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LUMINESCENCE

The problem of artificial lighting has
confronted mankind since the dawn of history;
but, as in many other fields of endcavor, a
greater advance has been made in the past
century—and more particularly in the last
30 years—than in all the centuries that
went before; the lamps of our forcfathers
in the 18th century being but little better
than those used by the ancients, the main
dependence for artificial light being placed
upon candles.

The first real advances over the use of the
candle were the introduction of illuminating
gas, in the early years of the 19th century,
and the replacement of sperm oil by kerosene
which followed the discovery and devclop-
ment of the oil fields. The next epoch-
making advance came with the utilization of
electricity in the carbon arc light and the
incandescent lamp.

Thus far the phenomenon of luminescence
played no part in commercial lighting; the
Jight both from tle carbon arc and the
incandescent lamp is due to temperature, the
temperature of the upper clectrode (mainly)
and of the filament, respectively. Thus the
light obtainable from these sources is limited
by thc temperaturcs available: wviz., the
boiling point of carhon in the case of the
arc—3750 dcg. cent.; and about 1800 deg.
cent. in the case of the carbon incandescent
lamp, a higher tempcraturc than this causing
an cxcessive detcrioration of the filament by
evaporation. 1Vere it possible to operate
the filament at higher temperature switchout
deterioration, the cfficiency would be mater-
ially bettcred, as that portion of the total
radiation which is visible incrcases with the
temperature, Along these lines there has
been much research to obtain a material suffi-
ciently rcfractory, and with a vapor tension
low enough to withstand higher temperatures
without cvaporating. The “metallized” car-
bon filament, on account of it. low vapor
tension, was a long step in the right direc-
tion and reduced the power consumption to
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2.3—2.6 watts per candle-power. Far su-
perior, however, are the metals osmium,
tantalum, and tungsten. With these mect-
als, the operating tempcrature is limited
by the melting point—not by evaporation as
in the case of carbon. Of the three tungsten
is the best, reducing as it does the power
consumption to between 1 and 1.25 watts
per candle-power, Happily, the, available
supply is practically unlimited.

While tunsgten is to-day the best material
for the purpose, it is curious that Mendele-
jefi's periodic law indicates the existence of
a metal, as yet unknown, of even higher
melting point, which should therefore serve
still better as a filament.

It has been suggested, however, that we
may not have exhausted the possibilitics of
carbon, and that in some one of its allotropic
forms, it may again take the lead as the most
efficient filament.,

As has been said, both the light from the
carbon arc and from the incandescent lamp
is due to and depends upon temperature, but
the phenomena of luminescence—as explaincd
by Dr. Steinmetz in his article on the subject
in thc present issuc—do not follow the
temperature law. Not only does the cffi-
ciency of light production fail to increase
with the temperature, but somctimes quite
the reverse. The author explains that the
phenomenon  consists esscntially in setting
the particles of the illuminating material in
vibration under such conditions that ‘they
can vibrate at their natural {requency, thus
producing charactcristic radiations. When
the sclective radiations are within the range
of the visible spectrum, a light of character-
istic color results. Theauthorshowsthat there
arc two convenicnt ways of obtaining these
phenomena, chemically and elecirically. The
former method is used commercially in fire-
works and signal sights, while the latter—
which is by far the morcimportant of the
two—is cxemplified in the Moorc tube, the
mercury are and the flame arc lamps.

Electro-lumincscence may be  produced
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in two ways, i.c., by disruptive conduction
and by continuous conduction. Disruptive
conduction, of which the Geissler tube is an
example, has been employed to very little
extent commercially. A relatively high
voltage is required at the terminals, and in
order to obtain reasonable efficicncy, the
tube must be very long, so that the uscful
energy expended in the stream may be
much greater than the energy lost at the
terminals. For this reason, the tubes are
essentially large units.

In the case of continuous conduction, in
contradistinction to disruptive conduction,
the current generates its own conducting
vapor by cvaporating the electrode material.
Examples of this may be seen in the flame
and luminous arc lamps. In the ordinary
carbon arc lamp, the arc stream is almost
non-luminous, practically all the light com-
ing from the hcat of the elcctrodes. In the
flame and luminous arc lamps, on the
contrary, it is the arc stream itself that is
the source of light; this light being due to
luminescence and the color depending upon
the material of which the electrodes are
composed. The efficiency of the light
production therefore depends upon selecting
materials for the clectrodes such that
a large proportion of the radiations
will be in the visable spectrum. The best
materials for this purpose are mercury,
calcium and titanium. The first of these is
used in the mercury arc, the last two in
the flame and the luminous arc, respectively,
i.e., calcium giving a characteristic yellow-
orange colored light of high efficiency, and
titanium an cxceedingly cfficient white light.
. To introduce the luminescent materials
into the arc strcam two methods are em-
ployed, electro-conduction and heat evapore-
tion. In the former the luminescent material
is placed in the ncgative clectrode and itself
forms the vapor that conducts the current.
Lamps of this description are called *lumi-
nous arcs.”

The lamps employing the mcthod of heat
cvaporation arc called *‘flame ares;” in
them the luminescent matcrial does not
engender the arc strcam but is introduced
into it by being vaporized by heat from one
or both of thc clectrodes. An intensely hot
arc is nccessary in this case and the carbon
arc is used, the calcium or other material
being mixed with the hotter positive clectrode,
or sometimes with both clectrodes.

Each of the above methods has its advan-
tages and its disadvantages. In the case of
electro-conduction, higher efficiencics may
be obtained and, since the material forms
the arc by electro-conduction and not by
heat, the electrodes may be of any con-
venicnt size. The positive may therefore
be permanent and the negative of such a
size as to last for 100 or 200 hours.

On the other hand, the substances that can
be used for electrodes are limited. Calcium
can not be employed as no stable compound
of calcium is known that forms a conducting
vapor. When operating on the alternating
current the choice of electrode material is
even more limited, titanium carbide being
the one titanium compound that seems to
be satisfactory.

With the method of heat evaporation,
however, the choice of luminescent materials
is wide. The material need not be conduct-
ing, the carbon with which it is mixed
furnishing the conducting vapor. Calcium
compound may thus be used, as may a
number of other substances that are not
suitable for the luminous arc. The employ-
ment of carbon also insures a stcady light,
and, furthermore, renders the arc casily
operative on the altcrnating current. On
account, however, of the high temperature
that must be maintained at the end of the
electrodes, these must be small, and for
this reason their life is short.

To summarize : of the three best materials
for electro-luminescence, mercury is used in
the mercury arc lamp, and the arc stream is
supplicd by electro-conduction from the
negative; calcium is used in the flame arc
and is invariably fed into the arc stream by
heat evaporation from thc positive elee-
trode, or sometimes from both elcctrodes;
titanium is usually employed in the luminous
are, and itself furnishes the arc strcam from
the negative electrode. It is also used in the
flame arc lamp, when it is fed into the
stream by heat evaporation.

By mcans of these materials cfficiencics
have been obtained far better than have ever
been sccured by temperature radiation. A
specific  consumption  of 0.23 watts per
candle-power is not uncommon with large
flame arcs, and cven better cfficiencies have
been noted. In fact there seems to be no
limit to the possible efficiencies that ma be
reachod through rescarch in the field of
luminescence.
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POWER IN THE SILK MILL*

By Axprew Kiop, Jr.

CoNSULTING ENGINEER

The object of this article is to endeavor,
as far as possible, to point out to silk manu-
facturers and their operating superintendents
the advancement that has been made in
recent years in the driving of the diflerent
machines used in the silk industry.

It has been the privilege of the writer to
follow closely the power requirements of silk
mills for several years past, and, consequently,
he has been brought in contact with all sorts
of conditions.

The larger silk manufacturer is willing to
spend judiciously far more money in pro-
portion on his power equipment than the
smaller manufacturer, if he estimates that
his cost of production per yard will be corres-
pondingly reduced or the quality of his pro-
duct improved.

The cost of power in the average mill is
probably less than 214 per cent. of the finished
product; therefore, a manufacturer can
afford to allow an increase in the cost of his
power if by so doing he can increase his pro-
duction with practically the same operating
expenses.

Many manufacturers rent their buildings
with power. Those who generate their own
power should investigate existing conditions
from the coal to the finished product. It
sometimes appears that a cheaper grade of
coal is more advantagcous than the higher
gradcs, but this is not true except in very few
cascs. The cheaper grades of coal do not
have the same number of heat units as the
better grades, consequently, there is more
firing, more ashes, more cleaning of boilers,
etc., for the same amount of horsc-power
delivered.

In the older mills the boilers installed carry
from SO to 90 pounds pressurc; in recent
yecars the tendency among all textile manu-
facturers has been to install hoilers for 125
to 150 pounds pressure.

In selecting an engine for motive power, the
question is raiscd as to whether it shall be a
Corliss, a high-speed type, or a stcam turbine.
If the plant is to be mecchanically driven, the
Corliss or high-specd type is applicable; but
should clectricity be under consideration as a
means of distributing power, the steam tur-

* Reprinted from Sitk,

bine can be adapted under certain conditions.
The high-speed- engine, which is the cheapest
in first cost, does rot have the life of the
Corliss or the steam turbine. The main-
tenance item on the high-specd engine is,
consequently, more than on either of the
others. .

In many cases all exhaust steam from the
engine can be used for process work or for
heating the buildings in winter, and on units
up to 150 horse-power it is a question whether
or not a condenser system in connection with
the engines will pay, if the exhaust steam can
be used in any way. With an engine probably
the condenser will not pay in any event, as
the depreciation, interest on investment, and
cost of power required to drive the auxiliaries
relative to the condenser apparatus, will be a
greater item than the amount of coal saved
when running the plant non-condensing.

Every engine room should be equipped with
a steam engine indicator, and cards taken at
least once a week; or, what is much better,
if the plant is equipped clectrically, a record-
iniwattmeter should be installed and readings
taken every half day and averaged every week.
The indicator cards will give a general idea
as to power conditions in the mill. They
will show, assuming that the mill is running
under normal conditions when the cards are
taken, whether or not the line shafting is
still true and whether any abnormal conditions
exist in the drive. The wattmeter readings
will give the exact amount of power used in
the mill, and these readings, togethcr with
the number of yards produced, furnish a very
accurate rccord of the power requircments;
in fact, in somc large installations a wattmeter
is placed in each department, so that an cxact
rccord may be kept of the power required to
run that particular branch.

The mcchanical system of driving is
cfficient if the mill is a onc-story building
of short Ilcngth, and the power house
placed in the center of the drive; but even
in such cascs, thec many advantages of clectrie
drive often call for its,adoption. \Where
cross-belts, right-angle turns and the trans-
mitting power from floor to floor and from
building to buildingisconsidered, theefficiency
of this plan is not comparable with that of the
electric drive.
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Fig. 1 shows an indicator card taken on an
engine driving only the line shafting in a
large silk mill, and Fig. 2 the card taken when
the mill was in full operation. From these
cards it will readily be seen that the amount of

Fiy. L

Showing an Indicator Card Taken on sa Engine Driving the
Line Shefting Alone in » Large Silk Mil

power nccessary to turn all the line shafting,
belts and loosc pulleys is a large percentage
of the total horse-power delivered by the
engine when working under full load con-
ditions.

Should the mill be one of fairly good size,
the mechanical drive is not so efficient as the
clectric drive, since considerable line shafting
and the large, heavy belts used for the main
distribution of power are climinated.

When considering the electric drive for a
mill, the first point to be settled is the current
tobeused. The silk manufacturers and their
opcrating superintendents are not always
familiar with electrical subjccts and are there-
fore not in a position to decide whether they
should install altcrnating or direct current
machines, and for their benefit I would like
to point out the many advantages of the al-
ternating current over the direct current for
silk mill work, cxcept silk printing, where
the direct current is better suited -~

Dircct current is cqual in every respect to
altcrnating current for lighting, but owing to
the inhercnt charactenistics of a direct
current motor, it is not so suitable as the
alternating current (known also as the induc-
tion) motor for power in the case of silk mills.
The direet current motor, if allowed to run
under load, will change its speed from 5 to
10 per cent. from 7:00 a.m. until 10:00 am.;
that is, at 7:00 a.m the linc shafting may be
running at, say, 130 r.p.m., and if the speed
of thc motor 1s not regulated by the person
in charge, at 10:00 a.m. the line shafting
will be running at approximatcly 138 r.p.m.;
consequently, the driven machines, whether
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they be throwing preparatory or looms, will
have a corresponding increase in speed. If
these machines will run satisfactorily at the
higher speed, then while the motor is increas-
ing in speed the manufacturer is losing an
amount of production proportional to the
difference between the speeds.

In mills having the direct current motor, a
field rheostat is usually installed in the cir-
cuit, so that the speed of the motor can be
regulated, thereby maintaining a constant
speed on the line shaft. Regardless of the
design or make of the direct current motor, ,
this condition of speed change, due to the heat,
isbound to exist, and necessitates manipu-
lating a field rheostat to maintain an approxi-
mate constant speed. With the direct cur-
rent motor the commutator and brushes must
be inspected continually.  After rcasonable
length of time, the commutator will necessitate
truing up and the brushes are bound to wear
out; thus the maintenance item should not
be overlooked. Another feature is that the
direct current motor should not be run at a
load which exceeds its nameplate rating, as
it is liable to spark and set fire to the lint and
fly common in textile mills.

The alternating current motor does not
have any of these fcatures, as it is without
commutator and brushes, and, with the ex-
ception of a slight variation due to changes

Fia R.

Showing an Indicator Card Teken When the Mill wes in
Full Operation

in load, its speed does not change except with
a change in the speed of the generator in the

. power house.

The remainder of this article will deal
principally with the alternating current sys-
tem, as it is without question the bettcr
suited for silk mills,

The switchboard of to-day is somewhat
different from that built years ago. In the’
olden days any board cquipped with a volt-
meter, ammeter and main line switch was
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considered sufficient; to-day there is as much
attention given to the switchboard as to
either generators or motors.

When there is both a motor and a lighting
circuit on the generator, there should be in-
stalled an ammecter in each phase of a
two- or three-phase equipment, so as to
be able to determine whether the genera-
tor is properly balanced. Anyunbalancing
is due to an uneven distribution of lamps
on the different phases, for when the
gencrator is dclivering power for polyphase
motors only, the currcnt in cach phase is
the same. .

It is advisable to have a recording
wattmeter on the board, or, if the plant
is of sufficient size, a wattmeter can be
placed in each circuit.

Knife switches with enclosed fuses are
suitable for 220 volt power feeder circuits,
but when 440 or 530 volts are used,
these circuits should be controlled by oil
switches having overload release. Knife
switches on these higher voltages will hold
an arc which not only burns the contact
parts, but also mars the slate or marble

board. This does not occur with oil
switches, as the operating mechanism
is usually the only part of the switch on
the face of the board, while the switch
itself is supported back of it. As the con-
tact parts are immersed in oil, there is no
injurious arcing, for when the circuit is
broken the oil suppresses any arc which
may occur; morcover, the oil switch is
an important factor of safety to the oper-
ator.

The lighting cireuit of 110 volts can be
obtaincd by either balancer coils or trans-
formers. Knife switches arc suitable for
the control of these lighting circuits.

A 220 volt circuit is suitable for most
silk mills, but where the buildings are
scattered and long circuits required, the
voltage should be cither 440 or 530. This
reduces the size of wire neccssary to trans-
mit the same amount of horse-power. In
choosing alternating current motors, the
phase, frequency, efliciency, power factor
and slip should be considered, and the most
important of the last three items is the slip.

The grouping of machines under one motor
is next to be considered. The motor should
be placed as ncar to the center of the power
load as possible; right-angle turns in the
drives being avoided, and also belts from one
floor to another. Motors from 13 to 23

horse-power in capacity are best suited for
either a throwing or weaving mill; for when
the motors are larger a large part of the
flexibility of electric drive is lost, and with the
squirrel cage rotor type of motor which is

=

Individual Motor Drive Applied to Jaquard Loom

commonly used the starting current is rcla-
tively large. The current when starting under
load amounts to between three and four times
the normal running current, so that, should a
large motor be thrown on a generator of
limited capacity at a time when other motors
and lights were in operation, this cxcessive
current would mean a sudden overload on the
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generator, which would show up principally
in a dip or flicker of the lights.

High speed motors should be installed
whenever possible, as the power factor and
efficiency of these motors is better than that
of the slow speed motors.

The slip of an induction motor is the dif-
ference in speed caused by a difference in
load and, in the writer’s opinion, it is far more
important than efficiency. A motor with
4 per cent. slip and 87 per cent. efficiency is
preferable to a motor with 8 per cent. slip and

factor on the former machines should be about
100 per cent. The preparatory machines
take very little power——winders and quillers
about 34 horse-power cach. The driving of
these two machines calls for a constant load,
but when we take the warping machines, the
conditions are entirely different, especially
when beaming is in progress.
During the process of warping the power re-
uired is approximately 14 horse-power.
en the operation of beaming starts the
power required is approximately }4 horse-

105 K.W., 60-Cycle, 3-Phase Genqntor Direct Connected to Tandem Compound
High Speed Engine

89 per cent. cfficiency, especially in the

weave shed, where the load on the motor may
\'a%’from 40 to 100 per cent.

) ¢ group system is the most used, but the
individual system for looms is coming into
popular favor, as somc of the largest silk
manufacturers have adopted it and have
pronounced it a decided success.

This individual system has not the samc
advantages for throwing machines or pre-
paratory machincs, such as warpers, winders,
quillers, cte., that it has for looms, as the load

power, and this increases as the roll becomes
larger in diamcter and moreweightsare added,
until the warp is about beamed, when the
motor is called upon to give about 134 horse-
power. This will cover about all warpers
that are beaming less than 20,000 ends, and
with a length of warp of approximately 450
yvards.

On one occasion the writer installed the
ind vidual drive on somnc warpers and a ¥
horsc-power motor was used, this motor being
capable of delivering for very short periods
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of time, up to 114 horsc-power. It was found
later that the operator could not put the re-
quired tension on the warp, and that when
this was attempted the motor was stalled.
The motor was tested out and it was found
that the power taken when stalled wasbetween
13{ and 174 horse-power.

On further investigation, it was found that
the warp consisted of 40,000 ends and extra-
heavy weights were used. This condition is
the exception rather than the rule. A 114
horse-power motor was then installed and
tested under similar conditions as before,
when it was found that the maximum power
required was 234 horse-power.

The warping operation lasts from four to
six days, which, as explained, requires 1
horse-power, and the beaming lasts from 214
to 4 hours and requires from 114 to 23{ horse-
power. The loag is very intermittent while
beaming, as the opcrator is required to stop
very frequently to tie threads, ete. It is
evident that the individual system for these
machines entails a comparatively greater
outlay of money than that required by the
group system, It is seldom that out of ten
warpers therc arec more than three beaming
at once, and the overload capacity of the
large motor in the group system would easily
take care of this heavy power condition,
giving the group systemn a far higher efficiency
and the circuit a better power factor.

The efficiency of the mill is no more with the
individual system than with the group system,
and, when purchasing motors for the in-
dividual drive of looms, one should not be
led to believe that it is. The efficiency of a
20 horse-power motor, used in the group
system, is approximately S8 per cent., while
the cfficiency of a 34 horse-power motor, used
in the individual systcm, is approximately
70 per cent. It can readily be understood
that this loss is equal to, or greater than, the
loss of a belt transmission from the motor to
the line shaft and from the line shaft to the
loom. However, there are points more vital
than cfficiency to be considered, first among
which is the increased production, then low
maintcnance cost, absence of oil and dirt
overhead, absence of belts, better light (both
natural and artificial), and thc convenience
of placing machines in any position without
regard to line shaft.

The individual drive facilitates the ecasy
changing of the spccd of loo..us to suit dif-
ferent classes of silk. These changes are

made by using diffcrent pinions on the motor,
one pinion tooth making a variation of ap-
proximately 7 picks on the loom.

The horse-power of the motors used on
looms differs materially and depends on the
width of the loom, number of picks per
minute, class of goods, and whether or not
the motor starts and stops with the loom.
The practice most commonly followed is to
start and stop the motor with the loom.
With this method there is an clement of
flexibility, usually a slip gear, installed in
the drive, and the throwing of the shipper
handle operates an oil switch which starts and
stops the motor; in fact, the operation for
the weaver is exactly the same as when the
tight and loose pulley or friction pulley is
u There are many equipments installed
where the friction pulley is retained and the
shipper handle mechanism connected in such
a way that the oil switch is thrown just a
trifle sooner than the friction clutch, the
theory being that the motor has a chance to
accelerate at least part way before the load is
thrown on. Should the oil switch be thrown
in with no element of flexibility in the drive
(either a slip gear or a friction pulley), con-
siderable damage would result to the warp,
which would show up principally in broken
threads, owing to thc fact that the motor
would start the loom too suddenly.

The motor used on the individual drive
must have sufficient capacity to start the loom
quickly and make a good, clean pick, throwing
the shuttle full across the loom; also to force
the filling thread back against the wcave, so
that there will be no marks in the cloth. If
the motor is too small it will pick up too
slowly, and thc above difficulty will become
cvident. If the motor is of too large capacity,
the starting of the loom can be regulated by
the tension on the slip gear or the friction
clutch.

37

On looms from 27 in. to 36 in., a 2§
horse-power motor should be uscd, and from
36 in. to 60in., a ¥4 horse-power motor. On
box looms a 34 horse-powcr motor should
be used, as the mechanism of this loom is
heavy and the loom usually wide, even
though the spced rarcly cxceeds 110
picks per minute. It takes almost as much
power to run these looms up to speed without
a warp as it docs to run them when the weav-
ing is in progress. Velvet and plush looms
are heavicr, and a onc horse-power motor is
usually installed.
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Regarding narrow fabric looms, the opcra-
tion of this loom is somewhat different from
that of the broad looms, Under this class of
fabrics would be placed silk ribbons, hat-
bands and elastic goods. The element of
flexibility is not provided with these looms, as
the mechanism does not require it. The
quicker the loom can start and get in

In the beginning of this article it was stated
that the direct current is best suited for silk
printing machines. This is true, because a
great variation of speed is required. The
alternating current two or three-phase motor
cannot be adapted efficiently to mect this
requirement.

full operation the less liability there is of
having a mark in the weave.

On the silk ribbon and hatband looms
the motor is geared direct to the loom,
and is started and stopped by means of
an oil switch. The size of the motor
on ribbon looms varies from 3 to 34
horse-power, depending on the number
of shuttles. Hatband looms run with
approximately the same power require-
ments but the elastic looms take con-
siderably more power and are usually
run at a higher speed. The tension
of the elastic calls for considerable
power, and in some cases the number
of picks per minute on these looms is
as high as 155. The ordinary elastic
loom requires about a $f horse-power
motor.

On the elastic looms the motor is
kept running, and the loom is started
and stopped by means of a friction
pulley. The starting torque required
of the motor to get these looms in
operation is so high that it would be
practically impossible to start and stop the
motor with the loom unless an exceptionally
large motor was furnished, which would have
Eg:r efficiency and also low power factor;

ides, the first cost would be exceedingly
high, and the advantages to be gained would
not compensate for the difference.

The wiring for the individual drive should
be so arranged that there will not be more than
ten motors on onc circuit. Each motor is
protected with its own sct of fuses, and can
thereby be cut out of the circuit should change
be necessary.

In choosing a generator to supply current
to these individual motors, particular at-
tention should be paid to the power factor
of the circuit, which is, normally, around 53
per cent. This low power factor docs not
necessitate the burning of any morce coal, but
does call for a larger generator than would be
necessary for a motor load having a power
factor of 83 per cent.; and, unles the gencrator
is designed to take care of this condition, it
will become overhcated.

Method of Mounting Motor to Loom

Among those in charge of silk printing
establishments, there are a few who realize
the many advantages of the electric drive or
printing machines. There are two methods
of driving these machines: one by armature
and field control, and the other by the Ward-
Leonard system.

The armature and field control mcthod is
the cheaper to install, as the speod variation
nccessary is obtaincd by resistance inscried
in armature and field circuits, and only onc
generator for the total number of printing
machines is essential. The spced is con-
trolled by the ordinary type of rheostat placed
on the frame of the machine, casily accessible
to the operator.

The Ward-Leonard system is a method
of motor control in which the speed variation
is obtained by changing the strength of the
generator ficld, which causes the voltage of
the cireuit to vary accordingly. The speed
of a dircct current motor will vary lirectly
and almost in proportion to the voltage across
its terminals.  This system of driving neecs-
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sitates a separate generator for each motor,
which makes it decidedly more expensive to
install, but it has advantages over the arma-
ture and field control system, and the most
important one is the speed regulation, for, by
the Ward-Leonard system, the finest incre-
ments of speed change can be obtained. The
controller can be placed on the machine in a
manner similar to that followed for the arma-
ture-field control system, or it can be placed
on the ceiling or wall near the printing
machine and a push-button block mounted
on the machine.

This push-button block has four buttons—
accelerating, decelerating, stop and lock. By
pushing the accelerating button the motor will
start and accelerate in speed until the button
is released, when it will run at a constant
speed. Should the operator find his speed ex-
cessive, by pushing the decelerating button the
specd is gradually lowered, and when released
the motor will run at constant speed, as in the
case of accelerating.

By pushing the stop button the circuit is,

entirely broken and the machine brought to
rest.

There are two push-button blocks, usually
about 4 in. by 6 in. each, mounted one in {ront
and the other at the back of the printing
machine. Should the operator at either the
front or back of the machine desire to work
around its moving parts, he may push the
lock button, which prevents the motor from
being started until the button is released,
thereby preventing a possible accident to
himsclf.

With the Ward-Leonard system a switch-
board with removable plugs should be pro-
vided, so that any motor can be operated by
any generator to best suit the working con-
ditions of the whole department. The motor
is usually mounted on the ceiling and belted
to the printing machine. No definite state-
ment can be made regarding the power
nccessary to drive these printing machines, as
it may vary from 3 horsc-power to 15 horsc-
power, depending on the numher of color
rolls used and the dcgree of tightness
at which thcse rolls are set. The most
suitable voltage for this work is 220 volt
direct.

The electric drive of printing machines gives
better speed regulation, saves space, improves
the quality of, and turns out less damaged
goods, since the machine can be stopped in
less time than with engine drive.

There is just one more important factor in
the power of sitk mills to which the writer
desires to call attention, and that is the ad-
vantages of the central station supply. By
central station is meant the local light and
power company. A silk mill, or, in fact, any
mill, is a very desirable load for a central
station, and in some localities central stations
quote very low prices for power, as this service
loads up their generating apparatus at a time
when it would be otherwise running light.
Most central stations can afford to sell power
cheap during the ordinary working hours of a
silk mill, as their operating expenses are ap-
proximately the same, with or without thisload.

In comparing cost of power from central
station against that of the isolated plant, it
must be borne in mind that the central station
delivers power right to the motors, which is
different from indicated horse-power of the
engine in the isolated plant, as all losses in
engine and principal belt drives in the mechan-
ically driven mill, and all losscs in the enginc
and generator in the electric isolated plant,
arc eliminated.

The advantages of a central station supply
may be summarized as follows:

Reduction in initial cxpenditures, or an
equivalent increase in productive machinery.

Greater security of supply, duc to the extra
spare units which are invanably installed in a
central station.

Freedom from the fluctuations of the coal
market.

Privilege of operating any particular de-
partment without running the entire line
shafting in the mechanically driven mill,
and the power-house equipment in the clec-
trically driven mill,

The writer has cndeavored to treat the
power question of silk mills in a general way,
without going into details, but he would be
glad to furnish any reader with detailed in-
formation, as he has records from actual
tests taken on most of the different machines
used in this industry.
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THE ELECTRIFICATION OF THE CASCADE TUNNEL OF THE
GREAT NORTHERN RAILWAY COMPANY
By W. I. SLiciTER

The Great Northern Railvay Company
has adopted electric traction on a scetion of its
main line which includes the tunncl through
the summit of the Cascade mountains. This
tunnel has become the limiting feature of the
railway's capacity for through traffic, owing to
the difficulty of handling the heavy trains
on the steep grade through it.

As these conditions are common to most of
our trunk lincs, and the eleetric installation
has successfully overcome them, the Great
Nurthern's electric system is of interest as
an object lesson, to show the ability of electtic
traction to increase the capacity of sections
of railroads where, owing to certain physical
conditions, operation with steam locomotives
has reached its limit.

The conditions which prevailed previous to
the electrification were as follows:

The heavy freight trains, coming from the
western terminus, on reaching the steep
grades of the mountain scction, required the
service of from two to four of the heaviest
locomotives, and even these could not haul
the trains faster than about seven or eight
miles per hour.

When the tunnel itsclf was rcached the
operation became still more difficult; the
grade was stcep; the smoke and steam from
the locomotives coated the rails with a damp
greasy soot which caused the wheels to slip;
and the locomotives filled the tunnel with the
noxious gascs of combustion which would
nearly suffocate the train crews and made
the operation positively dangerous.

It was attempted to mitigate these condi-
tions by using special locomotives and spe-
cially sclected coal for the tunnel; but even
then the conditions were far from satisfactory,
and the capacity of the whole road was lim-
ited to the abhility to get the trains over this
short section.

To meet this condition of affairs it was
groposcd to haul the trains through the tunnecl

y clectric locomotives, as this would com-
pletely climinate the delays duc to the bad
atmospheric condition in the tunnel, while in
addition, a further gain would be made owing
to the greater power of the clectriclucomotives,
which would be able to haul the trains
at double the speed of the steam locomotives.

The Cascade tunnel is 104 miles cast of
Seattle on the main linc of the Great Northern

Railway. From Seattle eastward the line is
practically level for forty miles; for the next
forty miles to Skykomish the ruling grade is
one per cent. From Skykomish to the tunnel
there is a practically continuous grade of 2 per

Power House and Tower

cent. and a ruling grade of 2.2 per cent.  From
the tunnel castward for about thirty miles there
is an averagc of 1.7 per cent. down grade.

The tunnel itself is about 14,000 [t. long,
perfectly straight, and has a uniform grade
of 1.7 per cent. In the yards at cach cnd of
the tunnel there are grades of 2 and 2.2 per
cent. on which all the trains must be started.

In the preliminary study of the proposition
the project of cquipping the whole scction,
from Skykomish to Leavenworth, 37 miles,
including the worst grades, was kept in
mind, as it is considered probable that this
extension will be made in the ncar future.
For the present, only the tunncl and its
approaches arc cquipped, involving about
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21,000 ft. of the right of way and about six
miles of single track, including sidings.

The territory through which the railway
passes includes many water falls suitable for
power development, and a number of these
are controlled by the railway company. This
in itself naturally makes the adoption of
electric traction attractive.

The main features of the scheme of electri-
fication are a hydro-electric power house at
Leavenworth, operating under a head of 150
ft., having a present capacity of 5000 kw.
and an ultimate capacity of 7300; a three-
phase 33,000-volt transmission line, 30 miles

Sers ==

alternating current 2300 kw., 6600 volt, three-
phase, 25 cycle generator running at 373
r.p.m. These generators are designed to
operate at 80 per cent. power factor and,
in conjunction with a voltage regulator, to
give a constant voltage with a great varia-
tion in load and power factor. This com-
bination has worked so well that it has fallen
to the lot of the regulator to take care of the
drop in speed of the water wheels. It has
proved itself capable of maintaining normal
voltage at the terminals of the generator
when the speed of the water wheel has
dropped to $0 per cent. of normal, and when

Water Turbine and Generator Units in Power House

in length; a step.down transformer sub-
station at Cascade; a three-phase distributing
system operating at 6600 volts, and four
three-phase clectric locomotives. The follow-
ing description of the system is taken largely
fromn a paper on *“The Electric System of the
Great Northern Railway” rcad before the
A.LE.E. by Dr. Cary T, Hutchinson.

Power House

The power house at present contains two
4000 h.p. water wheels built by the Platt
Iron Works of Dayton, Ohio, which operate
at a head of 180 ft. Each water wheel is
dircctly connected to a General Electric

full load is drawn from thc gencrator at
a power factor of approximatcly SO per cent.

There are two 123-kw. exciters, cach driven
by its own water wheel, the current in the
ficlds of these cxciters being controlled by the
voltage regulator. One exciter is of sufficient
capacity to supply the cxcitation for both
gencrators, Icaving the other cxciter as a
reserve and to supply the auxiliary power of
the station.

The power station is situated on the right
of way about 30 miles cast of the tunnel.
The railway at this point is not cquipped for -
clectric operation, although it is intended to
be so cquipped later. For the present, all
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‘the power is transformed from GGOO to 33,000
“volts by a bank of four water cooled, 23 cycle,
830 kw., 6600/33000 volt transformers, three
of which are used in normal operation, the
fourth being maintained as a spare. These
transformers and the high tension switching
apparatus are contained in a special room
- of the power station, separated from the main
generating room by a fireproof wall.

The cables from the generators are run

in conduits beneath the floor from the gener-
ators to the switchboard. From the step-up
transformers there are two three-phase out-
foing lines which are protected by electro-
ytic cell lightning arresters placed on the
end wall of the building.

The power station also contains two water
rheostats intended to absorb the energy which
is generated by the locomotives when descend-
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ing grades at times when there is no demand
upon the system. These water rheostats
consist of two concrete tanks in cach of
which threc tubular clectrodes are suspended
in such a manner that they.may be raised and
lowered automatically in accordance with the

load to properly regulate the system. These
water rheostats are controlled by a centrifugal
governor, driven from the main shaft of the
gencrators, which causes the electrodes to be
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lowered into the water box whenever the
speed of the generators increases above the
normal value due to the generators acting as
synchronous motors when the locomotives are
regenerating. This governor is designed with
a positive action so that therc is no tendency
of the system to hunt, due to the water rheo-
stat overshooting its position.
Transmission Line

The transmission line is 30 milcs in length
and consists of two circuits, each including
three No. 2 B.&S. stranded hard-drawn cop-
per wires. Each circuit is in a vertical planc
at onc side of the pole, thus permitting the
usc of short cross-arms. Provision has been
madc for a ground wirc to be strung at the
top of the pole which, however, has not yet
been installed. A telephone line is carricd on
the same poles. The transmission line is not
transposed but the tclephone line is trans-
posed at cvery fifth pole. The poles are 40
ft. long, placed G or 7 ft. in the ground, the
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tops being from 10 in. to 12 in. in diameter.
The' line is divided into three sections by
two out-of-door switches, each near a station
and under the supervision of a station agent.

Interior of Locomotive

Sub-Station

The sub-station is at Cascade, practically
at the cast portal of the tunncl. This sub-
station contains four single-phasc trans-
formers similar to thosc in the power house;
three of thesc arc connccted in a bank,
the fourth scrving as a sparc. These trans-
formers reduce tfnc voltage {rom 33,000 to
(600 volts, three-phase, in which form power
is fed to the distributing system. The low
pressure  bus-bars, at the sub-station are
connected directly to the line at Cascade and
there is also a feeder running from the sub-
station through the tunnel to the extreme end
of the Wellington yard.

Distribution System

Power is distributed by means of two over-
head wires and the track, the latter serving as
the conductor for the third phase. The outside
overhead construction con-
sists of bx&acket or Cross-
catenary, c})cndin upon
thenun?bero tmcksg,bul:gn
the tunnel the wires aresup-
ported at intervals of 50 ft.
by means of clamps at-
tached by swiveled con-
nection to a stud, which is
in turn swiveled to the
middle point of a turn-
buckle. The two eyes of
the latter each connect,
by means of strand wire,
to a link and a petticoat
strain insulator arranged
in series, the two pctticoat
insulators being secured to
the roof of the tunnct by
means of two expansion
bolts. Anchors and side
braces for the wires in the
tunnel are located at in-
tervals of 3000 ft.

In the tunnel the wires
are 17 ft. 4 in. above the
top of the rail. They are
spaced 8 ft. apart to permit
the trainmen to operate
the hand brakes, or to walk
on the tops of the freight
cars. In the open the wires
are 24 ft. above the top of
the rail, are 5 ft. apart,and
are supported at intervals
of 100 ft. At anchorages
and switching points

s heavy stecl bridges arc

used. Lightning arrcsters

are connceted to the trolley wires at several
points in the system. X

On account of the variation in the spacing
of the trolleys, current is collected by the
ordinary swiveling trolley pole and wheel
instcad of a bow collector,

Where wires of opposite phase cross at
turnouts they arc insulated from cach other by
an insulated crossing, which is built up of four
wooden insulators, cach about 5 ft. in
length and radiating from a central crossing

n. .
gicomotives

Each of the four locomotives has a total
weight of 230,000 1b., all on drivers, and has
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two trucks connccted by a coupling, cach
truck having two driving axles. A three-
phase motor is connected by twin gears to
each axle. The two trucks are coupled
together in such a manner that each tends to
guide the other around the curves. They
also tend to support cach other vertically
and arc some\vlliat similar in mechanical
design to the Mallct type of stcam locomotive.
One truck is side equalized while the other
contains a three-point suspension. The
Sﬁﬁngs arc thereby equalized in groups and
the groups arc so arranged as to eliminate all
skew or twisting stresses in the truck frame.

The wheels are 60 in. in diameter with
remaovable stcel tires 334 in. thick. The
wheel centers are steel castings. The gears
are shrunk on an extension of the wheel hub,
thus climinating the torsional stresses from
the locomotive axles. The motors are
connected through gears at both ends, that is,
they are twin-geared to the driving wheels,
thus having the advantage of mamtaining
accurate alignment between the axle and
armature shafts.

The cab, which is made of No. 10 steel
plate, cxtends the eatire length of the plat-
form. The greater part of the control
apparatus is placed in a separatc compart-
ment G0 in. wide and 22 ft. long, located in the
middle of the cab and enclosed by steel
partitions extending directly up to the
monitor roof. This leaves two open opcrating
spaccs at the ends of the locomotive, con-
nected by two side aisles 30 in. in width.
This ccenter compartment is divided into
three parts by steel plate partitions; the
middie part containing the high tension
apparatus including the switchboard, and the
cnd parts, which are duplicates, cach contain-
ing onc transformer and the contactors for
two of the motors. The rheostats are placed
in the monitor at the top of the cab. The
air for ventilation, after passing through the
transformers, cools the rheostats and then
escapes to the atmosphere.

The motors, of which there are four per
locomotive, arc of the three-phase induction
type designed for operation at 23 cyeles and
wound for a primary voltage of 500. They
arc similar in their construction to standard
stationary type induction motors, but are
adapted in the details of their design to
traction purposcs. The rotors, or sccondarics,
arc wound with definite poles and the ter-
minals are carried to collector rings, by means
of which the starting resistance is connecterd

into the circuit. The ratings of the mnotors arc
given in the table of data following, and the
power factor and cfficiency are shown in the
characteristic curves. Each motor can excrt
a maximwn tractive effort of 19,000 1b. at
rated voltage, and the transformer which
reduces the linc voltage from G000 to 300 is
provided with a (23-volt tap to which the
motors may be connccted in case the line
drop becomes excessive.

The control system of cach motor is sepa-
ratc; the circuits branch from the transformer,
two motors being fed from each transformer.
The speed and tractive effort of the motors
are controlled by varying the resistance in
their secondaries. There are 13 steps in
the resistance and these arc obtained with
9 contactors by a scheme of dividing the
resistances into two or three groups, cach
having its contactor. These groups are
brought into different combinations so that
each group is used rcpeatedly, sometimes in
series and sometimes in multiple with the
others, and is not merely employed for one
step. The control is designed to allow of a
train being accelerated at an average tractive
effort of 37,500 1b. without exceeding a
maximum of 41,000 lb. or falling below a
minimum of 33,000 Ib. The application of
the power is contiruous throughout the whole
range of the controller.

o provision is made for conncction in
concatenation or changeable pole connection
to permit of running at fractional speeds
without resistances, but the resistances arc
so proportioned that the locomotive can run
for 15 minutes at full rated tractive cffort
without overheating the resistances. The
first step on the control gives a tractive cffort
of 10,000 1b. at standstill, and the second
step 20,000 1b,

A scparate and independent set of resist-
ances is provided for the sccondary of cach
motor to avoid the tendency of the motors
to cxchange current and “buck,” which
would occur if the driving wheels were not
of exactly the same diameter and one set of
resistances was used for all the motors.

The principal data of the locomotive are
given in the following table:

Great Northern Locomotive Data

Total weight 230000 1b.
Weight on drivers 230000 th,
Number of driving axles 4
Number of other axles . . . 0
Diameter of wheels S . GO in.
Gear ratio 5 o o o 4.20

Number of mators |
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Qutput of motor for one hour (nom-
inal) 400 h.p.

Output of motor for one hour (test) 505 b.p.
Rise in temperature o g . 75deg.
Output of motor for three hours

{nominal) . . . . . 250 h.p.
Output of motor for three hours

(test) . . . 5 o o 397 h.p.
Rise in temperature o 00 75 deg.
Forced ventilation (cu. ft. per min.) 1500
Number of poles on motors .
Frequency oo oo %o 25 cycles
Synchronous speed of motors 5 375 r.p.m.
Voltage between terminals 500

Synchronous speed of locomotive
R}:xmber of transformers

15.7 m.p.h.
2
High potential voltage of trans.

ormers 0 o) Qn 0 .0 6000
Rating of transformers (3 hours) 400 kv-a.
Forced ventilation (cu. {t. per min.) 1500
Number of step in control . . 13

Method of control. Resistance in Secondary
Continuous rating locomotive, 1b.

tractiveeffort ~ . . . . 25000
Accelerating rating locomotive, tb.
tractiveeffort . . . . 38000
Momentary rating locomotive, 1b,
tractive eflort 0 .0 5 56000
Maxi rating 1 ive, 1b.
tractive effort . a o =& 72000
Length overall locomotive 44 ft. 2 in.
Total wheel base . 31 ft. 9 in.
Rigid wecl base 11 ft. O in.
Distribution of Weight
2 Trucks 3 3 81,500 1b,
1 Cab . 5 30,000 1
44 Motors 5 g A g 5 5 48,800 1b.
8 Gears and gear cases . . . 11,000 1b.
2 Transformers . . . . . 20,8001
2 Air compressors 5,800 1b,

1 Blower . & o o o 5 .
40 Rheostats . . . . . . 10.2001b.
36 Contactors . o o o

Miscellaneous A LY
Total . 5 5 5 5 . 230,000 1b.
That is,
Total weight per axle 5 57,500 Ib.
Dead weight peraxle . . . 18,500 1b.
Operation

The original problem was to provide cquip-
ment to handle a train having a total weight
of 2000 tons, excluding the electric locomo-
tives, over the mountain division from
Leavenworth to Skykomish, a distance of 57
miles. The system was to be first tried out
at the Cascade Tunncl.

The tractive cffort required to accelerate a
train having a total weight of 2300 tons on
a 2.2 per cent. grade, using 6 1b. per ton
for train rcsistance and 10 1b. per ton for
acccleration, making a total of GU b, per
ton, is 150,000 1b.; this would require four
locomotives of a tractive cffort of 37,500 lb.
each. The railway company's engincers lim-
ited the wecight on a driving axle to 50,00M

1b.; therefore, four driving axles per locomo-
tive are needed, giving a coefficient of adhe-
sion of about 19 per cent. This is a measure
of the maximum power required. The loco-
motive, therefore, was designed to give a
continuous tractive effort o%napproximately
25,000 1b., and it was expected that four of
them would be used with a train of maximum
weight. However, the locomotive as built
greatly exceeds this specification.

The specification of the motor required an

output of 230 h.p. continuously tor three
hours, with 75 deg. C. temperature clevation,
when supplied with not more than 2000 cu.
ft. of air per minute. The test results of the
motor show a continuous output of 375 h.p.
at 500 volts with 1500 cu. ft. of air, and
400 h.p. at 625 volts, with the same amount
of air; the one-hour rating of the motor at
500 volts with 15300 cu. ft. of air per minute
is 473 h.p.; the ratio of continuous output
to the hour-rating with 1500 cu. ft. of air
is therefore 79 per cent. The continuous
output at 500 volts corresponds to a tractive
effort of 9330 1b. per motor, and the one-hour
output to a tractive cffort of 11,900 lb. per
motor. The locomotive, thercfore, will give
37,400 1b. tractive effort in continuous duty,
or 47,600 1b. tractive effort for one hour,
The characteristic curves of the motor at 500
volts are shown in cut on page 351.
. The locomotives have shown themselves
capable of hauling 885 tons trailing load cach,
if the power requirements are continuous;but,
as there are necessarily stops, their actual
rating is somewhat greater than this.

The locomotive has been tested to a maxi-
mum tractive effort of nearly 80,000 Ib.,
corresponding to a coefficient of adhesion of
nearly 35 per cent.; with 60,000 lb., or 29
per cent., cach locomotive can accelerate the
train of 883 tons trailing on a 2.2 per cent.
grade, using GO 1b. per ton as the total tractive
cffort; or, in other words, the train that a
locomotive can haul, as determined by the
average duty and safe heating limits, is just
about equal to the train that it can accelerate
on the maximum grade; that is, the average
capacity of the locomotive and its maximum
capacity are in the same proportion as the
average duty and maximum duty.

The electric service was started on July
10, 1909, although one or two trains had been
handled previously. From that time until
August 11, practically the entire eastbound
service of the company has been handled by
clectric locomotives.
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Scenes Along the
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During this period of 33 days there were
212 train movements of which trains $2 were
freight, 98 passenger and 32 special. In each
case the steam locomotive was hauled through
with the train. The tonnage handled was as
follows:

Freight tonnage . . 171,000 tons
Passenger tonnage . 5 & 88,500 tons
Special tonnage . 5 15,500 tons

Total o o . 275,000 tons

This is an average of bJoO tons per day,
all castbound.

The average freight train weight was as
follows:

Cars ., . . . . . 1480 tons
One Mallet locomotive . . 5 5 250 tons
Three electric locomotives 345 tons

Total train weight . . 2073 tons

The maximum weight of cars was 1600
tons; the minimum, 1200 tons.

The representative passenger train handled
is made up as follows:

Coaches . . o o 426 tons
One steam locomotive 250 tons
Two electric locomotives . 230 tons

Total train weight . . 906 tons

The maximum passenger train was about
125 tons greater.

It was found that the frictional resistance
of the Mallet locomotives which were hauled
through with the trains was about 47 Ib. per
ton, so that the work performed by the
clcctnc locomotives is considerably grcater
than is shown by thc actual weights of the
trains.

Using 20,000 1b, as the pull required for a
Mallet locomotive on the 1.7 per cent. grade,
the total tractive cffort for the average freight
train is:

. 1480 tons X 40 = 59,200 lb.
250 tons X 80 = 20,000 Ib,
343 tons X 40 =_13.800 1b.

93,000 1b.

This is cquivalent to 31,000 Ib. for cach
locomotive,

Regeneration
A number of tests were made to determine

the power returned when regencrating. A

Cars . .
One Mallet .
Three clectries

representat:\e test on a ten car passenger
train weighing 950 tons gave 397 kw., showing
that one ton descending the 1.7 per cent.
grade at 15 m.p.h. will deliver 0.67 kw. to
the system.

Efficiency

The losses in the system when delivering
4000 kw., equivalent to supplying four loco-
motives, at the west end op the Wellington
vard are:

Kw.  Per Cent.

Power house . . . . 4740 100
Sub.station . 4250 89.8
Trolley wheel of locomotne 4000 84.5
Driving axles . . 5 3320 70

At the average load the efficiency is higher.

General

In the paper above refcrred to, Dr. Hutch-
inson assigned the following reasons for the
choice of the three-phase system as compared
with the direct current or single-phase sys-
tems:

1. The three-phase motor and control are
distinguished by the grcatest electrical and
mechanical simplicity; the motors will stand
any amount of abuse and rough use.

2. Greater continuous output within a
given spacc than can be obtained with any
other form of motor.

3. Uniform torque. This is an advantage
over the single-phase systcm.

4. Possibility of using 25 cycles. The
single-phase system would proi)ably have
involved a lower frequency.

3. Regencration on down grades. This
is accomplished in the threc-phasc system
with no additional complication or apparatus
on the locomotive.

All of the electrical apparatus in the power
housc and sub-stations, together with the
locomotives, was supplied and manufactured
by the General Electric Company.
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COMMERCIAL ELECTRICAL TESTING
ParT X
By E. F. Covixs

Double Pitot Tube, or Government Method of
Testing

This test is made in accordance with
Government specifications® issued by the
Navy Department under the cognizance of
the Burcau of Construction and Repair.

Use of Air Table

When making a fan test the temperature
of the air near the fan should be taken bytwo
Fahrenheit thermometers, one hanging frec
in the air and the other with the bulb wrapped
in thin cloth, this cloth being saturated by
having its lower end placed in a small re-
ceptacle filled with water. The water must
bc at the maximum temperaturc which it
will naturally attain in the room. Corrected
barometcr reading must also be recorded on
the test sheet.

The method of finding the weight of air
from the air tables (mentioned in the specifi-
cations) is as {ollows: On the page containing
the dry bulb reading, as given by the test
sheet, is noted the corresponding barometer
cadmg In the column under the dry bulb
temperature and oppositc the barometer
reading, the corresponding weight of air is
given. The weight of air found in the table
must then be corrected to correspond with
the corrected barometer reading found in test;
this correction being found in the second line
from the top of the page. Correction must
also be made for the difference between the
wet and dry bulb temperatures by adding to
the weight of air already obtained the number
corresponding to the numerical difference
between the wet and dry bulb reading, found
in the third sub-division under dry bulb tem-

rature. The numecrical differences arc tabu-
ated in the second sub-division of the column,

Example:

Given barometer rcading  30.13 in.
Dry bulb reading  67° F.
et bulb reading 59° F.

Under the column showing the dry bulb
tempcerature of 67° and opposite the barometer
rcading of 30.1, the \\‘cig{\’t of air is given as
0.07517. The addition for cach 0.0l of an
inch of harometer is given as 2.6 in the sccond
linc from the top of the page. Multiplying
this by 3; i. ¢., by the excess of the corrected
baromcter reading over that sclected in the
tahle, the result is 13, which number must be
addcd tn the weight of air prcviously found,

al Specifications—Appendic 8, Instructions for Cale
culalml and eating Ventilation Systems.

The wet bulb depression is the differcnce
between 07° and 39°; #iz.,, 8°. The number
opposite S is 23, which must also be added,
making the total weight of air 0.07533.
All pressure readings should be corrected for
standard air (see page 339) by multiplying the
actual pressure obtained by the ratio of the
weight of standard air to the weight of air
at the time of test., The readings of horse-
power input to the fan should also be multi-
plicd by this ratio.

Pressure and Horse-Power Curves by Double Tube

Method

A pressure curve may be taken by the
double tube method as follows:

The opening at the outer end of the dis-
charge pipe should be closed and pressurc
and power readings taken. Under this
condition the static and impact pressures
should be exactly the same, sincc no air
passes through the fan. Rcadings should then
be taken as the opening is increased by equal
increments from closed to wide open, the
opening being mcasured each time. The
speced of the fan should be held constant
throughout the test, and the air readings and
electrical input readings taken simultancously,

It will be noted that in a test which is made
with a pipe on the discharge side of the fan,
the reading of the impact tube is always
greater than the static reading. If the pipe
is on the suction side, the opposite will be
true; the difference between the two readings
being the velocity hcad. The Pitot tubc
should point against the strcam of air in
both cases.

If readings are taken by mecans of a U tube,
the readings of both sides of the tube should
be recorded. It should always be stated
whether the readings were taken by the U tube
or by a manometer; if by a manometer, the
manometer constant should be recorded and
should always be used in working up the test.
Calcutation of Fan Tests by the Double Tube

Method

A fan test of this kind should be worked up
in the following form:

Pan Ratin

AMotor Rating

Double Tube Test, Takcn at R.P.\L

) i |
Nl h"‘r e llolrw o o ,F,‘,’,' ET.

+

|

P |
3 ‘
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Wet bulb... .°F.
Dry bulb... °F.
wpn L EXHY
! DX39

Eficctive area of pipe....
Barometer

Wt. of air

Effective area of pipe=..........sq. ft.

The first column gives the number of the
rcading.

The second and third show the impact and
static readings taken from the test sheet and
corrected for standard air.

The fourth column shows the velocity head
or the difference between &' and /4.

The fifth column is friction, which must be
calculated frorz the velocity head by the

e X‘”I o g [ LI
formula “f Dxa7 where “f” is the
friction loss in inches of water, L the length of
pipe between the fan and the Pitot tube, D
the diameter of the pipe, if round, or the
avcrage of the width and depth, if square or
ncarly square. [ and D must alwvays be of
the same denomination. The friction loss
should be added to both the static and impact
rcadings beforc the curves are plotted, but it
dous not affect volume.

The sixth column gives the air vclocity and
may be obtained from the formula

R - h_lfl
V10074 /2
'\/w

The volume must be given in the scventh
column. It is obtained by multiplying the
velocities given in the sixth column by the
cffcetive arca of the pipe; i.e., 0.01.

The horse-power in the air can be calculated

from the formulx: 0
PXQ  pXQ . X
33000 °F We7 T

Air horse-power = G316

The horsc-power input to the fan is the
horsc-power output of the motor.

Unless instructions are issucd to the

contrary, all fan tests for government work
should be plotted with pounds per square
foot, horse-power input to fan, and cfficiency,
as ordinates; and volume in cubic feet per
minute as abscisse. Both static and impact
pressure should be plotted.

Cone Method of Test

In the conc mecthod of test an adapter is
used, where necessary, to change the fan
outlet from rectangular to circular, a cone
being placed on the circular end.  This cone
is made up of scctions about onc foot in

length, the sides of which slope about two
inches to the foot. Readings arc taken by a
single Pitot tube, the open end of which is
held flush with the opening in the cone and
pointed against the stream of air. Pressure
1s registered as before by a manometer or U
tube. The readings are taken, one at the top,
one at the bottom, and one at each side of the
cone, at a distance from the edge of the pipe
of about 1§ of the diameter of the opening.
A reading is also taken in the center of the
cone opening. The average of these five
readings represents the impact pressure
produced by the fan, and is taken as the
velocity head. The velocity may be obtained
from the formula given for the double tube
test.

The static pressure may be obtained as
follows: Divide the volume as figured for
cach opening by the arca of the fan outlet,
thus obtaining the outlet velocity 1. The
corresponding velocity head can then be ob-
tained from the formula. The velocity head
subtracted from the impact pressurc gives
the static pressure, which should be plotted
as well as the impact pressure,

These tests should be plotted with pres-
sures in inches of water, horse-power input
to the fan, and efficiencies, as ordinates; and
volumes as abscisse.

The following form should be used for
tabulating the results of calculations:

Fan Rating
Motor Rating

Cone Test taken at R.P.AL

Wet bulb..
Dry bulb....
Baromcter
1Wt. of air...
After the cu p
as given by the calculations should be checked
with the efficiency obtained from the curves.
This will correct any discrepancy between
the cfficicncies as obtained from the curve
and as calculated. :

The Box Method

The fan is arranged to discharge dircctly
into a box of sufficient capacity to reduce the
air velocity to a minimum. Concs similar to
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thosc used in the conc test arc attched to an
opening in the side of the box at right angles
to the opening into which the fan discharges.
Readings are taken in the same manner as in
the previous test, and a record is also made
of the box pressure by a U tube connccted to
a pipe inscrted through a hole in the side of
the box. This end of the pipe should be flush
with the inside of the box to avoid eddy
currents.  The pressure shown by this pipe
will be somewhat higher than that registered
at the end of the cone, and both pressures
should be corrected for standard air and
plotted on the final curve sheet.

The volume must be calculated as in the
cone test, but the pressure obtained in the
box is taken as the static pressure produced
by the fan, since the velocity head is lost
in the box. To obtain the impact pressure,
the volume obtained should be divided by the
area of the opening of the fan, and the corres-
ponding velocity head figured from the formula.
This velocity head should be added to the
static pressure shown by the cone readings.
For transformer ventilation it is customary
to calculate the pressure in ounces, measured
at the cone opening.

The following form should be used in

tabulating the calculations:
Fan Rating
Motor Rating
Box Test taken at R.P.M.
No. & S e A Pa
Ne. 3 (ORI TR L G 1
¢ :
4 i
Wet bulb. °F.
Dry bulb. °F.
Barometer in
Wt. of air b

Air horsepower should be calculated from
the static pressure and the cfficiency obtained
will be the static cfficiency.

Formulae for Blower Tests

H = Head of air in feet.

k  m=Hcad of water in inches shown by
manomectcer.

K =Static hcad; ¥’ =impact head; "' =
A" — I — velocity head.

Weight of water=(2.4 lbs. per cu. ft. at
G62° F.

Weight of column of water ! ft. sq., 1 in.
high, 3.20 Ibs. at G2° F.

Weight of cu. ft. of air at 30 in. Bar., 70° F.,
70 per cont. humidity = 07463 1b.
This is taken as ""Standard Air.”
Weight of air under other conditions,
neglecting humidity =
07405 X BX 330
J0(4G0+£°)

07405 X 8 X 2041 I tigrad
0@+ or centigrade.
= Velocity of air in feet per minute.
= Vclocity of air in feet per second.
= Volume in cubic fect per minute.
= Pressure of air in 1bs. per sq. ft.
= Pressure of air in ounces per sq. in.

for Fahrenheit,

or

S

gl Ll

h T
={=3" BT7 k.

*f" =Loss of head in in;,lllls due to friction
0 PIpes =T

L =Length of pipe between the fan and
the Pitot tube.

D  =Diameter of pipe, if it is round; or=
the average of the width and
depth, if 1t is square or nearly
square.

P =320Xk=9 p.

A = Areaof pipeinsq.ft. A.=Effcctive
area of pipe=A XK.

H -5.20X£-69.73xh for standard air.
v =Vl =802V

SEXH i
-8.02\ — 18.28\.;”—

117
1" =481.2V " = 1097 E
=4013V'A" for Std. Air.
7,770
Vol, = 1097\% XKaA

=334 X AVA" for K = 91;
=3774 X AVH" for K =.04:
for Std. Air.
K = 94 for the Conc Mecthod.
K =.91 for double Pitot tube or Navy
method.
For a given opening pressure varies as the
square of the speed of the blower.
Volume varics as the squarc root of the
pressure, henee, directly as the speed.
Air horscpower varics as the cube of the
speed
ey

. Pan Horsepower
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APPLIANCES FOR ELECTRICAL MEASUREMENTS*

Part I
By C. D. Hasxixs
MANAGER LIGHTING DEPARTMENT, GENERAL ELECTRIC CoNPANY

Al military operations of the future and
all pcace service of the army must deal with
electrical questions in a very comprehensive
way, and 1n a rapidly increasing ratio from
now onward.

Not less than one officer in seven in the
regular establishment, and, perhaps, we may
predict not less than one officer in fiftecn
of the entirc commissioncd force on a war
basis, must have a reasonably complete work-
ing knowledge of applied electrical engineer-
ing under future conditions of the service.

This statement applies particularly to the
Corps of Engincers, to the Signal Corps and
to the Artillery Corps, and to less degree to
the cavalry, infantry and other field services,
inasmuch as all of these arms must come into
contact constantly or intermittently with the
operation of electrical appliances.

The quartermaster’s dcpartment and regi-
mental quartermasters will, at some very
early date, be constrained to equip themselves
with a working knowledge of electrical
engincering, and it is with the positive
conviction of these necessities, and with a
knowledge of their acceptance by the great
military nations of Europe, that the following
notes have been prepared.

It has been my valued privilege to present
at various post-graduate schools of the
service a number of lectures devoted to what
might be termed * military clectrical engineer-
ing,” and sincc the more practical consider-
ations surrounding eclectrical measurements
are amongst the morc important functions
of adequate cquipment in clectrical engincer-
ing nccessary to the nilitary  electrical
engincer, my notes on this occasion are to be
devoted to a consideration of the more uscful
and essential facts in relation to the common
appliances for clcctrical incasurements.

In laying this material before you [ realize
that it is not a topic pertaining particularly
to the Signal Corps, but no officer of the
Signal Corps who is engaged in devoting his
attention to the cleetrical branch can properly
conduct his work without a thorough com-
prehension of the governing considerations
in connection with mcasuring appliancecs, and
I conceive, thercfore, that a proper trcatment
of this subject must necessarily be uscful.

In the consideration of this subject, it is
by no means my intention to deal with the
highly sensitive devices which are found in
the electrical laboratory. Mlilitary electrical
engineering can have little connection with
or occasion to deal with such instruments.
They constitute a highly specialized study,
and are well dealt with in the text books of
the art.

There are, however, threc gencral classcs
of electrical mcasuring devices with which the
electrical engincer officer of every branch of
the service should be intimately familiar,
since they fill an important part in the execu-
tion of all electrical work with which the
military profession is likely to bring its
members 1n contact. These three groups are:

Switchboard instruments

Portable testing instruments

Recording and integrating meters.

Two of these groups are, of course, confined
to what might be termed fixed installations,
while the group of portable testing instru-
ments is equally important to the fixed or
mobile equipment.

Switchboard Instruments

With a continuous current system the two
essential instrumcnts are the ampere meter
(ammeter) and the volt meter (voltmeter).

In the carliest days of the electric lighting
art an incandescent lamp commonly served
the purposc of the voltmeter, and the prac-
ticed eye was expected to determinc, from the
brilliancy of the lamp, the correct or incorrect
voltage of the system; in short the lamp itself
was utilized as a crude voltmeter.

Since the good or poor service of an clectric
lighting system is entirely dependent upon
the mnaintenance of a reasonably uniform
voltage, the voltmeter is obviously of para-
mount importance, and, during the carly
history of the art, a very grcat amount of
attention was devoted to the design of
structurcs for the accuratc and reliable
indication of voltage.

It is intcresting to note in connection with
the clectrical measuring device art, cs-

pecially in the field of switchboard and -

recording instruments, that probably no
class of mechanical or clectro-mechanical

¢ Paper read before The Army Signal School. Fort Leavenworth, Kan.
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devices have been worked out along so many
entirely different lines of underlying physical
principles as have these.

The problem in indicating instruments
(in which class we must place, of course, all
switchboard instruments and all portable
testing instruments) is to devise a structure
which shall indicate upon a scalc the current,
voltage,” or other electrical value under
measurement, in its appropriate unit, with
the greatest promptness and accuracy, under
all the ordinary conditions of use.

The motion of indication must be
accomplished with the minimum amount of
power waste consistent with positiveness and
rcliability, and the structure must be such
as to he as ncarly as possible independent of
all external influences.

Following the use of the pilot lamp in its
function of voltmeter, we find in the carly
records of the art a gencral use of thermal
instruments; structures dependent upon the
expansion and contraction of metal with
variations of temperature, the familiar Cardew
voltmetcr uf the text books being a type of
this class.

The position of the ncedle in such an
instrument was determined by the amount of
current passing through a controlling wire, the
temperature of that wire varying with the
amount of current passing through it, and
the length of the wire with the temperature.

Such instruments are now relatively rare
in the art. They are substantially never used
in connection with continuous current sys-
tems, but arc still used at times in connection
with alternating current measurements, be-
causc of the fact that they are entirely
independent of frcquency, and may be used
indiffcrently upon systems of varying fre-
queney.

Thermal instruments arc likely to be of
cspecial importance in the future to the
Signal Corps, since they constitute the one
group of indicating devices for potential
mcasurcment which may be rcgarded as
independent of frequency changes, and sincc
the work of the Signal Corps in the futurc
must be closcly interwoven with the appli-
cation of alternating currents of greatly
varying frequencies, these instruments are
likely to become vitally important in con-
nection with this work as the art progresses.

In considering voltmeters for the switch-
board, the practical engincer of today should
give duc regard to the coasideration of
accuracy. In writing specifications it is
customary to specify that switchboard volt-

meters shall be accurate through the upper
half of the scale within 75 per cent.

I wish to place emphasis upon the limitation
of this demand to the upper portion of the
scale, and to emphasize the fact that no
indicating instrument should be relied upon
in switchboard practice at values below one-
third scale. The active forces of coercion
and control are so relatively minute in
relation to the variables of friction and
external influences at the low valucs as to
destroy the reliability of the indications.

It has been customary at times, in writing
specifications fixing the accuracy of voltmeters
to be used on continuous current service, to
limit the amount of energy to be expended in
actuating the structure. Such specifications
are of doubtful advisability and menace the
permanency of accuracy, since the actuating
forces are small at best, and it is highly
desirable in all measuring structures that
constant forces should be large in relation to
the variable forces.

It is consequently desirable that the
coercive forces shall be relatively high, and
that the restraining forces against which
such coercive forces are balanced shall also
be relatively high.

It is probably safe to indicate a current of
ten to fifteen milli-amperes as about the
correct value at full scale of a voltmeter
destined for use on continuous current.

Having given due consideration to the
forces which make for accuracy, it is next
necessary to determine, in connection with
switchboard voltmeters, those characteristics
which make for frcedom of scnsitiveness to
external influences.

Under conditions of continuous current
service, the commoncst disturbing influence
is that of stray fields, which, of course,
includes the carth’s field and fields induced
by ncighboring conductors.

The thermal instruments, commonly known
as ‘“*hot wire” instruments, above referred to,
are, of course, free from such disturbances,
but such structures have today largely given
ll))lacc to magnetic mechanisms of which the

'Arsonval and the Thomson structures arc
typical.

The D’Arsonval structure consists of a
magnetic mechanism of constant magnetic
flux, and of a movable coil so situated in the
ficld of that structurc as to takec a position
in the ficld in opposition to the torsion of a
spring, the position being determined by the
amount of current passing through the
movable cnil,
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It is obvious that such a structure is in some
measure susceptible to variation by the
modification of the field flux, due to external
causes.

The density of the field in such an instru-
ment is generally so considerable as to be
unaffected by the carth’s field within practical
limits, but so great is the value of projected
fields from heavy bus-bars or other heavy
conductors that at times they have an appre-
ciable bearing upon the accuracy of the
instrument, by increasing or decreasing the
gross flux of the coercive field.

This is a matter which should be con-
sidered with care in providing switchboard
instruments for most systems. There are
three remedies: First, to make the per-
manent point of use of the instrument so
remote from external influences as to mini-
mize the influence of stray fields; second, by
shielding the instrument with an iron casing
of such a character and in such a manner as
to short circuit the lines of force projected
by the stray ficld through a path external to
the instrument itself; or third, by resorting
to instruments of astatic construction,

Astatic instruments are, for all practical
purposes, indcpendent of stray fields, since
their coercive and restraining forces are
cqually and oppositely influenced by varying
and irrevclant cxternal magnetic influences.

Astatic instruments are, generally speaking,
of somewhat greater first cost than otherwise
cqually accurate instruments in which this
fecature is not embodied, but it is probably
desirable in most cases to specify an astatic
instrument where the conditions of service
demand the use of switchboard instruments
in close juxtaposition to conductors or in the
presence of considerable masses of structural
iron and steel work.

If astatic instruments are not utilized it is

customary to determine by actual test the .

general sensitiveness of the instrument in use
to projected fields.

Closely correlated to crror incident to
projected ficlds is the not altogether uncom-
mon phenomena of permancnt derangement
due to heavy projected ficlds, caused by the
permanent changc of flux in the permanent
magnet used in these instruments. Radical
examples of such derangement are relatively
common.

It will be rcadily appreciated that any
structure of this character dependent upon a
permancnt magnet must in some measure
be subject to loss of accuracy by cxposure to a
ficld extcrnal to itself.

Modern instruments have been so highly
perfected that the external field must be of
high value in relation to the flux of the
instrument itself to have a permanent effect;
nevertheless such high value is met with in
switchboards carrying very heavy currents,
and freedom from its effect can be insured
only by highly developed shielding or by the
utilization of electro-magneticelements; when,
of course, it is necessary to resort to a struc-
ture in which the coercive and restraining
forces both vary with fluctuations in field

. strength.

Voltmeters of the electro-magnetic type
arc used in the art from time to time in forms
which involve less costly and complex
structures than those here dealt with. For
example: structures utilizing a simple sol-
enoid and iron core, the pull of the solenoid
acting against the force of gravity or a spring;
or structures involving the use of a fixed coil
and a movable magnetic vane or arm,
acting against the force of gravity or a spring;
or, in some cases, structures involving the use
of one fixed and one movable coil, without
the use of magnetic material.

Solenoid and coil instruments and coil and
vane instruments are obviously far more
susceptible to error due to external influences,
especially stray fields, than are instruments
with a substantially closcd magnetic circuit;
but, because of their simple structure and low
first cost, they are much used for rough
measurements such as the measurcments of
voltage across battcries, etc., or in connection
with small electric lighting or power systems,
where high accuracy is not required of the
switchboard instruments.

All commercial voltmeters for use on
continuous current are subjcct to slight
temperature errors. This is due to the fact
that their indications are dependent upon the
amount of current passing through a fixed
resistance.

Numerous alloys or combinations of pure
metals and alloys have been resorted to to
minimize this error, and indeed it is theorctic-
ally possible to substantially climinate it;
but in ordinary practice variations in room
temperature do cause a variation in the
resistance of the voltmeter circuit, and
consequently a variation in the accuracy of
the indications of the instrument. Good
modern practice prescribes that the accuracy

of the instrument shall not vary more than .02

per cent. degree centigrade, normal accura
generally being fixed at 25 per cent. centi-
grade in commercial calibration,

— rm— e
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The second important instrument in con-
nection  with continuous current switch-
boards is the ammecter.

Elementally the mechanical structures
cmployed for ammecters parallel those
employed for voltmeters. A voltmeter is
indced an ammeter mcasuring the amount of
current passing through a fixed resistance.

In dircct current switchboard practice, it
was customary, in the early days, to take the
entire current to be measured through the
instrument; but such practice was both
costly and cumbersome, and presented no
advantages adequate to justify the con-
tinuance of the practice.

In all ordinary switchboard practice today
it is usual to measure the drop of potential
across a fixed resistance; that is, the modern
ammeter is connected in shunt to a resistance
and consequently the commonly used modern
switchboard ampere meter is in reality a
voltmeter and subject to all the conditions
and limitations laid down in connection with
voltmcters.

No more common error has characterized
the recent art than the misdirected effort to
cut down the resistance of the shunt (and
consequently the loss) to so low a point as
to reduce the coercive force in the instrument
to a value materially below that necessary to
secure positive and permanently accurate
operation.

It is safe and conservative, in connection
with modern practice, to call for the use of
ammeter shunts for direct current service
h ving a drop of 60 milli-volts at their rated
capacity.

As voltmeters vary with fluctuations of
temperature, so also do ammeters, for obvious-
ly not only docs the sesistance of the circuit
of the ammeter itself change with temper-
ature, but also that of the shunt, and in the
case of the shunt this change is accentuated
by the fact that the shunt is itself heated
by the current passing through it; but the
utilization of special alloys has largely obvia-
ated this difficulty.

Great attcntlon has been given both to the
determinating of the propcr compromise as
between the proper drop and coercive force
of the instrument on the nne side, and a safe
limitation of resistance to the point where
excessive heating is not involved on the other.
Much thought, too, has been given to the
design of shunts in rclation to the provision
of ample radiating surface.

It is ordinarily conservative to specify that
the variation in accuracy in a shunt type

ammeter of the kind commonly used on
switchboards shall not cxceed 0.15 per cent.
per degree ccntngradc in room tempcrature.
It should be borne in mind that the accuracy
of the shunt ammeter is absolutely at the
mercy of the character of the connections
between the shunt and the main circuit and
the shunt and the instrument.

If the connections between the shunt and
the main circuit are imperfect, then the
resistance of these conncctions will cause
excessive heating of the shunt, with a con-
sequent increase in resistance and false
indications of thc ammeter. This point is
to be carefully watched in all installations,
and in writing specifications it is desirable to
carcfully cover this point.

Again, if the connections between the
instrument and the shunt are imperfect, the
resistance of the instrument circuit is greater
than that contemplated, and since the total
resistance of an ordinary ammeter such as is
commonly used in switchboard practice is
only about 20 ohms, the resistance of a bad
contact may change the total resistance of the
instrument circuit by a high percentage, and
give a series of false indications which may
be well nigh disastrous. Circuits have been
overloaded and generally destroyed by such
defects.

Poorly drawn specifications frequently seck
to achieve economy by utilizing a single
ammeter for the measurement of current
values upon several circuits, this being
accomplished by the use of a similar shunt
in each of the circuits to be measured,
successively connecting the ammeter to No. 1
No 2 and No. 3 shunt by switching or plug-

ThlS practice is excecdingly bad because
of the variation in the contact resistance
of the various switches and the error incident
thereto.

Specifications calling for such arrangement
should be condemncd since they sacrificc
accuracy to a dangerous degrec in an endcavor
to sccure an economy which is in reality
trivial. It is far better to be without an
ammeter on a circuit than to attecmpt to
mcasurc under conditions involving so high
a degree of unreliability.

It is desirable to make it clcar that thc
objection to switching or “plugging over’ a
single ammeter onto two or more circuits 1s
broadly pertincent only to ammeters used in
connection with shunts, or, to state the case
more literally, to voltmeters (for that i what
such ammcters are) in which the ncedle, when
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at the highest point of the scale, is actuated
by, let us say, 15 milli-amperes at 0.06 volts
across the two terminals.

With the exception of integrating and
recording instruments, the ammeter and the
voltmeter comprise substantially all the
instruments commonly used on continuous
current circuits.

In the field of altcrnating current switch-
board mecasuring appliances we find a very
much larger field of conditions to be dealt
with, and we must give consideration to all
of the following mechanisms: the voltmeter,
the ammeter, the indicating wattmeter, the
polyphase indicating wattmeter, the syn-
chronism indicator, the frequency indicator
and the power factor indicator.

The alternating current voltmeter in ordi-
nary practicc today takes two forms: a
structure having a fixed coil and a free coil,
moving in relation to one another and
against the restraining force of a spring or of
gravity; or a fixed coil and a moveable
magnetic vane, also moving against the
restraining force of a spring or gravity.

The type of instrument in which the moving
vane is utilized is capable of somewhat less
precise accuracy than that involving the
fixed and movable coils, It is, however,
satisfactory for general voltage determin-
ation, and is the form commonly used.

The higher grade alternating current volt-
meters, and indeed ammeters and other
instruments of their general structure and
characteristics, are very commonly made in
such physical form as to permit of the usc of a
vertical pivot.

This structure is resorted to primarily
because moving coil instruments of types in
whxch no highly concentrated magnetic ﬁeld
is used have a high ratio of weight of moving
clement to torque, and by the use of the
vertical pivot or step bearing the ratio of
torque to friction is improved in the ratio of
about two to onc, as compared with similar
mechanisms utilizing horizontal bearings.

We may compare this modification to a top
revolving upon a vertical bearing, as com-
pared with the same top spinning between
horizontal bearings of highly pcrfcctcd con-
struction.

Instruments with vertical pivots must
obviously, for the sake of convenicnee, have
horizontal scales, which, however, chance to
coincidc with convenient arrangement. The
most commonly used instruments in alterna-
ting current service are known as horizontal
edgewise instruments,

Alternating current voltmeters are generally
required to indicate at the generating plant
the secondary voltage of the system, and they
are consequently not ordinarily connected
directly and physically to the generating
circuit or feeder, but to the secondary of a
transformer, the primary of which is con-
nected to the generating circuit and the ratio
of which is similar to that of the transformers
in use on the circuit outside.

This statement applics, of course, only to
systems where distribution is accomplished
through step-down transformers, which
method is, however, substantially universal.

The principal purpose of this so-called
step-down transformer is, of course, to secure
a voltage corresponding with that of the
applied system, but incidentally it should be
noted that with rare exceptions no instru-
ments whatever should be connected directly
and physically to the circuit when that
circuit is of high potential.  There are
exceptions to this rule, but above 2300 volts
it should be carefully observed, even on small
systems, for in small structures like instru-
ments it is difficult to provide insulation
which will insure permancnt isolation of the
electrical parts of the instruments from the
circuit, and obviously a ground on an instru-
ment might be fatal to human life.

For high grade alternating current practice
it- is cntirely proper to specify an accuracy
between one-half scale and full scale within
one per cent. of actual.

Alternating current voltmeters are subject,
as are direct current voltmeters, to changes
in roomn temperature, and in addition they
arc subject to other conditions of a more
elusive character. Thus in some types a very
noticeable crror may be introduced by the use
of the same instrument on circuits deriving
their cnergy from machines giving different
wave forms, and the same is truc of changes
in frequency. These deviations, however, if
pursued, would carry the subject into a
highly specialized branch of study.

-Alternating current ammeters have, in a
large measure, the same physical character-
istics of mechanical construction as have
voltmeters. They are commonly used, how-
cver, not in connection with shunts but in
conncetion with so-called series or current
transformers, that is, transformcrs, the sec-
ondary current of which varies in direct
ratio to the variations in the current of the
primary.

Such transfonmers arc in reality step-up
transformers with a very small number of
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turns in the primary (sometimes only a
fraction of one iurn) and a relatively large
number of turns in the secondary. These
devices obviously serve the same economic
purpose in connection with alternating cur-
rent as do the shunts in direct current service.
The same kind of care must be exercised in
making connections to them as to shunts.
This is particularly truc with the primary or
high current connections, but not so radically
true with the secondary or low current
connections.

Current transformers are generally manu-
factured commercially for use interchangeably
with ammeters of appropriate capacity and
suitable type. They are not as a rule accu-
rately rcliable through a range excceding ten
to one, and it is preferable to so arrange the
system as to rely upon them only through a
rangc of five to one,

It is good practice to specify that the ratio
error of current transformers shall not vary
more than 114 per cent. with a change in
secondary load from one-tenth to normal full
load. Ti;is latter stipulation is pertinent to
the utilization of the same current trans-
former for the excitation of the actuating
coils of several instruments, as for example,
the current coil of a voltmeter, the current
coil of an ammeter and the current coil of an
integrating meter, all in the same circuit.

It is customary at times to specify the net
accuracy of the ammeter and the current
transformer, considered as a unit, in which
case a variation of 2 per cent. from zero at all
points between one-half scale and full scale

rmissible.

Whilst the ammeter and the voltmeter
may bc regarded as the fundamental indi-
cating instruments for all systems, and the
only really neccssary ones for continuous
current scrvice, the use of alternating current
has rendcred it desirable, and even ncces-
sary, to place upon most, if not all, switch-
boards, a number of other indicators rcading
in other units.

First among such instruments we must
consider the indicating wattmcter.

Alternating current systems operating at
unity power factor arc practically never
found in modern practice. Any distribution
system scrving devices involving iron in their
circuit, such as transformers, arc lamps, fan
or other motors and the like, is subject to
phase displaccment between the current and
potential waves, and, as a conscquence,
the product of volts and amperes is not a true
measure of the power output of the system,

since the mcasured amperes and the measurcd
volts are not concurrent.

It is therefore necessary to provide an
instrument which will indicate the true
watts upon the circuit. This instrument is the
indicating wattmeter.

Physically, such instruments, whilst cap-
able of being made in numerous forms, are
substantially never found today save in one
general form, namely, a moving coil rigidly
attached to the indicating mechanism, excited
through a fixed resistance across the system,
and responding to fluctuations of potential;
and a fixed coil, creating the field in which
the potential coil moves, varying in its
strength with fluctuations in current.

The mechanical combination of these
clements may be greatly varied, but the
resultant phenomena of torque and motion
varying with the voltage multiplied by the
current must be always the same.

In modern practice the potential coil of such
instruments is usually attached to the second-
ary of a potential transformcr, as in a volt-
meter (indeed, the moving coil is essentially
a voltmeter) whilst the fixed current coil is
attached to the secondary of the current
transformer, as in the case of an ammeter.

Two-phase and three-phase indicating watt-
meters are commonly manufactured for such
systems, and, whilst necessitating greater
complexity of construction, involve similar

rinciples. Such instruments are generally
own by the name of polyphase wattmceters.
There is another form of indicating wattmeter
perhaps less commonly used, which involves
the use of no moving wire, but the motion of
which is dependent upon the torque produced
by the induction of foucault currents in a
disk by a mechanism whose inductive effcct
is dependent upon the watts in the system.
Such a disk armature has a turning torque
dependent upon the watts, and tends to tumn
against the restraining force of a spring. This
mechanism is a modification of the familiar in-
tegrating induction type rccording wattmeter,
which will be dealt with later.

Whilst it is possible to determinc the power
factor of thc system or the wattless com-
ponent by comparing the volt-amperes (volt-
meter, ammeter) with the true' watts as
shown by the wattmeter, it i3 common and
good practice to placc power factor indicators
upon each outgoing line or at lcast upon
thosc involving the larger power loads,
which are, of course, the larger induclive
loads.

The purpose of this instrument is to show
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from week to week, rather than from moment
to moment, the condition of the circuit,
indicating when the inductive load of that
particular circuit has been run up too high
for cconomy, and pointing to the desirability
of the correction of this condition, as by the
introduction of synchronous motors or rotary
condensers, or by the re-arrangement of the
circuits. The power factor indicator is to be
regarded as a technical luxury rather than a
necessity.

This is also true of the frequency indicator,
the function of which is to indicate upon a
scale, as its name indicates, the frequency
or alternations upon the system. This instru-
ment serves to constantly inform the operator
of the speed accuracy of his apparatus, as the
cfficiency and good behavior of most of the
apparatus on the system is in some measure
dependent upon the maintenance of proper
frequency.

It would be undesirable to leave the subject
of switchboard instruments without making
some reference to electrostatic voltmeters,
which are quite commonly used, especially
in conncction with high potential systems,
where for various reasons it may be undesir-
able to introducc potential transformers be-
tween the system and the measuring device.

Electrostatic voltmeters actuate the needle
in its movement across the scale by the
elcctrostatic attraction or repulsion of one or
more fixed vancs upon one or more movable
vanes attached to the spindle and needle.

Numecrous variations of construction may
be and are resorted to in connection with
such mechanisms, and these variations will
be dealt with in another portion of this paper.

The principle of the electrostatic volt-
meter is utilized in operating so-called ground
detectors—instruments whose function it is
to show upon a scalc the prescnce of and to
mcasure the resistance of a
or system, as well as to indicate the wire upon
which the ground is present.

A common way of accomplishing this upon
a single-phasc, system, for example, is to
attach cach of two fixed vanes or sectors to
cach of the two outgoing wircs and a third
fixed vanc or sector to carth. A movable
vanc or Vanes attached to the ncedle will,
with no ground on the system, stand at such
a position as to hold the necdle in the center
of the scale, but, should a ground occur upon
either leg of the line, then the permancently
grounded scctor and the temporarily grounded
scctor will become essentially one, and the
movable vanc will take a position calculated

und on a circuit-

to bridge through the shortest path between
the ungrounded sector, and the grounded
section of the system. :

Before leaving switchboard instruments, a
moment of consideration must be given the
question of damping.

Substantially all indicating mechanisms
have a most trying tendency when under
rapid fluctuations of load to vibrate with such
violence and for so considerable a time as to
render any reliable readings substantially
impossible.

f the moving element is light and of small
inertia this motion is of small amplitude and
of high frequenci, resulting in vibrations
of the needle which result in little more than
a blur of the needle, whilst if the moving
element be of relatively high inertia the
motion is of large amplitude, longer period
and at least equally difficult to interpolate.

Three common means have been resorted
to for correcting this difficulty. In the early
days of the art haps the most common
means and certainly the simplest was to
attach an air vane or an air dashpot of some
form to the moving element. This served
reasonably well in the days of small coercive
forces, and vibrations of relatively large
magnitude, but it was obviously inadequate
for certain classcs of instruments, which led
to the introduction of fluid dashpots, one
form of which consisted in attaching to the
moving clement a disk shaped hollow cylinder
containing some viscous fluid as, for cxample,
glycerine.

Such construction was open to objection,
first because of cxcessive weight of moving
clement, and second because of the tendency
of the fluid to cling to the interior of the
moving cylinder and throw the mechanism
out of balance.

In modern practicc where a strong and
relatively dense magnetic ficld constitutes a
portion of the structure, it is easy to place a
disk or cup or other similar clement in this
field, attached to the moving spindle in such a
way that the motion of the spindic moves
this foucault element through the field,
resulting in the induction of foucault currents
therein, thus damping the motion admirably,
and rendering the instrument, in the phrase-
ology of the art, ““dcad beat.”

Where concentrated magnetic ficlds are not
available, through the inherent principles of
the instrunmient, the air vane is maintained as .
the preferable method, and has been developed
to a high degree of perfection.

(To be Continned)
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READVILLE REPAIR SHOP OF THE N. Y., N.H. and H. R. R.
By A. I. Torten

The main building of the Readville Shops
of the New York, New Haven and Hartford
Railroad is 004 ft.  in. long by 150 ft. wide
and compriscs a machine shop, an erecting
shop, a boiler shop, and a tank shop. This
building is of brick and concrete construction,
with structural stecl frame, and has a roof
covered with 3-ply asphalt and gravel. A
great deal of attention was paid to the con-
struction of the concrete floor, which is laid
in squares with strips of tar paper separating
the various sections.

The erecting shop occupies half the width
of the building and two-thirds of its length;
it is built on what is known as a longitudinal
design, will house 36 locomotives, and can
make heavy repairs to 45 locomotives per
month, The three longitudinal tracks are
spaced on 23 ft, centers, the two outside
tracks being used for engine repairs and the
middle track for stripping and erecting,

also for the storage of driving whecls during
the period that the engines arc in the shop.
Stripping and erccting pits 150 ft. long are
located under the center track at each cnd
of the erecting shop, and between the central
and outside tracks are storage pits which
extend the full length of this shop. These
pits are covered with 4 in. by 12 in. yellow
pine plank, every tenth plank being provided
with heavy malieable iron handles to facilitate
its removal.

At the end of the erecting shop and occu-
pying about 300 ft. of the total length of
the building, is the boiler shop. These two
shops are served by two GO ton and two 20
ton cranes, the former being used for handling
locomotives and the latter for handling
boilers and the lighter work in connection
with stripping, erecting, and transferring the
various parts. These cranes, as well as all
other cranes in the shops, are operated by

Portion of Machine Shop on the Right; Erecting Shop on the Left
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alternating current induction motors. At one
end of the erecting shop are placed driving
wheel lathes, large boring mills, etc., to avoid

6 Ft. Radial Drill Geared to § H.P,, 1500 R.P.M., 550 Volt
Form K Induction Motor

the necessity of handling driving wheels and
the heavier locomotive parts between the
crecting shop and the machine shop.

The machine shop is of the same length as
the erccting shop and occupics the opposite
half of the building. In addition to the
ground floor space in this department, there
is also a gallery 35 ft. wide, the full length of
the building. This gallery is used for brass
work, bolt work, lubricator and injector repair
work, clectrical repair work, tin and copper
work, and cab work. Hatches are located at
intervals in the floor and an I-bcam trolley
is used both for transferring material in the
gallery and for raising material from the
ﬁmund floor to the gallery floor through the

atches. In the gallery arc located two
Sturtevant indirect radiation heating systems
which provide hecat for the whole building.
The gallery flcors arc of 2 in. by 6 in. spruce
laid diagonally on § in. by 16 in. joists and
covered with 1 in. by 4 in. maple. At cach
cnd of the gallery are locker rooms with
suitable lavatory accommodatiins and imme-
diately bclow these locker rooms arc others
similarly equipped. .

The heavier tools on the ground floor of
the machine shop are located outside of the
iallery and served by threc 10-ton cranes.

n addition to the traveling cranc service,
the more important machines have each an
independent jib crane, so that material can
be handled in and out without the necessity
of waiting on the traveling cranes.

Beneath the gallery are located the lighter
tools, which are operated in groups from
line shafting running the full length of the
shop. This line shafting is divided into sec-
tions, each section being operated by an
independent motor. At the dividing point
between any two sections is placed a flange
coupling with the bolts removed. In case it
is desired to take any motor out of service
for repairs or other reasons, the bolts can be
inserted in the flange coupling and two sec-
tions of the shafting run Ey a single motor;
or, by connecting the flange couplings at cach
end of the section, two motors can be made
to operate three sections of shafting.

Themajority of large toolsarcindependently
motor driven, and tests on a large number of

90 In. 600 Ton Wheal Prese, Operated Through Gesring by
13 H.P,, 750 R.P.M., 550 Voit, Form K Induction Motor

these motors, as well as tests on soinc of the
group drivc motors, may prove of interest and
are included at the end of the article.
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These tests, in so far as they-refer to indi-
vidually driven machines, were taken under
average conditions; the groups, however,
were not working up to their full capacity

Cylinder Borer Driven by 7§ H.P., 758 R.P.M,, 550 Voit, Form K Induction Motor

when the tests were made. While it is true
that the results of these tcsts would not
indicale the capacity of motor best suited
to a given requirement, it can be inferred
that the horse-power in the majority of
cases varies in almost direct proportion
to the metal removed, and it can therefore
rcadily be ascertained whether or not the
motors are of the proper size.

There is what might be termed a manu-
facturing tool room in the gallery, and imme-
diately bencath this is a corresponding room
on the ground floor for the distribution and
grinding of tools. A central station for a
complete shop tclephone systcm is located

in the distributing tool room, this arrange- °

ment saving the time that would be necessary
for mechanics to go to and from the tool
room. When any special ‘tool is desired, it
is called for by telephone and delivered by
messcnger, who takes a check as a receipt.
The blacksmith shop is in a separate build-
ing parallcling a-portion of the erecting shop,
but there arc few points of specialintcrest tohe
described in conncction with this departinent.
The power plant contains the following
equipment:
Six 400 h.p. Babeock & Willcox boilers, five of
which are equipped with mechanical stokers,
the remaining one being arranged for burning

shavings and refuse from the pl.;ning mill.
These boilers are provided with Sturtevant
economizers.

Three 400 kw., 150 r.p.m,, 600 volt, 25 cycle G.E.
generators direct connected to
Hooven Owens Rentschler
Company's cross compound
18 in. by 28 in. by 30 in. non-
condensing engines.

Two 50 kw., 280 r.p.m., 125 volt
exciters driven by simple
Watertown engines.

Two 12-B brush arc generators
direct connected to one 200
h.p.,250 r.p.m., 350 volt motor.

One 12-B brush arc generator
direct connected to one 100
h.p..500r.p.m., 550 volt motor.

One 24 panel blue Vermont
marble switchboard, equipqsd
with General Electric Type TA
voltage regulator.

One Pranklin cross compound
air compressor with a capac-
ity of 1700 cubic ft. of free
air per minute,

Two Franklin air compressors
with a capacity of 1100 cubic
{t. of free air per minute.

The piping, both that in
the power plant and that connecting the power
plant with other buildings of the shop, is
painted in different colors, according to the
purpose for which it is used. A table, as

24 1n. Planer Driven Through Gearing by 7} HP., 750 RP.M.,
550 Volt, Form K Induction Motor
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shown below, is provided at various points
for the instruction of those interested:

White*—High pressure steam. :

Ycllow—Exhaust and low pressure steam heat.

Black—Water, including boiler feced and feed

water heater.

Green—Air

Blue—Drip and return.

Red—Fire service.

In addition to the building described above,
there is a car department, which was, how-
ever, built a number of years ago. The
machinery in this department is operated
throughout by motors receiving current from
the power plant described,

This entire plant is operated by 25 cycle
alternating current, the only direct current
apparatus being the exciters for the alternat-
ing current generators.

In the various departments are installed
173 motors with a total capacity of 3160 h.p.,
all of which are of General Electric manufac-
ture. The average motor load at the switch-
board varies from 600 to 700 kw., the average
lighting and power load combined varying

Puanch Driven by 10 H.P., 750 R.P.M., $50 Volt
Porm K Induction Motor

from 800 to Y00 kw. It is therefore scen that
the percentage of average load to total
capacity of motors installed is about 30 per
coent.  The power factor throughout the day
time is about 69 per cent., increasing to 71
or 72 per cent. when the lights are placed in
operation. ’

TESTS

80 IN. DOUBLE WHEEL LATHE (Putnam)
10 H.P,, 750 R.P.M,, 550 Volt, Form K Induction Motor.
Losd Kilowatl Input

Rolling axle, speed 13 fect per min 0.5-2.0
Turninﬁ axle, ¢ in. cut, ¢y in, foed
Speed 15 ft. per min, 5 0.6-1.6

90 In. DOUBLE WHEEL LATHE (Putnam)
50 H.P.. 750 R.P.M.. 350 Volt, Form X Induction Motor
4 Kilowatt Input

Runaingtight . . . . | 2.4
Full load . 5 5 5 5 .28

Load consists of two heavy cuts on driving whoels,
23 in. foed, 3§ in. cut, cutting speed 12 ft. per min.
Kind of tool steet—Miushet high speed. |

74§ H.P., 750 R.P.M., Form K Indaction Motor
This motor is used to move tail stock.
Load

Kilowatt Input
Moving forward F T X -
Moving backward . . 5 5 1.8

€00 TON, 90 In. WHEEL PRESS (Poad)}
25 H.P, 730 R.P.M.. 530 Volt, Form K Induction Motor
Load Kilowatt Input
Runninglight . . . . | 1.4
Pressing 6 in. crank pin from driving
whee!
Averageload . . . . | 23
Maximum load when pin started 3.5
Maximum pressure when pin started
00 tons.

36 IN. X 12 FT, PLANER (Putnem)
10 H.P,, 750 R.P.M., §50 Voit, Form K Induction Motor
Load Kilowstt Input

Running light . .. . . | 1.8
Porward, noload . . . . 28
Back . . . . . . . 4.4
Reverse 5 <. 18

Porward underload . . . ., 3.6
One g in. cut, ¢ in. feed on cast iron,
Load Tool steel, Midval
One ¢ in. cut, ¢ in. feed on stcel.
‘Tool steel, Syrian
Forward 35 ft. per min.
Backward 70 ft. min.

48 IN. X 16 FT. DOUBLE PLANER (Woodard & Powell)
28 HP. 750 R.P.M., $30 Voit, Form K Induction Motar

. Load . Kilowatt Input
Running light a0 o . 2.
Forward,noload . . . . 4
Backward, noload . . . . 4,

Porward, under load . . . .13,
Load, two % in. cut, ¥y in. feed on cast'steel
Tool steel—Mushet high specd

Cutting speed 45 ft. per min,

72 IN, X 12 FT, PLANER (Pond)
28 H.P, 750 R.P.M., 550 Volt, Form K Induction Motor
Load

Kilowatt Input
Running light . . + | 1.7
Reverse A .oan,
Forward,noload . . . . 24
Backward . o 5 o . S
Reverse 5 5 . LN

Forward, undcrload. . . . 4R
Load, 1 cut 34 in. with 1§ in. feed on cast iron
Tool steel—2Mushet high spend

Cutting speed—I18 ft. per min.

Return speed—34 ft. per min,

72 IN. X 30 FT. PLANER (Putnam)
38 H.P, 750 RP.M., §50 Volt, Form K Induction Motor

Lomd Kuowatt Input
Running light . o« o 0 34
Forward, nnload . . . . 48
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72 IN. X 30 FT. PLANER (Putosm) Coacluded
33 H.P, 730 R.P.M., 550 Yolt, Form K Induction Motor

Load Kilowatt Input
Reverse .« + « .+ . 32 )5tons
Backward 92 on bed
Reverse 5 5 . TN
Forward, under load | 6. 4

Load, one 3{ in. cut, f in. ‘feed on cast iron
Tool steef— Mushet

Speed forward—30 ft. per min,

Speed backward—8635 ft. per min.

CYLINDER BORER
73 H.P., 750 R.P.M., 50 Volt, Form K Induction Motor

Load Kitowast Input
Running light . o o 0.78
3 cuts fﬁ in. by m feed . . 4.8

5 cuts 1§ in. by

On 3 cuts, cutting spced 17 ft. per “min.
unknown

On 2 additional cuts, cutting speed 25 ft. per min.
Tool steel, one Mushet high speed; one Syrian

6 FT. RADIAL DRILL (Bickford)
$ H.P,, 1300 R.P.M,, 350 Volit, Form K Induction Motor
Load lo(ll:'-u Input

5.6
Tool steel

Runmng light . ...
1% in. hole in cast nccl 5 5 5 1.9
Feed, )4 in. per min.

Spccdo drill, 74 r.p.m.

5 FT. RADIAL DRILL (Bickford)
S H.P,, 1500 RP.M., 550 Volt, Form K Induction Motor

Kilowatt $; of
Load Input "l;gull

Running light 48
One 8% in. hole in steel, foed

0.45 in, per min. . 52 r.p.m.
Two 14 in. hole in cast iron, feed

0.16 in. per min. . 1.5 24 r.p.m.
Two 3f in. hole in smcl feed

0.373 in. per min. . . 2.4 20 r.p.m. -

51 IN. BORING MILL (Bullerd)
734 H.P., 750 R.P.M., 550 Volt, Form K Induction Motor
Load Kilowatt Input
Running light .
Two 3 in. cuts, 95 in. fccd 40 ft.
r min. on cast iron .
Tool stecl—Mushet high specd

47 IN. BORING MILL (Baush)
10 H.P,, 750 R.P.M., 55¢ Voit, Form K Induction Motor
Kitowatt Input
Runmng light . 1y
One ' 1 in. cut, ¥ in. fced JSft pcr
min. cast stccl
One" in. cut, % in. feed 101t. per
mm cast stcrl 3.5
One % in. cut, ) in. ‘feed. 50 ft. pcr
min. cast steel
Tool steel—Mushet hlgh spccd

BUFFER & GRINDER (Rawson)
3 H.P., 750 R.P.M., 550 Voit, Form K Induction Motor
Loud . '\Iln“l“ Input
Running light . 4
Grinding 6 in. steam plpc to rurface 0.5

COLD SAW (Newton)
3 H.P., 750 R.P.M., 550 Volt, Form K Induction Motor
Load Kilonatt laput
Running light . 5 5 K}
Cutting 6 n. cast iron . g . 3 2
Slow feed 0.45 in. per min.
Saw 16 in. dia., 14}3 r.p.an.

FLUR CLEANER (Ryerson)
25 FLP., 750 R.P.M., 550 Voit, Form X Induction Motor
Load Kilowatt Input
Rolling . 5 5 . . 5 :.2
Lifting
Lclded with 308—2 in. dia. tubes, 12 ft long

No. S PUNCH (Hilles & Jones)
S HP, 730 R PM 350 Volt, Form K Induction Motor

Kilowstt Input

Running )i 0 0.7
Punchm; 1€ in. hole in K in. boiler

pla 1.3
Punchm; ﬁ in. hole in ,’. in. boiler Max

plate 1.2
Punching & in. “hole in ?’m ‘iron’ 1.5
Punching /& in. hole in }4 in. steel 2.32
22 Punches per min.

NO. 4 PUNCH (Hilles & Jones)
10 H.P, 750 R.P.M,, 550 Volt, Form K Induction Motor

Load Kilowatt Input
Running light 5
Punching {f in. hole in }f in. ﬂange

steel . 4. {(Max.)

NO. 9 PUNCH & SHEAR (Hilles & Jones)
15 H.P., 750 R.P.M,, 550 Volt, Form X Induction Motor
Load Kilowatt Input
Running light .
Punchm; in, hole i in )i in. boiler

plate . 5.
Punching 2 m hole in l}i in. Max
wrought iron 228 "
Shearing 4 in. by "}i ‘in. ham-
me! iron . 10.

NO. 3 SHEAR (Hiles & Jooes)
+ 5 H.P,, 750 R.P.M., 550 Voit, Form K Induction Motor
Load Kilowatt Input
Running light . . 0.3
Shearing round s!ecl , in. dia. . 0.8

Shearing round steel ] in. dia. . 1.1 Max
Shearing boiler plate % in. by 2! 2, AR
Shearing boiler plate 34 in. by Ui m 1.2

SPLITTING SHEAR (Lenox Machine Co.)
714 H.P., 750 R.P.M., 550 Volt, Form K Induction Motor

Load Kilowatt Input
Running light . 5 3 0.4
Cutting 3¢ in. boiler plate 5 3 1.7

Cutting specd 7.2 ft. per min.

10 FT. BENDING ROLLS (Hilles & Jones)
10 H.P., 750 n P. u. 550 Volt, Form K Induction Motor
Kilowatt Input

Running l|§m 5 9 0 .09 1.2
Bending 12 in. boiler lnle. Av. 2.8; Max 4.4
Boiler plate was 614 ft. widec and was bent to a

radius of 30 in. in § rollings
Rolling speed 8.6 {t. per min.

63 IN. BOSTON CUPOLA & FOROE BLOWER

30 H.P., 750 R.P.M., 350 Voit, Form L Induction Motor

This blower furnishes air for one flange fire, two
flue fires, and a four burner Ferguson annecaling
furnace, made by the Railway AMaterials Co.

Load Kilowatt Input

AMifullblast . . . . . 13.8
Two flue fires only . 5 o 2.5
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b

90 In. Double Wheel Lathe Geared to 78 H.P,, 713 R,P.M,, 350 Volt, Form K Induction Motor Punch sod Shese Driven by 15 H.P,, 750 RP.M., 550 Voit, Form K Induction Motos

Splitting Shears Driven by 7) H.P,, 715 RP.M., 550 Volt, Form K Induction Motor RaR Bender Drives by 10 H.P., 75¢ R.P.M,, 350 Velt, Fam X Induction Motor
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NO. 7 BLOWER (Sturtevant)
BULLDOZER (Ajax)
35 H.P., 500 R.P.M., 550 Volt, Form K Induction Motor
Blower furnishes air for 5 furnaces
Load Kflowntt Input
Blower with 3 furnaces operating 183
Blower & Bulldozer 5 3
Bulldozer was making 2-80 degree bends on !
by 3 in. iron

STURTEVANT BLOWER
33 H.P., 750 R.P.M., 530 Voit, Porm K Induction Motor
Blower furnishes air for
e double furnace
Four single furnaces
Five double forges
Load Rilowatt Input
3 single furnaces at work 17.6
1 double furnace at work . !
3 single furnaces at work
1 double furnace at work 5 18.6
1 double forge full vent
BLOWER (Buffelo)
EXHAUSTER (Buffalo)
50 H.P., 500 R.P.M., 558 Voit, Form L Induction Motor
Losd Kilowatt Input
11 forges and 2 furnaces in operat:on 215

NO. 3 SHEAR (Hilles & Jones)
10 H.P., 750 R.P.M., 550 Volt, Form K Induction Motor

Load Kilowatt Input
1.

5.5

6. } Max.

$ FT., 6 IN, RADIAL DRILL (Niles,Bement & Pond)
5 H.P., 750 RP.M., 550 Voit, Form X Iaduction Motor
Load Kilowatt Input
Runmng h ht 1.2
Dnllmg ln hole in slttl (cch(Sn

Dnlhn ”li in. holc in stecl, feed
0.075 in. per min, 5 5 1.8

} For 20 forges and
1 furnaces

. Running h{ e
Shearing 114 in. v\rouzht iron
Shearing 235 in. wrought iron

13

MILL SHOP NO. 1
SWING CUT.OFF SAW (Rogers)
3 H.P,, 750 R.P.M., $50 Voit, Form K Iaduction Motor
Load

Kilowatt Input
Runmng light . 5 0.7+
Cutting 2 in. by l"!»§ in. spruc: . 24

Size of saw 10 in.
Speed 2080 r.p.m.

SWING CUT.OFF SAW (Rogers)
I HP, T80 RPM $30 Volt, Form K Induction Motor
Kilowstt Input

Running hgm 50 o . 5 u.e
Cutting 3 in. by 8 in. hard pine . 4. } Max
Cutting 2 in. by 10 in. hard pine . 3. o
Size of saw 181n.

Speed 1840

RAIL SAW (Newton)
773 H.P., 750 R.P.M., 50 Volt, Form K Induction Mator
Load Kilowatt Input

Running light . 5 0 A0Q

wing G in. steel t.nl .. AR
Fccd 0.21 in. per min.
2R in. saw
A.13 rp.m.

0.50
1.6 Max. 2.4

RAIL BENDER (Wstson & Stiliman)
18 H.P.,, 750 R.P.M., 550 Volit, Form K Induction Motor
Load Kilowstt Iaput
Running light .
Bendmgd Ib. rail to 24 lt.. HM
in. ra
Speed of rml 100 ft. per min.’

18 IN. SLOTTER (Din)
S H.P., 1500 R.P.M., 550 Voit, Form K induction Motor
Losd Kalowatt Input
Running light . 5 . . 5 0.4
One 3jin. cut, ¢ in. fced on steel 0.9
Tool steel—Musghet high specd
Strokes per minute, 23

ELEVATOR
S H.P, 750 R.P.M,, 550 Volt, Form K Induction Motor

Losd Kilowatt Input
Motor running light 5 5 5 0.56
Elevator up with one man  Pump back on line
Elevator down with one man 5 4.2
Elevator up with 1400 1bs. . . 1.2
Elevator down with 1400 lb: . 2.2

24 IN, sx‘nuc‘ron
3 H.P. 750 RP.M., 350 Volt, Form K Induction Motor
Load Kilowstt Input
Extractor filled with cily waste 0.96-0.88
Specd of extractor, 1080 r.p.m.

NO. 3 GAINER (Wood)
o H.P,, 750 R.P.M., 530 Voit, Form L Induction Motor
Load Kilowatt Input

Runmng h! 5 5 2.4
in.by 113in gain ] in hard pmc . 4.4
n. by 435 in. gain in hard pine . T2

NO. 2 FORGING MACHINE (Ajax)
lo H.P, 7% R. PM.. $50 Volt, Form L Induction Motor
Kilowatt Input
Running i 5 1.6
Punching{f in.holeina 11'| in. rivet 5.0 Max,
NO. 5 FORGING MACHINE (Alax)
20 H.P., 750 R.P.M., 550 Volt, Form L Induction Motor

Load Kilowsatt Input
Running light . T 3.7
Loaded 16.1  Max.

Load consisted of gathenng a1l in. hemupl\er-
ical head on a 114 in. rivet.

GROUP (Qallery)
T H P., 750 R.P.M., 550 Volt, Porm K Induction Motor

Kilowstt
lhchlm Load [nput
1 Two qlnmlle u’rcgular Running
moudcr( arey) . + light -
1 39!3in, band saw (Carey) Running -
1 Double saw table (Carcy) Runnin
When test was made saw was ripping 2 in. pine
ant saw bench ripping 2 in. oak.
GROUP
10 H.P., 730 R.P.M,, 550 Volt, Form K Induction Motor
Kilowatt
Machines Load Input
4 Flue cutters 2 Running light
2 Running 1.
1 Flue welder . . 5 Running
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GROUP
10 H.P,, 730 R.P.M,, $30 Volt, Form K Induction Motoe

Kilowatt
Machines Load Input
28 in. Vertical drill( Blaisdel])Running
40in. Yertical drill Bement) Running
38in. Vertical drill( Prentice) Running
34 in. Lathes (Putnam) 1 Running
2214 in. Vertical drills (Barnes)

Running
QROUP

15 H.P,, 750 R.P.M., S50 Volt, Form K, Induction Motoe
Kilowate
Input

6.2

Py rYOyOyey

Machines Load
24 in. Lathes (Reed) 2 Running
40in, Vertical drill {Bement)
42in. Boring mill (Bullard) Running
24 in. Shaper (Stockbridge) 8
15in. Slotter (Betts) .
18in. Stotter (Putnam)

30 ton arbor press (Chams-
rberg) . 5 .

Running

ot s bt 0t )

GROUP
1S H.P., 750 R.P.M., 350 Volt, Form K Induction Motor

Kilowsatt
Machines Load Input
30 in. by 8 ft. planers (Woodward &
Powell ) . . . 2Running
26 in. by 10ft. milling machine
planer type (Becker Brainard) R
8 ft. radial drill (Bickford) Running N
No. 2 horizontal boring mills (Betts)
2 Running
23 in. vertical drill (Barnes)

-3

1 e

—

GROUP (Gallery)
1S H.P,, 750 R.P.M., 350 Voit, Form K lnduction Motor

Kitowatt
Machines Load Input
1 24 in, [athe (Pitchburg)
2 20 in. lathes (Schumacher) 1 Running
4 18in. lathes(Prentice) . 2 Running
5 18 in. lathes (Schumacher)
4 2 ft. by 24 in. flat turret
lathes (Warner & Swasey)
2 Running
2 2ft, by 24 in. flat turret lathes Av. 12,
(Jones & Lampson) . 1 Running | Max. 24.
1 40in, vertical drill (Bement) .
1 25in, vertical drill (Barnes)
1 3in. bolt cutter .
1 134 in. bolt cutter (Acme)
2 double bolt cutters (Acme) 2 Running
1 double bolt cutter (Niles,
Bement & Pond) Running
GROUP
15 H.P., 750 R.P.M., 550 Volt, Form L Induction Motor
Kilowatt
Machines Load Input
1 Trip hammer (Brmllc{) Running
1 No. 2 emery grinder (1)ia- X
mond Muchine Co.) Running
2 40in. vertical drills (Bement)
2 Running
1 Grindstone . Av. 13,
1 Hammer (Bradicy) Max. 149,
1 No. 2 sheur (Ifilles & Jones)
1 13 in. forging machine (Ajax)
1 2in. forging machine (.\\jax) Runni .z
1 3% in. forging machine zl\jux)

Running

e bt e e = 1O 8D NS

-

-t —-—

[Ty Y X

———

————

—

GRrROUP
25 H.P, 750 R.P.M., $50 Volt, Form K Induction Motor
Kilowatt
Machines Load Input
30 in. boring mills (Bul-
fard) . . . . 1Running
24in. lathes (Rced) 2 Running
18in. lathes (Reed) - .
24 in. turret lathe (Gisholt) Running
30 in. planer (Woodward & Powell)
16 in, shaper (Gould & Erbhardt) 16.
24 in, shaper (Stockbridge) Running
16 in. shaper (Stockbridge)
30in. planer (Putnam)
42 in. vertical milling machine
(Hilles & Jones)
Double rod borer (Newton)
GROUP
30 H.P,, 750 R.P.M., 550 Volt, Form L Induction Motoe
Kilowatt
Machines Load Input
No. 300 Hollow mortiser
Wood) . 5 Running
No. 225 Hollow mortiser Av. 2292
{Greenlee) 0 .0 Running Max. 30.3
30 in. Single planer (Rogers) Running | -~ 2% 9
30 in. Single glaner (Fay) Running
Heavy loa
5 GROUP
35 H.P., 500 R.P.M., $50 Voit, Form X Induction Motoe
Kilowatt
Machines Load Inpat
Irregular Ilders (Wood) 2R g
60 in. three drum sander
(Fay a0 o o Running
42 in. three drum sander
(Fay) o o a Running
Grindstones . 5 Running 26.3
42 in. band saw (Fay) . Running -
Turning lathes EWood)
Dowel machine (Fay)
Rip saw 0 5 . Running
Copper sheathing machincs
Heavy load
GROUP
40 H.P., 750 R.P.M., 550 Volt, Form L Induction Motor
Kilowatt
Machines Load nput
No. 214 jointer (Invincible)
Universal jointer (Fay) Running
Saw table (Roolston En-
gine Works) D
End tenoner (Berry & Orton) 203
5 spindle borer (Wooil) Running
5 spindle borer (Greenlee) Running
Self feed rip saw (Wood)
GROUP
S0 H.P., 500 R.P.M., 850 Voit, Form L lnduction Motor
Kijawatt
Mackines Load Input
Chain mortiser (New Britain)
Buzz plancr and drill (Fay)
48 in. band saw (Fay) . Running
10 in. outside moulder
(Wnod) . Running 183

36 in, band saw (Atlantic)
Tenoner (Fay)

Double eahinct saw (Carey)
Tenoner
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THE EFFECT OF SUPERHEAT, VACUUM, INITIAL PRESSURE AND
FEED WATER TEMPERATURE ON THE WATER RATE
AND COAL CONSUMPTION OF TURBINES

By Dr. Erxst J. BERG

By referring to the equations given in the
first papert or to the tabulation of theoretical
water rates, the theoretical water rate can be
determined for any values of initial pressure,
superheat, and vacuum.

for instance with 200 lbs. absolute
initial pressure, dry saturated steam, and
28 in. vacuum, the theoretical water rate is
10.2 lbs. per kilowatt hour. At 2%in. vacuum
it is 9.0 lbs. per kilowatt hour, and at 27 in.
vacuum, 10.75 lbs.; therefore, using 28 in.
vacuum as a basis for comparison, there is a
decrease in water rate of 5.9 per cent. when
incrcasing the vacuum 1 in. and an increasc
in water rate of 5.4 per cent. when lowering
the vacuum by 1 in.

Thus on an avcrage, we conclude that
around 28 in. vacuum each inch of vacuum
changes the water rate by about 3.7 per cent.

With steam at 200° F. superheat, the
theoretical water rate at 2§ in. vacuum is
9.1 lbs. per kw-hr.; at 20 in. vacuum it is
8.53 Ibs. per kw-hr.; and at 27 in. vacuum,
9.6 1bs.; thus the average change in water rate
per inch of vacuum is also 5.7 per cent.

Therefore, in gencral we can state that,
disregarding the condition of the steam
(at about 200 lbs. absolutc initial pressure and
28 in. vacuum), therc is a change of water rate

inch of vacuum of about 3.7 per cent.
Vith lower initial pressure, as for instance
140 1lbs. absolute, the avcrage change of
water rate is 0.4 per cent. per inch of vacuum,
or considerably greater than at the higher
initial pressure, as could be expected.

The cffcet of supcrheat on the water rate

can also be determined from the equation of.

available energy, or by referring to the table.
For instance, at 200 lbs. absolute pressure and
28 in. vacuum, the theorctical water rate is
10.2 lbs. with saturated stcam. With stcam
at 200° P. superheat, it is 0.1 1bs.; thus the
deercase in water rate is 10.8 per cent., for
each per cent. decreasc in water rate requires
18.5° superheat.  This value remains practi-
cally the samc whether the vacuwn is 27 in.
or 20 in. It is also practically the same for
all commerecial initial pressures.

It is an intcresting fact, however, that

* The second of a series of three papers read be!&n the em-

ployees of the Commonwealth Edison Company, Chi 3
t July, 1910, Revizw, L b

while the gain in water rate by vacuum is
practically that demanded by theory, the
gain by superheat is almost 50 per cent.
greater. The fact that the gain by vacuum
is as much as theory demands is interesting,
since it indicates that the operation of the

. lower stages must be very efficient with high

available energies, and corresponding high
steam speeds, as the lower, or indeed the last
stage, is practically the only one affected by the
change of vacuum and may with high vacuum
convert far more energy than each of the
upper stages.

The large gain by superheat is no doubt
due to the fact that the rotation loss is less
than with initially saturated stcam. It has
been found that this loss is a function of the
quality of the steam. A mixture of steam
with a considerable amount of water acts
to some extent as a water brake.

The great saving effected by the use of
high vacuum is in the coal consumption; the
per cent. saving corresponding practically to
the gain in the water rate by increased
vacuum. For instance, assuming the cffic-

‘iency of the turbine to be the same when

operating at 27 in. vacuum and at 28.5 in.
vacuum, the gain in water ratc at average
commercial initial pressure is 9 per cent. and
0 per cent. in water means substantially a
saving of 9 per cent. in coal.

The gain in water rate by supcrheat only
slightly affects the coal consumption. As an
cxample, the relative coal consumption will
be determined for a turbine operated at 200
Ibs. absolutc initial pressure with dry sat-
urated stcam and 28 in. vacuum, and again
with the same pressure, but 100° F. superheat.

The total heat per pound of saturated
stcam at 200 lbs. pressurc is 1198.3 B.t.u.;
the hecat corrcsponding to 100° superheat
(assuming Cp as .3) is 30 B.t.u.; and thus the
increase in heat with superheat is

m-.O-HT, or 4.17 per cent.

The available cnergy in the supcrheated
stcam between 200 lbs. and 1 1b. is 275,200
foot pounds; in saturated steam it is 261,000
foot 1bs.; and thus the increase in available
cnergy is 3.37 per cent., and the gain in coal
3.370%—~4.17%=1.29,. As stated above,
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the gain in water ratc is considerably greater
than that which corresponds to the gain in
available energy, and is about 8§ per cent.;
thus, in practice the gain in coal saved by
100° F. superheat is 89, —1.17%, or 3.83%.
In this calculation it has been assumed that
the fluc gascs lcave at the same temperature,
and that the thermal cfficiency of the boiler
in onc casc and boiler with superheater in the
other is the same. In all probability this is
not quitc the casc; ncverthcless, there is a
deeided gain.

The initial pressurc bcars an important
relation to cconomy, but the gain by increas-
ing the initjal pressure is very small compared
with that derived by a few inches of vacuum.

Refeiting again to the tabulation of the
theorctical water rates:

At 200 lbs. pressure, saturated steam, and
28 in. vacuum, the thcoretical water rate is
10.2 Ibs. per kilowatt hour; at 173 lbs.
absolute and the same vacuum, it is 10.43
1bs.; thus the gain in water rate by raising
the initial pressure 23 Ibs. is 0.25 1bs. or 2.3 per
cent. for 25 1bs,, or 1 per cent. for each 10 1bs.

Effect of Feed Water Temperature on Steam Economy

It is generally recognized that it is well to
supply steam boilers with water of as high
temperature as possible. There are many
good reasons for this practice outside of the
gain in cconomy, but it is well worth doing
on that scorc alonc.

To illustrate this, a few typical cases will
be considered.

1. When there is wo feed water heating,
which case might cxist in a plant using electn-
cally driven auxiliaries only.

2. Exhanst from the auxiliaries is used lo
heat the feed water.

3. Fecd waler is heated partly by lite steam
ami parll by the exhaust from the auxiliaries.

Feed waler is healed partly by the exhanst
and partly from a turbine which is *“bled.”

No Feed Water Heating

We will consider a plant with main turbines
of 540 kw. capacity and auxiliarics rcquiring
40 kw.; thus the uscful output is 50U kw.

It will be assumed that thc turbine is
supplicd with dry saturated stcam at 163
Ibs. absolute pressure, that the vacuum is
28 in., and that the water rate 10 Ibs. per
kilowatt hour. The flow per hour is then
19X 540= 10,250 Ihs. At 28 in. vacuum the
temperature of the condensed stee:1is 102° F.;
at the boiler it is 366° F. Thus we nced to
supply 366—102=2G4 B.t.u. as liquid hcat

per 1b. of water. The latent heat at 163 Ibs.
pressure is 833.06 B.t.u.; thus each pound of
the flow requires $35.64-264=1119.6 B.t.u.
and the total hcat required is:

1119.6X 10,250 = 11,500,000 B.t.u.

Engines or Turbines Driving the Auxiliaries and
their Exhaust (at Atmospheric Pressure) used
to Heat the Feed Water

As in the first case, it will be assumed that
the usefu! output is 300 kw., at a water rate
of 19 Ibs. It will be of interest to detcrmine
the water rate of the smali engmes or turbincs,
which at 40 kw. output will give sufficient
exhaust steam at atmospheric pressurc to
raise the temperature of the fced water to
212° F. Since the temperature of the con-
densed steam from the main turbine is 102°
F., we will require 212—102=110 B.t.u. per
pound of steam; thus, since with 500 kw.
output at a water rate of 19 lbs. the flow is
0500, the heat required is 0.)00)(110-
1, 04.) 000 B.t.u.

Assuming that the exhaust from the
auxiliary engine contains 4 per cent. moisture,
the heat input is the latent heat of 96 per cent.
of the flow.

Let f be the flow from the auxiliary cngine,
and a the latent heat at atmospheric pressure,
which is 963.8 B.t.u.

We have then, 963.8X0.96 f=heat input
= 1,043,000 B.t.u.

Thus the flow f=1130 lbs., which corres-
ponds to a water rate of the auxiliarics of
1130+ 40 = 28.2 1bs. per kilowatt hour.

This water rate is far better than could be
cxpected from small non-condensing turbines
or cngines; thus the heat in the cxhaust is
more than enough to bring the temperature
of the feed water to 212° F. Somc of the
stcam would have to exhaust into the atmos-
phere and would be lost.

If the water rate were 40 1bs. per kilowatt
hour, which is likely, then the amount of
surplus stcam would be {0(40—28.2) =470
Ibs. This steam would have to be supplied
from the source of water, which might have a
temperature of G0° F., but before entering the
boiler it would be heated to 212° P, Thus
the total heat necessary to be supplied is:

For that part of the water which has to be
drawn for the water supply:

B.ta.

Liquid heat = 470(3G6—212) = 72,400

Latent heat s 470X 835,06 =103, (M)()

375,400
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For the rest of the flow (9500+1130=
10,630 1bs.)
B.t.u.

Liquid heat = 10630(366— 212) = 1,638,000
Latent heat=10630X853.6  =9,110,000

10,748,000
Thus total heat =11,223,400 B.t.u.

In this case then, when a considcrable
portion of the cxhaust steam is wasted, the
gain is only slight, being about 2.4 per cent.

In large stations where the amount of
power taken by the auxiliaries is a much
smaller percentage of the useful power, the
gain is very considerable. For instance, if the
auxiliaries required only 5.6 per cent. of the
uscful power instead of 8 per cent., as was the
casc above, then no exhaust steam would go
to waste and the total heat required \\'0\3d
have been 10,748,000 B.t.u.

The saving in coal would then have been
G per cent.

In very large stations the amount of ex-
haust steam is frequently insufficient to raisc
the temperature of the feed water to 212°.
It is then of interest to inquire whether any
economy would result if live steam was
delivered to the feed, or if steam at sub-
stantially atmospheric pressure was drawn
from the turbine.

As an illustration it will be assumed that
the auxiliarics require only 4 per cent. of the
main flow, that the water rate of the main
turbines is 15 1bs. per kilowatt hour, and that
the vacuum is 29 in. For the sake of sim-
plicity we shall make the calculations for each
1000 kilowatts of output of the main turbines.
The temperature of the condensed steam is
80° F. and the amount of condensed stcam,
15,000 lbs. per hour. The mixture of the

condensed steam and the exhaust will take a.

certain temperature /, which is higher than
80° and lower than 212°,

The heat required is the liquid heat’

between temperatures ¢ and 80° F.; thus the
heat required in B.t.u. units is 15,000(¢—80)
=15,000 £—1,200,000. The amount of the
exhaust steam is 0.04X 15,000 =000 lbs.
Thus the heat given by the exhaust is:

Liquid hcat = 600(212—1) = 127,200 —G00 .

Latent heat = 0.96 X 600 X 963.8 = 557,000.

Thus 13,000 £—1,200,000 = 127,200 — 600 ¢
+557,000; thus £=121°

The heat required is:

Liquid heat for a flow of

B.t.u.
15,600 1bs. = 13,600(366 —121) = 3,820,000

Latent heat for a flow of
15,600 1bs. = 15,600 X 835.6 = 13,350,000
17,170,000
To raise the temperature of the feed water
to 212°, we obviously need:
15,600(212~121) = 1,420,000 B.t.u.
With p pounds of live steam supply, we get
from the latent heat §53.6 p(B.t.u.).
From the liquid heat p(366-212) =154 p.
Thus a total amount of heat of 1009.6 .
Thus 1009.6 p=1,420,000 B.t.u.
or p=1410 lbs. per hour.
In this case, then, the total flow will be
15,000+ 6004-1410=17,010 1bs.
and the hcat required: B.tu.
Liquid heat 17,100(366—212) = 2,620,000
Latent heat 17,100X833.6  =14,550,000
17,170,000
Thus there is no gain or loss except in so

" far as it is better to supply the boiler with the

hotter water.

As was shown above, to raise the feed
water temperature to 212° will require
1,420,000 B.t.u.

The sccond stage of the turbines usually
has about atmospheric pressure; thus, since
the latent hcat at atmospheric pressurc is
963.8 B.t.u., we require:

1,420,000

965.8 \

At atmosphceric pressure (since the steam

probably contains 4 per cent. moisture)

=1,470 1bs. of steam.

———=1,530 lbs. per hour.

This steam has done some work in the main
turbine, the amount of work being governed
by the ratio of the available encrgy in the
steam between the initial pressure and atmos-
pheric pressure, to the total available cnergy.
As can readily be calculated from the equa-
tion for the available energy and as can be
scen from the tabulation of theorctical water
rate, thc available energy in the steam
between the boiler pressure and the atmos-
pheric pressure is approximately one-half of
the total it would have had had it expanded
to 29 in. vacuum.

Thus the water rate for that part of the
stcam which passcs through the upper part
of the turbine only and.which is exhausted in

)
the fced water is, say, %'35--80 Ibs. per kilo-

watt hour. The outi:ut of 1,530 Ibs. is,
1,530

30 =31 kw.

thercfore,
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Therefore the stcam which goes through the
entire turbinc need give only 949 kw.,

Thus the total flow of steam is:

Lbs,
Main turbine (in its entirety)
049X 15=14,240
Main turbine, non-condensing part= 1,530
Flow from auxiliaries = (0

16,370
Thus the heat required is: B.t.u.
Liquid heat 16,370(366—212) = 2,500,000
Latent heat 16,370X853.6 = 14,000,000

Total heat = 186,500,000

The saving effected by bleeding the turbine
isthus 17,170,000~ 16,500,000 = 670,000 B.t.u.
or 3.9 per cent,

In general it is safe to say that the most
economical way of operating the auxiliaries
is either to use a high class reciprocating
engine which has a low water rate or elsc
to havc them electrically driven, and in the
latter case, supply the necessary heat to the
feed water by bleeding the turbine. The
installation of small inefficient turbines for
driving the various auxiliaries is not good
enginecring and the loss incidental to their
use even if all the exhaust steam can be used
for heating the fecd wafer, amounts frequently
to scveral percent of the total output. This
is evident from the fact that there is practi-
cally as much heat from the exhaust of an
efficient turbine at atmospheric pressure as
from an inefficient turbine, and consequently
the difference in output in the two types of
turbincs is a net gain to the gencral station
output; therefore, if the total auxiliaries in
a large plant amount to say, 200 kw., and
these auxiliaries are driven largely by small
turbines, it is safe to say that at least 100
kw. out of the 200 kw. could bec saved by
using electrical drive instcad of turbine drive.
The nccessary mechanical arrangement for
bleeding the turbines is so simple that there
is practically no complication involved in
its use. I relaize, of course, that there are
{rcquently good reasons why stcam driven
auxiliarics should be given preference to
motor driven auxiliaries, but I think that
very frequently an unneccssary amount of
small stcam driven auxiliaries arce used, and
their justification has been the crroncous
assumption that the efficiency of the small
auxiliary is immaterial as long -s its cxhaust
can be used to advantage to heat the fced
water.

LUMINESCENCE*
By Dr. CuarLES P. STEINMETZ

Since the old primeval days, when fire
was first used for heat, light and as a protce-
tion against animal foes, down to the present,
the art of illumination has been advancing—
very slowly at first, then more and more
rapidly; developing from the wood fire,
through the torch, the candle, and the oil
burners to the gas and electric lights.

Light which is produced by heat, or
tempcrature, we call incandescent light.
The heat energy which a current of clec-
tricity produces in the resistance of the
filament must escape from it, and this appears
asradiation. Light,and radiation in general,
arcforms of energy differing from heat, but by
the interception of the radiation by some
opaque body, heat is produced. For instance,
if you place your hand so that the radiation
energy impinges upon it, this encrgy is de-
stroyed as radiation and becomes heat.

By raising the temperature we obtain
morc rapid vibration and higher frequencies,
until ultimately frequencies are reached
that produce visible radiation, or light.
In the lower frequencies that produce light,
this light appears red. Increasing the
temperature further, the amount of radiation
increases and we have rays of orange, yellow;
green, blue, violet and ultra violet; the
color of light changing with increasing
temperature from red to orange, to ycllow,
to yellowish white, and then becoming
whiter and whiter.

If the temperature could be incrcased
beyond that at which white light is produced,
the light would become bluish, or ultra-
violet, but long before this we are close
to the limit of tcmperature which even
the tungsten lamp can stand, because the
filament will melt. If we wish to use a still
higher temperature, we start an arc between
two carbon terminals. As the current passcs
through the stream of vapor between these
two tcrminals, the stream is at the boiling
point of carbon (about 3700° C.) and heats
the terminals to this point, thus producing
a light that is whiter than that scen in the
tungsten lamp. The arc lamp operates at
the highest temperature—the boiling point
of carbon—and gives thc most cfficient
incandescent light.  Thus the efficiency in-
creascs, and the colors change with the increase
in temperature.

" *Lecturs delivered before the Sch dy Section ALE.E.
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The total range of radiation, from the
lowest frequency to the highest, compasses
sornething like 12 octaves, of which some-
thing less than one octave is visible—all
the other being invisible. It should be
understood that the lowest frequency within
these 12 octaves is still hundreds of millions
of eycles per second.

Most illuminants give a yellow light,
because the temperature is naturally lower
than that necessary to obtain a white light.
Green light it is impossible to get, with a
temperature radiation, green being in the
middle of the visible range. The color of
ordinary incandescent light is seen in the
light produced in the candle—the most
reliable illuminant which human ingenuity
has ever devised.

If we take an alecohol lamp, and hold in
the flame a piece of platinum wire which
has been dipped in thallium chloride, the
flame assumes a green color. Now this
color is not due to incandescence or tem-
perature radiation, since it is a green, a
color, which, as stated, can not be obtained
from temperature radiation. If instead of
thallium chloride, the platinum wirc is
dipped into lithium chloride, the flame
assumes a bright red color. Again using
sodium chloride we get a yellow light. It
is a curious thing that wec can get green,
red and yellow lights in the same flame,
the temperature being the same in all three
cases. g'lerc we find a kind of radiation
which is not due to incandescence. It is
not temperaturc radiation, for with it we
cannot obtain a green light; furthermore we
get different colors at the same temperature,
whereas in temperature radiation the color
is a function of the temperature, and ranges
from red to white according as the temper-
ature is low or high.

If we take some calcium nitrate and,

exposc it in the alcohol flame, the flame
becomes yellow.,  Again, if we take the same
calcium compound and put it in the carbon
are at 3300° C., we shall sce the same ycllow
tight. Thus at the low temperature of the
alcohol lamp, which docs not cxceed 1000°
C., and at the very high temperature of the
carbon arc, the color remains the same.
We have, therefore, different colors at the
same temperature, and also the same colors
at different temperatures.  This, however,
is not always the case. Some cumpounds
change the color of the light with changes
of temperature, but the change of color docs
not follow the regular law of incandescence.

In the mercury vapor lamp the temperature
is relatively low—mot much above the boil-
ing point of water—still we get an intense
light—a green light. If we increased the
temperature, the mercury light would change
in color from bluish green, which it has
at low temperature, to a whiter color,
and at extremely high temperature it
becomes a pinkish-red. In the mercury
arc the average frequency decreases with
increase of temperature, which is just the
reverse of the case of temperature radiation.

If a platinum wirc with thoria at the
end of it is held in the flame, it grows much
brighter and glows with a greenish light;
whereas some platinum gauze held in the
flame glows with the yellow light of incandes-
cence. The temperature of the flame being
relatively low, the platinum gives incan-
descent radiations of yellow, orange and
violet. If now we take the gauze of thoria
and platinum together we shall see the
‘two different colors produced at the same
temperature, again showing that it has
nothing to do with temperature radiation.

There is, therefore, the possibility of
producing light radiations which do not
follow the tempcraturc laws. The interest-
ing feature of this is that while we can
produce light from incandescence, we are
limited in color. [Excepting at extremely
-high temperature, we cannot get a white
light. Green we cannot get at all. Red
we can get only at rclative inefficiency, as
it is produced only at very low temperature
radiation, where the cfficiency is low. Fur-
thermore, cven at the highest temperature
allowable, the efficiency is relatively low.

As we have shown, however, we can get
radiation and not follow the temperature
laws, but get different colors at the same
temperature, or the same colors at different
temperatures, as well as different colors at
different temperatures.

It is worth while to investigate and find
out whether with radiation that docs not
follow the temperature law and that is not
duc to incandescence, but which we call
luminescence or selective radiation, we could
reach cfficiencies higher than those possible
by incandescence.

The color of luminescent radiation is
not a function of the temperature, but
depends upon the material which luminesces.
Thallium, in the alcohol flame, produces a
green light; sodium, a yellow light, and
lithium a red light—all at thc same tem-
perature. Barium produces a yellowish green.
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If the color is a function of the material,
this means that the frequency of radiation
obtained depends upon the kind of material
used. Suppose a material were found in
which those particular frequencies at which
luminescence takes place were in the visible
rangc that the cyc can sce, that material
would give 100 per cent. efficiency in light
production. Again, in another material, if
the radiation of luminescence was in the
invisible range, that would be a very in-
efficient light producer.

The light, and, in general, the radiation,
given by a vapor conductor between terminals
1s due to luminescence, or the transformation
of the electric energy into radiation. The
frequency of radiation in the are stream is
not due to temperature, but the frequencies
are determined by the chemical nature of
the lumincscent body, or arc strcam. Thus
the light efficiency does not depend upon
the highness of* temperature, as in tempera-
ture radiation, but rather the reverse. The
arc of lowest temperature, the mercury are,
is one of the most efficient. The color of
the light depends upon the character of the
material which luminesces. However, in
luminescent radiation the temperature is
of importance, not that we want very high
temperature, but rather the right tem-
perature; the one that is suited to the
particular material used. The change of
colors in luminescence do not follow a def-
inite law, as in temperature radiation.

In the titanium arc the light is white,
the lines in the spectrum being quite uni-
formly distributed over theentire vis?ble range.
The light from the ordinary iron arc is also
white and very brilliant, the lines of the
spectrum  being similarly distributed. I
we greatly increase the temperature of this
iron are, by using a condenser discharge
between the terminals, the are gives little
visible light but gives a large amount of
ultra-violet radiation.

In sclective or luminescent radiation there
is the possibility of producing light at higher
or lower frequencies and getting different
colors, depending upon the material used.
The question is, how docs this radiation come
about; how is luminescent radiation produced,
and how can we picture this?

We assume that all materials are composed
of smallest parts—molecules, atoms, or what-
ever they may be. If we take a picce of
graphite, carbon or titanium .nd heat it,
the molecules or atoms will be sct in motion;
they will vibratc and communicate their

vibration to the cther. This produces
the cther waves, and the encrgy scnt out
we sec, at the proper frequency, as light.
Consider the molecule or atom or particle,
whatever it is, vibrating. It has definite
mass, definite force, and therefore the con-
clusion is that it would vibrate at a dcfinite
frequency—just like a tuning fork or any
other body vibrating at a definite frequency.
If we heat a tungsten filament, we sct the
molecules vibrating. We do not, however,
get a definite frequency of radiation, but a
mixture of an infinite number of frequencies
over a wide range of many octaves. What
is the cause of this? We know the tuning
fork will vibrate at a definite tone and
definite frequency. The air in the organ
pipe, when set in motion, will vibrate at a
definite frequency—so0 also should the atom
or molecule. If we take a mound of sand,
however, and attempt to set it in vibration,
each particle of sand will vibrate at a def-
inite rate, depending on its mass and the
forces acting upon it; but as a part of the
mound it cannot vibrate freely because its
vibrations are continually interfered with
by the other sand particles. The continual
interference of the other particles prevents
the particle from properly completing its
vibration, and instead of the whole mound
of sand vibrating at a definite rate, there are
all kinds of frequencies; each grain of sand
having a different rate from the other grains,
depending upon the interference of the
particles around it.

If we look at the energy distribution in
the spectrum of a radiating body, like
tungsten filament, what we sce is the proba-
bility curve of vibrational frequency for
any single molecule. What it amounts to
is that each individual molecule would, if
by itsclf, vibrate at a definite rate. In the
solid mass, however, duc to interference
between molecules, there can be no uniform
vibration, but a mixturc of all possihlc
rates of vibration—all possible frequencics.

The problem is to find a material in
which the atoms, or molecules, or whatever
the radiating particles may be, arce free
from interference with cach other. In
solids and liquids there is this interference,
which practically destroys the individual
vibration of the particles and gives only the
total. Some solids there are, however, which
to some cxtent give their specific vibration,
as for instance some of the rarc carths,
thoria and ccria. The particles do not so
completely interferc as to wipe out entirely
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the individual vibration. These materials
do not follow the temperature law; they
radiate light at an abnormal efficiency. Tho-
ria alone does not give the selective radia-
tion to any great extent, but combined with
ceria in the Welsbach mantel produces an
efficiency of light many times higher than
the gas flame alone could give. The
specific vibrations of thoria in the Wels-
bach mantel are very prominent at
low temperature. Once the vibration gets
energetic enough, due to high temperature,
the independent vibration of the particles,
even of the Welsbach mantel, practically
ceases. The vibrations at higher tempera-
tures are more energetic, extend over wider
distances, and the chance of interference is
greater.

If the problem of selecting a material
with which to produce luminescence or
selective radiation depends upon finding one
in which the particles do not interfere with
each other, a gas or vapor might be
used. In this the molecules are so far
apart as not to interfere, and for this
reason it would be an idcal matcrial for the
purposc. In a solid if particles are set in
vibration by heat it becomes incandescent.
If we heat a gas or vapor we get motion of
the molecules it is true, but not asin a solid,
for instcad of getting radiations, we get
pressure. If then, temperature does not
produce luminescence in a gas but at the
same time thc gas or vapor would be the
idcal material for lumincscence, we must
find some other way of producing vibration.
. There are two convcnient ways: chemical
excitation and clectrical cxcitation. The
chemical method is that of bringing the
lumincscent matcrial into the focus of intense
chemical reaction; the electrical, that of using
it in the vapor state as a conductor of clectric

current.  Both methods of producing lumin-

cscence have found commercial applications.

Chemical Excitation

If we take matcrials like the salts of which
I have spoken, and in the flame vaporize
them or split them up into their elements,
the atoms are sct in motion, and in vapors
they are free to vibrate without interfercnec;
so that they have a definite frequency and
give color to the light, indcpendently of the
temperature.

A gas flame gives rclatively low light
efficicncy. By increasing the tempcraturc
of the gas flamec, we get a morc rapid rate
of combustion but no morc light; but if

we use this temperature to heat the thoria
and oxides of the Welsbach mantel to a
high temperature, then the flame is lumines-
cent, and gives an efficiency several times
higher than the gas flame.

Chemical luminescence is a very convenient
method of producing colored lights of very
high intensity, and 1s used industrially in
fireworks, and in colored signal lights. To
a considerable extent it is used for purposes
of amusement.

Electrical Excitation

As stated, electrical excitation consists
in using the material as a conductor of elec-
tric current. There are two possibiiities:
we may use gases as radiators by having
them conduct the electric current (as in
the Moore tube, in which the gas
is a conductor of electricity, carries the
current and is made to luminesce) or we
may use electrode vapor. °

ases are extremely or conductors.
In the Geissler tube, if the voltage drops
below a certain value there is no current,
and thus a high voltage is required. Of the
gases which have been invcstigated, nitrogen
gives the best efficiency; this is not quite
as good as that of the tungsten lamp, but
is high compared with the gas flame or
ordinary incandescent lamp.
- Good conductors, however, are thc metal
vapors in the arc strcam. The arc has first
to be started between the tcrminals—a
conducting bridge must be produced by the
expenditure of encrgy. There are several
ways of starting thc arc conduction, such
as bringing the tcrminals together, closing
the circuit, and then separating them; or
by raising the voltage between the terminals
so high that a static spark passes betwcen
them; or again by the supplying a vapor
stream from another arc, cte. The current,
having started its own conductor by evapora-
tion of the electrode material, maintains it
by maintaining a supply of conducting
vapor. The color is thercfore that of the
clectrode material, and not that of thc gas
which fills the space in which the arc is
produced; the nature of this gas has no cffect
on the arc.

The three materials which give an efficiency
of light production which is many times
higher than can be reached by incandescence
are mercury, calcium and titanium. Mercury
gives a bluish-green light, because the
visible radiation is mostly in blue and green.
Calcium, which is used in the flame arc,
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gives an orange-ycllow light, because most
of the visiblc radiation is in the orange and
yellow. Titanium gives a white light,
the visible radiation being scattercd unifoninly
all over the visible rangc. These three
matcrials seem to give fairly closcly the same
efficicncy.  Possibly titanium is highest—
all threc are used. The mercury vapor
lamp is not used as much as it deserves be-
cause in the bluish-green color people do
not look pretty.

Luminescence is used to produce colored
lights, and to produce higher efficiencies.
Lumincscence was the first step in advance
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in the method of light production through
all the ages, from the wood fire of the pri-
meval savages down to modern times,
replacing incandescence by sclective radia-
tion, or luminescence.

We are only at the vcry beginning or
entrance to the ficld of luminescence—
especially on the electrical side. On the
chemical side, in the Welsbach mantel,
much has been accomplishcd. There is
the possibility in the future of light efficiency
which we have never dreamed of, and which
in incandescent material we could not hope
to even approach.

AN INTERESTING METER INSTALLATION
By B. E. SEmpLE

The Illinois Steel Company, South Chicago,
I11., generates its power at 2200 volts, 3-phase,
23¢ cyles; the Indiana Steel Company, Gary,
Ind., generates its power at (G600 volts,
3-phase, 23 cycles. These two plants are
about sixteen miles apart and operate in
parallel with each other tfnmugh a22,000
volt line, suitable step up transformers
being in use at each station.

The plant of Universal Portland

are revolving in the proper direction; the
meters being free to rotate in either direction,
depending on the direction in which the
current is flowing.

When South Chicago is feedinﬁ.1 Gary
n;

Company is located at Buffington,

Ind., about five miles from Gary and

cleven miles from South Chicago,
and reccives its power from the 22,000
volt linc connecting South Chicago
with Gary.

At times Gary furnishes power to
South Chicago and also to Buffington,
and at other times to South Chicago
alone or to Buffington alonc. Likewise
South Chicago at times furnishes
power to Gary and Buffington, or to
either separately.

This state of affairs demanded a
system of metering whereby the proper
billing amounts could be arrived at,
and it was found that by using four
three-phase, three-wire meters at the
Buffington sub-station, connccted as

shown in the accompanying diagram,
the correct amount of cnergy con-
sumcd by the Buffington plant, com-
ing cither from South Chicago or
Gary, could be recorded, as well as the
. amounts of encrgy passing from onc gencrat-
ing station to the other.

All four mcters are cquipped .sith ratchet
devices so arranged as to move the recording
hands only when the rotating clements

and no energy is being used at Buffington,
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meters No. ! and No. 3 are rcgistering,
sinec they are connected in series.

. When Gary is feeding South Chicago and
no cnergy is being used at Buffington, meters
No. 2 and No. 4 arc resistering, since they
also arc conncected in series.
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When South Chicago is feeding Buffington
alone, no energy being sent to %ary, meter
No. 1 registers.

When Gary is feeding Buffington alone,
no energy being sent to South Chiacgo,
meter No. 4 registers.

In billing, therefore, the amount shown
by meter No. 1, less the amount shown by
meter No. 3, is charged to Buffington, and
credited to South Chicago; the amount
shown by meter No. 2 is charged to South
Chicago and credited to Gary; the amount
shown by meter No. 3 is charged to Gary
and credited to South Chicago; and the
amount shown by meter No. 4, less the
amount shown by meter No. 2, is charged
to Buffington and credited to Gary.

BOOK REVIEW

THE COPPER HANDBOOK, VOL. I1X
1628 Pages Price $5.00 (Seat on Approval)

The ninth annual edition of the Copper Hand-
book, edited and published by Horace ]J. Stevens,
of Houghton, Mlich lists and d ibes over
7,000 copper mines and copper mining companies
throughout the world; the descriptions being the
same as in the preceding volume, except that over
eight hundred tities have been added to those
contained in previous editions.

The book also contains a number of miscellaneous
chapters covering the history, chemistry, mineralogy
metallurgy and uscs of copper; other chapters being
devoted to substitutes, alloys, brands and grades.
The chapter of statistics, containing upwards of
forty tables, bas been fully revised and, as nearly
as possible, brought to date.

Anyone intcrested in the subject of copper, as
producer, consumer or investor in shares, should
find the Copper Handbook of much interest.

OBITUARY

Clinton Charles Burr, Chief Engineer of
the Northern Electrical Manufacturing Com-
pany, Madison, Wisconsin, died at Lincoln,
Nebraska, May 2Sth. Mr. Burr had been
in failing health for some months past, and
in March last went to Lincoln for treatment;
then his health improved for a time, but
finally failed gradually until the end came.

He was born at Albion, Michigan, Decem-
ber 30th, 1870; prepared for college at the
Albion High School, and later entered the
University of Michigan at Ann Arbor,
where he took the course in electrical
engineering. He then entered the employ
of the General Electric Company at Schen-
ectady and while still in their service,
went to Quito, Ecquador, where he superin-
tended the installation and starting of a large
hydro-electric plant, continuing in charge
of its operation through the years 1899,
1900 and 1801. Returning to this country,
he was identified for a period of one year
with the Lincoln Traction Company, meoln
Nebraska, leaving there to enter the engineer-
ing department of -the Ft. Wayne Electric
Works, where he remained until the year 1905.
He then became Chief Engincer of the
Phoenix Electric Company, Mansfield, Chio,
and later of the Mechanical Apphance
Company at Milwaukee, entering the em-

+ ploy of the Northern Electrical Manu-

facturing Company at Madison in 1908.
Very shortly thereafter he was appointed
Chicf Engineer of the Northern Electrical
Manufacturing Company, which position
he occupicd at the time of his death.

Mr. Burr was a man of wide experience
and acquaintance in the clectrical field
where, and because of his technical ability,
his unfailing courtesy and cheerful disposi-
tion, he was held in the highest esteem by
all those with whom he came in contact.






