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THE OSCILLOGRAPH

In order to properly design electrical
apparatus, or, in fact, apparatus of any
variety, the first essential is a knowledge of
the phenomena in connection with which
the apparatus is to operate. In the case of
electrical phenomena, however, the acquisi-
tion of this knowledge has been fraught with
difficulties, on account of the exceeding
rapidity with which the phenomena vary.
Thus no ordinary voltmeter, ammeter or
galvanometer is capable of following the
wave of a rapidly varying electric current or
pressure and recording the wave form or
making it observable, the inertia of the
moving parts rendering their movements too
sluggish.

The need of some satisfactory means of
accomplishing such results was early recog-
nized and a number of different instruments
were invented with this end in view. These
instruments were of two classes; in the first,
which could be employed only with recurrent
phenomena, no attempt was made to have a
moving element keep pace with the variations
of the phenomena, but during the repetitions
deflections were obtained indicating the suc-
cessive values, the curve being either automat-
ically drawn by means of these deflections or
plotted later from the resulting data. This
‘“point by point” method was first described
by Joubert in 1880; it is the method employed
in the Hospitalicr’s ondograph, Rosa’s curve
tracer and the General Electric wave mcter.*

Obviously the use of these instruments is
restricted to those phenomena that arc many
times repeated; they cannot, of course, cope
with so called transicnt phenomena; for this
purposc recourse must be had to the second,
or continuous, class of instruments—those
containing a moving clement having a
natural period short enough to cnable the

*For detalled descriptions of thess instruments, together

with the different forms of the oscillograph, sce_paper by Louis
by e Gl Lt Py e
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element to keep pace with the variations of
the phenomena examined. The first instru-
ment of this class was devised by Prof,
Elihu Thomson in 1881, and was followed
by a number of others; and though none of
these were adequate to modern practical
requirements they were the forerunncrs of the
present oscillograph.

This instrument—which is to electrical
apparatus what the indicator is to the steam
engine—as first described by Blandel in the
Comples Rendss, April, 1893. In its modern
design it is made in two forms, the vibrating
iron strip and the vibrating loop type. The
latter, which is the form most frequently used,
consists, fundamentally, of a pair of fine silver
wires or ribbons stretched at considerable
tension and placed between the pole pieces
of a powerful electromagnet, the ribbons
carrying a minute mirror on which a beam
of light is directed. The current to be
investigated is passed through these ribbons,
which, due to the field in which they are
placed, are thus caused to twist. The beam
of light from the mirror is in consequence
deflected in proportion to the degree of
torsion of thc ribbons at every moment.
The movements of the spot of light may be
viewed by a revolving mirror, thus showing
the wave form of the actuating current; or,
it may be allowed to impinge upon a moving
photographic film, in which casc a permanent
record of the wave is made.

In the sccond form of this instrument, the
conducting vibrating loop is rcplaced by an
iron band, which docs not carry the current
under examination—this being passed through
two auxiliary coils which are placed on cither
side of the iron strip and cause it to twist.

In order that the oscillograph may meet the
demands put upon it by modern engincering,
the following charactcristics are cssential:
The moving clement must have a natural
period that is rclatively small as compared
with the periods of the wave forms to be
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investigated; it must have critical damping;
the instrument’s self induction must be
negligible; it must possess sufficient sensi-
bility to respond to small currents; and,
finally, the working parts must be accessible
and susceptible of repair with ordinary care.
The article by Mr. Robinson in the present
issue shows what advances have been made
along these lines, and to what a degree of
perfection the instrument has arrived. It
has passed out of that class of laboratory
instruments that on account of thcir delicacy
are restricted to the use of experts and has
taken its place among practical commercial
instruments. Through its perfection an
instrument of incalculable value has been
placed at the command of engineers. In
scope and the universality of its application
it is like no other instrument, the investiga-
tions and tests for which it may be employed
being almost endless in their variety. .

WASHINGTON, BALTIMORE &
ANNAPOLIS 1200 VOLT D.C. RAILWAY

In this issue we publish a somewhat
extended account of the 1200 volt equipment
of the Washington, Baltimore & Annapolis
Railway, which has replaced the original
6600 volt alternating current equipment.

It is of intercst to note that the weight of
the present cars shows a reduction of about
twenty tons each as compared with that of
the older ones, and that the same schedule
specd is being maintained as formerly, while
the seating capacity has only been reduced
from sixty-six persons per car to fifty-four.
This reduction in weight, after allowing for
the change in seating capacity, is due to the
inherent differences in the alternating current
and dircet current equipments, and the
conscquent climination of the transformers,
ete.

The use of lighter cars has cffected a
reduction of-forty per cent in the power bills,
while the same scrvice is maintained. The
cost of power rcduced to a ton mile basis
shows that a saving of about ten per cent
per ton mile is effected in favor of 1200 volts
direct current.

Formerly the authorities would not permit
the heavy cars to operate over the city tracks
of Washington, owing to the insufficient
strength of the yokes employed in the conduit
system; it is only since the introduction of the
new equipments that the intcrurban cars
have been able to obtain running rights over

the Washington city tracks. This has
resulted in very material benefits to the
Washington, Baltimore & Annapolis Rail-
way Company.

The detailed description of the 1200 volt
switchboards will be read with interest by all
those who have becn waiting to see what
would become standard practice in this
direction, while the satisfactory manner in
which the two 600 volt rotary converters have
been operating in series to give 1200 volts at
the trolley will dispel the doubts of those who
were looking for trouble in this direction.

That the change from alternating current
to direct current was cffected with no inter-
ruption to the traffic is a matter of satisfaction
and congratulation to all parties concerned.

CATENARY LINE MATERIAL

Until within the past half dozen years,
during which time rapid development has
taken place in electric traction, the overhead
equipment of electric roads was well nigh
uniform—as indeed was trolley equipment in
general, being almost universally supplied
with direct current at 500 to 600 volts; but,
with the growth of interurban traction and
the employment of large cars operated at
high speeds, the former overhead equipment

.was no longer adequate to meet the require-

ments of the new service.

Among other things, the unequal elevation
of the trolley wire at the center of spans and
points of support introduced difficulties in
current collection that were not manifested
at the lesser speeds formerly employed.
To meet this difficulty, the catenary type of
construction was introduced, this being briefly
a method of suspending the trolley wire in
such a manner as to practically climinate the
sag. For this purpose, a cable or wire, called
a messcnger, is strung above the trolley wire.
This cable hangs in a catenary curve, and
from it, the trolley wire is hung at frequent
intervals by means of hangers which are
made of such varying lengths as to support
the trolley wire as nearly horizontal as pos-
sible. In this way the sag, which is objection-
able in the trolley wire, is transferred to the
messenger cable where it can do no harm.

The article by Mr. Hoffman in this number
discusses the various advantages and dis-
advantages of catenary suspension, and
includes a valuable table giving the relative’
costs of the catenary and direct suspension
construction.

(o
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THE OSCILLOGRAPH
By L. T. RopiNson
GENERAL ELECTRIC STANDARDIZING LABORATORV

The oscillograph is no longer an experiment,
or even a device that wouFd be exhibited of
itself as having any special interest. In the
hands of a number of
investigators it is al-
ready a standard instru-
ment for every day use
and is doing its daily
work with accuracy, re-
liability and satisfactory
speed.

The difficulties which
for a time existed in
connection with the suc-
cessful repair and re- -
newal of the various X Al
delicate parts of the in-
strument have practi-
cally been overcome
and the instruments are
now supplied in such
form that they can he
successfully handled and
repaired by any one who

ossesses ordinary skill
in the handling of instru-
ments in general.

The oscillograph has
been found useful in
connection with viewing
and recording waves of
current, potential, and
magnetic flux, as well as for investigating a
great variety of transient phenomena such as
the rise and fall of current in a circuit
when a short circuit is made through a fuse,
rise of voltage when opening the field of a
direct current generator, the form of current
wave or the wave of voltage on either side
of rectifying apparatus, the waves in ignition
circuits in gas engines both with magnetos
and batteries, ete., etc.

The alternating current wave in telephonc
circuits can also be shown, as well as other
waves of a similar nature which, by means
of auxiliary apparatus, can be reduced to
current or potential waves in an clectrical
circuit.

Various occurrences in connection with
transmission lines during switching, or when
disturbances are caused by lightning, have
been successfully investigated by means of
this instrument.

These are only a few of the many things
that can be studied with the aid of the
oscillograph; to make it quite plain what

Fig. 1. Oscillograph in Case

can be done with the instrument, the period,
sensibility, etc., that can be given to com-
mercial instruments will be spoken of some-
what in detail.

The vibrating strip type of oscillograph
with ficld supplied by an electro-magnet has a
free period of oscillation of the moving system
of about 33'so of a second. With this period
the resistance of the working clement is,
approximately, 1}4 ohms, and with the
standard arrangement of parts gives a
deflection of 1 mm. with from 0.003 to 0.007
amperc.

A rcasonably large record of a wave—one
that would be of suitable size for cxamination
or analysis—would cxtend for 20 mm. on
each side of the zero line, and would require
a current of 1/10 to 1/7 of an ampere, or
1214 to 17 or 18 milli-watts of cnergy.

It is also possible to reduce the total
resistance of the moving system to 14 ohm
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and yet retain precisely the same character-
istics of the moving clement, as far as fre-
quency, current sensibility, cte.,arc concerned.
hen these low resistancc vibrators are
employed, the only disadvantage which
accompanies their use is that a little more
time is required in restraining the vibrators,
because the conductors leading into the

Fig. 2. Vibeator

moving strips must be attached by soldering
near the bridges instead of to the ends of the
strips as in standard arrangements. When
the low resistance vibrator is used the energy
consumed in a vibrator is reduced to 2}4 to
334 milli-watts.

The vibrators may be energized from shunts
when larger currents are to be measured, and
series resistances up to any required amount
may be included in series with the vibrators
when it is necessary to measure voltages of
large value. -

urrent and potential transfor-
mers may also bc made use of to
extend the range of theinstruments.
If the requirements of the in-
vestigation demand the measure-
ment of currents much smaller
than those which may be directl
measurcd by the vibrator, small
current transformers may be made
usc of to step up the current before
it is passed through the vibrators;
rcmembering, of course, that the
total cnergy required is not reduced
below the 234 to 314 milli-watts
that would be required for direct
operation, but is slightly incrcased
to the extent of the losscs in the
small transformers used. The
amount of energy required may
be more than that which is avail-
able in some places where oscillo-
graph records would be of interest,
but on the other hand it is not
gencrally appreciated that the energy required
for successful operation is as sinall as it is,

The standard arrangement of the oscillo-
graph compriscs a method for viewing waves
as well as for photographing them on a drum

around which a strip of sensitized film has
been placed.

In general the viewing arrangements are
not useful except in connection with phe-
nomena which are repeated indefinitely at
regular intervals in phase with some alter-
nating current supply which may be used to
operate the small synchronous motor that
rocks the mirror to give the abscisse on the
viewing screen. Arrangements are provided
whercby this viewing apparatus can be quickly
removed from the path of the beam and the
apparatus for making the photographic record
brought into use,

In certain special investigations it may be
desirable to use a long film drawn contin-
uously in front of the light spot to reccive
the record, or an arrangement whereby a
large drum could carry several feet of film.
The usual length of film employed is one foot
and this has come so near to satisfying all
requirements that no other standard arrange-
ment has been built. The film may be
exposed for one revolution, beginning at the
joint in the film, or instantly after one revolu-
tion, starting at any place.

The films may be rotated at a speed as
high as 1200 feet per minute, it being quite

Fig. 3. Oucillograph Galvanometer

possible to obtain a satisfactory record of an
irregular wave of 30 or 35 mm. amplitude
cach side of zcro at this speed.

There is no question but that many
investigations demand a much higher period
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than can be commercially obtaincd in the
vibrating-strip type of oscillograph. Several
attempts have been made to obtain this
higher period in other designs—notakbly that
in which the moving system consists of a
vibrating band of iron. In this type, periods
as high as 50,000 a second havce been recorded.
The highest period that could be called
possible with the vibrating strip tvpe is

It is also well to call attention to the fact
that the period of the moving system and the
speed at which the film can be operated are
usually not the limiting features in obtaining
photographic records. At the present time
the limitations of oscillograph records at high
specd and high frequency are found in the
intensity of light which it is possible to get
through any optical system, and the ahility

Fig. 4. Fiim Holder

approximately 10,000 a second, and the dimen-
sions of the parts, even at this frequency,
would certainly be so small that the handling
of the instrument would not be convenient.
However, this apparent advantage in periods
which may be by means of the
single vibrating iron strip is generally of no
practical advantage, because the field neces-
sary to deflect a strip is considerable and
must be produced by inductive windings

Fig. 3. Inotcmal Arrengement of Oucillograph

through which the current to be investigated
must be made to pass. The difficulty is that
a current having a frequency high cnough
to require such a small period in the moving
system could not well be passed through the
inductive winding of such an oscillograph.

of any film to record the passage of the light
spot. Careful attention to the details of the
arc lamp and to the adjustment of all the
parts in the light path will give a goed recard
under the most severe conditions, but at the
present time the question of light may be
considered to be the limiting feature. In
this connection the arc lamp may be briefly
mentioned. Experiments have definitely
shown that a large arc is not better than a
.small one for the purpose. For this
reason the present practice is to use
an 8 or 10 ampere partially enclosed
arc regulated by hand. Automatic-
ally regulated, 25 or 30 ampere arc
lamps have been used and still find
some advocates, but there is no
doubt that there is a general ten-
dency to favor the hand-fed lamp
of "small ampere capacity. The
latter is less cxpensive to operate,
gives as good results as the auto-
matic lamp when the latter is at
its best, and the little attention
required to fced the lamp by hand
‘ as the records are madc is more
than compensated for by the fact
that any automatic lanp will some-
times regulate poorly, causing failure to get
a proper record when the test can not be
conveniently repeated.
With regard to the range of frequency that
can be accuratcly taken carc of with the
oscillograph, cxperiments on machincs of
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comparatively high frequency have shown
that it can respond with accuracy to 8 fre-
quency of about one-half that of the free period
of the undamped vibrator. This means that
with the ordinary standard tvpe of instrument
frequencies as high as 3000 may be recorded;

Fig. 6. Permenent Magnet Oscillograph

if, however, such a current or voltage has har-
monics they will not be accurately recorded,
but will usually be indicnted up to the third
andmay be tothe fifth harmonic, provided that
these llarmonics are quite prominent in the
true wave. To obtain accurate measure-
ments of the higher harmonics they should.
of course, be regarded as the true frequency
of the circuit. For example, on a GO cycle
circuit an ordinary vibrator should record
correctly as high as the 40th or 51st harmonie,
which, of course, is beyond what would
usually be of interest. With the same degrec
of cxactness, the 5th harmonic of a 600 cycle
circuit could be rccorded.  As the recording
of a 600 cycle wave at the highest film speed
that can convenicntly be obtained, namely,
20 fect per sccond, gives 214 complete waves
for cvery inch of the film, it may be scen that
600 cycles is about the limit in fundamental
frequency that can be recorded where the
form of the wave must be accurately known,
At this point the mechanical limitations to
the film speed, the free period which can be
given to the vibrator, and the speed at svhich
the photographic impression can be obtained

are all fairly well in accord. If the speed of
photographic impression could be materially
increased there is every reason to believe
that the other limiting features could be
increased by a like amount.

The insulation within the instrument allows
of the employment of poten-
tials as high as 2300 volts
between vibrators, or between
any vibrator and ground. If
higher potentials are to be
employed, some method must
be used which limits the poten-
tial between vibrators to not
more than 2300 volts. Condi-
tions where high voltage cir-
cuits must be used may be met
by employing instrument trans-
formers, or utder certain con-
ditions high resistances may
be included in the vibrators,
the whole instrument being
near ground potential. It is
also possible to insulate the
whole instrument, together
with a small storage battery
for exciting the field from
ground. This arrangement has
been successfully employed in
several cases.

In certain cases where it is difficult to
insulate the exciting circuit of the electro-
magnetic field, and where there is no direct
current available for field excitation, it has
been found useful to provide oscillograph

alvanometers with permanent magnets.
%‘hm have been made with single vibrators
and alsq with two vibrators, but tbe two-
vibrator instrument can not have more than a
few volts between the vibrating strip and the
frame, or between the two moving elcments.
On account of the fact that the permanent
magnet can not crcatc as strong a field as that
which can be obtained by means of the clectro-
magnet, the sensitivenessis somewhat reduced
in this form of instrument. The ampere
scnsibility is about 0.01 or 0.007, depending
on whether two vibrators or one arc included
in the field of the permanent magnet. The
resistance of the vibrator for the permanent
type is the same as that for the electro-mag-
netic; in fact, the standard vibrators which
arc used in the electro-magnetic type may
be used with the permanent magnet.

The galvanometer with permanent magnei
may be arranged for use in the box provided
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¥ig. 7, Oscilograph Record of Current in Teleph Lise C. ding to Be: Vowel Sound (“1,” a3 in Machine); Voios Pitched st A 110
Above Record Shows About Six Cycies, Total Time Approsimately 033 Seconds,

Record by John B. Teyler

Fig. B. Switching 100,000 Voit Line off Sh Surgetn T 25 Cycies

Record by G, Feccioli
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9. First Rush of Current from an Alternstor when Short Fig. 10, Wave of Electromotive Force Obtained from Narrow
ireuited, Showing Unsymmetrical Initisl Wave of Cunent. tpbr\u Coil om Alternator Armature, Jodiceting Distri-
Beroming Symmetrical after  Few Cycles. 23 Cycles bution of Field Plux. The Terminal

O e Mtceraaror 1 Very Hioarbr s Bron Wave ™"
aa - ve.
20 Cycles: About 17 Yoits

11. The Waves of Voltage and Curvent of an Alternating . 19, Rupturiag 650 Voit Circuit. (A) Current W
(A) Volnu w-w ‘ﬁ' c.nnnu Wave Iho'him Hzo.oﬂo Amm‘.ﬁulmnnx (B! ;‘“ 35 Cysle Wave to Ihfl
Power Factor Cmyelﬂ t Phase 3 Time Scale

13 ﬂntlnsiolCnrnnlmn Alternator when Short Fig. 14, Short Cirouit Current on Direct Current Eod of Ro-
ircuited, Showi: metrical Curtent Wave as in ua Convemf. 21,300 Amy Maximum. Upper Curve.
9: Also Wun u( Fnld Current Caused by Bhort t Voltage; er Curve, Direct Curren!
n&w Current in Anumn. Up;sr nrv- Av. pem. Durstion of Short Circust About.
mature Currenty 1710 Second
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for the standard galvanometer with electro-
magnet, and in this way may form part of the
standard equipment. This would make the
most complete kind of an outfit. The per-
manent magnet galvanometer is, howcver,
usually assembled in a different box which
has no synchronous viewing attachment, but
which allows the wave to be viewed by means
of rotating mirrors that can be turned by
hand. The arc lamp for this outfit is made
to pack in the box and the whole forms
a semi-portable outfit which for some work
is more convenient than the complete
standard equipment. For laboratory use
or for any sort of investigation work where
a considerable variety of tests must be
covered, the standard arrangement of box
with electro-magnetic galvanometer will be
found far more useful in its application.

As already stated, a construction for the
moving part of the instrument that will admit
of easy renewal and repair is very desirable.

) Lamp Showing Rapid Decres:
n@;si‘ Mazda (Tungsten’ p n“}p. .E;‘Cy: e

ormal Current as Filament Heats les

circumstances, be different on a given instru-
ment at different times.

It is also important when taking oscillo-
graph records that are to be used for repro-
duction to usc care in the adjustment of the
optical system (the lamp, etc.) so that clear
records may be obtained which may be
reproduced as prints or halftones by direct
process without being redrawn. It is usually
possible to get negatives which will make

prints or reproductions and it is advis-
able at all times to use the necessary care to
produce such negatives. If the record on the
negative is drawn over before prints are
made, a great deal of the original value of the
record is destroyed. Aside from the fact
that such doctored rccords usually do not
appear well, it is seldom possible for any one
to follow the line on a negative with ink
without departing appreciably from the
true path described by the light spot. This
variation from absolute truth in the repro-

& / v\y /l‘-\‘/n -\\;/v n\;‘ /- )

16. c.:boul-n.shmdﬂk Increase to Normal
L Current ss r?lumm uulﬁ‘:. 35 Cycles

(The difference in wave form is due to the fact that the electromotive force waves of the machines on
which the tests were made were differcnt, and not to any action on the part of the lamps themselves.)

Reference to Fig. 2. will show that this
feature has been very fully cared for, as there
is a free space all around the vibrating strips
and mirror on all sides, so that the mirrors
can be readily attached to the strips or new
strips put in place.

In most cases, the interpretation of results
which have been recorded by the oscillograph
requires definite knowledge of the manner
in which the event recorded took place with
reference to the time scale. It is usually most
convenient to have this time scale read from
left to right on any prints that are made, the
direction of the time scale being indicated
by an arrow, as shown in the rccords given.
The practice should be avoided of having the
arrow indicate the direction of the film in
passing by the light spot or any other relative
motion which may not be the samec on all
oscillographs and which might, under some

duced record may seem of no consequcnce
to the person who is preparing the print, but
the record of some important happening in
connection with the test may be destroyed.
Many phenomena of interest and value,
that had no conncction with the results
which were being sought for, have been found
to be clearly rccorded on oscillograph films.

To illustrate the variety of work which can
be done with the instrument the accompany-
ing reproductions of records are given, together
with a brief description of the conditions
under which cach was taken. These records,
together with the detailed statements which
have been made on the energy required to
operate the instrument and the frequencies
for which it is suitable, will give any onc who
is intercsted in the applications of the instru-
ment a better idea of what may be done with
it than could be had in any other way.
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WASHINGTON, BALTIMORE & ANNAPOLIS 1200 VOLT D.C. RAILWAY

By Jorn R. HEwETT

The Washington, Baltimore & Annapolis
Railway is of more than ordinary interest,
both on the score of its having been converted
from a 6600 volt single-phase to a 1200 volt
direct current road, and on account of the
class of service it is providing. The system
comprises two divisions, the first consisting
of a double track, high speed line connecting
Washington, D. C., with Baltimore, Md.
The plans for this portion of the system have
been under comsideration for a number of
years, but the property only passed into the
hands of the present company in 1905, and
the work of electrification as a single-phase
road was completed in two years from that
date. The second portion of the system is a
single track road connecting Annapolis Junc-
tion with Annapolis. The traffic to Annapolis
is large, owing to the Naval Academy, which

“AD

WARAINGTON AL TMDRT B AN IS
EETRC  RaLwy

is one of the most important naval depots of
the United States. This road was formerly
known as the Annapolis, Washington &
Baltimore Railway and was in operation as
a steam road nearly eighty years ago. The
equipment of this road is now similar to the
double track road comnecting Washington
with Baltimore.

The map, Fig. 1, shows the route taken
by both lines and also the location of the
power house and substations.

Every detail of the road and its equipment
has been designed with the view of giving a
high class, high speed service. The city run-
ning necessarily takes up a disproportionate
part of the running time, but the schedule on
the interurban section, which is as high as 44
miles per hour, compensates for this and the
run from terminal to terminal takes but 85

& lis Reilway




. Bennings Substation

WASHINGTON, BALTIMORE & ANNAPOLIS 1200 VOLT D.C. RAILWAY

minutes. The steam road service between
Washington and Baltimore is gomd, there
being a very great number of trains per day,
and it is therefore imperative that the elee-
tric lines should give an attractive schedude.

The clectrical equipment of all the suls-
stations and cars was manufactured by the
General Eleciric Company'.

General Scheme of Electrification

Fig. 2 will give a pood idea of the general
scheme of electrification, and will also show
the distances Detween the more important
points.

The energy for operating the Washington,
Baltimore é Annapolis Railway is generaved
by Curtis turbines in the Bennings power
house of the Potomac Electric Pawer Com-
pany and is delivered to the Bennings sub-
station at a potential of 6600 volts.

Figs. 3 and 1 respectively, are diagrams of
the transmission lines and of the feeders and
trolley. These together with the explanatory
key to Fig. 2 render a written deseription in
detail unnecessary.

Substations

There are five substations located ot the
following points:  Ardmare, Naval Academy
Junction, Baltimore, An-
napolis and Bennings. The [
diagrams and map will
show the relative positions
of and the distances
between these substations,

Les-
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as well as the manner in
which they are connected
electrically.

The function of the Ben-
nings substationis to
receive the power which is
generated at the Potomac
power lhouse at GGOO
volts, transform it to
33,000 volts, and distri-
bute it at this potential
to the duplicate transinis-
sion lines which feed the
other substations of the
Washington, Baltimore &
Anmnapolis system. There
are no 1200 volt feeders
from this substation.

Ardmore Substation

The Ardmore suhstation
is the only one which was

A AAOL A RTINS

Fig. 2. Wiring Disgram of the W,
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built for the 1200 volt system, the single-phase
substations in each of the other cases having
been altered to suit the new conditions.

This substation is a red brick structure andis
divided into a machine room and a high ten-

i

Fig. 3. Diagram of Transmission_Line

sion compartment, the former containing the
rotary converters, reactances and switchboard,
and the latter the transformers, oil switches,
lightning arresters, ete. Figs. 3 and G
are interior views of these scctions,

Both of the 33,000 volt
transmission lines arc tapped
into thc Ardmorc substation,

GENERAL ELECTRIC REVIEW

sprinkler system for the car bams. An
air compressor for car barn use is also in-
stalled here.

Both transmission lines are tapped into this
substation and 1200 volt feeders extend from it
inthe direction of Washing-
ton, Baltimore, Annapolis
and Annapolis Junction.
¥ Figs. 7 and 8 are in-
terior views of the machine
room and high tension
compartment respectively.
One of the rotary con-
verters i8 not shown in
Pig. 7. Fig. 9is an ex-
terior view of the sub-
station, while Fig. 10 was
taken from the roof to
show the manner of carry-
ing the leads from the
transmission line vertically
down to the transformers.
It also shows the hormn
gaps used in conjunction
with the electrolytic light-
ning arresters.

Baltimore Substation

The Baltimore substation is a brick struc-
ture and is situated at the outskirts of
Baltimore near Scott Street. The exterior of
this building, and also a good view of the

and switching arrangements are 1

provided to permit of either or Arny oy oM e bd e

both of the lines beingused at © | T T TT T 1] o

the same time. The potential R B % Tt =1

is stepped down from 33,000 to
370 volts and fed to the rotary
converters, whence it is fed in
both directions to the trolleys
and feeders at 1200 volts.

Naval Academy Substation
This substation is situated
near the car barn and is con-
structed with a reinforced
concrete frame filled with red
brick pancls.
The substation proper is
divided into two portions;
namely, a common room for
the transformers and rotary
converiers, and the high ten-
sion compartment. A small
anncx houses the boiler and pumping
machinery that supplies the heating fand

Fig. 4.

Vievant
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Traosmisswn & Feeder (ines

Diagram of Trolley and FPeeder Lines

external hi%h tension wiring, are shown in
Pig. 11. he illustration on the first page
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of cover gives an excellent idea of the switch-
board which controls the output of the sub-
station. This board consists of two rotary
converter panels and two feeder panels, the
high tension alternating cur-
rent panel being located at the
opposite side of the machine
room and shown in Pig. 12.
Annspalis Substation

The Annapolis substation
is in the center of Annapolis
and includes under one roof
substation, express depot,
waiting roomn and ticket office.
This substation contains two
300 kw. rotary converters
and three 160 kw.  trans-
formers. !

The functions of this
substation are considerably
simplified since the change
from alternating current to
direct current, owing to the
fact that the City of Annap-
olis permits the use of the
1200 volt trolley.

Substation Apparatus

The following table gives the number of
rotary converters and transformers installed

Fig. 6. High Tension Compartmenr Ardmore Substation
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in the various substations, It should be
noted that provision is made for two addi-
tional rotary converters and three additional
transformers in both the Ardmore and

a i

£yl

e e 3 e O i

Fig. S. Main Section Ardmors Substation

Baltimore substations, while at Academy

Junction one spare rotary converter is already

installed and provision is made for the

addition of a second. :
SUBSTATION APPARATUS

~Rotay e

TRANSPORMERS

coxvaaress | TRAMSK
Numbar |4 | Nomber | Cypaziy
. |
Bennings . 1| 000 i 7 | 800
1 1000* 1 1100*
1 550°
Ardmore . 4 300 ‘ 6 160
Academy Junction| & 300 7 160
Baitimore 4 300 ! ¢ | 1060
Annapolis 2 300 3 160

| t

““eUnits marked thus are for opsrating the District lne,

These rotary converters are all three-phase,
four pole, 300 kw. units running at 750 r.p.m.
and designed for a full load direct current of
500 amps. They arc, practically speaking,
standard 600 volt rotary converters with
additional insulation to permit their operation
in scries to give 1200 volts. They arc com-

und wound with their shunt ficlds excited
rom the individual machincs and the serics
ficlds of cach pair arc connccted in serics on tho
grounded side. A speed limiting device and
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magnetic oscillator are provided on each

machine, and the metallic graphic brushes
employed on the alternating current side
decrease the amount of carbon dust and make

Fig. 7. Main Bectioa Naval Acedemy Substation

lubricating unncccssary, at the same time
eliminating the wear of the rings. The direct
current brush rigging is supported directly on
the magnctic frame, in order to remove as
far as possiblc from the commutator all metal
on which an arc would hold in case a flashover
should occur at any time.

These rotary converters havc given the
most exccllent satisfaction in operation and
no difficulty of any kind has been experienced
with two machines operating in scrics.

The reactive coils each have a capacity of
45 kv-a., arc oil cooled, and have standard
starting switches with protecting covers
mounted on the top.

All the transformers with the exception of
those installed in the Bennings substation,
which are of 800 kw. capacity, arc 160 kw.
Type H machines, similar in design. They
arc wound for 33,000 volts on the high tension
side and for 370 volts on the low tension side.
The primaries are Y-connected and are
provided with four 234 per cent taps, while
the secondarics, which are double, are delta-
connected and have 50 per cent starting taps.

The switching arrangements arc of special
intcrest, as the high tension dircct current
boards are of standard Gencral Electric

design, specifically made for 1200 volt work,
two machines in series.

The direct current switchboard of the
Baltimore substation isillustrated on the cover.,
This board consists of two
machine panels and two
feeder panels, each machine
panel being for one pair of
rotary converters.

The two 600 volt rotary
converters are connected in
series as previously stated,
the series fields of both
machines being connected
between the armature of the
low machine and ground.
This arrangement makes nec-
essary only one circuit
breaker, one lever switch,
and one ammeter and volt-
meter on each panel. The
lever switch is placed on the
bus side of the circuit breaker
so that when the switch is
open it is possible to work on
the circuit breaker without
danger while the positive bus
is alive.

The circuit breakers have
standard carbon contacts

Fig. 8. High Tension Compartment Naval
Academy Substation

¢
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with an increased length of break for 1200
volts, while the lever switch is made
of standard G600 volt parts. Both the circuit
breaker and lever switch
have the current carrying
parts mounted at the top of
the panel out of reach,
while their operating o
handles are on the lower
panel,  The mechanical
connection between the
handle and switch is made
by aninsulating rod. PFire-
proof arc chutes are pro-
vided around the circuit
breaker and lever switch
at the top of the panel.
The circuit breaker is
arranged so that the handle
always returns to the in-
ward position, while the
handle of the lever switch
alongside it stands out
when the switch is open,
In order to distinguish
between the two handles,
which are identical in
appearance, the circuit
breaker is mounted in-
verted so that its handle
points downward. For tripping the circuit
breaker by hand an insulated trip rod is

Fig. 9. Naval Academy Substation

arranged to operate on the tripping pin of the
breaker.
The rheostats arc operated from the front

Fig. 10. High Tension Wiring on Roof of Naval Academy Substation

of the board by means of a handwheel which
turns a mechanism designed in such a manner

as to permit of the regulation
of the machines individually
or collectively at will. The
ammeters are of the
d'Arsonval type and provided
with insulated covers; the
wattmeters are also insulated
to suit the higher voltage.
The voltmcters are standard
GO0 volt instruments of the
permanent magnct type with
1200 volt scales, potential
receptacles being provided so
that the voltage of cach or
both machines may be read.
Multiplicrs are uscd in the
plugs so that thc GOO volt
instruments give the correct
readings for the higher poten-
tial on the 200 volt scalc.
The circuit breakers, lever
switches and ammecters on the
feeder pancls are similar to
thosc on the machine panels.
The circuit breaker is con-
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nected to the bus and lever switch on the
line side. One two-point 1200 volt potential

receptacle on the line side of the lower switch

e ==

Fig. 11. Baitimore Substation

allows of reading the trolley voltage before the
fecder is cut in.

All the panels are made in three sections,
24 in. wide, the top section heing 40 in. in
hcight, the middle section 31 in., and the
bottom section 28 in. All bolt heads on the
front of the board are covered
with insulating caps

The rotary converters arc
started from the alternating
current  side, the starting
switch being mounted on top
of the reactance cover. Ficld
break-up switches are
mountcd on the yokes of the
rotary converters.

Cars and Equipments

The rolling stock consists
of 17 straight passengcr cars,
13 combination passenger and
baggage cars, 1 cxpress car
and 3 freight cars or locomo-
tives—33 cquipments in all.
Of these cars all were new
when the 1200 volt system
was installed, with the cx-
ception of three of the
combination cars and two of °
the freight equipments,

GENERAL ELECTRIC REVIEW

which were converted from single-phase to
1200 volt direct current.
Passenger Equipments

The equipments on the 30
passenger cars are all ident-
ical, each comprising four 75
h.p. motors and a full com-
plement of Type M control,
designed to operate on both
600 and 1200 volts direct
current. These motors are
of the commutating pole type
and have given most excellent
resultsin service. The sched-
ule which the cars have to
handle in this particular in-
stance is very severe, but the
motors have shown a wonder-
ful record, especially in the
direction of brush wear.

The control is of the relay
automatic type, as arranged
for train operation, and is
intended to give full speed
on 1200 volts and half speed
on 60O volts. The local con-
ditions call for many special
features in the control
apparatus. The operation in the city of
Baltimore calls for 600 and 1200 volt smgle
trolley, and theinterurban run from Baltimore
to the District line for 1200 wvolt single
trolley. From the District line to 15th and
H Streets in Washington there is a 600 volt

Fig. 12.

Interior of Baltimore Substation

¢
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double trolley, while from 15th and H Streets
to the Treasury Building, 600 volt double
conduit plows are used. Hence the equip-
ment is arranged to operate on 600 and
1200 volt single trolley, and on double trolley
and double conduit plows.

The transfer of circuits from single trolley
to double trolley is accomplished by using the
negative trolley pole and hooks for switches
as well as current collectors, and when a
change from single to double trolley is made,
all that is necessary to be done is to put the
negative polein contact with thesecond trolley.
The transfer of circuits from trolley to conduit
plows is made by a double-pole double-throw
switch operated either by hand or air. This
switch is provided with a magnetic blowout so
that it can be opened when alive. When
operated by air it is so interlocked with the
controller that the control handle must be
in the “off position” before the switch can be
operated.

The air compressors for the air brake
equipments have a capacity of 25 cu. ft. of
free air per minute and are provided with the
usual air compressor governors. These com-
pressors are provided with motors wound for
1200 volts and are arranged to run at half
speed on 600 volts.

The heaters and air compressors are oper-
ated directly from the trolley.

A dynamotor is provided for furnishing
600 volt current for the lighting circuits
during 1200 volt operation, but on the 600
volt section of the road the lights are fed
directly from the trolley. The transfer of
these circuits is accomplished by a suitable
relay directly under the control of the motor-
man.

Service Equipments

The service equipments comprise in general
the same apparatus as the passenger cars,
with the exception that the motors are of
125 h.p. each and the control is of the hand
operated type.
Car Bodies

All of the car bodies were built by the Niles
Car & Manufacturing Company. he
straight passenger and combination passenger
and baggage cars are similar in all important
details, the only notable difference being that
the smoking compartment in the combination
cars is reduced in length to provide for a
baggage compartment.

Il the cars present a handsome appear-

ance; they are painted a dark green and are

double cnded. The more important dimen-
sions and weights are given below.

Lengthoverall . . . . . 50ft

Length over body . . . . 40 ft.
Width overall . . . | 8{t. 0 in
Height from sills to top of roof 9it. 44 in
Il’eight from track to top of roof 12 ft. 944 in.

Weight of car body . 5 . . 28,500 Ib.
Weight of trucks (each) . . . 10,000 Ib.
Weight complete ready for service 78,000 1b.
Type of truck .« . . Daldwin class

i 78-25 A
Distance between truck centers 23 4t. 8in.
Wheel base of truck . . . . 6f{t 8in.
Diameter of wheels . . . . 36in.
Seating capacity . .2 1

The following table will show the more
important detailsof the service equipments or
locomotives, the first column of figures re-
ferring to the two converted equipments and
the second column to the new one.

Length over all .. 841t 50 ft.
Height over all , 14 ft. 1in, 14 ft. 1 in.
Width over alt . 81{t. 8in
Weight of body & . 30,000 1b. 27,000 1b
Weight of trucks (each) . 13,0001b. 13,000 1b.
Weight complete 86,000 1b. 83,000 Ib

Distance between truck
centers . . . . 33ft. 26 ft.

Wheel base of trucks 7 ft. 6 in.

Diameter of motor wheels 37 ft.

Figs. 13,14 and 15 show respectively a three
car train, & five car train and a freight train.

Overhead Construction

The overhead construction throughout the
interurban section of the line is of the cate-
nary 9-point suspension type. A double
bracket construction has been adopted on the
main line between Washington and Baltimore
and a single bracket construction on the line
from Annapolis Junction to Annapolis. The
trolley wire is of 0000 grooved copper, while
the messenger, which is of special high
strength steel, consists of seven strands and
has a diameter of 34 in. :

The standard spacing of the poles is 150 feet
but the distance varics at curves and on other
special work. The polcs arc 35 feet in length,
with a diamcter at the top of from 6 to 8
inches. They arc buried for a depth of G fect
in the ground and arc set at a slight incli-
nation to the track.

The trolley is suspended 19 fec: from the
rail level between Washington and Baltimore
and 22 feet from the track on the Annapolis
Division. The distance between the two
trolleys on double track work is 11 feet.
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The brackets, which are of a T section, are
10 feet 6 inches in length and are attached to
the poles by a flange and two lag screws.

All of the messenger insulators, straight line
insulators, stecady braces and hangers are

would not break in such a manner as to
destroy the insulation of the line, but would
be fractured at one of the grooves and there
would still remain sufficient insulation to
prevent a short circuit.

Fig. 13.  Three Cor Train

of General Electric Company's standard
attern. The messenger insulators are of
interest inasmuch as thcy have grooved
petticoats, the function of which is to prevent

In the tunnels ncar West Port the trolley
wire is supported by cross wires thoroughly
insulated with fish tail and hickory strain
insulators. The cross suspended wires are

Fig. 14,

the insulation from breaking so as to ground
the linc.

The theory which has been found to hold
good in practice is that, should an insulator
be damaged by gun shot or stonc throw, it

Pive Cor Train

fastened to U bolts built into the cement
structure and supported in the center by
other U bolts. The messenger is in-
sulatcld and anchored at both ends of the
tunnel.
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Scction insulators are used where the
1200 volt trolley and GOO volt trolleys mect.
The City of Baltimore now permits 1200 voit
trolley as far as Lombard and Green Streets,
and the City of Annagolis permits 1200 volt
trolley running entirely around the town.

The general appearance of the catcnary
construction will be seen in Fig. 16.

Protcction against lightning is afforded by
a wire strung along the top of the trolley
poles and grounded every fifth pole. Both
sets of poles are protccted in this manner on
double track road. The ground leads arc
carried under ground and connected to the
running rails.

Transmission Line

The transmission line is in duplicate (€

wires) between Bennings and Baltimore, and

crossovers at intcrvals of about thrce miles.
A telephone booth is situated at cach cross-
over. The distance from the Baltimore
terminal to the Treasury station at Washing-
ton is 40.54 miles and the total mileage of the
system on a single track basis amounts to
88.87 miles.

The rails are of T scction, weighing S0 1b.
per yard and are laid in lengths of 33 feet.
The gauge of the track is standard.

The Annapolis division, which is 20.03 miles
long, is laid with similar rails for the major
portion of the distance.

There is one curve of S degrces under the
B.& 0. Railway but excluding this there are no
curves of over 4 degrces. The entire inter-
urban section has a private right of way;
the track is well ballasted with gravel and

Fig. 15. Express Car and Freight Train

single (three wires) between Academy June-
tion and Annapolis. It consists of No. 2
aluminum wires strung on the same poles thadt
carry the trolley. The potential is 33,000
volts at 23 cycles.
Telephone System

The road is equipped throughout with a
duplicate telephone system, one line being
used exclusively for giving train orders from
the dispatcher’s tower at Naval Academy
Junction to cars at the terminal stations
and to the different booths situated along the
line. The telephone wires are carried on the
same poles with the high tension transmission
and trollcy wircs and are transposed cvery
fifth pole.
Track

Thelinc from Washington to Baltimore is of
double track throughout and is provided with

in every respect is exccllent for high spced
travel. Standard rail joints arc used, and the
000 bonds employed are of the twin tcrminal
type. Cross bonds are used for all special
track work and at intervals of about half a
mile.

A feature of specified interest from a rail-
road point of view, and onc that greatly con-
duces to the maintcnance of a high speed
schedule is that there arc only two grade
crossings on the entire road between Washing-
ton and Baltimore, all the roads and public
highways having been raised across the rail-
way at considerable expense.

Car Barns

Thecar barnsare situated at Naval Academy
gunction and are provided with every
acility for the upkcep of the rolling stock.
The building is constructed with a reinforced
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concrete frame filled with red brick panels.
It is divided into a paint s hop, washing and
inspecting room, machine shop, carpenter
shop, blacksmith shop, store room, locker
room and offices. The ma chine shop is well
equipped with lathes, drills, saws, etc., all
of which are driven by General Electric
direct current motors.

Fig. 16. View Along Right of Way

" The heating system is very complete and
the firc protection is exceptionally good; a
pressure tower with a capacity of 50,000
gallons having been constructed for fire
protection. The pits are heated to expedite
the work of repairing and inspection durin;

the winter months. A very efficient form o
transfer table is used in the machine shop,

with the gid of which a truck can be replaced
in 28 minutes, this being a very creditable
performance.

The potential used throughout the yards is
1200 volts and that in the car barns 600
volts. t

It is perhaps worthy of note that a special
oil house was built, since it was believecf‘i:at
a well :guipped oil house is essential to
high speed operation.

In addition to the above car barns a barn
with a capacity of ten cars has been built at
Lombard Street, Baltimore, to facilitate the
maintenance of the schedule by a local
storage of cars.

Terminal Facilities

The terminal facilities of the Washington,
Baltimore & Anngpolis Railroad are admir-
ably situated in their respective cities and are
of such a nature as to provide for the comfort
and convenience of the traveling public.

The station at Baltimore is a red brick
building located between Park Avenue and
Liberty Street, and has entrances on both
streets. Itisalsobounded by Marion Street. It
consists of a waiting room and a ticket office
with & track laid through one portion of the
building. The administration offices of .the
company occupy the upper floor.

The Washington terminal is now near the
Treasury building and nine ticket offices are

.%vided in Washington between the old

ite House terminal and the Treasury. The
White House depot, which was formerly used
as a terminal for the Washington, Baltimore
& Annapolis cars when a single-phase road, is
now only used for the storage of cars.

At Annapolis the waiting room, ticket
office and substation are all in the same
building.

A waiting room is provided at Naval
Academy Junction for the convenience of
passenger changing cars at this point.
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COMMERCIAL ELECTRICAL TESTING
Part XIII
" By E. F. CoLtins
TRANSFORMERS—Continued

THREE-PHASE AIR BLAST TRANS-
FORMERS

Special Tests

The order of tests on three-phase air blast
transformers is the same as for the single-
phase type. The mechanical construction of
the coils is ideatical with that of the single-
phase type; but as the air paths through the
iron are longer, the air pressure required is
slightly higher.
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Cold Resistances

The general instructions given for measur-
ing the resistance of the single-phase type
agply to three-phase transformers, but since
the primary circuits are opened for the heat
run, the resistance of each set of coils should
be measured. If the secondary coils are
permanently connected in delta, the resistance
between each set of leads should be measured.
If the secondary coils are arranged for dia-
metrical connection, measure the resistance
of each set of coils. Note on the record sheet
how these readings are taken, so as to avoid
confusion in measuring and recording hot
resistances.

Polarity

The determination of polarity on three-
phase transformers requires much care. The
diagrams allow a comparison to be made of
the various standard connections.
Figs. 53, 54 and 55 are three-phase
connections for three single-phase
transformers, and Pigs. 56, 57, 58
and 50 are connections for three-
phase transformers.

In determining the polarity of
three-phase air blast transformers,
see that the primary and secondary
coils are connected as shown. (Figs.
56 and 57.) Supply direct current
to primary lines No. 1 and No. 2
to give the proper deflection on the
voltmeter, then transfer the volt-
meter lines to the secondary, con-

Lo Loy Loy

F“""‘"T*‘“"T“”‘a : s

Low Rengion Os/to Low Renson Osita
Three Sngie prose Tronsrormers hree -proseABT Tronsformers

TPig. 5 Fig. 58
o »nan;n erlta , rugh Tension 't
W W M al NN
. v 2
Low RnsonDeita Low Mnsion Delto
Trree prose AUT Ponsformers Piree prasen? |Panstermers
Fig. 36 Fig. 59

Conmections for Polarity on Three-Phese Transformers

necting the Jine that was on No. 1
primary to No. 1 sccondary, and the
line that was on No. 2 primary to
No. 2 sccondary. Now break the
rimary current and if the polarity
For this phasc is correct, a positive
kick will be obtained. Repeat tlis
process for the two other phases
and if they all agree with the first
one, the polarity is correct. A sketch
should be drawn on the record sheet,
showing how the polarity tcst was
made.

The polarity test on three-phase
transformers also determines whether
there will be a change of rotation of
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phase in transforming from one potential to
the other. To determine the polarity of
transformers connected as shown in Pig. 57,
supply current to primaries 1-2 and take
defiection on sccondary 1-2; this should
show reversed polarity. With current on 1-3
primary the deflection on 3-4 secondary
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Fig. 60. Connections for Impedance Test

should be positive. \Vith current on primary,
the deflection on 3-8 secondary should be
reversed.

Ratio and Checking of Taps

Whenever ible, a three-phase trans-
former should have ratio and taps checked
on cach phasc separately. If this is not
practicable, carc must be taken to sec that
both primary and sccondary voltages are read
on the same phase. When these measure-
ments can not be taken single-phase, three-
phase voltage must be applied. If the ratio
appears to be wrong, connect both windings
in delta, apply full voltage to the secondary,
and rcad the exchange current in the primary
delta. This current should not exceed 6 per
cent of full load current.

Impedance
For this tcst, conncet the transformer
according to Fig. 60 and follow the same
gencral instructions as given for the air blast
type. Calculate the current corresponding
to the primary voltage of the transformer as
A 9 =.5apaCIty in watts
follows: primary current Tiise voltage S v/
Conncet in two wattmeters of the same
capacity, as shown in Fig. G0. The ratio of
the two potential transfoniners or multipliers
should be the same.  The algebraic sum of the
rcadings of the wattmeters will represent the
impedance loss of the transformer. The sign
of the readings must be carcfully noted, since
the reading of one wattmeter may be reversed.

GENERAL ELECTRIC REVIEW

To test for this, open line No. 1 and if the
reading for wattmeter No. 3 is positive, the
needle will drop to some value above zero.
If the needle drops off the scale below zero,
the rcading must be recorded as negative.
If the first meter tested reads positive, the
sign of the other meter should be determined
by this method.

An impedance curve should be taken from
50 per cent to ‘123 per cent full load.

In making the short circuit test on ABH
(Fig. 57) transformers, each phase must be
short circuited independently of the other.
In taking readings, hold the current constant
in one line from the testing table. Read the
three-phase volts and the two wattmeters.
Hold the voltage constant across onc phase
and read the current in the other phases.
Core Loss 5

In the core ‘loss test, wattmeter readings
arc taken in the same manner as for the
impedance test. The same precautions must
be obscrved in regard to fastening up the
primary leads so that there is no chance of
danger. Take core loss curve from 50 per
cent to 125 per cent normal voltage.

In ABH transformers, with the middle
Points of each phase connected together to
orm a neutral for a threc-wire direct current
system, some confusion may result as to the
proper mcthod for measuring core loss. If
the neutral connection is broken (as is some-
times necessary for the hecat run), the sccond-
aries may be connected in delta and three-
phase voltage applied. This voltage is-the
samnc as the diamctrical voltage, or that of
cach phase. If the neutral can not be broken,
the sccondarics may be connccted in Y, the
neutral connection forming the Y point. In
this casc the voltage corresponding to the
normal voltage of the transformer will be

2—3timu the diametrical voltage. It should

be remembered that the middle set of coils
should be connected so as to be reversed
with respect to the other two, in order to
obtain the proper magnetic flux in all parts
of the corc.

Hold the voltage constant and take rcad-
ings as in impedance test. There will be a
slight unbalancing of the magnetizing cur-
rents duc to the uncqual magnetic reluc-
tances in the different parts of the core.
For this rcason the alternator for corc loss
tests must be operated at normal voltage so
as to balance the threc-phasc voltage as
ncarly as possible.
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Parallel Run

The parallel run checks ratio and polarity
on a three-phasc transformer in the same
way that it does on a single-phase trans-
former.

Connect the secondary circuits of the two
transformers in multiple, and the
primarics as shown in Fig. 61.

Connect between 4 and 4’ and
try the fuse wire from B to B’; if no
spark is obtained, connect from B to

’, leaving the first connection, and
try the fuse wire from C to C'. If
no spark results here, the parallel
run is satisfactory. The voltage
must be taken off before any con-
nections are changed.

Heat Run

The method described for three
single-phase transformers is the onc
ordinarily used. If two or more
transformers are to be run simuita-
neously, connect the transformers
in multiple on the secondary side
and the primaries all in series. The
same general instructions for the
heating of single-phase transformers
will apply; in fact, each phase of a
three-phase transformer must be
treated as a single-phase transfor-
mer. Use as many thcrmometers on onc
three-phase transformer as on thrce single-
phase transformers. A higher pressure is
necessary to force air through the ducts
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Fig. 61. Connections for Parallel Run, Three-Phase

in the iron of the three-phase transformer
than in the single-phase, and the damper
must be carefully adjusted.

In caleulating the voltage required to
supply the primary current for the heat run,
the following rufe may be used: If the pri-
marics arc connected in della, multiply the
impedance voltage by three; if the primarics
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are connected in Y, multiply the impedance
3 . .

voltage by\/a—’ If overload is required, add

S0 per cent for 50 per cent overload and 23
per cent for 25 per cent overload.
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Connections for Hest Rua, Three.Phas

Fig. 62.

If it is impracticable to open the primary
connection in order to take the heat run by
applying three-phase voltage, to the second-
arics and single-phase current to the primary,

the following method may be used:
e Connect the transformers as shown
' in Pig. 62. Auxiliary transformers

A, 4’, A" are used to supply sccond-

ary voltage, and transformers B, B’,

B" as series transformers Lo supply

the impedance voltage to the second-

ary circuits. The voltage necessary
to supply full load current is twice
A the impedance voitage of onc trans-
former. The impedance voltage is
the same percentage of the total
voltage, irrespective of the circuit
to which it is applicd. The figure
shows two thrce-phase alternators,
onc supplying core loss and exciting current,
and the other the copper losses. \When
two alternators arc uscd they must be run
at ncarly the same frequency, otherwise the
supcrposition of the impedance voltage on
the corc loss voltage will impart a slight
swing to the meter needles.  Instead of the
three transformers B, B', B”, a threc-phasc
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transformer or an induction regulator may
be used. If a regulator is used, all the losses
may be supplied from one alternator.

Double Potential Test

If any repairs or alterations are required,
such as making primary delta or Y connec-
tions permanent, or connecting up the second-
ary neutral, the double and high potential
tests should be omitted until everything is
completed. If double potential can not be
obtained from a three-phase alternator on
account of the high magnetizing current, the
test can be made on one phase at a time.
Double potential should always be followed
by one and one-half times normal potential
for five minutes.

High Potential

The high potential should always be ap-
plied after all changes have been made, such
as tightening loose iron, connecting primary
delta or Y. The polarity should always be
tested after the delta or Y connection has
been made.

Other tests, such as overload heat run, hot
resistance, and air rcadings, are made in a
manner similar to that followed for single-
phase transformers.

OQIL-COOLED TRANSFORMERS

The order of tests on oil-cooled transformers
is the same as that for air blast transformers.
The transformer should, if possible, be filled
with oil at lcast four hours before starting
the tests; If not possible, the cold resistance,
polarity, ratio, checking of taps and impe-
dance tests may be taken hefore, Under no
condition, however, must an oil-cooled trans-
former of over 10,000 volts be operated at
normal potential without being filled with
oil, as the coils have only one taping, and
the insulation may thercfore break down.

Cold Resistance

If the transformer has not been filled with
oil, a thermometer should be suspended
inside the tank to measure as nearly as pos-
sible the tempcrature of the windings. If
filled with oil, record the temperature of the
oil. Always usc a spirit thermomcter to
obtain the tcmperatures inside the tank.
As the leads are not brought out in the same
manner as in the air blast type, the circuits
should be carefully checked before starting
the tests.

Heat Run

The methods and connections used are
ractically the same as for air blast trans-
ormers, except that oil-cooled transformers
should be started at an overload, so as to
heat them up rapidly and thus shorten the

run. Where practicable, they should be run
with 50 per cent excess current for two hours,
and 50 per cent excess voltage for three
hours. In some cases the time of overload
run must be shortened, though occasionally a
longer time is required. When normal vol-
tage is applied, the alternator must be oper-
ated at normal voltage. ’

During the heat run, a careful search should
be made for oil leaks in the tank and oil
gauges. If the transformer has been filled
so full of oil that it is likely to overflow, draw
off some oil. The leads coming from the
transformer must not siphon the oil. In

locating thermometers on the outside of the
tank, place one at the top, about the height
of the oil line, and on very large transformers,
one near the bottom of the tank, always
using the putty provided. As it is not pos-
sible to get the temperature of the core, the
oil temperature must be carefully obtained.
Whenever possible, place one thermometer
near the center of the transformer so ag to
measure the temperature of the oil as it
comes from the coils. The bulb of the
thermometer should be about two inches
under the oil. Place one thermometer in the
oil about three inches from the side of the
tank.

Oil-cooled transformers usually require a
very long heat run, varying from six to fiftcen
hours, depending on the size. The heat run
should be continued until the temperature
rise is less than one degree in two hours.
Do not make a short circuited heat run on
an oil-cooled transformer if it can be avoided;
if unavoidable, make a short circuited heat
run on the coils to constant temperature,
then take double potential for one minute,
one and one-half potential for five minutes,
and one and one-quarter potential for three
hours. '

High Potential or Insulation Test

Many oil-cooled transformers are built for
50,000 to 100,000 volts and require a corre-

spondingly high insulation test. The wiring
from the high potential transformer to the
transformer to be tested should be arranged
so that no one can possibly come in contact
with it. It must be securely strung to pre-
vent its falling on any one.

€
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The voltage applied is controlled either by
varying the field of the alternator supplying
power to the low potential side of the testing
transformer; or, if the power is taken from
the constant potential shop circuit, by a
single-phase potential regulator. The spark
gap should always be used and, if the power
is supplied from a separate altcrnator or is
controlled by a potential regulator, a high
resistance consisting of two or more glass
tubes filled with clean water should be placed
in series with the spark gap. This limits
the flow of current across the gap at the
instant of arcing over and prevents a sudden
discharge of the transformer windings.

The transformer windings act as the plates
of a condenser; if suddenly discharged, or
brought to the same potential, adjacent turns
may easily short circuit. The same phenome-
non occurs when potential is suddenly applied
to a transformer. To reach the interior of
the windings, the charging current must
either follow the conductors, or break down
the insulation between adjacent turns. The
end coils are therefore all strongly reinforced
to prevent short circuits. The general in-
structions already given for high potential
lt:zsl; on air-blast transformers also apply

ere.

Double Potential

On transformers built to operate at 50,000
volts or over, the double potential should be
the last test applied, in order to discover if
any breakdown has occurred between turns
under the high potential test.

OIL AND WATER.COOLED
TRANSFORMERS

Oil and water<ooled transformers are
identical in construction to the oil-cooled
type, except that, instead of being placed in
corrugated tanks to radiate the heat, they
are placed in smooth tanks and have a cooling
coil immersed in the oil to carry away the
heat generated by the losses. The cooling
coils are usually made of wrought iron pipe
made up in coils of proper size by the pipe
manufacturers. In special cases, however,
where salt water is used for cooling, copper
pipes are cmployed to avoid the action of the

t on the cooling coils. In most trans-
formers these coils are placed in the upper
half of the tank, but somctimes the cooling
coils are made of flattened brass or copper
tubing, placed between the primary and
secondary coils. In large water-cooled trans-

formers with low secondary volta es, the
secondary winding is made of flattened
copper tubing, through which water cir-
culates.

The tests on water-cooled transformers are
the same as for other types, but special
instructions are necessary for handling the
water. The oil in the transformers should
completely cover the cooling coils. The
cooling coils are tested by the plumbers to
several hundred pounds per square inch, but
they should also be tested by the testing
department at the water pressure available,
Allow water to flow through the coil until
no air is left; then close the overflow, allowing
the pressure to rise. Note whether there
are any leaks, and if not, close the inlet valve.
If the pressure drops rapidly, a leak is present.
If the outside plumbing and valves are tight,
test the oil at the bottom of the tank for
water by drawing some off in a test tube.
If water is present, it will scttle to the bottom
of the tube. If watér is found, the coolin
coil must be taken out and repaired. I
however, the pressure does not fal , leave the
transformer under pressure for two hours.
After all the tests are finished, the oil should
be tested for water. With wrought iron pipe
very little trouble is experienced.

Make all tests except the heat run accord-
ing to the instructions already given for
other t At the start, run at normal
rating without water until a rise of 20° C.
by resistance is reached. The oil should
have a rise of about 15° C. The ingoing
water should be heated up to 20° C. by using
a steam heater; this is about the average
temperature found in practice. The water
should then be adjusted so as to have 10° C.
rise. Temperature readings should be made
every fifteen minutes, in order that the quan-
tity of water may be properly adjusted with-
out loss of time.  As soon as the transformers
have nearly rcached constant temperature,
the quantity of water should be noted and a
record made every half hour. The water
may be weighed or measured.

The amount of water rcquired is estimated
as follows: One gallon of water will require
about 2050 watts to raisc it 10° C. in one
minute, or one gallon of watcr raised 10° C.
in one minute will carry away the heat
generated by 2650 watts loss,

For a rough estimate, use one gallon of
water for each 2500 watts loss—a small
portion of the hcat will be radiated from the
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outer surface of the tank. When the load is
taken off the transformers for resistance
meéasurements, always shut off the water,
Complete the tests as on other transformers,
making carcful inspection for oil leaks. As
the leads of many of these transformers
are brought out through the cover, care
must be taken, when making connections
to avoid dropping tools on the porcelain
bushings.

These transformers are usually made for
very high voltages, and arc often filled with
oil that has been spccxall\ refined.  The tank
is exhausted of air while the transformer is
hot, and the hot oil allowed to slowly flow
in at the bottom of the tank. To heat up the
winding of these transformers, put one-half
the full load current through the primary
winding, carcfully measuring the cold resist-
ancce. Take rcadings every half hour and
calculating the risc of temperature by resist-
ance. When a rise of 30° C. is reached,

decrease the current to maintain the tem-

perature while the tank is exhausted of
air.

In water-cooled transformers with second-
ary coils made of flattened copper tubing
through which the water flows, the amount
of water flowing through cach scction should
be measured if all the scctions arc fed from
the same watcr head.  If cach section has a
regulating valve, these valves should be fully
opened. Put on a low reading pressure
gauge, hold the pressure constant by means
of the valve in the main pipe and carefully
measure the quantity of water from each
section for a given time.  Record the pressure
and quantity per minute through cach section.
Never apply a pressure of over 10 pounds per
square inch to a transformer of this type,
as there is danger of opening the soldered
joints. In taking overload heat runs, always
use the same amount of water as for the
normal load heat run.

Oil-cooled and oil and water-cooled trans-
formers built for voltages above 75,000 have
special high tension leads which are oil filled.
These lcads must be carcfully filled with oil
before potential is applied to the transfonner,
and they must be kept filled. They should
be carefully watched for lcaks.

(To be Continned)

THE CURTIS TURBINE*
By Cuaxres B, BurLEiGu

The Curtis turbinc was first introduced
to the commercial public in its larger sizes,
from 300 to 3000 kilowatts capacity, and
since with the large turbines an excessive
weight in moving member must be dealt with,
these large machines were originally designed
of the vertical shaft type. For this reason
many have conceived the erroneous idea that
the characteristics of the Curtis turbine
necessitated the vertical form of construc-
tion; whereas in point of fact the Curtis
turbine is equally well adapted for both
vertical and horizontal arrangement of
the shaft. In this respect the manufac-
turers of this turbine occupy a unique
position in the turbine field in that they are
prepared to offer, in accordance with the
demands of local conditions both horizon-
tal and vertical types. This being the
case it may be of interest to discuss some of
the characteristics of the two types and some
of the limiting features of turbine design.

A comparison of the speed of the rifle
bullet and the velocity of a jet of water will
give the reader a partial canception of the
problems that confronted the turbinc designer,
and presents a sufficient excusc for the delay
in. the development of a piece of apparatus
that was conceived about 120 B.C.

With the hydraulic turbine it is the
exception when the motion of the fluid is in
excess of 200 fect per second, for the velocity
of a jet of water at 150 pOunds pressure per
square inch (which corresponds to a head of
346 fect) is approximately 149 feet per
second; while stcam expanded from 150
poundds pressurce per square inch to the pres-
surc of the atmosphcre attains a speed of
20350 fect per sccond, and if expanded into a
28 inch vacuum, can attain a velocity of 4010
feet per sccond.

In the impulse turbine, the steam expands
in a scparate nozzle or nozzles that are so
arranged as to give it dircction and bring it
at cxpansion pressure and expansion velocity
in contact with the buckets sccured to the
periphery of the rotating wheel, from which
it rcbounds, as an elastic body, with the
same vclocity as that with which it strikes
i.c., with a velocity cqual to the difference

"l')u ealculations in this article are theoretical md duul-rd
triction. losess due to angle of noxxles, etc., etc.
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between the velocity of the stcam and that of
the buckets.

In other words, where steam that has been
given a speed by expansion of 4000 fcet per
second, is brought in contact with the impulsc
bucket so secured as to be incapable of move-
ment, it rcbounds at a speed of 4000 feet per
second.

Do not understand that the steam would
not tend to actuatc the stationary bucket,
for it would, since the pressure on tie bucket
is greater when the bucket is stationary and
is reduced as the bucket moves away from
the steam, the steam pushing the bucket
under the latter condition with a force which
is proportional to the relative velocities of the
steam and the bucket.

The steam delivered by the nozzle is mov-
ing so fast that it has no trouble in keeping up
its push on buckets that are moving at a high
speed. Thus as the velocity of the bucket
is increased the steam is able to follow it, and
up to a velocity equal to that of the steam
itself tends to push it forward; if the specd of
the bucket reaches that of the steam the
latter would simply follow without pushing
at all. It should be remembcred that it is the
relation of the velocity of the stcam to the
resistance offered by the bucket to movement
of the bucket that determines the bucket’s
speed, .

On the other hand, if the impulse bucket be
allowed by the governor to move at a speed
of 1000 feet per second, and the steam moving
at a speed 05000 fect per sccond be brought
in contact with it, the steam will give up a
portion of its energy to the bucket and leave
it at a speed of 2000 fcet per second, hence
losing velocity by an amount equal to twice
the wheel velocity.

Steam enters the bucket at velocity V,,
following the arc of the bucket, and, neglect-
ing losses, the velocity which is left is Vj.

As stated, the energy of a moving body is
one-half the mass times its velocity squared,
thus the energy possessed by the stcam as it

= ]
gocs into the bucket is ”;' , and since the

mass of the steam has remained unchanged,

: : AV
its cnergy as it comes out is 4 5 2

; the ener-

gy given up to the bucket- is thercfore:

1 1
%-—%. This has been given up to the

buckets because the steam was pushing
while the buckets were moving.

If the buckets had lieen stationary it would
have simply changed the direction of the
steam without material loss of cnergy, as
it would have entered at a velocity of [ and
left it at practically the same velocity; in this
case no work would he done.

To take the full energy out of the stcam,
the wheel velocity must equal one-half the
velocity of the stcam jet; or as before, if the
expanded stcam moves at a spced of 4000
fect per sccond and is brought in contact
with an impulse bucket moving at a speed of
2000 fect per second, thus losing velocity by
an amount equal to twice the bucket velocity
(2000 feet per second), its cnergy will all be
given up to the bucket.

From the foregoing it is easy to determine
the best speed conditions. When the bucket
is stationary the push is greatcst and the
bucket’s velocity is zcro; and when the speed
of the stcam and that of the buckets are
equal the bucket’s velocity is greatest and
the push is zcro; at both of these extremes
the work done is zero.

There is a point betweea these two ox-
tremes where the effect will be maximum.
That point will be where the encrgy remaining
in the steam after it has passed through the
bucket will be the least.

Now let us assumne that I’ is just twice the
velocity of the bucket; then, subtracting this
bucket velocity from the steam velocity, we
have as a remainder the relative velocity
of the steam with respect to the bucket
(44 1), or the speed at which the steam
overtakes the bucket. Consider for an
instant that this relative velocity of the steam
is the initial or actual velocity, and that the
bucket is stationary; then, g‘om what has
becn said, the steam would rehound from the
bucket at a velocity equal to the initial
velocity, or 14 V. However, the bucket
actually has a velocity equal to the relative
velocity, and the stcam in striking rebounds
with respect to the bicket at a veloeity equal
to the relative velocity, but with an aclual
velocity cqual to zero. \When, therefore, the
velocity of the sieam is twice that of the
bucket, the steam delivers all its cnergy to
the buckets.

In an impulse turbine therefore, such as the
Curtis, with a given pressurc range per
wheel, the wheel velocity at best efliciency
is only about 50 per cent of what it is in a
rcaction turbine, and 70 per cent of what it
i$ in a combination turbinc which alternates
between impulse and reaction cffect.
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It is not possible to get cfficiency with a
single turbine wheel of the reaction type,
while with a single wheel of the impulse type
good efficiencies have been obtained by using
extremely high peripheral speeds.

While hydraulic turbinesarealwaysdesigned
with a single wheel, for the reason that the
highest heads available produce in fluids
velocities which correspond to moderate
efficient wheel speeds, in the steam turbine it
is not possible to make effective use of the
total energy of the steam by a single wheel,
and a number of wheels in series have to be
used in order to cfficiently utilize the extremely
high vclocitics resulting from the steam
expansion.

That is, the rotor velocity is reduced by
subdividing the total pressure range into a
number of successive stages.

In the combination impulse and reaction
turbine each expansion or pressure stage
requires a revolving wheel and a stationary
guide wheel. The latter acts as a nozzle
wheel in which the steam cxpands, acquiring
a velocity equal to the velocity of the revolv-
ing wheel.

At the cntrance into the revolving wheel
this vclocity is transferrcd to the wheel on the
impulse turbine principle, and the steam in
passing through the revolving wheel expands
again, lcaving it with wheel velocity; that is,
the revolving wheel of the Parsons type is
substantially an impulse wheel at the entrance
and a reaction wheel at the exit side.

In_the impulse turbine, in which the
expansion of the steam is carried out separately
from the transformation into mechanical
rotation, a further and still more effective
means of speed reduction is presented by the
use of several velocity steps in each stage;
that is, by imparting the vclocity of the
current of stcam to a number of successive
wheels composing a single revolving dise,
by means of stationary guide wheels.

Since in a revolving wheel of an impulse
turbine the steam velocity is reduced by an
amount cqual to twice the wheel velocity and
a single wheel per stage must revolve at
onc-half the stcam velocity, two wheels per
stage must revolve at onc-quarter the steam
velocity and so forth. It follows, therefore,
that the use of several wheels per stage is a
most effective mecans of reducing the rotor
speed; or inversely, when the rotor speed
is given, of reducing the total number of
revolving wheels. A two-wheel stage can
thus take carc of twice the steam velocity

(or, four times the steam energy) of a single~
wheel stage, and therefore, replaces four
single-wheel stages. In other words, the
speed reduction of the rotor is proportional
to the number of wheels per stage; that is,
to the number of velocity steps, but is
proportional to only the square root of the
number of stages; that is, the number of
pressure steps.

The simultaneous use of pressure steps,
or expansion stages, and velocity steps, or
number of wheels per stage, leads therefore,
to a construction requiring only a very small
total number of wheels, which is carried out
in the Curtis type of impulse turbine.

To illustrate: assume a total steam velocity
from boiler to condenser of 4000 feet per
second. Allowing a 10 per cent velocity loss,
the available velocity would be 3600 feet
per second, and two stages of three wheels
per stage, or a total of six revolving wheels,
would give a spouting vclocity of the steam

3600 .
per stage of vz 2550 feet per second, and

therefore a wheel velocity of %9-425 feet

per second.

With a wheel velocity of 425 feet per second,
a single impulse wheel would efficiently
utilize only 2X423=850 feet per second

1
steam velocity, and (%g) =18 stages or

successive steps of expansion would be
required, that is, 18 revolving wheels, cach
with a set of expanding nozzles, etc.

With a wheel velocity of 425 feet per
3600Y"

425
cessive expansions would be necessary; that
is to say, if this condition could be rcalized,
36 revolving and 36 stationary wheels would
be requisite.

In the Curtis turbine, two methods of
subdividing the steam energy arc available;
pressure steps or stages, and vclocity steps
or wheels per stage. Obviously, a single
pressure step or stage with a considerable
number of successive wheels, or a large number
of stages cach with a single wheel, could be
used, but either of these extreme arrange-
ments would be incfficient, and the relative
distribution of work between pressure steps
and velocity steps depends upon consider-
ations of cfficicney.

second, in a reaction type ( =72 suc-
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The main losses i1 a steam turbine are:
(1) Wheel friction.

The wheels revolve in an atmosphere of
steam, which has a remnant velocity several
times greater than any tormado that ever
devastated the country. This loss decrcases
with the decreasing number of wheels; hence
it is a maximum, other things being equal,
with the reaction type of turbine, and dimin-
ishes with a decrease in the total number of
wheels; that is, with an increase in the number
of wheels per stage.

(2) Bucket friction, or friction in the
stcam passages in revolving wheels and guide
wheels.

This loss depends upon the relative velocity
of steam and wheel, hence it is & minimum
in the reaction turbine, where the average
relative velocity is only half the wheel
velocity.

In a single wheel impulse turbine, the
relative velocity is equal to the wheel velocity,
and increases with increasing number of
wheels per stage, that is, an increasing number
of velocity steps. It is this loss which finally
limits the number of wheels permissible per
stage.

(3) Nozzle losses—which at first decrease
with decreasing pressure range (that is,
decrease with decreasing work done per
nozzle, or in other words, with increasing
number of stages) but then increase again, due
to the lesser accuracy of operation which
results with very many successive nozzle
wheels. .

(4) Steam leakage from stage to stage.

Leakage losses are very much greater in the
reaction turbine, where pressure differences
exist between the intake and discharge side
of each wheel and are dependent on the
percentage of radial clearance and the bucket
arca. These leakages becomc small with
impulse turbines, and disappear entirely
in an impulse turbine using many wheels
in a single stage.

If, thercfore, we consider the losscs as a
function of the total number of rcvolving
wheels, some losscs—such as (1) and (4)—
increasc while others—such as (2)—dccrease
with increasing number of wheels; the prob-
lem of turbinc design is to dctermine that
intcrmediate point at which the total sum
of the losses is a minimum, that is the effi-
ciency is a maximum.

The foregoing conditions have been given
the most careful consideration in the design
of the Curtis turbine with the result that,
irrespective of the shaft position, the smaller
sizes from 7 to 35 kilowatts are of the single
pressure step or expansion stage and multi-
velocity step type. This construction elimi-
nates entirely leakage losscs (4), and greatly
rcduces nozzle losses (3), at the same time
grcsenting extremely moderate wheel and

ucket losscs (1) and (2).

The former are further reduced to a
minimum by the use of but one wheel having
secured to its periphery (by a method later
described) three rows of moving buckets,
which function in the same manner as would
thrce independent wheels and climinate a
large proportion of the skin friction. This
arrangement, in conjunction with two rows of
intcrmediates or re-directing buckets, con-
stitute the interior equipment.

The intermediate sizes of turbines, from
100 to 500 kilowatts are of the double pressure
step, or expansion stage variety and multi-
velocity, or two or more wheels per stage
type; while the larger sizes, from 750 kilowatt
units upward, are usually for land purposes
of the four or five pressure stage type and
of the double velocity, or two-wheel per
stage, design.

In the smaller sizes three rows of moving
and two rows of intermediate buckets are
employed; in the intcrmediate sizes four
rows of moving and two rows of intermediates,
and in the larger sizes eight or nine rows of
moving and four rows of intermediates are
used.

Perhaps a detailed description of one of the
smaller sizec non-condensing units will best
convey to the reader the extreme simplicity
of the Curtis design. We will take for
example a unit of 25 kilowatts capacity,
which is designed to opcrate from 150 1bs.
stcam, exhausting against atmospheric pres-
sure.

As previously stated in this size we shall
select the single pressurc step or single
expansion stage, multi-vclocity step type.
With this design therc will be no leakage
losses, minimum nozzle losses and moderate
whcel losscs.

In our steam pipe, which must be large
enough to properly supply the unit, we shall
locate a metal screen to prevent boiler scale
or other forcign matter from cntcring the
machine,



512 GENERAL ELECTRIC REVIEW

We shall next provide a main admission
valve for shutting off or turning on the steam
to the steam chest. This chest must be
sufficicnt to accommodate the several admis-
sion valves controlled by the governor, the
position of which determines the amount of
steam admitted to the machine.

Each of these valves controls the flow of
steam through one or more expanding nozzles,
which deliver the steam from the steam chest
to the interior of the machine and are of such
design as to expand it from boiler pressure
to atmospheric pressure, thus giving to the
stcam a velocity of 2950 feet per second.

Atmospheric  pressure of course, exists
throughout the intcrior of the machine, and
the steam delivered by the nozzle or nozzles
is obviously of the same pressure, for which
rcason it is dependent upon the nozzle to give
it direction; the nozzle angle is therefore
carefully arranged to give that direction
which will bring the steam in contact with the
moving bucket without shock or sudden
change of dircction.

Since the arca within the turbine and the
admitted steam arc of the same pressure,
there is no more tendency for the steam to

" change its dircction and attempt to escape
into an atmospheric of its own density than
there would be for a stream of water delivered
by a hose nozzle into the atmosphere, to
change its dircction until it was brought in
contact with some medium other than the
atmosphere of such shape as would redirect
it previous to its losing its velocity. For this
reason you will appreciate that the efficient
delivery of the stcam by the nozzles to the
buckets is in no way dependent on an exceed-
ingly close proximity of the bucket to the
nozzle, or in other words, fine clearance has
no_effect on cfficiency.

The machine is cquipped with some five or
more expanding nozzles arranged successively,
so that their dclivery ends from practically a

continuous opening some eight or more
inches in length, separated by division walls,
the width of the nozzle opening corresponding
closely to the length of the bucket with which
the steam is to be brought in contact,

The expanding nozzles are worked out in a
bronze plate designed to bolt to the steam
chest.

The governor of the machine, which in the
smaller sizes is an extension of the shaft and
rotates with it at shaft speed, thus doing
away with thc necessity of intermediaries,
is of the flyball type.

In the intermediate and large sizes of
turbines the valves permitting the entrance of
the stcam to the nozzles are controlled by a
governor and consequently the volume of
admitted steam is dependent on the load on
the machine.

With a very light load on the unit but one
of the valves would be open, controlling but
one or two of the expanding nozzles, admitting
a volume of steam corresponding to the area
presented by the throat of the nozzle and
delivering it to the interior in a short belt
of a width approximately equal to the
length of the delivery end of the nozzle or
nozzles that are open.

As more load is imposed on the machine,
successive nozzles are opened by the action
of the governor and the admitted steam belt
thercby lengthened until the extreme overload
point 1s reached.

It will be seen that regulation is accom-
plished by lengthening or shortening the belt
of admitted stcam.

It will also be noted that all steam admitted
to the machinc flows continuously through
the unit and that no losses occur due to
alternate heating and cooling; further than
this, under no condition of load docs the
belt of admitted steam surround more than a
small fraction of the machine periphery.

{T'0 be Coniinned
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THE ELECTRICAL EQUIPMENT OF THE JOHN N. ROBINS Co.
ERIE BASIN, BROOKLYN
By G. S. Rose

The shipyard of the John N. Robins Co.,
at Erie Basin, Brooklyn, is, in point of
tonnage handled, the largest shipyard in this
country devoted to repair work. The yard
covers twenty-three acres and harbors five dry
docks, the largest of these being capable of
handling a vessel GO0 feet in length. Three
of these docks are of the floating type, the re-
maining two being of the graving construction.

The floating dock is submerged by allowing -

a vessel, the slip is filled with water to the same
level as that upen which the ship to be repaired
is floating. The vessel then enters the slip
and the floating gate or caisson is securely
fastened in place and made as watertight
as possible. The water is then pumped from
the slip, leaving the vessel high and dry.
Pig. 1 shows one of these docks pumped dry
and ready to be flooded to receive tﬁ: ship,
which may be seen floating on the bay in the

Fig. 1. Graving Type Dry Dock, Pumped Dry

the water to enter its pontoon base and
hollow sides. The vessel to be repaired is
then floated in on top of the structure and
the water pumped from the hollow portions,
the dock rising and lifting the vessel out of
the water. All three of these docks are
emptied by electrically driven pumps located
on the dock itself.

The graving type of dock consists of a
walled slip, the base of which is below the
level of the sea, with a movable dam or
caisson at one end of the structure. To dock

distance. The supporting blocks which are
pulled under the vessel to support it while
being repaired can be seen along the base cf
the dry dock. The illustration on page 482
shows a vessel in dry dock with the supports
in place. Itis this graving type of dock in
which we are particularly interested.

In the shipyard considcrable power is
nceded, not only to remove the water from
the slips but to drive the machine shops,
furnish the lighting and run the compressors
for supplying air to the drills.
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Three vears ago Mr. Wm. T. Donnelly, a
consulting engincer of New York City, was
retained as engineer for this property. At
that time the yard was supplied with power

from one of the old type plants, consisting,

PFig. 2. Switchboard for Controlling Pump Motors

of a large boiler plant supplying steam to
some twenty stcam cngines located in various
parts of the yard; these engines, with one
exccption, being of the non-condensing type.
Mr. Donnclly recognized the fact that the
plant was out-of-date and uncconomical, and
considered the installation of an up-to-date
powcr plant with clectrical distribution, with
the alternative of taking power from a large
central station. The results of this investi-
gation confirm thc claims made by large
central stations, that they can furnish power
for an installation of this sort chcaper than
it can be gencrated in a smaller individual
power plant. The operation of pumping the
docks would give a very heavy peak load
of short duration when compared with the
avcrage power consumed in theyard. This
would mcan, of coursc, a heavy initial cxpense
involved in a plant large enough to handle
the heavy peak loads; and besides, a very low
load factor. For a large station supplying
principally lighting scrvice, with a load factor
in the neighborhood of 33 per cent, a customer
using approximatcly 265,000 kw-hrs. per
month was indced a prize. Arrangements

were finally made whereby Thc Edison
Electric Illuminating Company of Brooklyn
contracted to supply The John N. Robins
Co. with power at three-phase, twenty-five
cycles, G600 volts on a maximum demand basis.

In changing to electric
drive, a large distributing
board was necessary to take
the power from the Edison
system and distribute it to
the various partsof the yard.
Space was a primary con-
sideration and an unusually
compact and complete
switchboard wasinstalled for
this purpose. This board is
of General Electric man-
ufacture, the oil switches
of which are of the well
known “K" type, three-
pole, single throw construc-
tion, mounted in cells di-
rectly back of the panel.
Each switch is equipped
with an inversc time limit
relay, opening the switch
when under overload. In
addition to the protection
against overload, an aux-
iliary shunt coil was added
to the mechanism so that a
R . switch may be opened by re-
mote control from the point in the yard to
which the fceder runs. In case of trouble
around the yard, this arrangemcnt allows the
operator to disconnect his circuit by opening
the main feeder switch, without having to get
in touch with the operator at the main switch-
board. Wattmeters arc installed on all of the
various circuits so that the amount of power
used can be readily analyzed; thesc watt-
meters, which are of the recording polyphase
induction type, arc designed for switchboard
work and are of the very highest grade. A
duplicate sct of busbars was installed in order
to make a flexible arrangement and at the
same time allow the operator to work on one
set of bars while the other is supplying power
to the yards.

Two of the largest fecders from the distribu-
ting board run to the motors that are used to
drive the vertical pumps which pump the
watcr from the slips of the graving docks.
These units consist of two 330 h.p., three-
phase, GGOO wvolt, 25 cycle vertical type
induction motors, cach direct connccted to a
vertical type 30 inch centrifugal pump.
These motors are designed with wound rotors
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and are furnished with starting resistance
which is connected in series with the. rotor
winding when starting. This resistance in-
creases the starting torque and limits the
initial rush of current to the machine when
it is connected to the line.
The motors are supported
on ball bearings located at
the top of the machine and
supplied with oil by means
of centrifugal oil deflectors.

In the old system of direct
connected steam-driven
pumps, between two and
three hours were required to
remove the water from the
graving docks; depending,
of course, upon the size of
the vessel in the slip. In
changing to clectric drive
Mr. Donnelly figured on
enlarging the water mains
and increasing the amount
of water which could be
handled in a given time.
The time required to empty
the docks with the two
motor-driven pumps is from
one and one-quarter to two
hours, depending upon the
size of the vessel in the slip.

. In addition to the two
pumps that are used intermittently, a small
vertical motor-driven pump, similar to the
larger pumps, was installed to operate con-
tinuously and handle the leakage which is
bound toaccumulate in the slips. This vertical
pump is driven by a 50 h.p., 440 volt, 23 cycle
three-phase induction motor equipped with
wound rotor and starting resistance. The
motor is operated from a step-down trans-
former, it being undesirable to wind a machine
of this size for 6600 volts.

A blue Vermont marble switchboard was
installed to control the above motors. and
is shown in Fig. 2. This switchboard presents
an unusually attractive appearance. The oil
switches are of the same type as those uscd
on’ the main distributing board, and in
addition to being automatically opened under
overload, they are cquipped with automatic
rclcase for no voltage conditions. The load
on the pumps increases inverscly as the head
against which they are delivering watcer and
in order to indicatc an overload condition
before the oil switch is tripped, a relay is
inserted which is so connceted as to ring a
gong and thus notify the operator. If the

load on the pump is not relieved, the oil
switch will be tripped. The controllers that
are uscd to vary the resistance in the wound
secondarics of the motors arc interlocked with
the switch mechanism so that it is impossible

Fig. 3. Two 350 H.P. Induction Motors in Background
50 H.P. Induction Motor in Foreground

to throw in the oil switch unless all the resist-
ance is in the rotor circuit. Ammeters are
placed in the various circuits and a voltmeter
is_installed to indicate when the bus is
alive.

The shops of the yard have been changed
from the old belt drive with long lines of
shafting to motor drive with the group
arrangement. The shops are very large and
complete, and comprise a large machinc shop
with tools for handling cylinders and crank
shafts of large ships, a smaller machinc shop,
a boiler shop with large rolls, a copper and
sheet metal shop, a blacksmith shop equipped
with stcam hammers, and a carpenter shop
completc with joiner and woodworking
machinery. Power in all of thesc shops is
supplied by the Gencral Electric squirrel
cage induction motors, started by means
of compensators with sclf-contained oil
switches.

The installation niccly illustrates the pres-
cnt tendency of large central stations
designed primarily for lighting purposes to
increase their load factor by soliciting power
customers of the Jargest class.
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CATENARY LINE MATERIAL
By R. L. Horraan

The advent of increased s and opera-
ting voltages on electric railways demanded
that radical improvements be made in the
existing overhead system, with the result that

the catenary form of

. ... construction was de-

[ | veloped. The ad-
vantages of this

method of suspen-
sion are found prin-
cipally in its adapt-
ability to longer
spans in the cross
span and bracket
construction; for in-
stance, spansof from
125 ft. to 175 ft. are
possible with cate-
nary construction as

against S0 ft. to 100 ft. with direct suspension,
(Fig.9). Also, by the use of structural steel
bridges or supports, spans of from 240 ft. to 300
ft. are practical. Theline can readily be insul-
ated forany practical operating voltageand the
contact wire can be made asnearly level as good
vperation requires, dependent on the type
of collecting device to be used. All rigid
or hard spots are eliminated and vibrations
in the contact wire produced by the passing
collectors are free to travel in either direction

Fig. 1. Ome-Point Suspension

this point. Catenary construction further
provides safe clearances for the insulators and
for the guy wires from the collecting devices,
and by using copper in the messenger or
supporting cable, the necessity of erecting
an additional feeder cable is obviated.

On 600 volt direct current lines the principal
advantage of catenary comstruction is the
elimination of trolley trouble at high speeds,
owing to the flexibility of the construction;on
interurban roads, therefore, the life of the
wheel and contact wire is greatly increased.”
With -the exception of the strain insulators,
the material used for 1200 volt work is the
same as that used for 600 volt’ work, and
consequently lines operating on both poten-
tials need carry only those repair parts
common to both systems.

To make the table applicable for 1200
volt construction it is only neccessary to add
a certain amount for additional insulation,
which consists of the substitution or addition
of proper strain insulators.

The following amounts should be added to
give proper values for 1200 volt construction:

Direct suspension

Bracket construction $10.00

Span construction . . 40.00
Catenary suspension

Bracket construction $10.00

Span construction . . 10.00

COMPARATIVE COST PER MILE OF 600 VOLT TANGENT TRACK
OVERHEAD CONSTRUCTION

DIRIUCT SUBFENSION CATANARY=1 NRES-FOLNY

Brackat Span S
I $144.51 $98.85
i B40.00 340,00
8 45,00 130,00
Maessen
8in. b 26500 530.00
Erectir 180 50 3710
b 13.25
( 212,00 14400
s 75.00 TH 00 200,00
1 1NLDO 100,00 0,00
130.00 150.00 150.00
€1518.06 $2226.85 81511.90 $1968.84
3 222.60
' ! 226.8( 200,84
$167000  $2440.51  $173R76  SIUBAS
indefinitely. In direct suspension these For similar installations, the first cost per

vibrations are confined to a single span and
are damped at the point of support, causing
the wire to become fatigued and to break at

mile of material as compared with direct sus-
pension is approximately the same, while the
labor item is greater for catenary construction,
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The subsequent maintenance, however, is
much less for catenary construction, as there
is no wear on any of the supporting parts;
and, since the contact wire is free to yield
under the upward pressure of the collector,
pounding and arcing with their injurious
effects to the wire are eliminated, thus reduc-
ing to the minimum the possibility of a break.

Among the first efforts in catenary con-
struction was a one point suspension with the
contact wire supported from the messenger
cable midway betwecen the messenger sup-
ports, as shown in Fig. 1. This arrangement
was somewhat similar in principle to direct
suspension, except that the point of suspen-
sion had considerable ﬁexigiollity which in
recent installations has been shown to be
desirable.

Further developments have brought out the
three point suspension with the messenger
supported every 150 ft.; the points of sus-
?ension for the conductor therefore being 50
t.apart. The distance between the messenger
and the contact wire at point of support is 22
in. and the sag in the messenger cable 16 in.
A 7g in. steel messenger cable having a break-
age strain of 9000 1bs. is used, and the stress

Fig. 2. Three-Point Suspension

in messenger and contact wires is kept between
2000 and 2500 lbs. This construction has
proven so satisfactory for wheel collector
operation that it has been accepted as stan-
dard for interurban installations. (Fig. 2.)
The original installation of the 3-point
suspension, which consisted of 180 miles of

line, has proven very satisfactory from an
operating  standpoint. The hanger used
consisted of a standard three-screw clamping
ear and a malleable iron sister hook casting
connected by a cold rolled steel strip 34 in.
wide by 34 in. thick. The prongs of the sister

LGB =
Fig. 3. Bister Hook Casting

hook casting were bent around the messenger
cable as shown in Fig. 3. This same form of
hanger has been used on a side bracket, double
track, 150 ft., 9-point suspension for a high
speed trolley with equally satisfactory results.

Later developments have brought about
the 150 ft., 11-point suspension, the standard
spacing of the hangers for this class of work
being 13.6 ft. This construction has a very
level contact wire and will give good results.

All of the foregoing .constructions have
been erccted on ordinary wood or tubular
iron poles.

A recent installation of 200 ft., 4-point
construction with rectangular lattice iron
poles for wheel collection has been built.
(Fig. 4.) In this installation the distance
between the wires was increased to 32 in.,
the same stress being retained in the mcessenger
and contact wires as in the ordinary standard
construction, making only a slight incrcase
in cost per mile of material.

In order to give maximum flexibility to the
contact wire, the loop form of hanger has been
devcloped, having an average weight of 8 oz.
(Fig.5.) Thestem of this hanger is formedinto
a longloop at the upper cnd, so that the contact
wirc is free to rise from the upward pressure
of the collector without lifting the weight of
the messenger cable. On 1l-point con-
struction several hangers on cither side of the
collector will be in action at onc time. This
hanger is intended for spans of 150 ft. or
under, but it can bo uscd on the 240 to 300
ft. spans by using two messenger cables, onc
directly over the other. The main messenger
cable then supports the auxiliary messenger
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for one-third the distance from the main
messenger support, and the contact wire is
suspended from the auxiliary messengers with
hangers spaced the same distance apart as

Fig. 4. Four-Point Suspeneion

for single messenger construction. No appre-
ciable wear from the action of these hangers
can be detected on either the steel or copper

messenger cable. Another advantage of this
arrangement in operation is that slack or
stretch in the contact wire can be compen-
sated for without the necessity of readjusting
the hangers,
Pull-Off and Curve Work

This is the most difficult and expensive
part of catenary construction, as the necessity
of holding two wires in position does not
permit any saving in poles and fixtures, and
the labor required is several times that of
tangent work for a given distance, The
ordinary bridle pull-oft construction (Fig. 6)
fulfills all the requirements and has some flex-
ibility, and is generally accepted as standard.
To obtain good results on curve work the
supporting poles should be located on the
outside of the track and pull-offs installed
s0 as to maintain the contact wire within 4
to 6 inches of the center of the track. The
longer the bridles can be made the greater
the flexibility that can be obtained, and
on high speed curves of large radius installed
in this manner good operation has been the
result. Secveral installations have used steady
braces (Fig. 7) consisting of a long cylindrical
wooden body and a clamping ear for clamping
to the supporting brackets.

For pantograph operation this arrangement

Fig 3. Loop Manger
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is satisfactory, but a considerable reduction
in the pole spacing on curves is necessary.
Where wheel collectors are used, frequent
renewals have to be made, owing to the
breaking of the wooden bodies by trolley
poles slipping the wire. The point of greatest
rigidity in the contact wire lies directly
underneath the messenger support and the
addition of the weight and tension of the
steady brace at this point forms a hard spot.
Anchorages

Recent changes in the method of anchoring
the line have resulted in flexibility at this
point.

The former method of clamping a rigid
hanger between the messenger and the
contaet wire is now replaced by an arrange-
ment of separate anchor clamps. The
messenger clamp is located at a point 10 ft.
from the bracket and the contact wire clamp
at a point 25 ft. from the bracket. The
bracket to which the anchor wires are fastened
is in turn anchored to adjacent poles.

Catenary construction on ordinary city
electric railways having frequent turnouts
and small radius curves should be avoided
wherever possible, as local conditions are
usually such that the line can not be put up

Fig 7. Catenary Constraction Showing the Use of S1eudy Hraces

and held with the required tension, owing to
the difficulty of locating supports strong
enough to hold the strains.

Fig 6. Pull-Off Conetruction
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NOTES ON ELECTRIC LIGHTING
Part II

By Caryr D. Haskins
MANAGER LigETING DEPARTMENT, GENERAL ELECTRIC COMPANY

In the first part of this article we decided
that our generating apparatus should be
three equal units, turbine-driven. We shall
not consider the design of the machines—
that is a text book matter.

Let us now consider for a moment some of
the other apparatus in our station beside the
generating units.

The switchboard, for example, is of vital
importance to the good or poor operation of
the central station. It is only the layout of
the switchboard that we are going to discuss;
a consideration of its units would carry us
too far. First, we must have the one great
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essential, a panel for the generator-—one
which will control the generator in all its
functions. Gencrally, there should be one
panel for each generator. A generator panel,
of course, must be provided with an ammeter,
a voltmeter, and an indicating wattmeter.
For the sake of cconomy, a single voltmeter
may, in some instances, serve for several
generators, and when so used may be placed
at one end of the switchboard. Personally,
1 feel that the provision of a voltmeter on
each panel is better practice. The indicating
wattmeter is an important instrument on the
switchboards of today, since almost cvery
circuit in a generating station is running at
a more or Jess variable power factor. The

average switchboard should have certain
other instruments, which may be termed
minor instruments, as for example a syn-
chronism indicator, which may take cither
the form of an actual instrument or consist of
merely a pair of synchronizing lamps; or a
frequency indicator, giving upon a scale, such
as that of a voltmeter, the frequency of the
machine, which means the speed of the
machine., The latter is a very useful device
cspecially in water power stations, where
the speed of the prime mover may be variable.
A power factor indicator, though less com-
mon, is very valuable, since it saves the
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Fig. 2. Regulator Bide

comparison of volts times amperes with the
reading of the indicating wattmeter; and
finally we may find it desirable to use the
recording or “curve drawing’ instruments for
giving us permanent records of voltage or
current fluctuations, etc. .

We must, of course, have one or more
exciter pancls in our switchboard for the
control of the exciter sets.

Up to this point we have omitted a dis-
cussion of single-phase, two-phase and three-
phase generation, and here again I must refer
you to your text books. The analytical
considcration of two versus threc-phase
service takes one into highly technical
questions, Single-phase service is obsolete
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except for lighting circuits, while three-phase
service is becoming daily more universal.
Let us then decide arbitrarily that our lighting
feeders are to be single-phase and our power
feeders three-phase.

It is the practice in many stations to serve
power through lighting feeders, but this
practice has a grave disadvantage in that
the power load often fluctuates severely, and
sudJ):n fluctuations in voltage are detri-
mental to good lighting. Today it is custom-
ary in good practice to install a feeder
regulator in connection with cach lighting
feeder, that is, a regulator which will main-
tain the voltage of that feeder at normal.
To show the value of this practice, I have
brought these charts (Pigs. 1 and 2) showing
the variations in voltage on a circuit not
equipped with a regulator, and the voliage
regulator on the same circuit when equipped
with a regulator. The general use of auto-
matic feeder regulators is relatively a new
thing; so new, in fact, that five or six years
ago only about one station in five or six
had them in service. Today, however, there
is a large and growing demand for these
regulators in central station work, for it is
obviously desirable that every central station
should have a uniform voltage at the lamps.
The rate of instailation of feeder regulators
during the last four years has increased
roughly about 400 per cent. In the old days
we used to have voltage regulation of a crude
kind by means of hand regulators. Today
we have a piece of practically stationary
apparatus which depreciates very slowly, and
which may be regarded as automatic. Regu-
lators are controlled through relays in a dozen
different ways. Power circuits as a rule, do
not require close regulation; they do not
suffer serious consequences, as do lighting
circuits, from voltage fluctuations.

My first experience in connection with the
operation of a central station was about
twenty-two years ago. The voltage at which
the current was transmitted was not high—
2400 volts direct current—nbut in those days
we considered it very high. The switches
installed were of the ordinary knife blade type
and, of course, when we pulled them, we got
a heavy arc. We therefore had a notice
prepared, which was posted in a conspicuous
place near the switch, and read as follows:
“The operator will take the paddle in his hand
and strike, etc., etc.”

The g:ddle consisted of a good sized
wooden handle into which was set a picce of

2-inch belting, and with this instrument we
“struck out”’ the arc as we pulled the switch,

Today, of course, the practice is to break
the arc under oil, in what are known as
“oil switches.” As its name indicates, the
oil switch is so designed that when opened
the arc which takes place is submerged in oil
of a suitable character, thus securing promptly
sure, and safe disruption. It is probably one
of the most essential and highly developed
pieces of apparatus in use today in connection
with high tension generating systems. One
of our leading scicntists has compared the
work performed by certain large existing oil
switches under short circuit operation, with
stopping the Empirc State Express in fifty
feet when traveling at the rate of a mile a
minute, and to my mind this is an excellent
way of expressing the “safety buffer ” capacity
of these deviccs. Potentials up to 110,000
volts are being handled with oil switches, and
I know of certain oil switches that are now
being designed and that will shortly be under
construction, which will open circuitsoperating
at 140,000 volts. Those of you who have
had some cxperience in connection with high
potentials in your work here will appreciate
what it means to solve the problem of merely
bringing in and out the circuits to such a
switch.

Returni to the question of voltage
regulation, I have already impressed upon you
that it is of great importance that the voltage
of the feeders for lighting purposes shall
remain uniform. In this respect, alternating
current has an enormous advantage over
direct current. It will be readily understood
that fluctuations in the consumption of
energy at the cnds of the fecders must, of
necessity, result in a material change of
“drop”’ over the entire circuit. It is therefore
necessary that the applied voltage at the
generating station should respond very rcadily
to this fluctuating demand, in order that the
actual voltage applicd may rcmain substan-
tially constant. In no minor fcature is
alternating current at a greater advantage
over dircet current than in this connection.

The regulation of dircct current systems is,
of nccessity, accomplished by mcans of
boosters, that is, motor-generator sects or
storage batteries, or by rhcostatic contx:ol.
The booster, of course, mecans moving
apparatus, substantially a motor driving a
dynamo, its function being commenly to
raise the voltage. Generally speaking, this
method is undesirable for small plants.
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The use of storage batteries for this purpose
has troublecsome disadvantages except on
-very large systems, where it becomes desirable.
Rheostatic control, however, is worse than
either. The use of rheostats serves to reduce
the voltage only, with heavy loss of cnergy.
Even for small plants, this method of regu-
lating the voltage is generally condemned.
There arc but fcw rheostatic control systems
in opcration in this country today in central
stations, even old ones. In many of the larger
direct current stations voltage control is
accomplished by means of buses of different
voltages, that is, a bus of high voltage, one
of low voltage, and another of intermediate
voltage. I know of one large city in this
country having five buses for this purpose.
It does not require an expert to appreciate
how complicated such an arrangement renders
the switching system. Comparing rheostatic
with inductive voltage control on a system
of similar size, we find results about as follows:

Warrs Loss

Rieostat Regulator
Full Load 0 333
34 Load 1301 263
iy Load LTS 215
'y Load In 185
No Load [} 175

The induction regulator is, practically
speaking, a stationary piece of apparatus;
that is, it has no parts with considerable
movements, and is so designed that energy
is inductively impressed on the outgoing lines
in plus or minus dircction, as the conditions
of rcgulation may requirc. This action is
controlled automatically or by hand, as may
be best or preferred, in such a manner as to
raisc or lower the voltage of the outgoing
lincs. The structure being practically station-
ary, the regulator is subject to but little
depreciation and is thercfore very much to be
preferred to boosters, quite apart from the
question of cfficiency. Hand control, of
course, is by observation on the part of the
operator, while automatic control is accom-
plished by mcans of a motor, operated through
a rclay controlled by a contact making volt-
meter.

Substations will be dcalt with morc fully
in a later paper. \We may say a few
words today, however, regarding the various
classes of substations.

We may classi{y substations thus:

(a) The static substation, which is by far
the most common form. It may consist of one
transformer, or a bank of transformers, and
its function is to step the voltage up or down,
as the case may be, to meet conditions.

{6) Motor-generator substations, where
the change in voltage {more commonlya
change from alternating current to direct
current service) is accomplished by means of a
motor driving a generator,

{¢) Rotary substations, in which the
rotary converter takes the place of the motor-
generator set, performing the same functions.

Dense districts make direct current distri-
bution desirable, and where this system
is desirable, the motor-generator rotary is
employed to translate the current from
alternating to direct. )

In comparing 100 kw. units we find that
the average efficiency of the rotary at one-half
load is about. 80 per cent, and that of the
motor-generator set about TG per cent.
At full load the efficiency of the motor-
gencrator is 81 per cent, and that of the
rotary converter, 87 per cent. Generally
speaking, therefore, the advantage is with the
rotary. The rotary, however, is a somewhat
more delicate piece of apparatus. There are
today probably about eight motor-generator
sets 1n use for lighting service to every rotary,
but the improvements in rotaries have been

‘rapid of late and the ratio is fast changing

in favor of the rotary.

In considering translating devices we mus’
not forget the mercury arc rectifier, a com
paratively new device, but one which has
already done much for the art in connection
with series arc lighting. It chances that at
least one of the preferred arc lighting systems
of today calls for direct current—direct
current from central stations which have no
direct current apparatus. The mercury are
rectificr solves the difficulty for such stations
in a particularly simple and economical way.

Stated briefly, with the elimination of all
complexities, the mercury arc rectifier con-
sists of a vacuum tube with inlecading and
outleading terminals, containing mercury with-
in it in such a manner as to permit of the
starting of an arc (not in vacuum really,
but through mercury vapor) between one
pocket of mercury and another. Such an
arc is peculiar physically, in that it permits,
when once established, of the passage of
electric current through it in one direction
but not in the other. We may define the
theory of the rcctifier thus:
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Mercury vapor, under ordinary conditions,
is a non-conductor, that is, if mercury be

laced in a test tube and submitted to the

unsen flame, the vapors thrown off arc
highly non-conductive. If this same mercury
vapor is ‘‘ionized,” that is, if each atom of
mercury vapor receives a definite electric
charge (like a Leyden jar), and if these
charged atoms are moving under the influence
of the potential, then the vapor immediately
becomes a condiictor, but in one direction
only. We can not state why this is so, but
can only accept it as a physical axiom of
recent discovery.

The functionings of the mercury are recti-
fier are not, to many people, easy of immediate

comprehension, but a German engincer, who
was in this country last ycar, expressed the
matter most clearly when he said, “It’s
yoost like getting a feash hook in your
fingker.”

We have now taken a cursory glance at
some of the cssential features of the genera-
ting station. In the next paper [ shall deal
with the distribution and translation of the
current, particularly with relation to pole
lines and their construction, the condustors,
insulators, and the governing conditions of
voltage for various applications and distanccs;
in short we shall deal with the questions of
detail involved in getting the current from
the generators to the point of use.

AUTOMATIC LOAD REGULATION BY MEANS OF
WATER-BOX CONTROL
By Harorp V. GreeN

The Testing Dcpartment of the General
Electric Company recently made an endur-
ance test upon a motor of special construction,
the instructions calling for continuous daily
operation under full load for a number of
months. To conduct the test properly, it
was necessary to devise some sort of auto-
matic load control. A description of the
mechanism employed is given below.

The motor was belted to a shop generator,
this generator in tumn being loaded on a
water-box equipped with the usual water-box
control. Because of the large field current
taken by the generator, and also because of
the unsatisfactory operation of a water-box
with a fixed setting of the blade, the TD type

1

1

of voltage regulator was not applicable.
It therefore became nccessary to construct a
regulator that would act upon tle water-box
blade through the medium of its remote
electrical control. To fulfill this requirement

aspecial regulator was devised which employed
the use of the hunting regulator principle;
the range of variation being kept so small
as not to be appreciable. ’%his regulator is
shown in the accompanying diagram. A
contact-making wattmeter, /°, was placed in
the motor circuit, and was 8o adjusted as to
open its contacts at full load. The hydraulie
lift, L, from which the water-box blade was
suspended, was controlled through the electro-
magnetic valves V and D; V admitting water
to the under side of the piston and D draining
it. With all switches closed and the wiring
arranged as shown in diagram, the valve D
was in its open position and the water-
box blade would descend by gravity. When
full load on the motor was attained, contacts
on P would open, thereby opening the circuit
through the relay R which, in tum, would
close the upside of the water-box control.
Thereupon the water-box blade would ascend
until its motion was arrcsted by the closing
of the contacts on rclay P, when the blade
would again begin its downward travel and
the cycle would be repeated. To prevent too
rapid a cycle of operation the supply of water
to the hydraulic lift was throttled at the inlet
valve.

When properly adjusted this regulator
was able to hold a load on the motor within
one-half of one per cent.  Observations of the
behavior of the water-box blade showed that
there was a movemnent of the blade up or
down of about onc-sixth of an inch, at
intervals of approximately one minutc,
depending upon the stability of the shop
voltage.
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A LARGE ALTERNATING CURRENT CIRCUIT BREAKER
INSTALLATION

By D. S. Morcan

The construction of a circuit breaker for use
on heavy alternating current circuits presents
a somewhat difficult problem to the desi%ning
electrical engineer. The distribution of the
current uniformly throughout the various
parts of the breaker and the avoidance of

12,000 Ampers A.C. Circait Breaicer

skin effcct, cncrgy losses in heating, etc.,
arc the factors wiLK which he has to deal.

The largest alternating current circuit
breaker yet built is installed in the Worsted
Mills of the American Woolen Company at
Lawrence, Mass,, and protects a GO0 volt,
40 cycle turbine alternator. The breaker is a
triple-pole solcnoid-operated, Type C, Form
K-2 breaker, and was built by the General
Electric Company. It has a current carrying
capacity of 12,000 amperes and will carry this
current continuously without overheating.

If a circuit breaker for use on heavy
alternating current circuits of 6000 amperes

and over were built on the lines of usual
direct current construction it would not satis-
factorily perform its work, and would in
service heat to a dangerous degree. To avoid
this, special construction must be employed.

In the design of the circuit breaker in
question, a large amount of radiating surface
was provided and also an arrangement was
made for the uniform distribution of the
current in the various parts by subdividing
the contact brushes and the studs of each
pole into six sections, each insulated from the
others. Each pole of the circuit breaker is
operated by a separate solenoid mechanism
so connected that the entire triple-pole
breaker is controlled by a single control

i
\
/

‘ N

12,000 Ampere A.C. Bresker. Side View

switch on the switchboard panel. The open
and closed positions of the breaker are
indicated by signal lamps located at the con-
trolling switch.
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To obviate the necessity of opening an arc
at the control switch, the circuit of the closing
coils is opened on control relays located near
the circuit breakers, the trip coils being
opened by auxiliary switches operated by the
breaker itself. The breaker is made auto-
matic by the use of current transformers and
relays. The circuit breaker, solenoids and
control rclays are mounted on specially
designed hard wood supporting framework
made to conform to the perimeter of the
turbine to which the framework is secured.
(See illustrations.)

Operation

The breaker has now been in operation for
several months and according to reports
reccived lately is operating satisfactorily,
This, however, is not more than was cxpected,
because before shipment, after being well tried
out for purposes of adjustment and to
discover any weak points in construction,
the breaker was subjected to thorough
mechanical endurance tests under conditions
much more severe than it could possibly be
expected to encounter in actual service.

THE TURBINE

By Haauier Moxros

Look at her—there she sits upon her throne
As ladylike and quiet as a nun!
But if you cross hier—whew! her thunderbolts
Will shake the earth! She ';J)roud as any queen,
The beauty—knows her royal business too,
To light the world, and does it night by night
When her gay lord, the sun, gives up his job.
I am her slave; I wake and watch and run
From dark till dawn beside her. All tke while
She hums there soft:z, purring with delight
Because men bring the riches of the eart!
To feed her yearning fires. 1 do her will
And dare not disobey, for her right hand
Is Kower. her left ig terror, and her anger
Is havoc. Look-if I but lay a wire
Across the terminals of yonder switch
She'll burst her windinﬁ, rip her casings off,
And shriek till envious Hell shoots up its flames,
Shattering her very throne. And all her people,
The lab Wt ling, di ing crowdsout there—
Fools and the wise who look to her for tight—
Will walk in darkness through the liquid night,
Submerged.
Sometimes I wonder why she stoops
To be my friend~—oh. yes, who talks to me
And sings away my loneliness; my friend,
Though | am trivial and she sublime.
Hard-hearted?—No, tender and pitiful,
As all the great are. Every arrogant grief
She comforts quietly, and all my joys
Dance to her measures through the tolerant night.
She talks to me, tells me her troubles too,
iun as I tell her mine. Perhaps she feels
n ache deep down-~that agonizing stab
Of grit grating her bearings; then her voice
Changes its tune, it wails and calls to me
To soothe her anguish, and [ run, her slave,
Probe like a surgeon and relieve the pain.
But there are moments—hush!—when my
turn comes,
Times when her slave commands, becomes her
master,
Conquering her he serves. For she's a woman,
Gets bored there on her throne, tired of herself,
Tingles with power that turns to wantonness.
Suddenly something ‘s wrong—she laughs at me,
Bedevils the frail wires with some mad caress
That thrills blind space, calls dowr. ten thousand
lightnings
To shatter her world and set her spirit free.

Then with this puny hand, swift as her threat,
Must 1 beat back the chaos, hold in leash
Destructive furies, rescue her—even her—
From the fierce rashness of her truant mood,
And make me lord of far and near a moment,
Startling the mystery. Last night I did it—
Alone here with my d upon her heart
1 faced the mountin{l fiends and whipped them down;
And never a wink from the long file of lamps
Betrayed her to the world.
So there she sits,

Mounted on all the ages, at the peak
Of time. The first man dreamed of light, and dug
The sodden ignorance sway, and cursed
The darkness; young primeval races dragged
Foundation stones, and piled into the void
Rage and desire; the Greek mounted and sang
Promethean songs and light 2 signal fire;
The Roman bent his iron will to forge
Deep furnaces; slow epochs riveted
With hope and secret chambers; till at last
We, you and I, this living age of ours,
A new-winged Mercury, out of the skies
Filch the wild spirit of light, and chain him there
To do her will forever.

Look, my friend,

Behold a sign! What is this crystal sphere—
This little bulb of glass I lightly lift,
This iridescent bubble a child might blow
Out of its brazen pipe to hold the sun—
What strange toy is it? In my hand it lies
Cold and inert, its puny artery—
That curling cobweb film—~~ashen and dead.
But see—a twist or two—let it but touch
The hem, far tmilini, of my lady ‘s robe,
And lo, the burning life-blood of the stars
Leaps to its heart, that glows against the dark,
Kindling the world.

Even so I touch her garment,
Her servant through the quiet night. Even thus
1 lay my hand upon the Pleiades X
Am{feeY their throb of fire. Grandly she gives
To me unworthy: woman inscrutable,
Scatters her aplendors through my darkness, leads me
Par out into the workshop of the worlds,
There I can feel those infinite energics
Our little earth just gnaws at through the cther,
And sce the light our sunshine hides. Out there

t of life 1 am at peace.
(=TI CO0DLT plgn Atdantic Mowthly.
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FIRST ANNUAL MEETING OF SWITCHBOARD SPECIALISTS

The switchboard specialist is the logical
result of the need for the services of trained
experts to deal with the control and distri-
bution of the large amounts of electrical
energy and the high voltages that are now
being constantly developed.

In laying out a large station, particularly,
great precautions must be to secure
the proper switching equipment. The eneregg'
must be safely and economically controlled.
The system must have proper flexibility and
must be simple in arrangement so that no

plied to fill his needs, it is necessary for the
specialist to be fully informed concerning
new developments in his line.

This can best be accomplished by bringing
together at certain intervals the entire
selling and designing forces of the manu-
facturing concern, with the purpose of giving
a thorough consideration to all points both
commercial and engineering that have devel-
oped since the previous meeting. The result
will be two-fold: 1st, to acquaint the special-

at First Ancusl Mesting

confusion will arisc in operation. The
switchboard must be so designed that exten-
sions can be made without unneccssary
expensc or liability of shut-down and at the
same timc without danger to the workmen.
In other words there must be at the command
of the customer an cxpert whois so conversant
with all conditions of switchboard practice
in its various manifcstations, that he is able
to recommend in cvery instance the best
cquipment available, due consideration being
given to all the cssential points in the instal-
lation. But for thc switchboard specialist
in the ficld to be able to acquaint the customer
with the best apparatus that can be sup-

ist with the rccent developments in switch-
board work; and, 2nd, to enable the designing
engineer to become acquainted with the

blems of switch cngineering that

ve becn cncountered by the switchboard
specialists during the last ycar, the new
needs that have arisen, and the behavior of
apparatus in actual scrvice.

With these ends in view, the switchboard
specialists of the General Electric Company
held their first annual convention during the
week commencing August 29th. The first
four days of the week were spent in Schenec-
tady, and on Friday and Saturday the con-
fercnce was continued at Lynn.
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In order to derive as much benefit as
ossible and to economize time, a compre-

Eensive programme, laid out in advance, was
rigorously adhered to, and the entire switch-
board situation was gone into thoroughly.
Shop trips to inspect apparatus were taken
each day after the conclusion of the subjects
scheduled for discussion.

The free interchange of ideas which took
place at the convention must result in a
decided help to all concerned, but especially
to the customer since the better acquainted
a salesman is with the appliance he sells,

the more the benefits that acerue to the
customer who follows his rccommendations.

The accompanying illustration shows the
specialists in attendance; they are, sitting left
to right, C. C. Adams, T. S. Knight, C. M.
Parker, F. W. Paterson: Standing, left to
right, A, B. Lawrence, W. H. Heinz, Saul
Lavine, G. A. Elder, H. H. Bodge, E. A.
Harriss, F. E. Hause, H. H. Gardiner.

Specialists are located in offices of the Gen-
eral Electric Company at Boston, Chicago,
New York, Pittsburgh, Philadelphia, San
Francisco.

NOTES

During the months of July, August and
September the following student engineers
entered the Testing Department of the Gen-
eral Electric Company.

Albergotti, W. McA,, Clemson College
Allen, H, E., University of Colorado
Ames, M. P., University of Vermont
Anderson, C. B., Purdue University
Anderlon,]i.. Lzhifh University
Andrews, H. L., Clemson Coliege
Bacon, H. R., Sheffield Scientific School
Bahm, ]. B,, Louisiana State University
Bailey, E. H., University of Illinois
Balmson, . R,, Lehnih University
Becker, W. J., Union College
Beebe, L. H., Pennsylvania State College
Beekman, R. A., University of Missouri
Berg, A. L., University of Colorado
Ber{land. W, S., Princeton University
Bell, H. A., Ohio State University
Bell, W. R., Worcester Polytechnic Institute
Benford, F. A., University of Michigan
Bennett, C. S., Unjversity of Kentucky
Bird, D. M., University of Nevada
Bird, Howard, Sheffield Scientific Schoo! (Yale)
Binns, C, A., Leland Stanford University
Bonnett, L. B,, Syracuse University
Boos, H. C,, Cornell University
Bossinger, H. C., Cornell University

. l{’ennsylvania State College

., Tulane University
Bronson, J. T., Syracuse University
Brooks, G. W., Pratt nstitute

. D., Cornell Universit

. E., University of Nebraska
Camp, W. E., Oklahoma A. & M, College
Cann, L. B., Delaware College

Card, B. A., University of Kansas
Chadbourne, V. R., University of Maine
Chapman, F. W,, Clemson College
Charest, J. G., Union College

Cheshire, J., Vanderbilt University

Clenn, E., University of Colorado

Cole, K. E. N., University of Arkansas
Corlette, L. H., Iowa State College
Corwin, H. G., Clarkson School of T«chnology
Cramer, H. P., Leland Stanford University
Crane, D. R,, University of California

Crawford, H. V., University of Arkansas
Cumming, G. B., University of California
Curtis, L. F,, Tufts College

Davis, A , Georgia School of Technology
Dennis, A. R., Union College

De Toledo, P. F., Union College

Deuel, H. R., University of Montana
Dickerson, A. F., A. & M. Collegc of Texas
Dillinger, G. A., Union College

Doyle, E. D., Uaiversity of Illinois

Purdue University

Edgell, W. T..ér.. La Fayette College
Edmonds, W. E., University of Kansas
Edwards, E. B., University of Michigan
Eliason, W. L., Delaware College

Farber, E., University of Kansas

Parrar, ‘}q ., Lehigh University

Paulds, N. M., Oklshoma A. & M. College
Force, H. H., Ohio Statc University
Fosterling, C. W, Georgia School of Technology
Foust, C. A,, Lehigh I.'nivcv.\il;

Fraukenfield, M. W.. Vireinia Polytechnic Institute
Fulmer, T., Clemaon College

Gardner, G. N., Harvard Umversity

Gana.{{. 1., University of Illinois

Gates, H. C., University of Michigan

Gifford, E. E., Syracuse University

Gill, {4 H., University of Texas

Gill, M. F., University of Texas

Gold, R. G., Worcester Polytechnic Institute
Goldbcrg. W., Case School of Applied Science
Goodrich, G. P., University of Maine
Graeff, W. K., Pennsylvania State College
Grover, H. H., Union Collcge

Hall, C. A,, University of Maine
Hallock, H. F., University of Michigan
Hamman, A. M., Columbia University
Hanzsel, D. R,, Unjversity of Pennsylvania
Harrison, E. M., Purdue University
Haspel, E., Tulane University 3
Hawkins, 1. B., Virginia Polytcchnic Institute
Heissler, L. J., Clarkson School of Technology
Henry, H. W., Rose Polytechnic Institute
llapperlen, J. A., University of Ncbraska
Hoel, R. W, Pratt Institute

lord, T. A..‘Jr., University of Texas
Horn, A, P. %, Delaware College X
Horn, Max, University of I’cnm'ylvapm
Hoskins, 1. A., W. Virginia University
Huston, C. B., University of Nebraska
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Ingram, H. L., A, & M. College of Texas
Jeter, G. G., University of Illinois
Johnson, P. B., lowa State College
Johnson, P., University of Nebraska

Jones, C. E., Georgia School of Technology
Jones, L., University of Colorado

Jump, G. H., Syracuse University

Keese, P. D., Syracuse University

Kelley, S. D., Union College

Keppel, W. M, Cornell University

Keyes, W. R., University of California
Kimball, W. G., Sheffield Scientific School
Kirkman, J., Coraell University

Knapp, L. H., Purdue University
Kriegsman, A. E., Union College

Lane, W. G., Iowa State College

Lapp, II. D., University of Michigan .
Leavitt, J. H., Tufts College

Lewis, William, Lehigh University

Mack, E. D., University of Nevada
Madison, H. J., Rose Polytechnic Institute
McCarthy, E. T.. Cornell University
McClintock, Paul, Tufts College

Mercer, J. M., Iowa State College
Metcalfe, V. E., University of Colorado
Miller, A. G., University of Missouri

Mills, G. P., University of Kentucky
Moore, D. H., N. Dakota Argicultural College
Moreland, C. M., University of Arkansas
Alorris, G. S., University of Kansas

Myer, W. M,, Pratt Institute

Neilson, W, B,, Jr., Union College
Nixdorfl, S. P., Cornell University

Noble, J. A., Iowa State College

Nuti, C. B., University of Wisconsin
O'Connell, W. T., Worcester Polytechnic Institute
Odell, I. N,, Purdue University

Orbison, T. E., Cornelt University

Owen, A. S., Cornell University

Paine, R. A., Virginia Polytechnic Institute
Parker, P. T., Leland Stanford Institute
Paul, W. E., Union College

Peabody, G. A., Rhode Island State College
Phelps. S. L., Purdue University

Phillips, W, R., N. C. College of A. & M. A.
Pierce, L. G., University of Illinois
Plankinton, J., Oregon Argicultural School
Plenge, H. D., Clemson College
Poindexter, P. W., Rose Polytechnic Institute
Ponsler, R. L., University of Kansas
Proctor, W. R., Purdue University

Propst, H. M., Oregon Agricultural College
Rank, F. A., University of Colorado
Rankin, H. McC., University of Michigan
Riggs, L. ., Cornell University

Rhode, W. C., University of Wisconsin
Rolnick, S., Ohio State University

Rose, T. D., University of North Carolina
Rusher, M. A., Cornell University

Sage, W. C., Purdue University

Schaller, . F., University of Illinois
Schmidt, F. L. A., Case School of Applied Science
Shuler, E. H., Clemson College

Sears, R. P., Union College

Seymour, E. R., Case School of Applied Science
Shanklin, 8., University of Kentucky
Shelby, J. B., University of Kentucky
Sherman, A. H., Unioa College

Shirley, A. A., Purdue University

Shirley, O. E., University of Illinois
Slutter, N. W., Union Coliege

Smith, D. F., University of Nebrasks
Smith, R. P., Harvard University

Snyder, T. I., Purdue University -

So Relle, A, W., University of Michigan
Spurck, R. M., University of Illinois
Stafford, R. W., Colorado University
Stephens, L. T.. Peansylvania State College
Stilwell, E. D., University of Wisconsin
Storm, S. B., Tulane University

Stump, J. II., Rose Polytechnic Institute
Summers, J. A., Pennsylvania State College
Swope, R. B., Lehigh University -
Sykes, C. S., University of Vermont
Taylor, A. L. R., University of Utah
Taylor, B. W., Ohio State University
Taylow, C. W., Tufts College

Thomas, E. E., Purdue University
Thomas, R. B., University of Kansas
Thornberg, C. E., University of Nebrasks
Townsend, C. P., Clemson College

Totier, E. S., Rutgers College

Treene, W. H., Cornell University

"Twogood, E. N., University of California

Varderzee, G. W., University of Wisconsin
Van Meter, M. E., Iowa State College
Venn, J. G., Worcester Polytechnic Institute
Vivian, W. T., University of Nebraska
Wall, R., Leland Stanford University
Waaner, R. W., Pennsylvania State College
Ward, C. Q.. Kansas State Agricultural College
Washburn, F. J., University of Vermont
Weber, E. R., University of Colorado
Webster, G. A., University of Maine

Vest, G. S., Tulane University
Wettengel, F. J., Iowa State College
Wheatlake, B. C. J., University of Illinois
Wheeler, R. H., Rhode Island State College
Whicker, M. N., Purdue University
Whitmore, P. J., Union Collcge R
Whyte, A. C., Stevens Institute of Technology
Williams, W. W., University of Cincinnati
Wilson, A., Cornell University
Wilson, J. E., University of Pcnnsylvania
Wilson, L. H., Clarkson School of Technology
Winne, H. A., Syracuse University
Winter, F. H., University of Kansas
Wood, H. J.. Georgia School of Technology
Wolf, A. F., Tulane University
Zwiebel, O. J., Worcester Polytechnic Institute
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