2,957 show the circuits of two party line instruments
which are standard. The positive side of the generator is connccted
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F1G. 2,055.—Wiring diagram for emergency machine as used at large private branch excha:
for ringing where necessity requires it. If the alternating current fail, the telephone bel
will not nng. whereas if the battery current give out, it is possible to talk by using the
emergency E key. The E key however has nothing to do with the ringing A.C. power.
A motor generator is shown fed by electric light D.C. power and generating A.C. power
for ringing, which is connected to switchboard by a double pole double throw switch.

to L1 post at one instrument and to L2 post at the other, the bell in
both cases being connected to ground. This gives selective ringing
for two parties. But where four parties are involved there is included
in the circuit of zach telephone a selective ringing relay.

Figs. 2,958 to 2,961 show diagrams of the bell circuit of each instrument,
and by careful study of these diagrams it will be seen that, withcut
r%versing the line at the binding posts, a selective ringing system is
obtained.
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Ques. What kind of current was formerly used to ring
party bells?

Ans. Pulsating current.

Pulsating current is derived from a specially constructed alternator
commutator so arranged that the circuit at the brushes is broken
during each half revolution. The direction of pulsating current is
always the same but it rises to a maximum and falls to zero twice during
each revolution of the armature.
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Fi1G. 2,956.—Wiring diagram of two party line R bell station with G post represented as
connected to ground and negative side of alternating current generator also grounded.
When bell is rung, ringing key throws positive currentininstrument at L2, across condenser
and through bell and out at G to negative side of generator through ground.

PiG. 2.957.— Wiring diagram of two_party line J bell station with G post represented as
connected to ground and negative side of alternating current generator also grounded.
When bell is rung, ringing key throws positive current in instrument at L2, across con-
denser and through bell and out at G to negative side of generator through ground.
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Ques. What kind of current is used to ring party bells?

Ans. Alternating current is employed superimposed upon a
positive direct current for one set of bell and superimposed
upon a negative direct current for another set of bell.
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P16.2,958.—Wiring diaﬁram of four party line R station showing the primary and secondary
of the induction coil and the receiver and transmitter all of which are connected as shown
in all party wire instruments. The primary, the selective, ringing relay, and the con-
denser are shown connected in series across the line. One end of the beil coil connects
with post G to ground and the other end connects with the relay armature. When this
armature is held up against its contact spring, the bell circuit is complete to L1 post and
rings through ground.

F1G. 2,950.—Wiring diagram of four party line J bell station showing the primary of the induc-
tion coil, the selective ringing relay, and the condenser connected in series across the line.
One end of the bell coil connects with post G to ground and the other connects with the
relay armature, en this armature is held up against its contact spring the bell circuit
is complete to L2 post and rings through gmuneag
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Four ringing keys are used at the central office exchange.

Superimposed current is obtained by connecting in series a source
of alternating current, the negative side of which is grounded, with
two sets of storage battery, giving out direct current.

Ringing lead wires are connected to the battery which has its negative
pole toward the source of alternating current and gives alternating
current superimposed upon positive direct current. This is the positive

Ll G L2 1 . "
@ 6 Cﬂ ’_@
BELL
CONDENSER —
CONTACT CONTAC [}
“SPRING SPRIN il CONDENSER
RELAY
MAGNET
AT ARMATURE
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Fic. 2,960.—Wiring diagram of four party line M bell station showing the primary of the induc-
tion coil, the selective ringing relay and the condenser connected in series across the line.
One end of the bell coil connects with L2 post and the other end connects with the relay

armature. When this armature is held up against its contact spring, the bell ci i
complete to G post, and rings through ground. spring reuit is

Pi1G. 2,061.—Wiring diagram of four party line W bell station showing the primary of the induc-
tion coil, the selective ringing relay, and the condenser connected in series across the line.
%t;le en't'ih of the b:ll coil go;l&:ects with 1;1_ tx;os'; atr:i the other lexndb:ith the relay armature.

en this armature is held up against its con t spring, the bell circuit i lete t
ground, and rings through gtounag. pring P s
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lead, and a series of comparatively large positive impulses is followed by
small negative impulses and goes out through the line when the ringing
key is depressed as the positive current. For the negative side of the
line the reverse is true. )

Ringing lead wires are connected to the battery which has its positive
pole toward the source of alternating current and gives alternating
current superimposed upon negative direct current. This is the nega-
tive lead, and a series cf comparatively large negative impulses is fol-
lowed by small positive impulses.
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F16.2,962.—Stock Exchange extension station as installed in New York City. Circuit at main
station is without condenser and differs from any other telephone circuit, When extension
wants main, hand generator is used which rings bell and causes drop shutter to fall. In
talking circuit, the main instrument transmitter and primary coil connected in series are
fed by battery current retarded by two types of retardation coil as shown. When main
wants extension, the ringing key is used with ringing power. The extension bell is not
connected but one can talk from the instrument. .

Automatic Inter-Communicating Telephone Systems.—
In these systems a number of telephone, located at various

points, are so wired that each telephone is on a circuit serving
as a common return wire for all the telephones. ]

Such systems were primarily developed to meet the require-
ments of manufacturers, business houses, hotels, and small
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domestic plants having a number of separate department,
room, or desk between which ready communication is desirable.

Fig. 2,964 shows a telephone subscriber’s instrument circuit, fig. 2,965
the operator’s set, and fig. 2,966 shows how a coin machine is operated
in connection with the automatic system.

INSULATED
BUSHING

SEGONDARY CI}IL

PRIMARY COIL)

FiG. 2,983.—Wiri

diagram of police
signal box, shov?lgng the bell and con-
denser connected as usual across the line
between L2 and G posts. The primary
coil is connected between its line and
middle switch hook contact, the second-
ary coil between the receiver and the
bell and condenser, and the posts L1
and G are connected with a strap con-
nection. The switch hook is insulated
from the instrument by hard rubber
bushings.

Ques. Does the automatic
residence inter-communi-
cating system differ from the
central automatic system?

Ans. Yes, although both are
operated with self-restoring in-
ter-communicating keys.

The central automatic system does
away with all manually operated
apparatus, but the inter-communi-
cating residence system is used
between extensions independent of
central.

NOTE. —The use of automatic telephone
systems is rapidly increasing however, and
several systems have been developed to such a
point that large automatic exchanges having
capacities ranging from one thousand to ten
thousand stations are being successfully oper-
ated at the present time, without requining any
other attention than that of one switchboard
attendant for testing and keeping in order the
apparatus for one thousand subscribers.

NOTE.—In 1899 the Western Electric Com-
pany began the development of an automatic
telephone system but it was 1910 before it was
deemed commercially practical. Their New
York office building was equipped with_the
system and it is now maintained by the New
York Telephone Company (which is the la 3
division of the American Telephone and Tele-
graph Company.) It is designed for use either
as semi-automatic or directly automatic, and
in conjunction with the New York Tclefhone
Company is at present semi-automatic. It will
probably be many years before the complete
automatic system is adopted in New York City
because the present equipment has been planned
for years in advance of traffic conditions as they
exist today. With the Western Electric Com-
pany’s system, standard common battery tele-
phones are used by subscribers, and the called
numbers are given to attendant operators who
set up the desired numbers by pressing keys.

o
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Ques. What happens when the receiver is removed
from the hook at a subscriber’s automatic station as
shown in fig. 2,964?

Ans. The bell is switched out and the transmitter, receiver,
and impulse springs are thrown across the line. Each time the
impulse cam breaks contact between the impulse springs, it
opens the line for an instant, thus causing the impulses to go

IMPULSE

‘ SPRINGS\\mX
St/

—_.ELU

\BELL SHUNT—~
COILS , ¥ IPRING CI{H
CONDENSER

FiG. 2,964 —Wiring diagram of Subscriber’s automatic telephone station. When a subscriber
removes the receiver from the hook, the transmitter, receiver, and impulse spri
are thrown across the line. Each time the impulse cam breaks contact between tho
springs it opens the circuit for an instant, thus causing the impulses to go out over the
line. "As the impulses are transmitted the receiver and transmitter are both temporarily
shunted out of circuit by the shunt springs between which contact is closed when the dial is
turned away from its normal position. The reason for temporarily shunting out the
receiver and transmitter is to keep the resistance of the subscriber’s loop, normal.

out. The numbers are transmitted into electrical impulses
by the subscriber when a finger is thrust into the hole of the
dial at the first number desired and the dial face is turned until

e
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the finger reaches the stop; thus, one at a time, each numb
called by transmitted electrical impulses.

Fig. 2,967 shows a picture of a subscriber’s desk stand station with
disc selector. By turmng the disc, electrical impulses are sent out; these
electrical impulses operate a finder switch at the central office which
makes connection with an attendant operator’s idle cord circuit in any
position of the switchboard.

Fig. 2,968 shows the system of wiring connectors or selectors at the
central office. The lever consists of double blades and the lines shown
represent double line wires. When the attendant operator learns
the desired call, keys are depressed in succession bearing the name of
the office wanted and the numbers desired. These keys are provided
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1= CONDLNSER- H
BATTERY ~—
1.
. Akn\mnt /RLI.AY ] ATMATURL O
o Jl A |,' BLLL

T/;ﬁc::m v Cond (&
TRUNK
KeY

]

——
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FIG. 2,985.—Automatic telephone operator’s set. When the attendant operator responds to a
call she first learns the number desired and then presses a key corresponding to the station
desired. The trunk key then snaps back to normal position and closes the desired circuit
through the trunk holding coil.

with a locking magnet which holds them depressed until the registers
are placed, something like the mechanical locking operation of adding
machine numbers.

As the last register takes its position, a sequence switch of the cord
circuit disconnects the attendant operator’s circuit, but retains the
connection of the register with the cord circuit.

The central attendant operator is equipped with a one key set contain-
ing six rows of ten keys each, numbered from 0 to 9. The first row
corresponds to the first figure of the number called if it be a digit of one
hundred thousand or if it be a digit of ten thousand, the first number
c?rl:esponds to the second row, or if of one thousand, to the third row
-of keys.
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nunicating Systems.—For house telephone ser-
slephone switchboard is desired and consequently
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Wiring diagram showing how an automatic coin machine is operated in connection

with the automatic system. The machine shown differs from the New York type but the
principle of the return and collect polarized magnet is the same. In operation, when
the coin falls in the chute it closes the line circuit and calls central. If a called number

cannot be reached, central presses a button which throws battery in one direction and re-
turns the coin. After the number is obtained, central presses another button which throws
battery in an opposite direction to the return, and causes the coin to drop in the collect box,
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no operator required, it is possible to so connect the instruments
together that one can call and talk with any desired party.
Many private houses have such systems, with a telephone on
every floor, the most popular being the De Veau system.

Fig. 2,969 shows three De Veau ipstruments connected for inter-

communication, but with no way of connecting them to an outside
central line.

11G. 2,967.—Automatic selector telephone desk stand with the dial at the base of the instru-
ment. By inserting the finger in the dial at the desired number and revolving it until the
stop holds it, electric impulses are sent out through the desk stand cords which register
corresponding numbers at the automatic central office. The dial is numbered from 1 to
9, then follows the cipher and “long distance.”

The New York Telephone Company has devised a special telephone
with a six conductor flexible wire cord and an automatic key switching
device with which it is possible to connect to their telephone exchanges
any one of the several instruments installed.

Fig. 2,970 shows the circuits of two stations with their keys. The
plungers of these keys automatically release one another so that not
more than one key is depressed at a time.
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Ques. Describe the operation of the inter-communi-
cating system as shown in fig. 2,970.

Ans. When central rings the auxiliary bell, the key C must
be depressed to answer. If the call be for station #wo and has
been answered by station ome, the transfer key, T, must first
be- depressed which throws the relay armature and holds the
line, then station #wo key is depressed, and, all other keys having
been automatically released, the ringing key R is depressed.

FIRST SELECTORS

- ! I\ﬁ[l )R JECOND SELECTORS COMMON CONNECTORS
A ESE=iEEE " B2, 2 \\

TR L5 o oo, o

: ﬁ e \r

st 2
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C § }l, gli %
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J \1UJ \17)
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FiG. 2,968—Trunk selector system for automatic exchange, three groups of first selector have
the lines connecting in parallel except the first trunk line from each group, which is indi-
vidual. First trunk line from A terminates at lever A2, second from B terminates at B2, and
third line from C terminatesat C2. Each one of the other paraliel groupingsends at a com-
mon connector or selector lever. The levers are composed of double metallic blades and each
line represents a double wire, The individual trunking system emgloyed by the American
Automatic Telephone Company of Chicago is three groupings of first selectors, as shown
at A, B, and C, and seven trunk lines outgoing from each group. The first trunk is an
individual line, as from group A, as shown, a single trunk line runs to a second selector A2;
from group B a trunk line runs to a second selector B2, and from group C, a trunk line
Tuns to a second selector C2. Six common trunk lines are shown connected in parallel
with all groups. Two of these are shown with the lines ending at two common connectors.
The remaining four trunk lines end in the same way at four other common connectors or
selectors not shown,

This R key does not release any other key, but upon being
released from pressure comes back into mormal position after
having rung the desired station. The station desired answers
by depressing the A key and talking to the calling station,
number one. Station number one then tells station number two

L
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that central desires conversation, whereupon statien number
two depresses the key C and, all other keys having been auto-
matically released, talks to central.

Special Telephone Attachments.—No attachments of
any kind are allowed on telephones or telephone lines except
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F1:. 2,960.—Wiring diagram of thg De inter-communicating telephone system, one in-
strument being shown diagrammatically. As many as six of these telephones can be con-
nected in this way with individual ringing of each bell. The bell may have one gong, or
two, as desired. In connecting these box-like instruments the two lower left hand binding
posts are connected to the battery wires and the two lower left hand binding posts are
connected to the line wires, or the wires which connect to the other telephones. If only
two instruments be connected together, the two left hand posts of each are connected to
battery or in parallel with the battery and the two right hand posts of each are connected
together. The diagram shows only one battery of four cells which would suffice where
the stations are very near together, as in adjourning rooms of a building, but where they
are at considerable distance apart, there should be a separate battery at each station.

those installed by the operating telephone company and devised
to meet special demands. One of these is the electric writing
machine called the telautograph.

Ques. How does the telautograph operate?
*  Ans. By making metallic contact with variable resistances
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FiG, 2,970.—Wiring diagram showing circuit of two intercommunicating stations connected to common battery central exchange.
This is called the sntercommunicaling residence sysiem by the New York Telephone Company. Beside the spare station keys
and the two connected station keys, there are four keys as shown: the answering A key, the ringing R key, tge central C key,
and the transfer Tkey. With the exception of the R key, the plungers of these keys automatically reiease one another so
that no more than one key is depresseug and connected at a time. The central bell is generally ealled the auxiliary bell, and if

more than one be used, they are connected in series.
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CIRCUIT DIAGRAM FOR A FULL METALLIC SYSTEM
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#16. 2,971.—N. Y. Telephone Co. intercommunicating system. The wires connecting three
stations are shown, also the talking and ringing batteries. Wires from the main cable arc
brought to lugs in each telephone and connected underneath the screw heads shown. In-
strument connecting wires are soldered to the other ends of the lugs.
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Fi6. 2,972.—Manner of lacing a telephone cable. The insulated wires are held in position
or laced together by a linen thread saturated with melted crude beeswax, wound around
them and tied by slip knots at those points where the wires are taken for connections
and bent out.
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NOTE.—In all standard telephone cables a system of coloring is maintained to assist in
distinguishing the pairs and in making the proper connections. The numerals denote the pair
numbers and the named colors which follow denote the master colors. In making the proper
connections the cable is fanned out or “formed."”
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in writing, a variable current is sent out which reproduces the

same writing at a distance.

. With this apparatus a verbal order can be given and then verified
in writing over the same telephone linc.

Ques. What is the advantage of the Morse telegraph
circuit?

Ans. It permits telegraph and telephone messages to be
transmitted over the same line at the same time.

S

PI1G. 2,973.—Western Electric automatic intercommunicating telephone set. This tyge of
instrument is for general use where a high grade of intercommunication is desired. There
can be as many stations in the system as there are connected station buttons on the inter-
phone box connecting set. Four additional buttons are connected with the others where
the’system is used for intercommunicating residence service and connzcted to a telepbone
central line. One of these is marked “ring,”” another ‘‘answer,” an>ther “transfer,” and
another “‘central,” depressing any one except ‘‘ring” cuts out and automati:ally restores
any other that may be depressed. The ‘“‘ring” button does not stay depressed like the
others. The system permits of any station calling any other and is_non-interfering.
Several conversations may be carried on at one tim:%etween several stations.
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Ques. Describe the apparatus used and connections.

Ans. The regular telegraph key, a sounder, and relay arc
used with local battery and connccted to any desired line by
olugging in metal pegs at the standard telegraph switchboard.
This is made of separated brass bar or strip in between which
are small brass discs connected horizontally across the insu-
tating panel board from underneath. The bars and discs are

Fig. 2,974 shows the manner of connecting this Morse system to the
telephone line.
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FiG. 2,974.—Wiring diagram showing telephone and Morse telegraph circuits conuected o
a telephone line. In operation by plugging in metal Regs between the brass bars and the
discs, line combinations can be made so that tel mK{ or telephone communication may
be had over any line. Local battery is used in the Morse circuit by connecting the cells
with a battery switch. This is turned off for telephone conversation, as the current then
comes from central.
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cut to receive the pegs which complete the circuit between the
lines according to the manner desired.

Wire Terminals in Cellars.—Figs. 2,975 and 2,976 show
the way in which wires from the cable box in the yard of the
subscriber terminate in the cellar.

Ques. How are party wires usually run?

Ans. On poles from street to street.

Ques. What protecting devices are necessary?

Ans. Lightning arresters.
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Ques. Where are these placed?
Ans. In the cellar.

Ques. Describe the line connections.
Ans. The two lines are connected to the end of the arrester
with the two outer parts as shown in fig. 2,975.

The inside wire running to the telephonc connects at the other end
posts of the arrester block. In between the line is the arrester proper,
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FiG. 2.975.~—View of lightning arrester showing the manner 1n which overhead telephone wires
terminate at a cellar window, The two wires from central are connected to ends of fuses
mounted on a porcelain block. Between these, and conuected with each is the arrester
proper, which consists of carbon blocks separated by thin strips of mica. The center of
the arrester is connected by a wire to a unded pipe. In operation, when lightning
follows the overhead telephone wires an ii‘ss toward the instrument, it is carried to
ground by jumping between the carbon blocks. Lightning will always discharge through
a small air gap quicker than it will go through coils of wire, but if it attempt to get into
the telephone circuit, the fuses will melt and open the circuit.



2,164 HAWKINS ELECTRICITY

SWITCHBOARD mslﬂ;ﬁ_

WOODEN INDICATION
BLOCK )] _Eo——1

L= wires
ﬁf LOCK NUTo

WOODEN FRAME

~ F orenoons reeotk cane

Fi6. 2,976, — Cross connecting box, showing
method of terminating the cable of exten-
sion wires in the basement of a buwlding,
and the connection of extension lines by
locknuts to the switchboard cable lines.
The wooden block which is marked with
the extension numbers has a hole bored
through for each wire.

having its center grounded
and two carbon blocks sep-
arated by very thin mica strips
on each side. These connect
with the line and with the
ground respectively, so that
when lightning comes to the
arresters it jumps across the
carbons to ground and dis-
charges without going to the
instrument.

Connecting Exchanges
and Toll Service.— There
are two types of multiple
switchboard in telephone ex-
changes of the American Tele-
phone Co. These are called
the A boards and the B
boards. All subscribers sta-
tions are connected to their
assigned central exchange A
board.

Ques. How do P.B.X.
switchboard cables termi-
nate in a cellar?

Ans. A cross connecting
box is provided which con-
tains binding posts with lock
nuts to hold the wires ag
shown in fig. 2,976. In a
similar bhox are also run the
trunk lines which connect to
the central A board.
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If the A operator at any exchange receive a call for a_party located
in another exchange, the connection must be made so that the call is
completed over the circuits of a special trunk line connecting with the
B board of the other exchange. Every B board carries the trunk lines
which originate at the most important switchboard, the A board.

The A operator automatically connects with the B operator by
depressing an “order wire’’ button, and repeats the calling subscriber’s
desired number. The B operator then assigns a trunk line and the
A operator plugs the cord plug of the pair corresponding to that in
the subscriber’s station jack and which carries the call into the trunk

LEAD CABLE

FiGs, 2,977 and 2,978.—Outdoor cable connecting box. This device is placed in a back yard

in cities, or on a pole in the country, and accommodates the two line wires for each tele-
phone in a block or street.

assigned and the B operator plugs a cord plug in the parallel jack of
the assigned trunk line. The B operator has only single cords instead
of “pairs’” as has the A operator.

The B operator then rings the called number by pressing the ringing
key. The A operator, which is the subscriber’s direct operator, should
not therefore be blamed for unnecessary ringing of the subscriber’s bell.

—
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Ques. What further connection is made for long
distance calls?

Ans. Connection is made through a toll board in the main
office of the company.

i,

Fi1G. 2,979.—Buzzer relay as used on P. B. X. switchboards. The magnet winding of this
relay is energized by direct current which draws up against its soft iron core an armature
with a contact screw. This screw makes contact, when drawn up, with a spring blade
and closes a low frequency alternating current circuit which causes the golanzed buzzer
o;‘ ré,ngeg tIo< o;aerate providing the buzzer key contacts are not opened by the throwing
of the B. K. lever.

F1G. 2,980.—Motor generator as used at such boards as the emergency machine. The motor
generator is useg to supply ringing current, or alternating current, with which the polarized
bells of the extensior: telephone stations are rung. This low frequency alternating current
is fed from the central office generators, but it sometimes hapgens that some underground
cable trouble occurs which cuts out this current supply and the motor generator must be
used. The motor is operated with 110 volts direct current and is started by a rheostat.
The fenemwr is then connected to the switchboard by the throwing of switches. Its use
is only temporary.
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Ques. What kind and size of wire is used for ‘‘toll”’
or long distance circuits from town to town?

Ans. Hard drawn copper wire about No. 8.

Ques. How is the wire strung?

Ans. Overhead, with porcelain insulators fastened on the
cross arms of cedar or chestnut pole.
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F16. 2,981.—Telephone and telautograph circuits as connected to the line by means of a listen-
ing key. When the key is normal and the line connected to central through a switchboard,
the extension can talk without using the telautograph. To use this writing machine the
key must be thrown so that the contact springs rest against the outer contacts. Only one
instrument can be used at a time, according to how the listening key is thrown. In opera-
tion, when the key is normal and the line connected to central through a switchboard,
the extension can talk without using the writing machinc.  When connected to an exten-
sion equipped with a telautograph, either instrument may be used, depending upon which
way the key is thrown. If the current be too powerful, the heat cotls will melt (or “*blow"")
as would a fuse. The tip side of the line is connected through the heat coils to ground.
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Ques. How is long distance transmission rendered
possible?

Ans. By eliminating the inductive disturbances and de-
creasing the impedance of telephone lines.

PHYSICAL CIRCUIT =
' I = '
(] L

ANAA A
YVRvY

A

PHANTOM CIRGUIT
L. PHYSIGAL CIRCUIT =
- =

8| ~1[s

Fi6. 2,982.—Wiring diagram showing phaniom circuit. As shown, two telephone stations are
connected by metallic circuits through toll switchboards to two other distant stations. A
repeating coil is inserted at each end of each metallic circuit. At each telephone station,
the two line wires from a third telephone station are connected to the middle of each
repeating coil. Telephone conversation can therefore be carried on over the phantom cir-
cuit without disturbance from the two physical circuits because the two halves of the
repeating coils oppose one another. Receivers R and transmitters are connected in series,

Increasing the size of wire theoretically decreases the impedance,
but in practice it is found that as the size of copper wire is increased
the effective cross section becomes slightly reduced, owing to the fact
that the electric flux travelling along the surface finds its entrance into
the interjor of the wire opposed by magnetic influence.

P1G. 2,983.—Subscriber’s desk stand opened for repairs, A screw in the base holds the con-
necting shaft in the shell or neck of the stand.

Hitherto it has been regarded as within the capability of existing
apparatus to transmit speech audibly for two thousand miles, but with
the opening of the exposition in California, public telephone conversa-
tion was established across the United States continent, a distant of
three thousand, four hundred miles,
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Fig. 2982 shows diagramatically how telephone conversation is carried
on over a phantom circuit by making use of two existing metallic
circuits In this way three trunk lines are available between New York
andé San Francisco.

Trans-Atlantic Telephoning.—This is possible with a cable
composed of spaced repeating coils, the invention of Professor
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Fi6. 2.984.—Complex phantom circuits. Circuits may be combined with repeating coils to
form additional phantom circuits so that, as shown, an extra phantom circuit may be
built up on two ctker phantom circuits, cach of which is built up on two physical metallic
circuits. The fundamental object of the phantom circuit is one of economy, since it
results in the practicability of securing three good metallic circuits from four wires,
such as are used at present for trans-continental work and the possibility of securing
seven circuits from cight wires, as shown in the diagram. The transpositlon necessary
to secure freedom from inductive disturbances will probably result in such » disarrange-
ment of the wires as to make it inadvisable to use any higher form o1 phantor:. than the
single phantom. With thir there is actual betterment of transmission so that some
long distance operators give preference to the phantom circuits becauge o. the better
transmission secured over them. The use of phantom circuits is confined almost wholly
to open wire construction. It is possible, {:owever. to build up phantom circuits in
ordinary cable by using pairs in reversely wound layers, and it is also possible to so

construct a cable, using four wire units, as to permit the use af phantoms.

M. I. Pupin of New York, but it may never be attempted be-
cause of the possibilities of the wireless telephone. This system
is further described in the chapter on ““Wireless.”
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TELEPHONE TROUBLES

Subscribers’ Troubles

1. Open bell.
2. Open condenser.
3. Open bell strap wire.

Line

Signal Refaining Larch
Signal Bal/\

Restoring Lever

Armature Sleek of Jacl\
Of Signal

7 _
Core Of Signal Cut Off Spring

Magneto Subscribers 1N Spr | 0f Jack
Telephone Set Tio Spring Of Jack
Fic. 2,985.—How the magneto system works: 1. The dia.;ﬂ-am illustrates the telephone at

W

the subscriber's station, the line, jack, and signal on ich the line terminates at the
switchboard.

4. Bell out of adjustment.
5. Open auxiliary bell.

Effect: Can call central but centrai cannot ring subscriber although
both can talk.

6. Open receiver.
7. Open receiver cord.
8. Open secondary coil.
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9. Open switch hook contact.
10. Receiver diaphragm missing.

Effect: Can hear central ring but cannot hear talking with receiver

11. Open primary coil.

12. Open switch hook contact.
13. Open transmitter.

14. Open transmitter cord.

Effect: Can hear central ring and talk but cannot talk back.

Generator In Sub -
scriber’s Tel. Set
—= Signal Ball

When Qperated

FPosition of
Armature When

f Operated ¥
‘ Generator Armature.
- Line -

Fi6. 2.986.—How the magnetv system works: 2. Culling central.  The subscriber’s first
act in signaling the operator before his receiver is removed from the switch hook is here
shown. The arrows indicate how the alternating current produced by the turning of the
hand generator at the subscriber’s station passes out over the line and through the signal
coil, thus energizing it and causing the signal to display its red surface.

15. Dented receiver diaphragm.

16. Swinging open (cut out) receiver cord.
17. Short circuited induction coil.

18. Reversed secondary connections.

Effect: Can hear bell ring but can hear talking only faintly.




Tronsmitter  Feceiver Claaring Out Drop In
lndgc;:on Signal Ball Restored t e Groult ‘ pumforfs Head
ot 8y Insertion Of Piug 8/ephone Set

——

Lever OF ey \ t 1 ' l

Thrown To Listen
Position

——

Bty "- Line \“;\ck Piog rmnsﬂ::ﬂkrl
Subscrbert Waphone et Syl Windng Cutorf |
{ Listeningkey || arators. w \
Switch oard Cord Circoit  —— ‘;’,‘;ﬁf’; s

FiG. 2,987.—How the magneto system works: 3. Answering the call by the operator. U; observing the signal, the operator

a1M

selects the plug of a pair known as the “‘answering" plug (the one nearer the face of the switchboard) and inserts it in that
jack which is just below the operated signal. This act restores the signal to its normal position and opens the circuit through
its coil winding. The operator next throws the listening cam, which lines up with the plug just , toward the face of the
switchboard; this connects her talking apparatus with the calling subscriber throt:f(h the inserted plug. She then obtains the
number desired. The figure illustrates the circuit connection just described and the arrows, the path of the voice currents.
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Effect: Subscriber cannot call or be called. Test: Strap out opens
with test receiver. Disconnect short circuited lines and then test by
strapping in test receiver. Shake cut out cords to locate trouble.
See fig. 2,988.

Private Branch Exchange (P.B.X.) Troubles

30. Generator feeder not correctly poled.

Effect: Pressing ringing key while plugging cord into any station jack,
all extension bells will ring or tap. Clear by reversing connections.

A B G D
CENTRAL GENTRAL
R WINDOW
INDOW
[=]
™ R
u atz Ll @ I L2
o)
INSTRUMENT INSTRUMENT INSTRUMENT INSTRUMENT
POSTS POSTS POSTS POSTS

TIG. 2.988.—Locating telephone troubles. In testing for short circuits, opens, or grounds, tests
should be made first at window block posts and then in toward inside wire and instrument.
If inside wire be o‘)en (as shown at A) when test receiver is strapped between window
block posts, central will be heard, but not at instrument posts. It Jine wire be open out,
nothing will be heard with test receiver at any posts. If instrument be short circuited (as
shown at B) and one wire be disconnected either at instrument post or at window block
post and test receiver be strapped in the open circuit, clicking will be heard. If inside
wire be short circuited, test receiver will also click when strapped between window block
post and line wire, but if line wire be short circuited out, no chicking will be heard in test
receiver. If instrument be grounded on ring side (as shown at C) test receiver will click
when strapped between window block and ring side (L2) post of instrument providing
post L1 is also_disconnected for testing. 1f instrument be grounded on tip side (as shown
at D) and both sides of line are disconnected, test receiver when strapeed between ring
side of window block or inside wire and tip side of instrument will click. In testing for
grounds disconnect first the line wires from both window block prsts and connect one test
receiver clip to a grounded pipe, and with the other touch the bare ends of the wires alter-
nately. If a click be heard in the test receiver in so touching one wire, that wire is the
ring side of the line.  Then place one test clip on this wire (ring side) and with the other
clip touch the posts L1 and L2, If a click be heard on either side there is a ground eitH®r
on ring or tip, depending upon which post the receiver is touching.
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Eé’%g 31. Generator feeder
Eggg open.

£254 32. Buzzer ringer coils
5 hEg @

°§F pen.

-g' 33. Buzzer relay contact
a does not make.

Q

£ Effect: Central cannot ring
-]

P.B.X. operator on any
drop. Test by following
out circuit with test re-
* ceiver.

Hand Generator
In Switch Board

34. Battery feed open.
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Pug
nown as the calling plug) and inser
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Effect: Buzzer relay vi-
brates while plugging
trunk jack until E key is
thrown. Test by follow-
ing up battery with test
receiver.
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35. Short circuited or
grounded ring of
battery feed.

Effect: Batt of insuffi-
cient strength to talk and
extensions cannot get
switchboard. Test by
first removing wires from
binding posts at cross con-
necting box and tapping
with test receiver or 21
volt lamp strapped across
wires of incoming feed. If
lamp light bright or re-
ceiver click loud, battery
is coming in O. K. Re-
connect the tip side of
feed, connect one side of a
test receiver to ring bind-
ing post and tap the other
side several times on end
of loose wire. If receiver

inging the desired subscriber. After learnin,
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click, trouble must be toward switchboard.
Then at back of switchboard open ring side
of battery and tap as befote at cable end
of wires.” If click be heard, trouble is in
switchboard cable; if no click be hecard,
trouble is in switchboard.

36. Short circuited cord plug.

Effect: Cord plugs are hot or plugs emit
smoke when dampness has crept in bushings
separating the three parts of plug. Test by
throwing up all listening keys and placing
operator’s receiver to the ear, start from first
and depress each ringing key separately.
Clicking noise iri receiver indicates short cir-
cuit. Turn down each cord where clicking
noise is heard and disconnect each cord so
turned down at cord lug connections.

37. Cord circuit at relay contacts short
circuited.

38. Cord circuit shortened by touching
of keyboard wires.

39. Ringing key contacts crossed.

Effect: Clicking still heard in operator’s re-
ceiver when turned down cords are discon-
nected and ringing keys are again depressed.
If ringing key contacts be thought to short
circuit because the inner contact spring
makes contact with the outer before breaking
from the inner, the G key can be thrown,
which will tempcrarily clear the trouble.
Then the contacts must be adjusted.

40. Positive supervision relay sticks.
41. Bull’s eye cord signal sticks.
Effect: Operator cannot tell when parties

have finished talking. Test by jarring relay
and clear by making good adjustment.

42. Open trunk jack springs.
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Prc. 2.991.—How the magneto system works: 6. Rix

43. Open trunk line condenser.
44. Open trunk drop winding.
Effect: Central cannot ring local P.B.X.
trunk drop.

45.
46.

Buzzer relay open.

Buzzer contact spring does not
make.

500 ohm resistance coil open.

Ring or ground side of battery
open.

Ground wire open where springs
make contact in falling.

47,
48.

49,

Effect: Drop shutters fall when central
rings but buzzer does not ring or buzz.

50. Broken wire at trunk jack com-
mon to all jacks.
51. Open 100 ohm resistance coil.

Effect: Banging noise is heard when local
operator plugs into central jack.

52. Cut out hand receiver cord.
53. Cut out head receiver cord.
54. Cut out transmitter cord.

Effect: Breaking of circuit is noticeable by
occasicnal breaks in the conversation.
The conversation may be carried on
O. K. if all cords be kept perfectly mo-
tionless, but as soon as moved or
shaken there are noticeable cut outs in
the conversation.

Test: Throw any listening key and place tip
of either plug of that pair of cord on first
one binding post and then on another of
the recejvers, at the same time shaking
the cords. The trouble is generally lo-
cated at the cord tips or connections.
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55.
56.
57.
58.

59.
60.

Transmitter open.

Primary coil of operator’s set open.
Transmitter cord open.

Listening key contacts open.

Effect: Central cannot hear local operator on any cords, nor can
P.B.X. operator hear central.

Receiver open.
Secondary coil open.

To mount the transmitter, push the ends of the two cords attached to the transmitters
through the hole in the door, then screw to door as shown, using round headed screws.
The cords should now be attached to the screw terminals on the inside of the duor by
slipping the flat piece on the end of the cord under the head of the screw and turning
the screw down tight. Connect the cord with the single yellow strand running through it to
terminal g, as in fig. 2,993 and the other to terminal b. Now acrew the mouth piece into
the front of the transmitter. °

61.

Fics. 2,992 and 2,993.—Installing a magneto set: 1. Mounting transmilter and receiver,

Receiver cord open.

Effect: D.B.X. operator cannot hear central operator but central
can hear P.B.X.

62. Short circuited trunk line condenser.
63. Short circuited jack springs.
64. Drop winding crossed with frame.

Effect: Central gets steady light from P.B.X.
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65. Open station signal.
66. Open station jack contacts.
67. Open wire between jack and signal.

Effect: One extension station cannot get local operator.

68. Open common wire to jacks.
69. Open common wire to signals.
Effect: All extension stations fail to get local operator.

RECEIVER ComD

Pics. 2,994 and 2,995.—Installing a magneto set. 2, Pulling the set logether, Fig. 2,994
shows method of connecting receiver and condenser,.and fig. 2,995, method of securi
writing shelf to door by means of screws. To connect the receiver, place it on the switgg
hook and push the ends of the receiver cord through the small hole in the left hand side
of the set. Loosen the screws on the two terminals marked REC (fig. 2,994), and push
the tips of the cord ends into the little clamps and screw the connections down tight (any
order may be followed in connecting cord ends). Tie the worsted end of the cord coveri;;g
into the screw eye so that if the receiver cord be pulled, there will be no strain on the co
terminals. The handle for the generator should be turned on to the end of the shaft which
comes out of the hole in the right hand side of the set. Fasten the writing shelf to the
door of the set as shown in fig. 2,995, by means of four Screws.

70. Open plug or cord.
71. Open contact at ringing key.
72. Open positive supervision relay. Open cord relay contacts.

Effect: Cord in question cannot be used.

73. Open condenser at operator’s set.
Effect: Operator cannot hear but can be heard O. K.
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74. Open between battery feed and listening key.
75. Open between listening key and E Key.

76. Open between battery feed and E Key.

77. Short circuited induction coil.

Effect: Throwing of listening keys does not give usual side tone
(live sound heard by tapping on transmitter) until E key is thrown.

78. Open holding coil.
79. Open N key contacts.

Hic. 2,096.—Installing a magneto set: 3. Conn.cling the dry cells. For ordinary gervice
two cells suffice, however in the case of long toll connections three cells are recommended.
To connect two cells, take one of the loose cords furnished with the set and connect one end
to the short outside or zinc terminal, and the other to the long inside or carbon terminal.
Place the cells in the lower part of the set and connect the ends of the cords hanging from
the terminals on the generator shelf, one to the long part of the first cell, and the other to

the short part of the cell.

80. Open upper relay contact.

Effect: When an extension station is connected through to central
and receiver is hung up (such as a night connection) the central dis-
connecting signal shows. The holding coil should prevent this with
its high resistance shunted across the line when RJ key is thrown.

Plan Troubles

81. Hand generator turns hard.
82. On plan 3 or 5, listening key contacts are crossed.

Effect: System is short circuited.
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83. Plan 3 or plan 5 generator handle sticks.
84. Short circuited condenser.
85. Wet desk stand cord.

Effect: Line is short circuited and central gets steady light.
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Pics. 2,997 to 3,000.—Installing a magneto set: 4. Method of wiring the set; fig. 2,998
metallic line, fig. 3,000, grounded line. Ground connection. Take a ground rod, or an
iron rod about 6 ft. long by !4 in. diameter and drive it into permanently moist ground
near the building. Connect a copper wire to the ground rod and to the post marked G on
the protector as shown in fig. 2,997. For this purpose a single conductor not smaller than
No. 18 B. & S. gauge braided covered copper wire shouldn%e used. It is important that
these connections be carefully made otherwise the protector may not be of any value in
arresting lightaing discharges. In order to make g 89o0d connection at the gronnd rod,
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-
86. Ringing key contacts on plan 5 are crossed because
plunger sticks.
Effect: Both extension station bells will ring when one listening
key is thrown.
i =leinls e T 1 10 LINC
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Tics. 2,997 to 3,000.—Text continued.

{wist the bare wire around the ground rod 5 or 6 times and solder. The ground wire should
be led as directly and with as few bends as possible from the protector to the ground
connection. Connecting the set. The line wires should be brought into the building
and connected to the protector as shown in the figures. The wires should then be run to
a point where the telephone set is to be located, with a few inches to spare for making con-
nections. No. 19 B. & S. gauge braided rubber covered twisted pair copper wire 1s gener-
ally used to connect the telephone set to the protector. This wire should be secured in
place by special fasteners, such as porcelain cleats or insulated staples. Pass the ends of
the wires through the hole in the back of the telephone set and then fasten the set securely
to the wall so that the wires pass up or down into the set along the slot at the back.
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a '"verotznii:x}éelred \(\ilrifrom the ringer bemﬁ connected to line 2, the bl.ack wire from
to the gL e L. and the yellow wire from REC to the lower screw marked COND
do“’}}‘(& ign telmier. It is sometimes desirable to connect a condenser in series witheach
ey \os)n e telephone line to insure the ringing of the bells even if a receiver be left
en the condenser is added, connect the yellow wire from REC to the

rew marked i
e v:n fe COND and the two wires from the condenser to the screws marked

e within the building in case the 010 SWILLHUULIU 13 111 Wit swenns sosessy
his will be true in general if the old cable extend only from the building to the
e pole or be defective or inadequate.
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87. Desk stand cord short circuited on plan 3 or 5 extension.

Effect: That extencian hall et —i O

2,184 HAWKINS ELECTRICITY

2,188 HAWKINS ELECTRICITY

96. Wet or short circuited instrument.

Effect: No signal will show at magneto switchboard and use of
station instrument will be impaired and magneto will turn hard.
Test: Open line and ring; itp magneto still turn hard, open con-
nections ,one at a time, where available, throughout entire wiring
until magneto turns freely.

97. Line crossed with another line.
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P1G. 3,017.—Method of wiring a telephone and protector inside a building. Subscribers’ station
protectors are mounted at or near a poin®. o' entrance of the line into the house if the line be
overhead or exposed outside of the premises. It is possible to arrange thz fuses and protec-
tor out of doors so that they will be safe and suitabie for their purpose. But they must be

encased in a waterproof cover in that case. The general practice is to mount the lightning
arrester inside the house.
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98. Bell rings without cause.

Effect: Other talking heard on line when
receiver is taken off hook. Test: Ring
magneto and with central’s help try to
locate other party; then trace line.

99. Open secondary.
100. Open receiver.
101. Receiver diaphragm missing or
badly dented.
Effect: Can ring and hear central ring
and can be heard but cannot hear in re-

ceiver. Test: Strap test receiver across
open part.

102. Weak battery cells.

Effect: Can hear well but cannot be
heard clearly. Test: Use ampere meter
and see if each cell be weak.

103. Open bell.

Effect: Can talk and hear in receiver
but bell does not ring. Test: Strap
bell coils out with test receiver and
listen in.

104. Open magneto armature wind-
ing.

Effect: Bell rings from central but does
not ring when magneto handleis turned
nor can central be called. Test: Ring

FiGs. 3,018 to 3,031.—Repairing Western Electric
Steel Cords. A, Remove the plug from the cord
and cut off the worn end of cord; B, cut back outer
braiding and sewing with a pair of snips about

114" leaving sleeve conductor bare; C, pull out spiral sleeve conductor with a Pair ot
pliers and cut to about 1” in length; D, E, F, G, and H, bind outer braiding 5/16” back
with W. E. three ply gilling thread; I, cut back inner braiding %4’ leaving tip conductor
bare; J, pull out tip conductor and trim inner core to length; K, bind inner braiding
with gilling thread about 5/16” back from end, the operation in accomplishing this being
the same as outlined under D, E, F, G, and H; L, screw into plug; M, fasten sleeve and
tip conductors under screws and replace shell.

GIMENSIONS FOR CUTTING BRAIDING
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FiGs. 3,032 to 3,034.—Removing and inserting plugs. F

ig. 3,032 shows incorrect method of inserting a plug; fig. 3,033, incorrect

,034 correct method of removing and inserting.

thod of removing, and gg 3

me!

with another magneto or
magneto test set.

105. Slight short circuit
(escape) to ground.

Effect: Can ring operator
but cannot hear nor be
heard clearly. Test: Open
line, one sideat a time, and
follow circuit with test set.
Escapes are due to wires
touching damp wall, metal
roof, or other grounded
wire where insulation has
been rubbed off.

106. Outside springs of a
magneto switch-
board listening key
not making contact.

Effect: The operator can
ring but cannot talk when
using either cord connect-
ing with that particular
listening key.

107. Trouble with sticky
drops, signals, or
night alarm springs
on a magneto
switchboard.

Effect: Thenightalarm bell,
which is a direct current
vibrating bell, will not ring
when a subscriber or trunk
line operator calls.

108. Extension line short
circuited.

Effect: The night alarm
bell will ring continuously,
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F1c. 3,035.—Portable t:esting cabinet. This takes the place of a wire chief's desk. Used either at a magneto or a common bat-

tery switchboard, or at the distributing frame of either. Generally it is more conveniently used at the switchboard. To
talk to a subscriber on a magneto line it is not necessary to operate any keys as the telephone proper is normally connected
to the line. To talk on a common battery line, the RC key must be operated. This is the only apparatus shown dotted and
is only used with 24 volt common battery lines. To ring direct lines the ring key only must be operated. For two party
ringing, ring key must be operated with R key. For four party ringing, ring key must be operated with 1, 2, 3 or 4 keys.
To test continuity of line V key must be operated. The voltmeter will then show a deflection if the line is continuous. To
test a ring side grounded line, operate V G key instead of V. If grounded on tip side, operate V G and R keys. If B key
be operated several times, momentary deflections will indicate charge and discharge o condensers where circuit is con-
tinuous. For short circuits the voltmeter will indicate. The lower the resistance of the short, the greater the deflection.
For low resistance short circuits operate keys V and V' S. For high resistance short circuits, where the deflection is slight,

rate V key only. For ground on ring side of line operate V Gkey. For ground on tip side of line operate V G and R keys.
If the voltmeter needle move backward when B key is operated in connection with V G keys, operate V R keys instead.
When testing a line through the switchboard, the L or S keys must not be opemted. L key is for line testing direct; S key,
for switchboard testing; G key, for ground side of line; R key, for ring side of line; V key, for voltmeter; H key, for howler;
B key, for battery; C W key, means call wire key; C’ct. means connection.
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PFiGs, 3,036 to 3,039.—Views showing various parts of a magneto switchboard. 1, 2and 3,
amps, used in connection with the transfer circuit; 4, jacks, or sockets into which the
rator's plugs are inserted; 5, drops, used as a cleann%out signal on the cord circuits,

that is, to provide a mcans for the subscribers to signal t
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e operator when coanected with
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Distributing Rin]
F16. 3,048.—Various parts of Western Electric No. 1,420 or No. 1,430 distributing frame.

irrespective of whether the night alarm key be operated or not, or
whether or not a drop or signal be thrown.

109. Ringing key wire broken or the outside springs of the
key not making proper contact.

Effect: The bell cannot be rung with that particular cord. This

F1Gs. 3,036 to 3,039.—Text continued.

a pair of cord; 6or 7, master key, common to each operator’s position on a switchboard,
its function being to switch the common ringing main which run to the regular cord cir-
cuit keys from one kind of current to another, thus enabling the operator to ring different
garties on the same line selectively; 8, binding posts; 9, cord hooks, for holding the

exible cords used in connecting subscribers; 10, jacks for oglerator's set; 11, 12, and 13,
plugs on which the flexible conductors or cords terminate, the plug being inserted by the
operator in the jacks in making a connection; 14, 15, repeating coils or, small 1:1 ratio
transformer for insulating one end of the cord from the other to avoid noise and inductive
disturbances; 16, cord fasteners or lugs used in connecting the flexible cords with the
wiring within the switchboard; 17, shelf to which cord lugs wre fastened; 18, hand gener-
ator; 19, night bell, operating whenever any signal or drop on the switchboard is thrown,
groviding a key associated with the circuit is in proper position; 20, gemerator wire

inding egost (ring side); 21, resistances; 22, induction coil, used to step up the current
produced by the action of the transmitter forcing a current of greater intensity out into
the line; 23, terminal punchings used to form a convenient terminal to which to solder
a wire; 24, cords, or flexible conductors for connecting the operator's transmitter and
receiver to the apparatus with which theyare associated; 25, cord weights to keep the cords
in proper position when not in use; 26, night alarm batiery; 27, transmitting batlery;
28, operator’s set or apparatus connected in the cord circuits; 29, cable to operator’s set;
30, operator’s transmilter; 31, comductors to operator’s transmitter; 32 and 33, keys
for ringing and listening by the operator; 34, breast transmilter; 35, signal comnec-
tions to the ni?ht alarm circuit; 36, generator key; 37, 38, head receiver jack 1n which
rec;iv_er cord plug is inserted; 39, 40, 41, night alarm key: 42, 43, jack frame holding jacks
and signals.




WHEN NO FUSE PROTECTION 1S INSTALLED THIS MAY BE
CONSIDERED AS THE OUTSIDE LINE CABLE

NO.2-PROTECTOR BLOCKS ——————
NO3-MICAS —— o
NO1-PROTECTOR BLOCKS ————

FUSIBLE METAL-

NQAA-HEAT COIL FOR
MAGNETO LINE OR

NOA&I-HEAT COIL FOR
CENTRAL BATTERY LINE
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RING
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F16. 3,041.—Various parts and cross connection of Western Electric No. 1,425 distributing frame. All cable wires terminate
at a common distributing frame which is sometimes called a distributing board. The distributing board proper is fastened
to the opposite side of the lightning arrester frame and each set of terminal on the board are connected to a pair of light-
ning arrester terminal by means of short twisted wires called jumper wires, which are passed_through distributing rings.
The terminals of each pair on the lightning arrester are connected to the bottom terminals of each pair on the terminal
strip board. All the sgort jack springs are connected to the tip or ground side of the line, the metal frame of the light-
ning arrester and the ground strip in the cable box both being connected to ground. It is only necessary at a central
office to have one good ground.  From the upper terminals of each pair on the terminal strip, distributing cable wires
run to and connect with protection fuses mounted on the distriburing frame. The outside wires connect with the fuses
and the.swiichboard wires with the arresters.
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often results in a complaint from subscribers that at times their friends
call them and they are informed that the party does not answer,
although they are at home at the time waiting for the call.
110. If a subscriber cannot call the central office magneto
switchboard several important steps are necessary in order to
determine where the trouble is. These are given as follows:

NEGATIVE
PULSAT

AN
e )

RINGING LEADS

RESISTANCE
RESISTANCE

RESISTANCE

CONDENSER

BATTCAY

I

Fic. 3,042.—Circuit diagram of Western Electric interrupter, for changing direct battery cur-
rent to both alternating and pulsating ringing current. The alternating current is pro-
duced like an{ pole changer produces it. The pulsating current is taken off the contacts
at the ends of the arms, the wiring being so connected that current of the same polarity
is delivered to the circuit each time the contact is made or broken. A, inner ringing
spring; B, vibrator arm; C, outer back ringing spring; D, inner magnet spring; E, outer
smagnet spring; F, outer front ringing spring; G, complete set of bushings.

Determine whether or not the trouble is inside or outside ot the
central office. This is the duty of the wire chief or manager. A trouble
man should then withdraw the heat coils and insert a test plug into the
coil protector, throw the “S"” key in his test set and depress the ring
key. If the drop or signal be thus thrown, the trouble is probably in
the protector or outside the central office. The heat coils should be
tested with two dry cells and a buzzer connected in series. By con-
necting a heat coil in series with battery and buzzer it will indicate
whether or not it is “blown’’ or open.
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If the trouble be outside the exchange, a lineman should test for
continuity of line, grounds, short circuits and opens caused by corrosion.
If trouble be not found on the line, a trouble hunter will locate it in the
subscriber’s telephone set.

If the trouble be inside, the exchange tests should then be made
for opens and short circuits by throwing the key of the test set marked
“S” and the key marked “V". If the circuit be open, the voltmeter
will show no deflection, but if it be continuous, a deflection will indicate
on the voltmeter. Normally a voltmeter deflection is between twenty

MASTER STATION DICTOERAPH SUBSTATION DICTOGRAPH
TRANSMITTER BATTERY SWITCH

RECEIVER

INTERCONMUNICATING KEYS
HEAD RECEIVER

Fics, 3,043 and 3,044.—Master station dictograph and substation dictograph. A head receiver
is shown at the master station which may or may not be used. The opening to the right
is in reality the funnel or horn which allows the sound of the interior recciver to be heard
without the use of the head receiver. The transmitter has no mouthpicce, and it is not
necessary for one to get close toit to talk, The battery key is turned, the intercommunicat-
ing key depressed to ring a distant extension, and the operator talks as though he were
talking to someone present in the same room.

and twenty-four scale divisions, but if the line be short circuited, there
will be a deflection of about thirty scale divisions.

If the circuit through the switchboard be apparently continuous, the
trouble is generally in the drop or signal. When testing from the
magneto switchboard the test plug should be inserted in the jack but
the “S” and ““L” keys must not be used. When testing from the dis-
tributing frame, the switchboard test plug skould not be inserted and
either “S” or “L” keys must be used. An outside line is tested by
using “L" key. Inside switchboard is tested by using “S” key.

Y
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The Acousticon.—The most sensitive telephone receivers
and transmitters are used in an electrically operated instrument
krrown as the acousticon. With this device those who are deaf
or hard of hearing can be supplied with the degree of accentuated
sound that they require.

Edison has said: “It is a curious fact that in a noisy environment
]the partially deaf can hear very much better than those with normal
hearing.”’

FiG. 3,045.—~How the dictograph system is used in business; view showing master station
dictograph and several substation dictographs, also long distance telephone. If a tele-
phone call comes to an office manager and he desires information from his employces he
talks to them as he would if they were in his presence. By placing his hand over the tele-
phone mouthpiece, he can shicld his voice from the telephone.

Certain it is that the louder a telephone receiver vibrates, the better
a partially deaf ear can hear. So the acousticon, invented and developed
commercially by K. M. Turner, of New York, has a wide field of use-
fulness in churches and public buildings, beside its value as a portable
outfit for the deaf.

The portable instruments are made as small and as light as
possible and are connected by silk insulated cords to a vest
pocket dry cell battery.
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The public building outfits are connected with insulated wires
like telephones, the receivers being available to those who
occupy the seats and the one central transmitter being placed
on the platform or pulpit. The wiring is so arranged that there
is one transmitter and battery source of electrical supply to
which a number of receivers are wired in parallel.
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F1G. 3,046.—Acousticon transmitter. This 1s one of the most sensitive transmitters made and
is so arranged that all sound wavces are concentrated directly upon the diaphragin. It is
this type of transmitter which is uscd on the dictograph instruments.

F1G. 3.047.—~Small acousticon transmitter. _l‘his is not as .sensiti ve as the larger type becuuse
the voice only strikes the center of the diaphragm. It is used on the smaller portable sets.

The acousticon is made in many styles and forms, giving different
degrees of strength and clearness of articulation. The less sensitive
style is known as the auris. The more elaborate style is called the
dictograph and the sensitiveness of the dictograph transmitters and
receivers has resulted in a commercially practical system of telephony
whereby parties can talk to one another without stirring from their
seats or touching the instrument. Two parties may be far separated,
but, after turning on the battery current the{ may sit at their desks
and exchange conversation as naturally as though they were in the
same roon.

U
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Fic. 3,048.—Type R F acousticon suitable for those who iosé most of the words in conversing
with one person, even when the voice of the speaker be raised. This type cannot be worn
upon the clothing. The transmitters are mounted in a black leather covered case, and when
closed for carrying, the instrument looks Jike a kodak.

Fic. 3049.—Type R A acousticon fitted with sound regulator and especially adapted for men's
use. The battery and transmitter make one part and the carpiece the ot.her, the two being
connected by pliable, silk covered wire. The battery can be concealed in the vest pocket,
the receiver appearing just above and in position to catch the full volume of sound. The
carpiece is about as lurge as a gentleman's watch, and it may be held to the car in the hol-
tow of the hand, or with the headband, as shown in the engraving.







