TO BE COMPLETED IN 40 WEEKLY PARTS

= pR ACTICAL
SELECTRICAI. ENGINEERING

IN THIS PART

Mi1D313 TVDILDVEG

HOW POWER STATION L
FREQUENCY IS ‘
CONTROLLED

HOW TO DESIGN
SMALL POWER
TRANSFORMERS

A.C. CIRCUIT
CALCULATIONS

ARCHITECTURAL
LIGHTING

LLOAD TESTING OF A.C.
AND D.C. MACHINES

SPECIAL TYPES AND
COMBINATIONS
OF ROTATING ELEC-
TRICAL MACHINERY

DNIRIAINIDONA 1V

\ B, e 34
"L A PRACTICAL WORK WRITTEN 'BY EXPERTS

€€ 1uvd




PRACTICAL ELECTRICAL ENGINEERING

RALPH STRANGER’S

WIRELESS

The Wireless Library for the
Man in the Street:
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BROADCASTING

WIRELESS WAVES
HOW TO UNDERSTAND WIRELESS
DIAGRAMS

SELECTION OF WIRELESS SIGNALS
DETECTION OF WIRELESS SIGNALS
AMPLIFICATION OF WIRELESS SIGNALS
REPRODUCTION OF WIRELESS SIGNALS
WIRELESS RECEIVING CIRCUITS
WIRELESS MEASURING INSTRUMENTS
THE BY-PRODUCTS OF WIRELESS

SOME PRESS OPINIONS:—

‘“ The new shilling library aims at giving the wireless
enthusiast a sound theoretical and practical grip of his
subject. The author employs clear and simple language,
and starts practically from zero.””—The Broadcaster.

** These books deal with a highly technical subject in the
simplest language which enables those who have no scientific
training to grasp the wonders of wireless, and assist the
listener to get the best possible results from a receiving
set.,” — Raslway Review.

ONE SHILLING EACH
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BOOKS

: far beyond
i 256 pages.

THE
MATHEMATICS
OF WIRELESS

This book is essential for
the wireless amateur who
desires to gain a fuller
knowledge of his subject.
Written by one who has the
gift of explaining abstruse
matters in a simple fashion,
it will enable its readers to
attempt research and experi-
ments which at one time were

their powers.
Fully illustrated.

S/-, by post 5/3

WIRELESS :
THE MODERN
MAGIC CARPET

Fourtb and Revised Edition :

If you know nothing about :
wircless and do not even possess :
a receiving _set, this book:
will show you how to provide :
yourself with an interesting and :
absorbing hobby. If you are a:
listener, but rather weak on the :
technical side, it will save you :
much unnecessary worry and :
expense, If you wish to experi- :
ment, this volume will provide :
you with valuable experimental :
data; 1f you are an expert and :
have to lecture, it will give you i
some useful lecture material. ;

.
3/6, by post 3/9

Lid., 8-11, Southampion Street, Strand, London, W.C. 3.

|
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HOW POWER STATION FREQUENCY
IS CONTROLLED

By A. T. Dover, M.LE E.

This subject is becoming of increasing importance to electrical en-

gineers, first on account of the grid transmussion system which is

now being developed all over the country, and secondly o account of

the possibilities 1t offers for the use of mains driven clocks which

depend for accuracy on the correct periodicity of the supply being
maintained.

e, .

oF WARREN MasTERr FREOQUENCY METER.

“Tie ControL RRoOM AT CROYDON CORPORATION'S POWER STATION SHOWING ILarry Typl

(lieerell Edgcumbe)

The clock is driven by weights and is wound automatically by a Warran synchronous motor.
The time hand ot the frequency meter (upper dial) is driven directly by the clock, and the frequency

hand is driven by a Warren motor.,

The Advantages of a Controlled Frequency.

HE maintenance of the frequency
of an A.C. supply system at a

standard mean vahie is of con-
siderable advantage in practice.  Thns
(1) large generating stations in which the

frequency is rigidly controlled can operate
satisfactorily in parallel, and can share or
interchange load so as to obtain the most
economical operation ; (2) timing devices
such as clocks, graphic  instrimments,
time switches, trafllc control signals, ete,
A
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P2 - ARRANGEMENT oF Mauxuric Cikevir or
WARREN SELF-STARTING SYNCHRONOUS Mook,

This tvpe is made bw Everctt Edgeambe and
is used i their © Svocloeks ™ and master fre-
quency meters. A armature of hardened steel ;
B, taminated ficld magnet with divided  pole
faces . O, exating winding ;. D, short-circuited
copper bands 7 shading coils ) encircling one
halt of cacli pole face

may be operated from the supply mains,
and accurale functioning of these devieces
is assured with the nunimum of attention
and maintenance ; (3) industries operat-

ing continuously (e.g., textile, paper
making, tlour nulling) are assured of a
constant  rate  of output when  their

machines are driven by synchronous or
induction motors.

How the Idea of a Controlled Standard
Frequency Originated.

The idea of controlling the frequeney
with the object of supplyving time service
from the supply mains  originated in
Germany in about 19og, but could not be
suceessfully carried out in practice because,
at that time, no suitable self-starting
synchronous motor was available.  The
idea remained undeveloped until about
1916,  whent the Warren  self-starting
synehronous motor was produced in the
United  States of  America.  Warren's
classic paper on “ Utilising the  time
characteristics  of alternating current ™
was presented to the American Institute
of Electrical Engineers on May 7th, 1919,
This paper gave practical details of a
successful muniature synchronous motor
(which developed about one-millionth of a
horse-power) and its application to fre-
quency control and tirue service. Warren
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fully: recegnised the importance and the
necessity of an accurately controlled
frequency for time service. and fer the
interconnection  (i.e., parallel operation
of large power stations,

A more recent  paper dealing  with
“Synchronous  Eleetric Time  Service ™
was presented to the A LEE on January
25th, 1932,

The Warren Synchronous Motor.

This motor is built as a single-phase,
bipolar motor with shaded poles, and the
arrangement of its parts is shewn in Fig, 2.
The magnetic eireuit consists of Jamina-
tions B and is excited by the single coil €,
Each pole piece is divided into two portions,
one of which is encircled by a short-
circuited copper band D, called a ** shad-
ing coil.”  The eddy currents induced in
these coils by the alternations of the main
flux produce a magnetic reaction which
causes a time phase ditference between the
fluxes in the two portions of the pole face,
the flux in the * shaded 7 pertion logging
by about 30 relatively to that i the un-
shaded portion. Thus, an irregular rotating
field is produced in the air gap.

The armature or rotor A is constructed
of hardened steel, either as a single dise
or a pair of dises, according to the output
required.  Each dise is in the form of an
annulus with a diametrical erosspiece as
slown in IMig, 2. When two or more dises
are wsed the crosspieces are set in hine.
The spindle is directly connected to a
built-on  speed  reducing gear which s
immersed in oil.

How the Synchronous Motor Operates.

The motor is self-starting on  load
and runs up to syvnchronous speed in a
fraction of a second. The starting tcrque
is due to magnetie attraction between the
pole faces of the field magnets and the
induced poles in the armature. On account
of magnetic hysteresis in the hard steel
armature disc a brief time lag exists
between the induced poles in the core
and the inducing flux at the pole faces,
Hence, the magnetic pull between these
poles is tangential to the armature core
and produces torque. At low speeds there
Is a progressive shifting of the induced
poles through the mass of the disc, but at
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syichronous speed  the in-
duced poles remain in step
with the rotating tield.

The starting  torque  is
more than 3o per cent. of
the  nmaxinuun  running
torque and s maintained
up to svnchronous speed,
thus giving rapid accelera-
tion.

The  svnchronous  opera-
tion of the motor is un-
affected by considerable
changes in the supply vol-
tage, e, a4 50 per cent.
variation of voltage will not
interfere with the running
of the motor,

The Master Frequency Meter.

To ensure that the fre
quency at oall the  power
stations is maintained rigidly
at a constant average value,
a master frequency meter is

usedd at cach  station to
indicate the  average  fre-
queney. This  meter mea-

sures  the frequency by a
dircet reference to a time
standard, c.g., a pendulum-
type standard  clock,  the
time-keeping of which can
be accurately controlled  to

within - a  fraction  of a
second a day.
The Warren DMaster Fre-

quency Meter.

In the master freqguency
meter originally developed
by Warren, two hands or
pointers are arranged con-
centrically over a common
dial, which is the upper dial
in g, 1. One hand is
driven by the pendulum
of the standard clock and
thie other 1s driven through
gearing  from  a  Warren
svnchronous  motor
supply mains.

connecied

Latest Tyee orF live-
RETE FDGOOMBE ALL-FLECTRIC
CSYNCLOCK T Masrer Fre-
OUENCY MET

e, 3

3}

With impalse driven standard
vlock.

Fhe fowa left-hand ddock dial
is driven by« synchronous
motor and the right-hand clock
Jialoosoan clectromagnetic
mmpulse type clock movement.

to the
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The gearing is so arranged
that at the normal supply
frequency both hands com-
plete one revolution in five
minutes.  Thus, if  the
frequency is maintained
rigidly at its correct value,
both hands will rotate at
exactly the same speed, and
will. therefore,  shiow 1o
relative change of position.

Small  momentary vari-
ations in the frequency will
not pereeptibly atfect the
relative  position  of  the
hands, and as these fluctua-
tions are equally likely to
be  positive and  negative,
only the cumulative error
will be shown by a change
in the relative positions of
the hands.  But any steady
or gradual change of fre-
quency front the mean vatue
will cause one hand to gain
upon the otlier. so that the
relative  positions  of  the
hands will show a gradual
change.

Obviously, this is  the
only error in the frequency
which should be corrected
by the engineer in charge,
because  the governors  of
the turbines will take care
of the momentary  tluetu-
ations.

The  two  lower  dials
shown in Fig. 1 are ordinary
clock dials, one of which
(on the right) is driven by
the pendulum and the other
(on the left)y is driven by
an  independent  Warren
svinchironous  motor.  The
left-hand dial is intended
as a check on the frequency
meter and acts as a stand-by
in the unlikely event of

failure of the supply to the motor driving

the frequency meter.

The hand driven by the standard cleck

is enamelled black and that driven by the
svinchronous motor s enamelled red or
some other distinetive colour.

The latest

Latest Type of Master Frequency Meter.

tvpe of Everett Edgcumbe

master frequency meter is illustrated in
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MasTrr FrEOUENCY METER AND CLOCK

IFie 4.
IMALS FOR OPERATION FROM STANDARD TiME
SYSTEM OPERATED BY IMPULSE-TY 2R MASTER
Crocx.  (Feeredt decumbe

This fvpe of master frequency meter is used
when a standard time {impulse) svstem iz already
available or when duplication of the indiciations of
minpse-driven dock type master frequency
meter (g 3) is required.

IFig. 3. Although in principle it is essen-
tially the same as the earlier type there
are impertant  differences. Thus, the
“tme " hand of the frequeney  meter
(upper dial) rotates with an even, steady
nmovement, instead of jumping forward in
half-seconds beats 5 the time of one revolu-
tion of the ™ time ™ hand is three minutes
instead of five minutes ; the ™ frequency ™
hand is shortes in length and is painted on
a concentric graduated ™ frequency ' dise
which rotates  synchronounsly  with - the
“time ” band ; the standard clock is of
the clectric impulse type instead of the
weight-driven escapement type, e, the
pendulum derives its energy from impulses
supplied to it by an clectromagnet

The Advantages of the Impulse-driven
Standard Clock.

This tvpe of clock (which is now used in

the Everctt Edgeumbe master frequency

HOW POWER STATION FREOUENCY Is CONTROLLIED

meter) possesses several advantages over
the ordinary escapement type Thus it is
much cheaper to manufacture owing to its
simpler construction ; its time-koeping is
better because of the redueed iriction
losses owing to the  elinunation ot the
escapement mechanism; the trame can be
built lighter owing to the elimination of
the heavy driving weights requiced for the
escapenment type of clock 1 no winding is
necessary ;. any number  of dials
giving ' standard time 7 may b driven
without affecting the time-keeping, These
dials are simple clectromagnetic impulse
movenents,

clock

The Frequency Disc.

The frequeney dise is shown in detail in
Figs. 4 and 5. It has a red hand or pointer
painted in a definite position on the dial,
and the latter has 180 graduations repre-
senting seconds. The concentric ™ ume ™
dial is similarly graduated.

How the Frequency Disc and Time Hand
are Driven.

The frequeney dise and the time hand

are botlh driven by a Warren synchronous

Iie. 5

MasTER FREQUENCY METER WITHOUT

Crock Ihaes, (Evereti Fdocun
This tvpe of master frequency meter s
operated  from a  standard  time impulse)
svstem, and is used for duplicating the indica-
stons ol a clock type master frequency meter
Fig. 3) at the switchboard or at the turbine
controls,
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motor.  The tor-

mer is o rigidly
connected to the
driving sleeve
(which 1s geared
to the motor),
and the spindle
of the time hand ‘
is driven  from
this sleeve
throughafriction
clutch as shown
diagrammatical -
Iy in the upper
part of Fig. 6.
The spindle car-
ries a star wheel
having six V-
shaped  depres-
sions and a roller
is  forced into
one  of  these
depressions
every 3o seconds
by an cleetro-
magnetically
operated striker.
The  gear ratio
and the number
of depressions in
the star  wheel
are such that if
the frequency is
correct the roller
will exactly fit
into the appro-
priate depression g o)

SR

Step Down M
Transfornurm

¢

ACMains

vERAL

/
Gathering
Wheel

ARRANGEMENT OF

\ Outer Dial (Standard Time)

MainTaining Arm

Y

EvereTtt EpGerMsi Mastir Fri-

and no slipping QUENCY METER Wit [MPULSE- DRIVEN CLOCK (IF1¢.

of the clutch will
occur.  But if
the frequeney is
high  or  low
the roller  will
engage with the star wheel and force the
latter into its correct position thereby
causing the clutch to slip.

Thus the clock is used only to regulate,
and not to drive, the time hand. More-
over, this regulation is effected without
adding any friction or other load to the
pendulum.

The Mechanism of the Impulse-driven
Standard Clock.

This mechanism is very simple and is of

3).
Duplicate motors with a change-over switch are provided for driving the
frequency dise and time hand.
The impulse clectromagnets are supplied with direct current (at about
12 volts), which is obtained from a rectifier and a step-down transformer,

the type commonly used in electric im-
pulse-driven clocks.  The seconds invar
pendulum  (which is accurately compen-
sated for temperature) is supported on
knife edges so as to swing freely. The lower
end of the pendulum is fitted with a
pointer which moves over a graduated
scale, so that the arc of swing can be
observed, and just above the bob is a
platform upon which weights can be
placed for adjusting the time-keeping.
At the upper part of the pendulum a light
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‘gathering pawl " is fitted, which en-
gages with the teeth of a gathering wheel
in the manner shown in Fig. 6. Hence at
cach swing of the pendulum from left to
right the pawl moves the gathering wheel
though a definite arc.

How an Impulse is Imparted to the

Pendulum.

At a predetermined  point in o the
revolution  of  the gathering  wheel a
latch is  tripped  which  releases  the

“ maintaining arm ” (or striking lever),
and causes a roller attached to the latter
to impart an impulse to the pendulum.

T T T T 1]
E‘E’o{,— +—F+—+ — —
X
: | |
5 Of o
Y
3 /\/\
b 2o l A
T . ViV
v
N
O§
10 Sppterber Ockobert
15 20 25 3 5 10 5
Dote
Fig. 7. DALy VARIATION OF MEAN 'REQUENCY

ON LARGE POWER SYsTEM EMPLOVING INDICAT-
ING TyrE OF FREQUENCY METER.

When this svstem was changed over to

frequency control on the Warren system  the
variation of mean frequency was zero.

Automatic Replacement of Maintaining
Arm.

When the maintaining arm reaches its
lowest position, a contact is closed and the
circuit of an cleetromagnet is completed.
The operation of this clectromagnet auto-
matically replaces the maintaining arm
on the latch.

How the Time-keeping of the Standard
Clock is Controlled.

The time-keeping is controlled by two
methods,  Initial adjustments are made by
slight alterations to the effective length
of the pendnlum (e.g., by changing slightly
the position of the bob on the pendulum).
Final or service adjnstments are made
by slight alterations to the position of

HOW POWER STATION FREQUENCY IS CONTROLLED

the effective centre of gravity of the bob,
calibrated weights being added or subtrac-
ted on a platform above the hob while the
pendulum is in motion.  Each weight is
marked with the number of seconds by
which it will alter the daily rate,

How the Time-keeping of the Standard
Clock is Checked.

The checking of the time-keeping of the
standard clock is @ very simple matter
nowadays owing to the wireless transmission
of time signals at definite times through-
out the day from Greenwich and other
Observatories. Thus all that is ncecssary
Is to install a wireless receiving st in the
control 1oom, and to check the clock
against the wireless time signals. The set
can be operated automatically by a time
switch, which switches the set on a few
seconds before the signal time and switches
it off a few seconds later The time switeh
is driven by a synchronous motor instead
ot the ordinary clock spring and gearing,
Such an arrangement is in nse at a number
of power stations,

Why the Ordinary Type of Indicating
Frequency Meter cannot be used as a
Master Frequency Meter.

The ordinary indicating frequency meter
shows only the instantareous value of the
frequency, which may be, and usually is,
fluctuating momentarily above and below
the average value.  When the control
engineer observes the reading of the meter
from time to time, the indication at a
particular instant only tells him the
frequency at that instant, and he is
entirely unaware of whether the average
frequency during the interval from the
previous reading is above or below the
frequency indicated by the meter. I,
therefore, he makes an adjustment of the
frequency according to the reading of the
meter, the average frequency may  be
affected either adversely, cr favourably,
relatively to the standard frequency. The
more f{requently these adjustments are
made the more necessary they apparently
become.  Hence, the average frequency
over a period of 24 hours may differ
appreciably from the standard value, and
with such control the supply syvstem weuld
be useless for time service.
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Moreover, the indications of the meter
may 1ot be accurate due to (1) slight
inaccuracies in calibration ; (2) change of
calibration with wuse; (3) variation of
temperature and voltage.

Actual Variations of Average Frequency
in Practice.

That relatively  large variations in
average frequency actnally occur in prac-
tice when an indicating frequency meter
is used is shown by the reproduction in
Fig. 7 of a record of the average daily
frequency for a large generating
station m which first-class indi-
cating frequency meters  were
used and in which the operating
staft  endeavoured  to maintain
the frequency at the standard
value, as indicated by the meter.

)

@

|

WILLESDEN

conditions. The adjustments are ettected
electrically by operating small switches
in the control desk or switchboard, cach
of which controls a small reversible motor
coupled to the governor mechanism of the
appropriate turbine. The operation of this
motor alters the setting of the governor.
By these means the speed is raised or
lowered shightly from the control room,
and the governor maintains the speed
constant  (within the usual momentary
limits) at the new value.

In stations where the speed is controlled

GROVE ROAD

¢
Sub-Msster FrequencyMeter
Standard Time

Bow

©)

o

®

The actnal record of the average

|

frequency was  obtained by
dividing the total number of
cycles  during  cach  day  (as
measiured by a  counter and
synchronons  motor) by the
numuber of seconds.  Incidentally,
it is of interest to note that the
variation of the average frequency
from the standard value is due
almost entirely to variations of
temperature in the frequency
meters.

On the other hand, when the
frequency is controlled by the
master clock method, the variation
of the average frequency from
the standard value depends only
upon the accuracy of the clock,
and if the latter varies to the
extent  of a second a dav
(24 hours), the mean error in the average
frequency will be less than .}, of one
per cent,

Irg. 8.

stations

How the Frequency is Maintained at the
Required Value.

In a large power station the master fre-
quency is installed in the control room in
view of the control engineers. The meter
is observed at frequent intervals, and if
the ** frequency " (red) hand is gaining or

losing relatively to the ““time " (black)
hand, the speeds of the turbines are

adjusted slightly so as to restore normal

J

Master Frequency Meter

FrequencyTime & Stondard Time

CONTROL ROOM
WESTMINSTER

4

DEPTFORD

BATTERSEA

Lavour or Loxpox Powkr Co.'s FrREQUENCY
CONTROL SYSTEM.

The clock type master frequency meter is installed in
the central controt room at Westminster, and electrically
operated repeaters are installed in cach of the generating

by hand, the frequency disc and time dial
shown in Fig. 5 are installed on the turbine
instrument panel. The mechanism of this
instiument is similar to that of the clock
type master frequency meter (Fig. 3), the
time hand being synchronised at  half-
minute intervals by impulses centrolled by
the clock mechanism,

In practice with large interconnected
stations the average frequency over con-
siderable time intervals, such as 30 minutes,
remains sensibly constant, due, to a large
extent, to the thrwheel action of the
generating plant and load.  Hence rela-
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tively few adjustments of the frequency
are necessary compared with those which
would be necessary if an indicating fre-
quency meter were used.

Applications to the Super-power Stations
of the National Grid.

All the large power stations of the
“National Grid 7 will have their {re-
queney controlled on the Warren system.
I some cases the master frequency meter
is of the type illustrated in Fig. 1, but the
more recent stations have the latest type
of meter which is illustrated in Fig. 3.
In some of the older stations which were
already provided with a standard time
system, the master frequency meter is of
the type illustrated in FFig. 4, which con-
sists of the three dials of the clock-type
master frequency meter (Fig. 3) withont
the pendulum.

«

How the London Power Company Controls
the Frequency of its Interconnected
Generating Stations.

The London Power Company has a
central control room  at  Westminster,
from which the frequency of the present
four generating stations, viz., Grove Road,
Bow, Deptiord and Willesden, is controlled.
When the new station at Battersea is put
into service, its frequency will also be
controlled from this room. Fig. 8 is a
diagram ot the layout of the frequency
control system.

The master frequency meter is installed
in the control room, and is of the clock
type. A submaster fiequency meter s
installed in cacli of the generating stations,
and the clock of cach of these meters is
operated electrically from the standard
clock in the control room; the latter send-
ing out, through special pilot wires, a
current impulse every second to cach sub-

HOW POWER STATION FREQUENCY IS CONTROLLED

master clock.  The dials of the submaster

frequency  meters, therefore,  give
at all times an exact replica

of the frequency dial and the standard-
time dial of the master frequency meter in
the control room, so that cach generating
station has full information of the mean
trequency of the system as well as of
“standard time.”’

How the Manchester Corporation Controls
the Frequency of its Interconnected
Generating Stations.

At Manchester a standard time system
(operated by an electric impulse standard
clock) was in use prior to frequency control,
and this time system is utilised to provide
the “ standard time " for the master
frequency meter.  As the standard clock
sends out current impulses at half-minute
intervals, these impulses cannot be directly
utilised for driving the “ time ” hand of
the master frequency nieter owing to the
jerky movement which would result.

When frequency control was first adopted
the half-minute impulses were converted
into one-second impulses, and these im-
pulses. were used for diiving the * time ”
hand of the master frequency meter, the
“Arequency 7 hand of which was driven
by a Warren synchronous motor.

In the Barton station the Everett
Edgcumbe frequency dise type of master
frequency meter illustrated in Figs. 4 and
5 is used, the time hand being synchronised
at  half-minute intervals by impulses
received from the standard time system.

Acknowledgment.

Acknowledgment s due  to Messrs,
Everett Edgcumbe for their kindness in
supplving blocks and details of their new
type of master frequency meter illustrated
in Figs, 3, 4. 5. 6.



HOW TO DESIGN SMALL POWER
TRANSFORMERS

By H. E. J. BUTLER

HE design of small power trans-

I formers of outputs ranging from

10 to 1,000 volt-amperes is simpli-

fied here so that the essential data of any

particular size of transformer is quickly
found by reference to the tables given,

The First Consideration.

The first consideration in the design of
any  transformer is  the output. The
output is stated it so many volt-amperes,
because in alternating current apparatus
it is not usual to speak of an output in
watts.  Thixis because the volts multiplied
by the amperes, in an alternating cireuit,

do not alwavs give the true watts.  For
most  purposes,  however, the watts
output  of a  small  transformer  will

be  the yproduct
of the volts and
amperes.

Estimating the
Output of a
Transformer.

To estimate

the output of a

transiormer con-

sider a practical

put of this transformer is found as
follows :
45 X 3 135 volt-amperes
1.8 X 3.5 10 volt-amperes
145 volt-amperes.
Thus the cutput is  determined by

multiplving the volts by the amperes,
and, where there 1s more than one output

winding, the total output is found by
adding together the separate outputs.

It will be seen from the example given
that the nature of the supply does not
enter into the calewlation of the output,

Core Section.

When the total output of the trans-
former has Dbeen  determined, the next
consideration is the sectional area of the

core.  The core
of a transformer
/BOBBIN s that part of

the iron on which

the coils are
wound. The
voke of the

transformer, or
that part of the
iron outside the
coils, must have

FAULALEALY LRUANEANRNIIIATRR A ARY

example. A
battery  charger

atotal cross-
sectional area at
least equal to the

LSS

is to have a 21
rectifving  valve ’ AL
requiring 43 volts !

area of the core.
A simple  rect-

at 3 amperes, and
a filament wind-
ing of 1.8 volts
at 5.3 amperes.

angular core has
auniformsection,
the coils  being
wound on one

The transformer
Is to Dbe  con-
nected to a
230-volt, s0-cvele
supply. The out-

IFig. 1.

the previous layer.

A CTRANSFORMEK CoRrE BUILT UP FROM STRIPS
OF STALLOY.

Each succeeding laver of strips is arranged to bridge

The product of [ and b gives the

gross winding area of the transformer,

side of the rect-

angle. In the
more usual

arrangement  of
T-—U stampings
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the core section is twice the area of the
vokes since there are two paths for the
magnetic flux from the ends of the core.
IFigs. 1 and 2 show the difference between
the two types of cores,

A Trouble Saving Table.

The mathematical determination of the
optimum arca of the core is extremely
complicated and the hest average values
are given for outputs of 10-1,000 volt-
amperes in Table I, It will be scen from
Table I that the sectional area depends
on two factors, the output and the fre-
quency of the supply mains.  To contimie
with the design of the practical example,
where an ontput of 145 volt-amperes is
required, refer to Table T and choose the
next largest output, which is 150 volt-
amperes. — [If the frequency of the supply
is 50 cvcles, the core section will be 1.75
square inches of stalloy transformer steel.
The area of the core, for a given output, is
mversely proportional to the frequency
of the supply.  Thus the area of the core
ix doubled at 235 cycles, that is, 3.5 square
inches for an output of 150 volt-amperes.

TABLL 1.

SUOWING BEST AVERAGE VALULS OF CORE AREA FOR OUTPUTS
OF 10-1,000 VOLT-AMPERES,

Core Section (square inches) Approx.
Qutput Stalloy. Winding
{volt- = Area
aniperes). 25 40 50 | 6o {square
Cyeles. | Cyeles. | Cyeles. | Cyceles. | inches).
10 O 4 3 .25 %
15 8 -5 -4 -3 i
20 1.0 O .5 -t %
25 1.25 .75 O .5 ] i
50 2.0 Hog) 1o | 8 1
75 2.5 1.5 1.25 | Lo 1}
100 3.0 1.75 s | 1-280 13
125 3.25 8 1.75 L5 1}
150 3.5 2.25 .75 | 1§ 1f
175 4.0 S 20 1.75 xg
200 4.0 2.5 zo0 | L7 | 15
250 5.0 3.0 25 2.0 2
300 5.0 3.25 2.5 i 2.5 | 2%
350 6.0 3.5 3.0 2.5 23
JO0 0.0 3.75 3.0 25 | 3
150 0.5 3.0 3.25 2.75 3%
500 7.0 1.5 3.5 2.75 f
750 5.0 5.0 4.0 3.5 | 5
1,000 9.0 6.0 4.5 375 | 53

How Many Turns ?

When the arca of the core has been
found from Table I, the number of turns
on the varions windings is estimated
from Table H. To continue with the
examyle design, look down column 1 for

POWER TRANSFORMERS

a core section of 1.75 and then across on
this line to column 4. This gives a
figure of 4 turns per volt.  That is to say,
that for every volt across a winding on
this particular transfonuer there must be
four turns. Take the primary winding
first.  This is to be connected to a 230-
volt main, therefore the number of turns
will be 4 % 230 = g20.

When estimating the nwnber of secon-
dary turns an allowance of 3 per cent.
extra turns is made to compensate for
the drop in volts due to the current in the
windings.  The 35-volt sccondary winding
will have, therefore, 45 © 4 - 1.05 = 189
turns. - Similarly, the 1.8-volt winding has
L8 X 4 X 105 = 7} turns,

Where extreme accuracy in the voltage
output is required, the resistance of the
windings must be predetermined and the
number of turns necessary to compensate
for the drop in volts on load, or the regula-
tion as it is called. must be calculated.
An casier and more certain method is to
adjust the number of sccondary turns
until an A.C. voltmeter gives the desired
reading when connected across the winding
loaded at the normal current,

The Gauge of Wire.

Table HI gives the wire sizes and their
current-carrying capacity at 1,500 amperes
per square inch, which is a satisfactory
value for continuous working.  Where the
current shown in column 1, Table 111, does
not exactly correspond with the output
current, the next highest value is taken.
Thus, in the practical examyple, the 45-
volt, 3-ampere winding is woeund with
17 5. W.G. D.S.C. wire, and the 1.8-volt,
5.5-ampere coil is wound with 15 S\W.G.
D.S.C. wire,

Wire Covering.

The wire covering specified in Table 11
gives the smallest, and consequently the
most efticient, coil, consistent with good
insulation. It is not generally safe to
wind enamel covered wire thicker than
19 S.W.G, so that double sitk covering
is used for the heavier sizes. Double
cotton covered wire is also suitable and
may be used when the necessary extra
winding space is available,
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TABLE 1L
Giving Sizes and Quantities of Stampings for Various Core Scections.
|
Scctional Turns per Volt. Actual Size Stampings.
Arca of | — ——| of Core ——
Core | {inches Width Quantity
(square | 25 Cyeles. | 4o Cyeles. | 50 Cyeles.) 6o Cyeles, inches). of Tongue .o14 inch
inch). | (inches). thick.
25| - 233 3R Yoo 36
3 3.3 195 g e 3 Dol 36
4 | 220 17.5 14.6 3 ) M t 48
.5 I : 17.5 14.0 11.7 4 1 3 43
KN P23 1.4.0 1.7 9.75 i i 3 | 50
.7 20.0 12.5 10.0 8.35 i i H | 50
-8 17.5 1.0 8.75 73 it t s 6o
) 15.0 a.75 7.8 6.5 1 1 1 04
1.0 14.0 8.75 7.0 5.85 1 iy 1 { 71
1.25 11.2 7.0 5.0 1.7 i} IR 1 H | 71
1.5 9.3 5.85 4.05 3.9 iy i 1] t 88
1.75 8.0 5.0 4.0 3.34 1} i A 100
2.0 | 7.0 4.37 3.5 2.92 1Y ip) 1 96
2.25 ‘ 0.2 3.9 3.1 2.0 1 1] 17 104
2.5 [ 5.0 3.3 2.8 2.34 1d i3 1 | 112
2.75 5.1 .43 5 213 ik i 1] 112
3.0 4.7 2.9 2.33 1.95 1 14 15 120
3.25 4.3 Bof? 2.16 1.8 b2 iR 8 120
3.5 4.0 2.5 2.0 1.07 2 2 2 | 128
3.75 3.74 2,34 1.86 1.50 & Bl 2 130
4.0 3.5 3o 1.75 1.46 2 ) 2 144
4.5 3.1 1.95 L.55 — 23 24 2} B2
5.0 2.8 1.75 31 BH a4 100
5.5 2.54 1.59 A 20 BH 160
6.0 2.34 1.40 2t el 2L | 170
0.5 2.15 — B9 2% 23 170
7.0 2.0 — - B8 2 3 184
7.5 1.97 B8 3 2% 192
8.0 1.75 3 3 3 192
9.0 1.50 - = 3% o 3 34 20
It must be remembered that when  so that the primary current would actually

enamel insulated wire is used for coils
consisting of more than two or three layers,
paper insulation between the layers is
necessary. This is because enanel insula-
tion provides no resilience which
necessary to allow the winding to expand
as it warms up on load.

1s

Primary Current.

Before the gauge of wire for the primary
or mains winding can be settled, it is
necessary to calculate the primary current
for full load. This is found by dividing
the mains voltage into the output watts or
volt-amperes.  In the example under
consideration the primary current
142 == 03 ampere, at Ioo per cent. effi-
ciency. A transformer of this size would
have an efhciency of about g2 per cent.,

is

be .63 % 1.09 == .60 amperes. It would
be permissible to use 23 S.W.G. wire for
this current, since the extra, .ol
ampere, too small to matter. The
efficiency of the transformers dealt with
here would range from 8o per cent. in the
smallest sizes to g0 per cent. in the largest.

is

Winding Area.

When the number of turns and the
ganges of the wires to be used have been
found, the next step 1s to calculate the
arca of the opening, or window, in the
stampings which the winding will occupy.
The values of winding area given in
Table 1 mav be taken as a rough gude.
Since the winding area varies considerably
with the gauges of wires used in the coils
it is not possible to fix a definite value
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In the example discussed in the article,
L2 and b==3”. The product of [ and
b gives the winding arca for this type of
core,

for each size of transformer. It is advis-
able. therefore, to check the value given
in Table I to ensure that it is not too small,

How to Check the Winding Area.

For the transformer which is being con-
stdered as an example, this is done as
follows

The primary winding has 920 turns of
23 S W.G0 enamel covered wire. IFrom
Table T11 it is scen that this gauge of wire
winds 1.510 turns per square inch.  The
area occupied by the primary is therefore ;

G20 .
- .01 squarce inch,
1510

similarly, the 45-volt winding, which
has 18 turns of 17 SW.G. double silk
covered wire, has a winding area of :

Il\“(' . S
5oa -7 Square inch.

The 1.8 volt winding, which will cccupy
less than one layer will take up about
.0¢ square inch if the length of the winding
space is T inch.  The total winding arca is

nOWw |
H1 — 7 4 .09 = 1.4 square inches,
It is now necessary  to add about

20 per cent. allowance for the insulation
between the layers, the space occupied

POWLER TRANSFORMERS
by the bobbin and insulation between the
windings. The area now becomes :—

I.4 X 1.2 = L.O8 square inclhes,

The Size of Stampings.

When the area of the core has been found
from Table I and the winding area has
been calculated as in the previous para-
graph, it is now possible to determine
the size of stampings.

The best shape for the core would be
cvlindrical, but as this is not practicable
with flat stampings, the next best shape,
square, is used whenever possible. Table 11
gives the sizes and quantities of stampings
for various core sections within the range
of transformers under consideration.

It is not always possible to find standard
stampings which will give a square ccre
for any particular arca, so that one of
two alternatives are adopted.

The first is to make the core from strips
of stalloy: of the width shown in colunm 7,
Table 1. The other way is to nake the
core section rectangular by using stampings
with @ narrower tongue than is specified.

Suppese for the example transformer it
is decided to use the stamipings shown in
Fig. 2 as these are a standard product

TABLE 111

SHOWING WiRE SIZES AND THETR CURRENT-CARRYING CAPACITY
AT 1,50 AMPERE> PER 1), N,

Current Wire Size Wire Turns per
Aniperes, SWLGL Covering. Square Inch,

1.3 10 Diouble Silk 87
15.8 11 I 69
B8 08 o 85
9.9 13 5o 108
75 14 o0 139
6.1 15 00 172
4.8 16 i 213
3.7 17 - 858
8o 18 ., 37h
1.9 19 Enamel 560
08 20 'y Hso
T8 an v hUH
42 88 - 1.110
.68 =) 50 1,510
57 24 ,, 1775
47 25 00 2,120
.38 = e 2,560
o3 27 " 3.120
20 N o0 3.760
.22 20 n 1390
R 30 00 5.3h0
L1588 31 00 6,000
137 32 )2 6H hoo
18 33 " 7.900
.100 31 5 9.610
ON3 35 0 11,250
0hHS 36 ) 13.450
W05 37 ” 16,400
L0422 3 00 20,400
032 39 0D 28,250
027 {0 " 32,450
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DTMENSIONS OF TYPICAL < STALLOY’’ LAMINATIONS FOR TRANSFORMERS
AND CHOKES.
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DIMENSIONS OF <“STALLOY’* LAMINATIONS—(continued).
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casily obtainable.  The width of the core
15 15 inch and the thickness of the stamp-
ings is .o14 inch, so that the quantity of
the stampings is given by i —

A

— X 7I.4

«\
where A s the area of the core and « the
widtlh of the tongue of the stampings.
This works out at 133 stampings in the
present example.

The thickness occupied by the stampings
is found from :—

— X L.II
«

This gives a thickness of 2.07 inches
for the example under consideration,
The actual size of the core is therefore
1iinch < 207 inches. A bobbin with a
hole 1 inchi > 2! inches would be quite
suitable to accommodate this.

Centre-tapped Windings.

A full wave valve rectifier requires a
centre-tapped winding of approximately
twice the total voltage of the rectitier
output voltage. A jo0-volt D.C. rectified
output from & valve rectifier would require
a 1.000-volt centre-tapped HUT. winding
on the transformer.  This winding, how-
ever, does not carry the full current.
Each half of the winding carries half the
value of the current output of the rectifier,
Suppose a rectifier is to have an output
of 300 wvolts, 100 nulliamperes.  The
H.T. winding on the transformer is then
wound for 1,000 volts, 50 milliaperes,
with a centre-tapping.

Useful Formulee.
The following formulee are useful in

connection with the design of power
transformers 1
Ife Voltage of winding

f Frequency of supply mains

T = Total turns of winding

A = Area of core transformer in square

inches
I3 = Maximum flux in core (lines per
square inch),

A/ TAB

108

then :—

v

SMALL
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A satisfactory value for B, when stalloy
is used, is 65,000 lines per square inch,

If 7 = turns per volt, the above formula
may be simplified to :—

{ —Ilj for 25 cyeles.

%
8.75
l = ’1 for 40 cveles.
{ —71 for 50 cyeles.
5.85
1 =222 for 6o cveles.
1f 7 == turns per volt

v [ = output in volt-amperes,
then the approximate winding arca is
given by —

Winding arca
or -

e ] X .00254 sq. in,

Winding area < 304
{

IFrom the last formula it is possible to
estimate the approxinate output obtain-
able from a particular assembly  of
stampings.

v [ (output)

Calculating Resistance of a Transformer
Winding.
The resistance of a transformer winding
1s calculated from the following fornwla :
IS Length of mean turn inches.,
1" = Total turns of winding.

r = Resistance of wire per vard in
ohms.
R = Resistance of coil in ohms, then
, X T xr
R = —
30

Finding the Length of the Mean Turn.

The length of the mean turn may be
found in two ways, The first is to set out
the section of the winding to scale and
measure it. A quicker way is to measure
the length of a turn in the first tayer before
commencing the winding, then wind on
the calculated number of turns. Now
measure the length of a turn in the final
layer.  Half the sum of the two values
obtained gives the length of the mean turn.



1560

A.C. CIRCUIT CALCULATIONS

By A. T. Dovir, M.I E.E.

How Alternating Currents and E.M.F.’s
differ from Direct Currents and
E.M.F.’s.

LTERNATING e.mu{.’s and currents
A are pertodic quantifics, ic., their
values change, both in magnitude
and direction (or sign), from instant to
instant according to a definite law, and
any particular value is repeated at regular
intervals.  In practice one complete set
of changes of emf. or current occurs
during ', second.  Thus, the enf. or
current flowsin one direction for |}, second,
dhring which time its value changes from
zero to a maximum and again to zero
the e.nmuf. or current then flows in the
opposite direction for the next |}, second
and the previous set of changes are re-
peated in the reverse direction,

Cycle, Period and Frequency.

The complete set of changes hetween
two corresponding  successive values in
the same direction (e.g., two successive
positive  maximum  values) iz called a
cvele, and the time during which these
changes occur is called a peried. The
number of cyveles per second is called the
Srequency.  Hence in the above case the
frequency is 50 cveles
per second.

How Alternating

B
E.M.F.’s and l5+
Currents are o
Represented <+ o
Graphically. N B e
In ordinary caleu-  § 90 Degrees 180
S~

lations of alternating-
current circuits  the
c.nLf. and current are
considered  to vary

I
!
|
¥

—which in Fig. 1 is !, sccond—is consid-
cred as equivalent to 360 [or 2 = (i.e., 6.28)
radians| and the number of degrees,
or radians, corresponding to a given
instant in the period is called the {me
angle.

How Sine Quantities are Calculated.

With quantities varving according to
a sine law the value of the quantity at
any instant is proportional to the <ine of
the corresponding time-angle ;  the sine
of an angle being the triconometrical
ratio (height hypotenuse) of a right-angled
triangle constructed with this angle at
the base. Numerical values of the sines
of certain angles are given in Table 1.

Thus the c.muf. represented by the sine
curve in Fig. 1 is zero when the time-angle
s 0o, 1807, 3060, cte., the corresponding
times int seconds  (measured  from zero
time) being o, 4., S\, ete. The positive
maximum value of the e.m.f. oceurs when
the time-angle is go’ (the corresponding
time being 1, second) and the negative
maximum value occurs when the time
angle is 270 (the corresponding time being
sde second).  Subsequent positive maxi-
mum values occur when the time-angle
15 4507, 810, cte,, and
subsequent  negative
maxtmum  vihies
occeur when the time-
angle is 630, ggu,
cte,

How the Instantan-
eous Value of the
EM.F. is Calcu-
lated.

If we wish to know
the vahie of the e.nuf,

m

according to a sine
law, and are repres-
ented graphically by
sine curves as shown
in Fig. 1. The period

IFig. 1, —CGRAPHIC REPRESENTATION OF ALTER-
NATING CURRENT AND M VARYING Accorp-
ING To A SINE LAw, AND HAVING A DPHask
DIFFERENCE ¢.
The horizontal axis represents the time-angle,
and is proportional to time.

at any  particular
instant, we calculate
the  corresponding
time-angle and obtain
the value of the sine
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TABLE 1. -VaLvEs OF SINES OF ANGLES,
ANGLE, ANGLE, ANGLE. ANGLE.
—_—— Sine. Sine. Sine. - Sine.
Dezrees. ! Radians. Diegrees. | Radians. Deurees. | Radians. Degrees. | Radians.
o0 o o 9o 1.57 .o 180 3.4 270 471 1.0
15 0.262 0.259 105 1.83 X 195 1! N5 497 G.Hhh
30 0.524 0.5 120 2,00 0300 210 3.6n0 300 5.23 0.860
35 0.783 0.707 135 2.35 o.7u7 955 3.92 7 3ts | S0 o.707
6o 1.037 a.806 150 202 0.3 RETH 4.19 0.8t 330 5.76 5
75 1.3049 0.966 105 2858 w259 255 145 0.96Ht 315 6.02 ©.259
no 1.57 1.0 180 3.1 0 270 4.7 1.0 360 0.28 0
from Table 1 or a complete table of sines. e d. or current of given RS, vaine 1s

This quantity will then represent the value
of thee.mi . in terms of its maximnm value,

For example, if the particular instant is
second, the time angle is |, X
(300 =) =18, and the sine of this angle
(obtained from a table of sines) i 0. 309,
Henee at ), second the eemdl is 0,309
of its positive maximmum value.  \gain,
if the value of the ot is required at the
instant o012 sccond, the time angle is
0.012 % (36024 ==216 , and the sine of
thiz angle (obtained from a table of sines)
0.573.  Hence at this instant the
el is 0.573 of its pegutive maximunm
value.

Root-Mean-Square (R.M.S.) Value.

The root-mean-square  valie of an
alternating e.m.f. or current is the square
root of the mean value of the squared
ordinates over half a perivd. Forexample,
in Fig. 2, curve A is a sine curve and auve
I3 has ordinates which are proportional to
the squares of the corresponding ordinates
of enrve W\, ie., at the instant /. when the
ordinate of curve A is represented by e,
the ordinite of curve B s represented
by ¢ H now a rectangle is drawn with
the base equal to the half-period and its
area is equal to the arca enclosed by a
half-period of curve 13, then the height of
the rvectangle will represent the mean
height or the mean vahie of curve B.
Hence the square root of the height of the
rectangle will represent the RS, value
of the sine curve A

1
Tivon

18

Why R.M.S. Values are Used in Practice.

RALS, vahies of alternating e.mnf.’s and
currents  are used in all  calculatiens
because the quantitative cffect (electric
stress, magnetic, heating) preduced by an

the same as that produced by a direct or
steady e.mf. or current of this valne.
Thns an alternating current of 10 amperes
RALS, value produees the same heating
effect in a given resistance as o direct
current of 10 amperes.  Hence hot-wire
ammeters and voltmeters calibrated on a
direct-current  cirenit  will read RS
values of alternating currents and e f. s,
Similar results are obtained with modern
clectromagnetic  (moving-iron)  ammeters
and voltmeters, and also with electrostatic
voltmeters.

R.M.S. Value of Sine Curve.

The R.ALS. value of a sine curve 13
cquit to
maximum value © v 2
o.707 Xmaximum value. ... (1)

This result can be deduced from Mg, 2,
for the height of the rectangle is one-half of
the maximum height of curve B, since the
four shaded areas € are cqual to cne
another.

Phase Difference.

When two sine quantities of the same
frequency are not “in step " with each
other (i.c., their zero or maximum values
do not ocenr at the same instant), the time
angle between their zero values ix called
phase difference.  Tais quantity is wsually
denoted by the Greek letter o (phit. Phase
difference is a relative term, and to avoid
ambignity, one of the alternating (uantities
must be regarded as a reference quantity.
The phase difference between this quantity
(c.g., an emf) and a second quantity
(e.g., a current) is then leading or lagging
according to whether the zero value of the
second quantity  (e.g., current) ocenrs

before or after the corresponding zero value
R
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of the reference quantity (e.g.. e.m.fl).
With sine quantities of the same fre-
quency, the phase difference is constant.

How Vectors are Used to Represent Alter-
nating Quantities.

In the calculation of A.C. circuits we
are chicetly concerned with the RS,
values and phase differences of the e.mf.’s
and currents.

The RM.S. values of sine quantities
of the same frequency may be represented
graphically by straight lines (called vecfors)
drawn, in the same plane, from a given
point or origin.  The length of each vector
represents the magnilude (RM.S. value)
of the emf. or current to a particular
scale.

The phase ditferences are represented by

the angles between ecach vector and a
reference vector.  An angle measured in
the  counter-clockaise  direction  denotes

a leading phase difference, and an angle
measured in the clockwise direction denotes
a lavging phase difference. Fig. 3 shows
how lagging and leading currents are repre-
sented by vectors.

Addition of Vectors.

Two vectors not in the same straight line
are added geometrically by constructing a
parallelogram on the vectors and drawing
the diagonal from the origin.  Then the
length of this diagonal represents the sum
of the vectors.

For example, in Fig. 4 the two vectors
are represented by O A and O B, lagging
by the angles 5, g, respectively. To

obtain their sum,complete
£ AE the parallelogram O ACB
by drawing A C parallel
to O B, and B C paraliel
to OA Join O and C.
Then the length of OC
s measured to the same
P Pl scale as OA and OB
represents the sum of the

vectors O A and O B
L When three or more

3. —SHOW-

ING How a Vectors are to be dealt
Lacaizg (Levr) with we  construct  a
AND A LrabiNa polygon, the several sides

A

I I

0 0
i

(Rucnr) ~CUR-of \ehich are equal and

RENT ARE  RE-

presex e ny parallel  to the several
VECTORS vectors taken in  order.
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B
. I ‘ * :
v e "
o £ & [ Mean height \ C
:l " FCurve B
s 0 ’ W
o |° t Seconds 7z 75
Y o Radiens m 2r
§ =

Iig. 2.~ Snowixeg How the RAMS. VALUE oF
AN ALTERNATING EMFE, (AY 1s OBTAINED.

The curve Bis drawn with ordinates propor-
tional to the squates of the cerresponding
ordinates o1 A, The rectangle encloses an arca
equil to that enclosed by B, The four shaded
areas C are equal to one another.

The closing line of the polygonthen
represents the sum of the vectors,

Thus in Fig. 5 three vectors are repre-
sented by OX, O B, O C, lagging by the
angles g, 9, gy respectively.  The poly-
gon O A DL is constructed on the vector
O A, the sides AD, DI being drawn
equal to and parallel to the vectors O B,
O C. respectively.  The closing side O F
represents the sum of the vectors O A,
OB, OC; and the angle o between O 12
and the reference axis is the phase ditfer-
ence.

Application of Vectors to the Calculation
of Parallel Circuits.

Problems relating to currents in parallel
circuits are easilv solved by parallelogram
and polvgon of vectors. Thus if the
currents in the branch circuits are given,
the supply or line current is obtained by
deterniining the vector sum of the branch-
circuit currents.  Lor example, in Fig. 4
the vectors O A, OB mav be considered
to represent the currents in two branches
of a simple parallel circuit. the reference
axis containing the vector (O E) repre-
senting  the line voltage. Henece the
vector O C represents the line current,
and the angle 5 represents the phase
difference between this current and the
supply voltage.

‘To obtain an accurate result the diagram
must be drawn to a large seale and the
vectors must be set out carefully.



A.C. CIRCUTIT CALCULATIONS

Numerical
Examples on
Currents in
Parallel Cir-
cuits.

(1) .1 paral-
lel  circuit
consists of two
branches.  The
current in one
branch (1) is
5 amperes and
its phase diff-
crenee IS ‘;()3
(lagging)  re-
lative  to the
supplv voltage.
The cwrrent tn the other branch (B) is 8
amperes and its  phase differcnce is 6o
(lageing) relative fo the supplv voltuge.
What is the supply curvent and its phase
difference ?

Solution.—This problem is easily solved
graphically by vectors. A sheet of paper
(about 1o-in, < S-in. minimum), a sharp-
pointted peneil, a scale (divided into inches
and  tenths, or centimetres and  milli-
metres), and a protractor are required.

Proceed as follows: Near one edge of
the paper draw a line to represent the
reference axis, O E, Fig. 3. Select a
convenient scale for the current vectors,
e.g., 0.5 inch (or 1 centimetre, if a metric
scale is used) to represent 1 ampere.
Draw O A and OB to represent the
currents in the branchies A and B. O A
is Lows=2lin long, and is drawn at
an angle of 30 (in the clockwise direction)
to the reference axis, O Bis }x8—=4in.
long, and is drawn at an angle of 6o
(in the clockwise direction) to the refer-
ence axis,  From A draw A C parallel to
OB, and from B draw B C parallel to

SHowING How THE
Two CURRENTS 1S
OBTAINED,

A parallelogram s con-
structed and the diagonal is
drawn through the origin.

O A, These lines intersect at €. Join
OC and measwre carefully its  length

(which should be 6.3 in)) and inclination
to the reference axis (which should be
48 ). Hence, supply current

length of OC

scale (Le. inches per ampere)
6.3

- 12.6 amp.
0.3

Phase ditference = 487 (lagging).
(2y 1 parallel circuit consists of two
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branches A, B. The current in A s
10 amperes and its phase difference relative
to the supply voltage is 30 (lugging). The
supply current is 25 amperes and its phase
difference is 487 (lagging). What is the
current in branch I3 7?

Solution.—This problem is solved graphi-
cally as follows :

Draw the reference vector O E, and the
vectors O A and OC to represent the
currents in the branch A and the supply
respectively. A\ suitable scale would be
1 in. to represent 1 ampere.  Join A and
C. From O draw OB parallel to AC,
and from C draw C B parallel to O A,
these lines intersecting at B, Then OB
represents the current in the branch B.
Iig. 4 shows the completed vector diagram,

By measurement, OB = 3 in., and its
inclination to the referenee axis is 60 .
Hence, current in branch B

|4

16 anip.

tv

0.25
Phase difference=60 (lagging).
Resistance of Conductors
Alternating Currents.

When the current is uniformly distri-
buted over the cross section of the con-
ductors the resistance of an A.C. circuit
15 caleulated in the same manner as that
of a D.C. circuit. But with large con-
ductors carrving licavy currents, or with
magnetic conductors, the magnetic cffect
of the current causes a concentration of
the current to the outer portions of tle
conductors.  This is called the skin cffect.
In these cases the conductors offer a
greater resistance to alternating currents
than to direct currents. The increased
resistance dne to the non-uniform distri-
bution of the current is dithicult to calcu-
late, as it depends upon the frequency,
the cross section and the permeability of
the conductor. Tables and formula are
given in the larger clectrical engineering
pocket books.  For the conductors used
in ordinary electric lighting and power
circuits the skin eftect is negligible, and
the resistance of these circuits is calculated
in the usual manner.

Carrying

Reactance of an A.C. Circuit.
When a circuit contains coils or other
apparatus in which the current produces
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an alternating flux which links with the
conductors, the self-induced e.m.f. due
to this linkage has the effect of causing
the current in the circuit to be smaller
than that calculated by simply dividing
the supply voltage by the resistance of the
circuit. This additional opposition to
the current (which is not due to resistance)
is called reactance, and is calculated by the
formula :-
Reactance = 2 = x frequency X induct-
ance (henries).
or N =06283xfxL ... ... .. (2)
where f is the frequency and L is the
inductance.  Lor 50 ¢ycles
B B S I (3)
The inductance (L is a physical property
of the circuit, and its value depends upon
the dimensions of the coils, the square of
the number of turns, and the permeability.
[t 1s, therefore, difficult to caleulate.

What Occurs when a Condenser is Con-
nected to an Alternating E.M.F.

When a condenser is connected to an
ALCL supply it is continually being charged
and discharged. .\ charge and discharge
take place at cach half-cycle of the e.m.f.
Henee with a 50-¢vele supply the condenser
is charged 100 times a second and is dis-
charged the same number of  times.
This rapid charging and discharging pro-
duce an alternating current in the supply
system.  This current is called the charging
current of the condenser.

The charging current does not pass
through the diclectric, as does the leakage
current (due to an imperfect diclectric).
Morcover, the charging current has a
phase difference of go (leading) with
respeet to the supply voltage, whereas the
leakage current is in phase with the supply
voltage and is, of course, caleulated by
Ohm's Law.

The charging current is caleulated from
the formula :

Charging current
2 = ¥ frequency X capacity (farads) X
supply voltage,

or e
Condensive or Capacitive Reactance.

From formula (4) we obtain

7 1
l. 628xfxC

A.C. CIRCUIT CALCULATIONS

How Sua or THREE

SHOWING
CURRENTS 18 OBTAINEL
In this case a polvgon is constyn ted

Fig. 5. TH

This  quantity—1 (6.28 f ()—is called
the reactance of the condenser.

Usually the capacity is expressed in
microfarads (1 microfarad ene-niil -
lionth of a farady.  Henee if (7is expressed
in microfarads, the formula fcr condensive
reactance is

. 1.000,000 104
A - - = -(0)
.25 f C 6.28 f (
or for so-cyele supply
Y o (7)
AW Sl (@ 252099707 20909029900 7

Impedance of an A.C. Circuit.

The ratio (applied volts ‘amperes' in an
AC. circuit is called impedance, and is
denoted by 7.

In general impedance is a compound
quantity, comprising resistance and re-
actance (which may be inductive or
condensive, or a combination of cach).
The resistance and reactance of a simple
series circuit must be added gcometrically
to obtain the impedance, becawse in a
simple series cireuit centaining resistance,
inductance and capacity the line voltage
is distributed across the several parts of
the circuit in the following manner :
Voltage across resistance:

R I, in phase with the current
Voltage across inductance :

0.28 f L I, phase difierence go  (leading)

with respect to the current .
Voltage across condenser i~
[ % 108 (0.28 f (), phase difference go°
(lagging) with respect to the current,
Th ese voltages, tegether with the line
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voltage and the cwrrent, are shown in the
vector diagram of Fig. 6, the current
vector being the vector of reference.

Hence the impedance may be repre-
sented graphically by the hypotenuse of
a right-angled triangle, as shown in Fig. 7,
of which the two sides containing the
right angle represent the resistance and
resultant reactance.

Formule for Impedance.

The following formule are used in
£
Lar
L e £
xr 4" Volt2 D
Su ¢ XX
0 - >
Xc[[ a7 4
L6
Fig. 6. -VECTOR DIAGRAM  FOR A SERIES

CIrRcUIT CONTAINING IRESISTANCE, INDUCTANCE

AND CAPACITANCE.

calculating the impedance of series cir-
cuits :
(1) Resistance and inductance :—

A= (RBEAB)  5o500000000000 (8)
or Z=V REH(6.28 f L)* .......... ()
(2) Resistance and capacitance :—

Z=vV (RFEX&) oo (10)
or Z=+~ R*4-(10%0.28 f () ...... (11)
(3) lxe\mqncu inductance and capacity:—

vV IRE(X \c)] ...... (12)

108

% 2 /[1 4(626/1, (”\f()]

Calculation of Current in a Simple Series
Circuit.

The current in a simple series circuit or
one of the branches of a parallel circuit is
calculated by first calculating the impe-
dance, using the appropriate formula (8),
(rv), or (12), and then dividing this impe-
dance into the supply voltage, i.e. :—

Current =supply voltage tmpedance,

or { =lBJl#4 cooconacnnnnancoosc (14)
in all cases.

The phase difference (3) between the
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supply voltage and current is obtained by
first calculating cos ¢ from formula (15),
and then determining ¢ from a table of
cosines.
Thus :—
cos ¢ = resistance impedance
R'Z

Numerical Examples on Simple Series
Circuits.

(1) .1 series circuil has a resistance of
30 ohms and an inductance of 0.15 henry.
What will le the current and its phase
difference when the circuil is connecled fo
230-volt 50-frequency supply mains ?

Solution.— The reactance is calculated
by using formula (3). Thus :—

N = 314 X 0.15 = 47.1 ohms,
The impedance is calculated by using

formula (8). Thus :—
Z = N (30 + 47.1%) = 55.8 ohms.,
Whence, from formula (14), the current
1s 1 —
I = 230/55.8 = .12 amp,,
and from formula (15) :—
cos ¢ = 30, 55.8 = 0.538.
Referring to a table of cosines, we
obtain ¢ = 70.2
Hence the phase difference is 50.2°

(lagging).

(2) Calculate the charging current of a
s-microfarad condenser when it is connected
to a 230-voll s0-cvele supply.

Solution.—From formula (4) the charg-
ing current is :—

I 314 X 5 X 230

€ 1,000,000

3) If the condenser in example (2)
has a diclectric of low insulation resistance,
sav 5,000 ohms, what is the leakage current,
and what s the curvent taken from the
supplv ?

Solution.—The leakage current is calcu-

0.302 amp.

lated by Ohm's Law. Thus :—
230
I —>— = 0,040 amp.
¢ 3,000 + !

This current is in phase with the supply
voltage, and the charging current leads
the supply voltage by go , ic., the two
currents have a phase difierence of GO
Hence the current taken from the supply
is -

La®) = N (0.302240.046%)
= 0.305 amp.
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The phase difference of this current is
obtained by calculating cos ¢ from the
formula :—

leakage current lq
COS o = —
supply  current 1
0,046
+ 0.0120,
0.305
Whence, from a table of cosines,

» = 8.3 (leading).

(4) A scries circuil consisls of a non-
inductive resistance of 100 ohms and a
condenser of 15 microfarads.  The supply
voltage is 230, and the frequency is 50 cycles
per sccond. What is the supply current,
is phase difference, the woltages across the
resistance and condenser ?

Solution.—The reactance of the con-
denser is calculated from formula (7).
Thus :—

L]
N, I()_
314 XI5

Therefore the impedance of the circuit,
calculated from formula (10), is:—

Z = A (100% & 212%) = 234.5 ohms,

Whence, from formula (14), the current
is 1—

212 ohms,

I = 230 2345 = 0,981 amp.,
and from formula (15)
Cos 9 = T00/234.5 = 0.420.
Referring to a table of cosines, we
obtain o = 064.8",
Hence the phase difference is 64.8°
(leading).
The voltage across the resistance is
cqual to :—
IR = 0981 % 100 = 8.1 volts,
and is in phase with the current.
The voltage across the condenser is
equal to :—
TN = 0931 % 212 = 208 volts,
and lags 9o~ relatively to the current,
As a check on the calculations, the
square root of the sum of the squares of
these voltages should equal the supyply

voltage. Thus -
N (QS.1F 2083 = 230,
(3 < series circuit  consisls of uan
inductive  resistance (R 25 ohms,

L =02 henry)y and a condenser of 30
microfarads.  The supplv voltage is 100
and the frequency is 50.  Calculate the
current, its phase difference and the voltuge
across the condenser.

Solution.—The equivalent reactance of

A.C. CIRCUIT CALCULATIONS

the circuit is equal to: (inductive re-

actance — condensive reactance), i.c.,
108

314X 30

314 X 0.2 = 0628 — 105.4

42.6 ohms,
Hence the impedance of the circuit :—
N (25% + 42.0%) = 39.4 ohms,
Therefore, the current

100, 40.4 == 2.02 amp.,
Jo

and cos o= 0 0.500,
49-4

Whence ¢ = 59.6°,

The voltage across the condenser

IX, 105.4 = 213 volts,

Observe that this voltage is over twice
the supply voltage. The reason for this
high voltage is that the supply voltage
is equal to the vector sum of the voltages
across the
resistance, in- ¢
ductance and
capacity ; the
two latter
voltages have A
a phase diff-
erence of 180
relativelv  to
cachother and

2.02 X

Reactance

Resistance B8

e, 7. IsmpEDANCE TRI-
ANGLE FOR A SERIES CIRCUIT.

This is obtamned from the
triangle O D L g o, by a

})11(1.\'(‘ differ-  change of «cale (e.g, by
ences of o dividing throughout by the
(leading and vwrrent.

lagging)  re-
lativelv to the voltage across the resistance,
as is shown in IFig. 0.

In general, the voltage across the con-
denser will be less than, equal to, or greater
than the supply voltage according to
whether the condensive reactance is less
than, equal to, or greater than the impe-
dance of the circuit. In fact, the voltage
across the condenser is given simply by
the expression —
condensive reactance

q Iy voltag - p
Supply voltage impedance

Hence, with a circuit of high condensive
reactance and low impedance, the voltage
across the condenser may be several times
the supply voltage.

Calculation of Currents in Parallel Circuits.

The current in each branch is calculated
separately by considering each branch as a
simple circuit.  The branch currents are
then added vectorially to obtain the supply
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current.  This process may be carried
out graphically as already explained, but
in some cases a graphical solution is
difficult or impracticable. In these cases
the supply current is calculated by the
following method :—

Resolve cach  branch-current  vector
into components along perpendicular axes ;
one axis containing the vector of the supply
enit, as shown in Fig. 8. This axis 1s

called the in-phase axis; the other
O Gusdrsture Axis

Freo 8 Snowinag How Cerrexrs are Ri-

SOLVED INTO  QUADRATURE  AND [ N-PHASE

COMPONENTS FOR THE PURPOSE OF DETERMINING
THEY VECTOR Sva,

(perpendicular) axis is called the quadrature
axis.  Then the supply current is equal to

;| (sum of in-phase components)?
\/ (rum of quadrature components)?
and
S o sum of in-phase components

supply current

Thusif 7., 7, .. . denote the branch-
circuit currents, =,, =, their phase
differences, the in-phase components are
11, cos g, 1, cos o, etc., and the quadra-
ture components are /, sin 3, /[, sin o,

ete. Hence the line or supply current is
= (1 QO I, COS gyt 1)®
Ly sin o4 1, sinoo,4-.. 1)
(10)
Iycosa 1, cos o, 5
and cos 5 ' ot a— (17)

Why the A.C. Parallel Circuit Cannot be
Calculated by the Method Used for a
D.C. Circuit.

In caleulating a D.C. parallel circuit we
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calculate directly the equivalent resistance
and obtain the line current as explained
on p. 1385. But with an A.C. circuit we
cannot proceed in this simple manner
because impedances must  be  treated
veclorially instead of arithmetically. It is,
therefore, more straightforward and usually
simpler to proceed by calculating the
branch-circuit currents separately and
adding these currents  vectorially  as
already explained. 1f the equivalent im-
pedance of the circuit is required this is
obtained by dividing the line current into
the line voltage.

Numerical Example on Parallel Circuits.

One branch (1) of a parallel circuit has
a resistance of 2 ohms and an inductive
reactance of 3 oluns.  The other branch (B)
has a resistance of 2 ohms and an inductiv
reactance of 1.5 olms.  Calenlate (1) the
current  taken from a  1oo-volt, 30-cycle
supply, (2) the joint impedance of the circuit,

Solution.—The  impedances  of  the
branches A, B, are calculated  from
formula (). Thus -

ZA \ (2"’ + ‘{',u
Zy = N (2° F 1.5 =
Henee the branch-cireuit currents are :-—
I, 100 3.6 = 27.8 amp.
I, = 100 2.5 = 40 amp.

To calculate the in-phase and quadra-
ture components of these currents, we
require €os g, SN gy, €Os oy, SN g,
These quantities are easily obtained if we
remember that generally :——cos < resist-
ance impedance, sin ¢ = reactance /im-

6 ohms,

(o

v

.5 ohms,

pedance.

Hence cos 4, 2 3.6 0.555 ;
S oy = 3/3.0 0833
CO8 7y 2/2.5 08
SN %y — 1.5/2.5 = 0.0,

The in-phase components are, therefore,
Iy cos oy 2 Iy cos gy = 27.8 0.555 +
40 X 0.8 50.43 amyp.,

and the quadrature components are
Iysin gy — Iy sin gy — 27.8 X 0.833
40 X 0.6 = 47.2 amp.
Therefore, the line current is
I =\ (30.45% - 47.2%) = 6 amp.
The phase difference () of this current
is calculated from formula (17). Thus:—
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in-phase components
COs 7 . =
line carrent
30.45
Wb o932,
(§16] :
and - = 42.9.

The joint impedance of the cirenit is
100 ] 100 6HQ 1‘45()]11115,
1f the equivalent resistance and react-
ance of this impedance were required. they
wonld be caleulated by the aid of formula
(15), (%, Thus:—
Resistance = Impedance X
1.45 X 0.732

COs
1.00 ohms,
Reactance
v (impedance?®
N (1,457

(reststance)?)

1.06%) = 0,085 ohm.

Calculation of Current in a Series-parallel
Circuit.

The first step is to caleulate the joint
impedance of the parallel portion of the
cirenit,  The easiest way of doing this is
to calenlate the branch currents, the joint
impedance, and the equivalent resistance
and reactance exactly as for a simple
parallel cireuit, following  the method
givent in the preceding example.  The
caleuliations can be made without a know-
ledge of the voltage across the parallel
portion of the circuit (which, of course,
is unknown at the present stage). The
method of proecednre is best shown by a
numerical example (2) which follows.

(1) If an inductive resistance (R 0.8
ohm, N = 1.0 ol Is connecled In serics
with the parallel circuit of the preceding
example, what will be the line current if
the supply voltage is 230 volls ?

Solution.—Using  the results of the
preceding example, the parallel portion
of the circuit is equivalent to a single
inductive resistance having R=1.00 ohms,
X = 0.985 ohm,

Having obtained the joint impedance of
the parallel portion of the circuit, this is
added vectorially to the series impedance
to obtain the joint impedance of the whole
circnit.  Whence the current is readily
obtained in the wsual manner.

To obtain the joint impedance of the
complete cirenit we add the joint im-
pedance of the parallel portion to that of
Lie series portion of the circuit.  Thus
the resistance term of the joint impedance

A.C. CIRCUIT CALCULATIONS

is equal to the smm of the resistance terms
of the separate impedanees, i.e., 1.06 + 0.8

1.30 ohms. Similarly, the reactance
term is equal to the sum of the reactance
terms of the separate impedances, iLec.,
0.08%5 - 1.0 = 1.g85 ohms. lence the
joint impedance of the series-parallel
cirentt 12

N (1807 4 1.985%) = 2.72 ohms,

Whence the line current = 230/2.72 =
0.845 amp.

(2) 1 series-
parallel circuit
consisls of ain in-
duclive resistance
(R 10 oluns,
L = 0.05 henry)
in scrics with fwo
parallel branches
A, B Branch A
consisls  of an
inductive vesis-
tance (R = 350
olms, I = 0.15
henrvy.  Branch
B consists of a 0
non-inductive Fie. o - \ECToxR
resistance (R T araw ).wm IA)\SI!\H‘LI{
100  ohms) 11 Traxsvissiox LN,
series with ¢ 40- sHOWING How THE VOLT-
I)II'C)‘()f(H‘ud con- AGE ';\‘1‘ .TIH-‘: ‘(‘;Ii.\‘li'l{f\‘l‘()l<
denser. Caleulate ,ll':l‘:(l,)ﬂl:t\ll;'i1\.':,']{33;;\("'('1)[2”‘,
the line  currenl s given approximately by
and the joinl - Ve, which is smaller than
/)('([(IIICC Of the 'thv \‘nlt:tg:*‘ (lr.n}? due t‘f
cireuil hn it is R rerents
connected to a 230-
voll, 50-cvele supply.

Solution.—First calculate the scparate
impedances of the branch circuits.  Thus

P
RI

Dia-

Za =1\ [50% + (314 X 0.15)*
N (507 4 47.13) = O8.8 ohms,
cos ¢4 = 50 088 0.727.
Sin oy = 47.1/08.8 — 0.087.

Zn \/[Iou'-’ ( 1o )ij
314X 40

N 1002--70.6%) = 127.7 ohms,
cCOs op 0.783.
SN op 0.022 (the minus sign is

added to denote that ¢ is leading).

Next calculate the branch circuit currents
and their in-phase and quadrature com-
ponents.  These cuwrrents  and  their
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components are expressed in terms of the
voltage across the branch circuits, which,
although unknown in magnitude, is denoted

by 1. ‘Thus
1 — [7/68.8
1 " > 2
cOs 2 - %227 ¢
ol = OS.N 4= 100 2
T4 s L 6HS N 1
SHE> < 0.687 o
£l SRH el O8.8 7 o 100
Ip = 17 127.7.
Ipcosop X 0.78 < 0,012,
5 & 127.7 703 100
1V
Ty sin 2p ® (—0.622
127.7 -
- 0,487,
100 7

The joint impedance of the parallel
circuit is next calculated by first calcu-
lating the line current (in tevms of 17
and dividing this into the voltage 17
Thus from formula (16)

1
| A
—— N [(1.05 4 0.612)2 - (0.012 — 0.487)%]
100 ' I
1.74.
100 7+
Whence the joint impedance is
I I” 100
Z . 5 > ——=57.5 ohms.
1 / [ [74 /-0

This must be split up into resistance and
reactance.  Thus if ¢, is the phase differ-

ence
1.05 -+ 0.012
COS @, N 0.933,
L.74
. 0.612 0.487
S g, — 477 0.293,
.74
whenee
R, = Z,cos g, 3 X0.955=54.9 ‘ohms,
X, = Z,sing,- X 0,295 =10.95 ohms,

We now add this resistance and react-
ance to the resistance and reactance of the
series portion of the circuit, and calculate
the joint impedance of the whole circuit.

The vesistance of the series portion of the
circuit is 10 ohms, and the reactance is
(314 < 0.05 =) 15.7 ohms.

Whence
joint impedance of whole circuit
N (549 -+ 100 4 (16.95 4 15.7)¢
72.7 ohms,
Hence, the line current

230 '72.7 = 3.10 amps,
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Calculation of Three-phase Circuits.

Three-phase circuits are calculated by
considering each phase scparately, and
calculating the phase currents from the
phase voltages and impedances in the same
manner as for single-phase circuits.  In
practice, three-phase systems are symme-
trical and the loads are usually balanced,
in which cases the calculations are simple
and straightforwavd.  For the methods of
calculating when the loads are unbalanced
or the system is unsymmetrical reference
should be made to the larger text-bDooks
(such as Theorv and Practice of Allernaling
Currents, by A, T. Dover).

Having calculated the phase currents,
the line currents are obtained from the
following simple rules :—

With a star connected svsten—
line current phase current ; ...... (18)
line voltage 1.73 % phase voltage. . (19)

With a delta-connected svstem—
line current = 1.73 x phase current ;. .(20)
line voltage = phase voltage ........(21)

Power and Power Factor in Single-phase
Circuits.

In a single-phase circuit the power at
any instant is equal to the produet of the
instantancous values of the e.m.f. and
current at that instant. The power,
therefore, pulsates or alternates through-
out ecach cvele of the current or e.muf. as
shown by the curves of Fig. 32, p. 1310, The
mean power (i.e., the average rate at which
energy is supplied during a period) is
calculated from the formula :—

P=FElcosg oo, (22)
where £ and [ are the RM.S values of
the supply e.m.f. and cwrrent, respectively,
and ¢ is the phase difference between
E and [ when these are sine quantities,

The power factor is the ratio —

(power volt-amperes) or P ET,0..0.(23)
and, in the case of sine quantities, is equal
to cos 4.

Hence generally

Power volts X amperes
< power factor........ (24)

Power and Power Factor in Three-phase
Circuits.

In a symmetrical three-phase circuit

witlt balanced loads the power is constant
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from instant to instant, and is calculated
from the formula :—
P33 Vicosn
=173 1" 1 cos ».
where 1" and [ denote line voltages and
currents respectively and cos 5 is the power
factor. With sine quantities o is the
phase difference between the phase voltage
and the phase current.

............ (23)

Calculation of Voltage Drop in Single-
phase Circuits and Transmission Lines.

The voltage drop in the system is the
arithmetical difference between the voltages
at the generator end and the load end of
theline.  This voltage drop is not generally
equal to the actual voltage lost in the line
conductors due to their impedance owing
to the phase difference between the former
and the latter.  The conditions are repre-
sented in the vector diagram of Fig. g, in
which the reference vector O V represents
the voltage at the load ; O the current
lagging o with reference to OV (cos ¢
being equal to the power factor of the
load) ; O R, the voltage drop due to the
resistance of the line conductors; O X,
the voltage drop due to the reactance of
the line conductors (O X leads O1 by
o) ; and O E the voltage at the generator
end of the line. O E is the vector sum
of OV, OR, and O X.

The arithmetical difference between O
and OV may be determined graphically
from the vector diagram, but it is usually
more convenient to calculate it from the
approximate formula :-

IT(Rcosg - XNsing)oooooo... .. (26)
where R is the resistance and X the
reactance.

[Nore.—If the current is leading the

plus sign must be replaced by a minus’

sign.]
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This formula is easily derived from the
vector diagram by projecting the points
@ and E on to OV produced. Then the
voltage drop is approximately equal to
Ve which is equal to Vi (or Va cos o)

RTcosg) plusbc(ora Esing — X1
sin ).

Calculation of Voltage Drop in Three-phase
Circuits and Transmission Lines.

The voltage drop in the system (ic.,
the arithmetical difference between the
line voltages at the generator end and
load end of the line) i caleulated by the
approximate formula :

N3 I (Reoso -+ XNsine

3=

= 1731 (Rcosp 4 XNsing)...... .. (27
where [ is the /ine current:; R, the
resistance per line; and X the reactance
per line,

Nore.—If the current is leading the
plus sign must be replaced by a minus
sign.

Numerical Example on Voltage Drop in
Three-phase Circuit.

A three-phase motor is supplicd from
transformer—some distance awav—Uby over-
head lines, cach line huving a resistance of
0.1 ohm and a reactance of 0.15 ohm.  If
the motor 1s taking a current of 8o amp. uat
0.9 power factor, and the tcrminal voltage at
the Aransformer is 415 wvolts, what is the
vollage al the moter ?

Solution.—1In this case

COs 9 =0.9; 5in 5=\ (I —0.4% = 0.436.
Hence, from formula (27, the voltage
drop is
1.73 X 8o (0.1 X 0.9 4+ 0.15 % 0.430)
= 21.5 volts.
whence the voltage at motor

= 415 — 21.5 = 393.5 volts.



ARCHITECTURAL LIGHTING

By E. H. FreemaN, M.ILE.E.

g, 1,

designed by Mr. P ] Westwood

HE methods of supplying artificial
illumination  to buildings  gene-

rally deseribed as " architectural
lighting ©* provide an  entirely new
phase in illumination design that scarcely
allows of exact calewlation.  The descrip-
tion is somewhat indefinite but may be
taken as including methods of illumination
in which the sources of light form a part
of the structure of the building.  Pendants
hanging from ceilings and brackets pro-
jeeting from walls are in general not
included, although such hight sources may
be used to supplement or contrast with
other built-in light sources.  Cornice light-
ing; concealed laylight fittings ; illwui-

A SPECIAL EXAMPLE OF ARCHITECTURAL LIGHTING.
This shows the lighting in toilet <aloon at Messrs, Austin Reed's premises in Regent Street,

(Lhoto by Bedford Lemere ~ Co.)

nated wall panels and various kinds of
indirect lighting are all forms of what is
usually understood by architectural light-
ing, whilst there are occasional other special
examples which may be reasonably in-
cluded, such as the toilet saloon at Messrs,
Austin Reed’s premises in Regent Street
sce Fig.1.

Efficiency of Architectural Lighting.

As has already been mentioned in the
article on Hotel Lighting (see page 1408),
schiemes of this character (corntee lighting
in particular being referred toin that
article; must be **inefficient 7 in the sense
of not providing the maximunt number of
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foct candles for the lowest consumption in
watts.  The need for efficiency in all com-
mereial buildings has been the inevitable
result of high charges for current, but the
modern tendency to adopt a ** two  part
tariff 7' system of charging with a fixed
annual payment and a low charge for units
wsed, of the order of 1d. per unit, is already
leading to a ditferent coneeption of light-
ing values,

Comparative Costs for Current.

In the example given in Hotel Lighting
the extra annual cost of the scheme
adopted, taking 14,400 watts actually in
use, as compared with a strictly © efhi-
cient 7 scheme  requiring 2,400 watts,
would be £L6oo a vear, with current at 6d. a

PRINCIPLE  OF
LLiGuTiNG,

-DIAGRAM  SHOWING
CENTRAL CORNICE

Iig. 2.

nnit and allowing aboeut 2,000 hours” use
a vear--a not unreasonable time for a
hotel reception room.  Such a charge
would be prohibitive, but if current 1s
reduced to 1d., plus a fixed sum irres-
pective of the units used, the extra cost
15 onlv £100 a vear, which is not sutficient
to justity spoiling the decorative scheme
tor the building.

The commercial  possibility of  nsing
Lighting schemes of this kind thus follows
directly as a result of low charges for
current, as although there have been many
such installations .in the past they have
been the exception rather than the rule,
due to the excessive cost tor current.

Cornice Lighting.

The most common form of architectural
lighting in the past has been that known
as cornice lighting in which the lamps
are concealed, the light being reflected
from the ceiling.

This scheme of lighting, as has been
seen from the example at Claridge’s Hotel,

ARCHITECTURAL
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can be designed to give most attractive
cffects, but its limitations must be kept
fully in mind when considering its applica-
tion.

Unsuitable for Small Rooms.

In the first place cornice lighting is
quite unsuitable for small rooms. Even
allowing for a low ethicieney it will be found
that it is not possible to distribute the
“wattage " round the walls evenly unless
very small lTamps are used. Thus for a
room 15 ft. by 12 ft. the total watts
required nught be about 500 watts, whilst
the length of wall is 54 ft. A lamp of
only 10 watts for every foot of cornice
would be required and such lamps are not
made for ordinary voltages.

Larger lamps at wider spacing would
give patches of alternate light and shade
on the ceiling and spoil the whole etfect,
an essential feature of cornice lighting
being even distribution of the light on the
ceiling.

Also Unsuitable for Low Rooms.

For rooms that are low in proportion to
their size, cornice lighting is also unsuit-
able.  The wuse of two or three cornices as
at Claridge's Hotel weuld not be practicable
in such a case.

In small rooms the size of cornice
required to conceal the lamps would be
out of proportion to the other dimensions
of the room and would look unsightly,
whilst the necessary breaks in the cornice
(or in the lighting) at windows would
cause unpleasant, dark patches on the
ceiling.

Difficulties in Larger Rooms.

Difticulties would also arise in larger
rooms of normal “ commercial 7 height,
l.e. 10 to 12 tt. from floor to ceiling.  The
space between ceiling and cornice should
be not less than one-twelfth of the width of
the room for even lighting, so that ter a
room 30 ft. across—a reasonable width
for a shop area-—the top of the cornice
must be 2 ft. 6 in. down and the bottom
about 3 ft. 6 in. down, which is quite
impracticable if the walls are occupied, as
they nsually are in business premises, with
stock cabinets or display cases. If the
cornice is kept nearer the ceiling, the centre
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portion of the ceiling will be left badly lit
with an eftect of dullness.

The general appearance with cornice
lichting is also apt to be dull and un-
interesting and there is not the brightness
ot effect that is an essential to good shop
lighting, unless very heavy consumption of
current is permissible.

Applications to Larger Rooms.

In large reception rooms and in such

places as theatres, cinemas, and so on,

~. A

S

Fig. 3.-—\ Spucian

This shows the method employed in Messrs,

P, §. Westwood,
Lemere & Col)

the objections mentioned do not apply to
the same extent.  For example, a recep-
tion room 6o ft. by 3o {t. would require
about 5,000 watts corresponding to 25 to
30 watts per foot run of wall. The
cornice should be 2 ft. 6 in. down from
the ceiling and this will not be out of
keeping in such a room which might be
18 to 2o ft. high. The mass of the cornice
might also be disguised as at Claridge’s
Hotel by using a double or triple cornice,
but this will have the effect of increasing

APPLICATION OF CORNICE
Austin Reed’s Tropical Room, designed by Mr.
Tire lighting is from chain pendants and a concealed cornice is run rowud the
roown about 3 1t from the wall to give special Highting for the decorated frieze.
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the length of cornice and reducing the
lamp size.

Effect of Decorations and Colour.

In the above examples it has been
assumedl that white walls and ceilings-
particularly ceilings—are used and if this
1s not the case the wattage required may
be greatly increased. Any definite colour-
ing in the ceiling will have a marked effect,
as will be seen from the relative reflective

facnriNG,

(Photo by Bediod

values for different  colours  given

below,
White paint, matt finish a0 7w
White paint, glossy finish .. 78",
Cream paint, matt finish 02",
Rose pink .. .. -—,()"”
Light green, matt hmxh NI
lremh grey .. .. coo3NT
Dark grey oo 00 oo 38%
Crimson. 10"

These hgures are all very approximate
as one shade fades into another, but they will
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The Lamps are concealed in bowls

INTERIOR OF UNDERGROUND RATLWAY STATION WITH INDIRECT LIGITING FROM STANDARDS
it the top ol the standards and the hght s party relected from the inverted concs fined in the bowls
above the lamps and partly trom the ceilin (7 Phaoto)
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illustrate the immense differences in the
results obtained with coloured reflective
surfaces instead of white.

A further point to be noted in connection
with coloured ceilings is the effect of the
vellow light of the lamps on the colour.
This is particularly troublesome with blue
shades which, though clear and distinct by
davlight. change to unpleasant greys and
greens when the light from the concealed
lamps is thr wn directly on to them,

Shadows on Ceiling.

Another frequent cause of tailure of
cornice lighting is the existence of project-
ing features in the ceiling. These will
cast heavy shadows, if near the cornice,
with probably most unpleasing effects.

Central Cornice Lighting.

A variation  from  ordinary cornice
lighting round the walls has been pro-
posed by Mr. Waldo Maitland of the
Lighting Service Bureau.  This consists of
a central feature with a ** cornice ”” some-
what ashillustrated in Fig. 2.

.

This would
provide the advantages of this form of
lighting with a much reduced length of
cornice m proportion to the size of the
room, thus allowing the use of larger and
more etticient lamp units,

With such a scheme the bottom of the
central panel might be illuminated or
might contain @ heating element  for
warming the roon,

A special application of this proposal is
provided in Messrs, Austin Reed’s Tro-
pical Roomat Regent Street, the concealed
lighting in that case (sce Fig. 3) being
used primarilv to illuminate the deco-
rative fricze that runs recund the upper
part of the walls,

Panel Lighting.

This form of lighting can also be used
in  suitable  conditions  to  give most
eftective results, but it also must not be
used unless the conditions are suitable,
The principle involved is to illuminate the
room from large arcas of glass that are lit
from behind. The glass arcas may be in
the wall or the ceilings, but the principle
is the same in cach case,

Even Lighting Essential.

The results will not be satisfactory
unless the area of glass is cvenly lit, and
this involves one or both of two conditions,
viz., the lamps must be asufficient distance
back from the glass panel or the glass must

be very opaque and correspondingly
inefficient,
Much experimental work has  been

carried out in recent years with a view to
finding forms of glass that will help to
overcome the ditlicultics imposed by these
conditions and great advances have been
made, but even now glass with a high
diffusing value (i.e., which will enable the
lamps to be placed reasonably  close
without patchy effects) has a correspond-
ingly low “ transmission ” efficiency.
Spacing Required for Even Lighting.

The following table gives the results of
experiments carried cut by the Lighting
Service Bureau and the differences in the
spacing  required  with different  glasses
are very marked, ranging as will be seen
with lamps 10 in. back, from 31 in. with
frosted Stippolyte to 21! in. with acid-
ctehed flashed opal glass.

Tyee or GLass,

Distance Acid-
ot Lamp  Frosted Acid- Flashed ctehed
behind Stip- etched Opal. Flashed
Glass polvie. Sheet, Opal.,
“wy
Inches.
Lamp Spacing “ S " Inches,
1 3 3 3l 0
0 3 31 8 0}
8 34 4 42 I3
10 3l 5 17 214
.‘S—_..i
Lapro L. Q
"G rass
IFig.  5.—SPacixG REQUIRED FOR EvEN

TIGHTING.

Application of Above Results.

The effect of these experiments can be
seen if a scheme is worked out fer panel
lighting in a room, say, 3o ft. x 15 ft.
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[, oo Iniekior or Exviki. Rood a1 TROCADLRO
The lighting in this case is trom cciling trough lights, in which the lamps ave placed behi

WLSTAURANT.
nd a trongh Luilt up ot horizontal glass tubes.
(Photo by ¢ s tesy of Laghtiny Scrvwe Bureau.)
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This might be lit from two ceiling panels and
allowing for 30 per cent. efticiency the
total wattage required would be about
1500 watts.  With panels 4 ft. x 2 ft.
4 ins., it would thus be necessary to
distribute about 7350 watts in cach panel.

Using flashed opal glass the lamps could
be 15 ins. apart if they are 8 ins. back
from the glass—corresponding to a total
depth behind the panel of 12 ins.

The lamps might be arranged as Iig. 7
giving spacings of 14 ins, and 10 ins.
in the two directions, which should be
satisfactory.  This would allow cach pancl
to be it with six lamps of either 100 or
150 watts-—according to whether rather
better or worse lighting is desired than
the calculated result.

On the other hand, if Stippolyte glass is
used, the lamps can only be 3} ins. apart
and no fewer than 11z lamps must be
used, spaced about as in Fig. & Each
lamp will be only about 15 watts and the
efficiency  of the scheme appreciably
reduced, as such lamps give little more
than half the number of lumens per watt
that are obtained from 150-watt lamps.

Size of Lamp.

One result of the experiments referred
to below was very unexpected, viz., that
the spacing required for even illumination
was independent of the lamp size-—at
any rate within the limits of 15-watt and
100-watt lamps.

Transmission Values of Glass.

Another important range of experi-
mental work has been carried out by
various authorities to ascertain the extent
to which various glasses transmit the
light, and the following figures are taken

++++++t++t++H+++ 4+
++++++++++++++
+++++++++++
q (t+H++FH+H++++
t+++++++++
t+++++++++
++++++++++

{++++++++++++++

+
+
+
+

[ «~0”

Fig. 8.—DIAGRAM OF SPACING OF Lamps UsING
STIPPOLYTE GLASS AND I15-WATT LaAMmPps
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Flg. 7.—DIAGRAM OF SPACING oF Laypes UsiNG
FLASHED OPAL GLASS OF 100-150-WATT [LAMPS.

from the booklet issued Dby Messrs.
Chance Bros., dealing with this subject.

Clear plain sheet glass (15 oz.) 05%
Rolled plate ({ inch) 83%
Dewdrop .. .. e 753%
Flashed opal (plain) 06%,
Stippolyte . .. Q1Y%
Plain sheet (acid obscured) 70%,
Plain sheet (sand blasted) .. 721%
Dewdrop (sand blasted) oo 55%
Flashed opal (sand blasted) 47%

These figures are only approximate as
glass samples from different makers vary
widely whilst the effects of aciding and
sand blasting show still wider variations.

They are also for clean glass and it
would probably be necessary to allow for
a further loss of 2o per cent. or more for
average conditions with panel lighting to
cover the effects of even a very slight layer
of dust. It must be remembered that
glass panels such as would be used for
ceiling panel lighting are usually not
casily accessible so that frequent cleaning
may be difficult involving the nccessity
for a substantial allowance for the effect
of dust on both the glass panel and on the
lamp.

Difficulty of Calculation.

The ditficulty of designing this type of
installation will be appreciated from the
above figures, particularly when it is
remembered how difficult it is at the early
stages of a building scheme to obtain a
final decision on such points as the exact
colour of walls and ceiling; the exact
kind of glass that will harmonize with
the decorative treatment and, what may
be worst of all, the possibility that slight
tinting of the glass may be found desirable.

C
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The only course is to allow a very ample
margin tor all such contingencies on the
whole of the wiring scheme and to adjust
the lamp sizes and the spacing of the
lamps behind  the panels at o com-
paratively late stage in the exccution of
the work

Other Special Methods of Lighting.

Many variations of the two main schemes
deseribed above may be used and illustra-
tions of several installations of this kind
are shown in Figs. 3, 4 and 0.

Fig. 4 shows a tvpe of indireet lighting
it at one of the Underground Railway
stations. The lamps are concealed in
the bowls at the tops of the standards and
the light is partly retlected from  the
inverted cones fixed in the bowls above
the lamps and partly from the ceilings.

Fig. 6 shows the Empire Room at the
Trocadero Restaurant.  The lamps  are
placed behind a form of trough built up of
horizontal glass tubes, one such trongh
being arranged in cach of the large
recessed panels ot the ceiling stretehing
the whole width ot the room. Supple-
mentary tghting, mainly for contrasting
effects, is obtained from wall brackets at
the sides of the windows and doors,

In @ typical scheme  of lighting
adopted at Lloyds Bank and designed by
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Messrs. Sir - John Burnet and Partners,
the lighting is obtained from standards
which carry large glass  bowls  which
enclose  the lamps. The lighting s
obtained partly by reflection from  the
ceiling and partly by transmission through
the glass bowls. Such a scheme provides
a method of lighting that should give very
satisfactory results but it is difficult to
arrange the fittings so that they are not
unduly obtrusive. Probably such a scheme
would be seen at its best if it could be
arranged with the light sources carried on
the tops of low partitions screening oft
private offices.

General Applications.

At present these forms of lighting are
probably mainly suitable to special build-
ings such as cinemas, theatres, concert and
lecture halls, hotel reception rooms and in
a modified degree to banking and other
arge commereial offices. 1t is but rarely
that they can be applied successfully to
smaller rooms and to domestic installations
but as the materials available are developed
and as the desirability of using light as a
form of decoration is recegnised by
architects and their clients, so will such
methods of illumination  be gradually
adopted for every class of building.

QUESTIONS AND ANSWERS

What are the approximate relative reflec-
tive values of some typical colours ?

White paint, matt finizh A U
White paint, dlossy finish .. 780
Cream paint, matt finish oo b2ny
Ro<e pink .. . .. 30v

Light green, matt finish N T
Freneh grev . coooanY,
Dark ¢rey .. .. cooo22v

Crimson. .

What is a frequent cause of failure of
cornice lighting ?

The existenee of projecting features in
the ceiling. These will cast heavy sha-
dows, 1if near the cornice, with probably
most unpleasing effects,

What is the principle involved in panel
lighting ?

To illuminate the room  from  large
areas of glass that are lit from behind.
The glass areas may be in the wall or the
ceilings. The Tamps must be a sufficient
distance back from the glass panel or
the dlass must be very opaque  and
correspondingly inefficient,

What types of glass are most suitable and
least suitable for iransmitting light ?
Clear plain cheet glass (15 ounce), o5
per cent., and Stippolvte, g1 per cent., are
most - effective,  while Dewdrop (sand
blasted), 55 per cent., and Flashed Opal
(,and  blasted), 37 per eent., are least
cffective,



LOAD TESTING OF D.C. AND A.C.
MACHINES

By H. W.

are given load tests before  they
are placed into commission.

These tests are generally carried out on
the test beds of the constructors, but may,
under certain  circumstances, be  made
where the machines will De  installed.
Large machines installed at generating
stations, for example, are often tested on
the site.

The Tests which are

I :LliCTRI(‘.\L dynamos  and motors

Common Wire to all Test Panels

JoHNsON

tion will be given to the equipment of the
test beds and control panels which will
be used for testing standard type machines,
=0 as to reduce to a minimum the time
required for fitting these machines on the
beds and completing the tests.

The Test Beds.

The floor space will be divided into
sections, and each of the sections will be

Made.

The machines are

- .
70 Low Tension

o /tage Tappi
t(‘ftgd for output, % ;‘ﬁp?’ﬁ”gs
cthiciency,  losses, Test Fane!
temperature rise
and msulation resis- Vo/ttaa/f:ckﬁ/’/ﬁxs

DTVRD o o =B o V97
tance. Theyv arc Tost Panel

also given a high
voltage flash  test

A.C.Supply

for one minute ap- :‘?\

plied Detween  the §

windings and frame =3

of the machine. E

The testing voltage G

applied is 1.000 - Auto.

twice the rate volt- Transformer

age of the machine,

the minimum vahwe Wé

being 2.000 volts, 7 7%
Induction n}ntnr.\‘ Fivo 1 Toe Pree BoarD ro Givie A VariasrLe VorTace LT, AC,

are also »\111)‘““‘“'11 Sverey 1o THE TEST PaNELs,

to a  runnmng-up

torque test.

The Testing Plant and Equipment.

In order to facilitate the testing of
various types of machines special testing
plant and equipment are installed by the
constructors.  The scope and nature of
this plant and cquipment will be governed
by the size and nature of the machines
made by the constructors,  Special atten-

allotted for testing one particular type of
machine.  The seetions are fitted  with
cast iron bed plates, which are bolted to
the floor.  The bed plates are provided
with a number of parallel slots which are
spaced  cquidistant  from cach  other,
These slots receive and hold the heads of
the fixing bolts required to bolt the machine
under test down to the bed.



1530

LOAD TESTING OF D.C. AND

ACoMACHINES

The stator of the alternator
will be specially constructed to
allow its windings to be connected
in various ways so as to give a

Y ¥ ) 7 7 7/ 0 ///}"
E / ,:,%, THA /A %////,///, % /////,/,////////,//M

Fig. 2.

bed.

The Panels.

Slate panels fitted to iron frames will
be provided for cach testing bed. The
panels will be equipped  with  suitable
measuring instruuients, control gear, and
switches.

A supply of current at various voltages
is given to each panel.

Cable Runs from the Panels to the Test
Beds.
These will be taken from the panels
through ducts under the tloor and emerge
at various outlet pits on the test beds.

The Supply of Testing Current.

This is obtained from the public supply
company and distributed through a main
switchboard to the various testing panels
through insulated cables fixed in cleats.
These cleats are fitted on floor standards
fixed along the routes to the testing
panels.

The nature of the supply to a
panel will depend upon the type
of machines—D.C., A.C. or both
—which are to be tested on the
bed and controlled by that panel.

Multiple A.C. Voltage L.T. Supply.

This may be obtained from a
centrally fixed auto-transformer
whose tappings are connected to
a plug switchboard. Thisswitch-
board may be connected to any
selected ALC. panel with plug
connectors,

TreTest MacHing Bortep To THE TeEST BED.
The boits are slid into position from the edge of the

variable voltage ; the variable
trequency would be obtained by
the speed control of the driving
motor. A synchronizing equip-
ment is fitted to allow the supply
to be paralleled toalternators, and
synchronous motors under test.

Multiple D.C. Voltage Supply.
This supply would be required to test

D.C. machines whose normal voltages
may differ widely from that of the D.C.
supply-.

A motor -driven booster set would be
able to give any desired change above,
or below, that of the supply voltage. A
reversible field rheostat for the booster
will change the direction ot the ™ booster ™
voltage as required.

Starting Switches for the Test Machines.

Various types of D.C. and \.C. starting
units are fitted on the test beds and may be
connected as desired to the machines
under test. The panels are thus fre¢
from any bulky starting gear.

E.H.T. A.C. Supply for Flash Testing.
E.HT. current for flash testing is

obtained by stepping up the L.T. A.C.

supply through suitable transformers.

B

Z _Outlet Pit

Multiple A.C. Voltage H.T. Supply

at Variable Frequencies.
These would be given by a
special alternator coupled to a
variable speed motor fed from
the public supply mains.

Y I e e

Fig. 3—CaBLe Rux rroM A TrsT Paxer ro Tur TEsT

BED.
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EFFICIENCY, OUTPUT AND TEMPERA-
TURE TESTS.

A madification of the Hopkinson test is
used for all D.C. machines, excepting those
of very =mall output, say, below 3 kow.
or .4 b.hup.

The original Hopkinson test was first
wsed for testing the efficiencies of similar
D.C. shunt machines. The machines were
miechanically coupled together and con-
nected clectrically in opposition.

The machines were driven by a
belt.  With the fleld currents
adjusted =0 that equal E.M s
were indiced inthe two armatures,
no current circulated  between
the two armatures. When the
field of one machine was weakened,
the balance of E.M.I. was upset
and current circulated in the
armature circuit. The circulating
current may  be increased by
gradually reducing the value of
the fickd current of one machine.
The muachines were loaded up to

AND AC. MACHINES 1581
of this machine.  The effect is to cause the
machine to accelerate and act as a motor
driving the other machine which now
becomes a generator and supplies awrrent
to the motor. The machine acting as a
generator can be loaded up by further
weakening the field of the motor.

Using this method of testing the total
power required from the supply mains is
only about 10 per cent. of the full load

D.C.Supply Mains
R

Supp,

any desired vahie.  The  losses
due to frictivn, windage, iron,

copper, were measured by a dyna-
mometer fitted to the belt drive.

A series of readings of armature
current, voltages and losses recor-
ded by the dynamometer were
taken.

The combined ethciency

Generator output

Generator output + losses recorded

by dynamometer

Efficiency of ¢ither machine

Motor Field

N\ Combined etticiency.
In practice the modification
of the Hopkinson test, by Dr.
Kapp, of supplving the losses
electrically is generally used.

The Test.

Two similar shunt machines are
connected in parallel and run up to speed
through a single starter, having first
ascertained that they develop a starting
torque in the same direction.

The field of cach machine is adjusted
s0 that ecach takes the same armature
enrrent when run at the normal voltage
and speed.

The field rheostat of one machine is
adjusted so as to weaken the field current

1:1;'_ 4.

M.Field G.Field

Generator Freld

_ CONNECTIONS FOrR THE HopkiNson TeST oxN
Two StaiLar D.C. SHUNT MACHINES.

output of large machines under test,
also the temperature rise test on full load
can be taken.

The Readings to be Taken.
Supply voltage.
Supply current.
Generator output current.
Generator field current.
Motor field current,
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Generator armature circuit resistance,

Motor armature  ecircuit  resistance.
The machines  should  run at
their normal speed  during  the  test.
The run  is  continued  until  the
windings  have  reached  a steady

LOAD TESTING OF D.C

S AND AC) MACHINES

Calculation of Efficiency and Losses.

Supply volts 400.

Supply current 20 amperes.
Generator armature circuit resis tanee o ohm.
Cenerator output current

Motor

LOO amperes.

armature  cireuit  resistance .1 ohm

temperature,  and - the  resistance  of G lrator ficld current — 1.0 ampere
Motor field current S oampere
D.C.Supply Mains Motor armature circuit l:_:.\wx Copper
(120)*° ! Fyg0 watts,
l Generator armature circuit loss e~ (Copper
[/ (1oo}* .04 QOO wWatts,
Totel armature circunit losres (Copper)
i\ﬁ . 2340 watts,
i Reversible Booster ) S
Rheostat Supplyinput power
)i\ P 4H0 20 0200 witlts,
I'riction, windgae iron, lo rex for both
9,/_ ?F ?A muchinc_s 0200 2340 = ONLO watts .
Do, per machine
= 8O0 2 3430 watt:
Maotor input (100 =+ 20} 410 55200 watt: .
Orivin, ter Motor Joss es (total) 3430 1430 J00 .5}
5235 watt: .
Motor i
Motor output 55200 5238 40tz watts,
- quuh2
Motor efticiencs 100 — O3 per cent.
35200
Generator output 400 1co 41 CCO watts.
Generator Jow es (total)
3430 — GO0 — (4t 1.0)
4700 watts,
Generator input 16060 4740

MoTor

I'rz. 5. CONNECTIONS OF BOOSTER T0
Grive a Varmasee Vortace DUC) Suppery
RiEQUIRED FOR TESTING MACIHINES,

The boost 1= varied, by adjusting the excitation
of the hooster.

the armature circuits of the machines
takent  when  the machines  are  shut
down. The  resistance is  obtained
by passing  the  full load current
through  the armatures, and  takirg
the voltage  drop  across  the ter-
minals.  The fickd  windings  should
be  disconnected  when  making  this

test.

507C0 watt: .
Generator etticiency
46000

=0 100 ub 3 per cent.
50740

EFFICIENCY AND TEMPFRATURE
TEST ON A SINGLE D.C. SHUNT
MACHINE.

The machine is run untoaded as amoter
at the ncrmal voltage and speed and the
armature and field current obtained.

[t is now echanically connected to a
suitable load.  This load. except in the
case of very small machines, will ccnsist ofa
generater whese output is fed back into
the mains, A paralleling  switch  and
voltmeter will be necessary to perferm
this operaticn.

The machine is rw at its full rated
capacity until the temperature of the
windings, commutater, core plates, frame,
ete., have become constant.  The machine
is now shut down, taking the precaution to
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open the paralleling switch of the loading
gencerator before opening the motor cireuit,

The temperature of the variows parts
and windings of the machine is taken
immediately, using a  thermometer  for
cach part, =o that all readings are taken
simultancously.  The thermometers
should have a flat surface

bulb with a

D.C.Supply

)

Motor

Loading
Resistanced

Fig. 6.---CONNECTIONS FOR FiEwD's Test oF
Two Simcar D.Co SERIES MOTORS.

so that a gocd heat contact may be ob-
tained. .\ wad of cotton weol should be
placed over the part of the bulb nct in
contact with the part whose temperature
is to be taken.

The stand-still resistance of the arma-
ture is taken by obtaining the pressure
drop across the recerded full load current
passing.

AND AC) MACHINES
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Calculation of Efficiency Readings.
Supply pres:sure (oo volts,
Unloaded armature current 5 amperes
Iield current Lo ampere
Armature cirenit resi tanee oSN ohm
Rated output 50 3011
Friction, windage and iron loss e
{600 5) 5% o~ neghgible)
3.000 watts approximately
Approximate armature current at full load

30 e 5 = O7 amperes
000
Armature lo s es (Copper) at Ml load
07 08 - 355 watts,
Iield winding loss es (Copper
600 1.0 HOO Wittt
Total lo - e
3000 6H00 359 Jusa watts,

Machine input
{50 7,‘1») -+ 3059
Machine output

1250 watts

50 740 37300 watt~,
N 37300
Fticiencey R e OO_g pereent.
41259

VARIABLE D.C. VOLTAGE SUPPLY OF
TESTING CURRENT.

When testing motors which require a
voltage differing from that of the supply,
a motor booster set may be used. A
separately excited booster is ecupled to a
motor which is supplied from the supply
nmains.

The “ boost 7 may be varied in either
direction, with the reversible field rlicostat
to suit the desired voltage for the machine
to be tested.

1f the machine is a dynamo it is driven
by the motor supplied {rom the mains,
and the booster armature connected in
series  with  the armatwre of the test
machine. The boost is varied in ecither
direction until the generator volts 4+ the
boost is that of the supply, and the
output may then be fed back again into
the mains supply.

Load Tests on Series Motors.

A special form of test known as Field's
test is wsed when testing series niotors,

In this test two similar series motors
are mechanically coupled ; one of them
is run as a motcr which drives the other
asadynamo. Thecutyutfromthe dynameo
is absorbed by a water or other form
of loading resistance.  The special point
in this test is that the two fields are joined
in scries, so that the excitation of the
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Rotation of
Motor Fulley

Fig. 7. ARRANGEMENT OF Ropre Brake ox
e Motor Prniey ror BH.P. Tests ox

SyarnL MoToRrs.

The torqueisobtained by taking the difference
Dbetween  the weight and  the spring balance
reading and multiplving it by the radius of
the pulley in feet.

two machines will be the same
during the test,

The Test.
The motor and dynamo switches

LOAD TESTING OF D.C.

AND A.C. MACHINES

Readings.

Motor ammeter
Motor voltmeter
Dynamo ammeter 34 amperes.
Dynamo voltmeter 430 volts.
Resistance motor armature o8 ohm.,
Resistance motor field .06 ohm.
Resistance dynamo armature .08 ohm,
Resistance dvnamo tield .06 ohm,
Motor input + Loss in dynamo fields
ontput = Total losres,

Motor input Dynamo  ontput Friction,

windage and iron losses for both machines

Copper losses in motor arm and field and dynamo

armature.

(54 130) Friction, windage,
both machines + (.14 602}
+ (o8 547).

Friction, winding, iron losses for both machines
3343

3343
>

6o amperes,
500 volts.

Dynanio

(()()
iron

300)

losses for

Per machine = 1071 watts,

The efficiency of each machine may now
be calculated as indicated in tests on
shunt machines.

EFFICIENCY AND B.H.P. TESTS ON
SMALL D.C. MOTORS.

The output of the motor is measured

mechanically with a Prony or other form

of brake. Readings arc taken of the

input current and supply voltage to the
motor at various loadings of the brake.
The speed of the motor and the reading

D.C.Supply

are closed and the motor gradually
run up to speed with the starting
resistance. At the same time the
value of the loading resistance in
the dynamo circuit is reduced in
order to prevent the motor speed
becoming excessive.  Adjust the
voltage across the motor termi-

nals to the normal value and
the dyvnamo is then loaded up
to any desired rating by ad-

justment of the loading resistance.

The resistances of the dynamo
armature and field, also that of
the motor ficld, are taken with a
voltage drop test,

A temperature test may be taken
at the end of the run when the
temperature of the various wind-
ings has reached a constant vatue.

Alternator!
Field

Alternator
Armature

CONNECTIONS FOR Back 1o Back Trst oN Two
SIMITAR ALTERNATORS.

Current is cirenlated between the alternator stators by
altering the field current ot one of the machines,
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of the spring balance and valune of the
weight wsed  for each loading also
recorded.

Torque exerted by the motor (Value of fixed
weight Spring balance reading) Radius of
motor pulley in feet.

B.HL. P, of the motor
Torque

1s

)

Revs. per min.
33000
Input E.H.P

Input current Terminal voltage of motor

740
13.H.P.

JLiticiency = ber cent.
A TRTR R

Readings.

Motor ammetes
Motor vortmeter
IFixed weight 50 1bs,
Spring balance 1y Ibs.
Speed 1000 T.p.M.

Radius of pulley o inches.

18 amperes,
200 volts,

Torque 30 14) .5 21 1b. ft,
2 6,28 7 1.000
B.H.P. S AppPIOX.
33.000
b, - 00 s
740
Efficiency '4—, 100 83 per cent.

BACK-TO-BACK TEST OF TWO SIMI-
LAR ALTERNATORS FOR EFFICIENCY.

‘The two alternators are mechanically
coupled so that an angle of 25 degrees
exists between their relative positions of
their armature coils and field poles.

The alternators are driven by a D.C.
motor of known efficiency and large
enough to supply power for the losses in
the alternators, The armature windings
are connected so as to be electrically
opposed  to each other. An ammeter
and the current coil of a wattmeter are
connected in one of the lines which connect
the armatures together, the pressure
coil of the wattmeter and a volteter
being connected between one  pair of
connecting lines.

The input to the driving motor is
recorded on an ammeter and voltmeter in
the motor eircuit.

The Test.
The alternators are run at the normal
speed  and their excitation —currents

equalised and adjusted to give the normal
voltage.
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The excitation of one alternator 1s
now adjusted to give a circnlating current
between the two ntachines.
This current is adjusted to any desired
value,  Readings are obtained from the

i

wattmeter, the motor anuneter and volt-
of

meter and the field ammeters the

alternators.

D.C. SUfp/y

Alternator"
Armature

Fig. g.——Erriciexcy Test oN A SINGLE ALTER-
NATOR.
The full load armature current is obtained by
short circuiting the armature at a low exciting
current,

Calculating the Efficiency.
The power supplied to make up the alternator
losses Input power to the motor at this input
The motor losses which are known.
The losses for each alternator
Input to motor [Losses in motor

]

+ Excitation copper 10sses.
Efficiency of an alternator
Wattmeter reading
Wattmeter reading -+ Alternator losses
100 per cent.

EFFICIENCY TEST ON A SINGLE AL-

TERNATOR WHEN A SUITABLE

PRIME MOVER AND LOAD MAY NOT
BE AVAILABLE.

Couple the alternator to a D.C. mator
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whose output is from 5 to 10 per cent.

of the alternator and whose cfficiency is

known.  Measure the input to the motor

with the alternator not exeited,

This input power = The losses in both machines

for friction, winding and core Copper losses in
the driving motor,

Switch on the exeiting current to the

From ALC. r. T Supply
° E ; i °
wl i
eogl i 1 ! lgees
R - VAR Wl
e e /727 00 L
iy [Switeh] | H
:{:_ x _:J‘ il
.-:-ﬂ -.../: \..\:f;. =
| s
ha:
|.': b i |
:é: i 1o- ’l:s.\'l':‘l‘,--\l',\",-q‘
I}

¥
<._"_L:
-g

o

H 1
1 t
O -~broniredi Voltmeter
o 3-way Swi. [

|

70 Outlet Pit
on Test Bed

P\ A

WA 8

Fig. 10— AN AC. TEST PANEL FOR THRER-
PHASE INDUCTION MoToRrs.
The ammeter may be connected in any

one of the three lines with the three-wayv
switch.

alternator and again measure the input
to the driving motor.

This input power All the above-mentioned
losses 4+ Armature core loss due to the excitation
current passing.

A series of readings with varying
exciting currents is now taken so that the
iron loss in the armature core may be

LOAD TESTING OF D

“AND A.C. MACHINES

determined  for any excitation  current
up to the normal vahue.

The speed of the motor and the exeiting
current should be maintained  constant
during the test,

The exciting current is now switched
off and the armature is short circuited.
The exciting current is again switched
on and the value is adjusted to give any
desired current up to the normal value
through the armature.  The input to the
motor is again measured.

The difference between this input and
the input which was obtained with the
anuature circuit open at the same excita-
tion will give the armature copper losses

asmalliron loss, which may be negleeted.

The excitation copper Josses of the
alternator are obtained from the value
of the exciting current obtained from the
open cireuit  saturation  curve of the
alternator, which gives the relation between
the excitation current and volts generated.,

Readings.

(1) Motor ammeter and voltmeter with
alternatcr not excited V and A,

(2) Mctor ammeter and voltmeter with
alternator  excited V, and A, Field
current of alternatcr and from the open
vircuit saturation curve of the alternater
obtain the armature volts for these valhies.

(3) Motor ammeter and voltmeter with
alternator  excited  V, and A, and
armature short circulted, taking readings
of alternator armature cwrent A, for
corresponding  readings  of  the  motor
input current and terminal voltege.

Calculation.
Vi, — VA Iron loss in alternator armature.
VoA, — VA = Copper  Joss  in alternator

armature.
(Losres in driving motor) Iriction and
windage loss in alternator.,
(Exciting  current)? . resistance of alt. field
Copper loss in alternator field.
Alternator output Ay o Alternator volts from
saturation curve at the correct excitation,
Efficiency may now be obtained from
the above data. This test has the advan-
tage that temperature rises may be ob-
tained although the power actually deve-
loped by the alternator is only small.
The open circunit saturation curve should
be obtained previously by taking a series
of readings of armature volts and exciting

VA
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current with the armature on open circuit
and running at normal speed.

INDUCTION MOTOR TESTS
EFFICIENCY, POWER FACTOR, OUT-
PUT, SLIP, AND TORQUE.

The motor is run at the rated voltage
and is loaded with cither a mechanical
brake, or a D.C. generater which s
paralleled back on the D.C. mains supply,
the efficiency of  the generator  being
known.,

The input power and volt amperes to
the motor at various loads is recorded and
the output power measured at the brake,
or electrically on  the output of the
generator.

The slip may be obtained in various
wavs,

One method is to recerd exactly at the
same time the speed of the alternater
which is generating the ACo supply
current to the motor, and the speed of the
motor, and observe the number of pairs
of poles on each of the machines.  An-
other method, which is more convenient
where the frequency of the A.C, supply
cannot easily be obtained, is to place a
large search coil, the shunt coil of a
D.C. motor will do, in a faveurable positicn

near the induction moter. A sensitive
galvanometer is connected  across  the

terminals of the search coil and the number
of kicks on the galvanometer in cach
direction is observed over a certain time.
The speed of the motor is also taken.

The running-up terque is obtained by
running the motcr against various brake
loads, these loads being not taken above
the capacity of the motor, and observing
the voltage at the terminals of the moter
necessary to start the motor against the
load applied.

The Readings Taken.
Input motor ammeter.
Input motor voltmeter.
The input wattmeters.

The reading of the fixed weight and the
spring balance if a mechanical brake is

used.

The speed of the moter.

The observations previously indicated
for determination of the slip.

TESTING O D.C.
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The input veltage of moter to start up
against  varied  loads  fer running-up
terque determination, )
The outpit of the DLC. generator if an
clectrical load is used.

The Method of Calculating the Results
Required.

Input volts amperes

Input volts Input amperes NEY
D.C.Supply
- M

!

All Cables to Outlet
~ Pit on Test Bed f—Jk
A 0
Fig. i —A D.COTest PANEL WITH ARRANGE-

MENT FOR PARALLELING THE LOADING GENERA-
TOR BAaCK TO THE MAINS SUPPLY

Input watts
The sum of the two wattmeter readings.
Input watts
) Input valt amperes
The output of the motor

Power factor

Torque - 27 - Revs. per min.
! ST BHY
33000
or Output of loading generator The
losses.

Input watts

Input E.H.P.
74h
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A.C.Supply
d; 6, ¢
/o '? ;o
Watt- Watt-
meter meter
2000 299
May be
switched
in any
of the lines
o ¢ o
Starter
o o o
¢
L Stator

IFie. 12, CONNECTIONS TO THREE-PHASE IN-
DUCTION MoOTOR FOR ITFFICIENCY AND I’OWER
FFactor Test.

The etticieney of the motor
B.H.1.

Input E.H.P.
Output of loading gen.

Input watts

Thelosses
or
The slip
Speed of AU, generator

No. of pairs of poles

Speed of motor
No. of pairs of poles

Speed of A.C. generator . No. of pairs of poles

100 per cent.

. AND AC MACHINES

No. of kicks of galv. needle per min
Speed of motor in revs. per min.
100 per cent.

Calculation for a 3-phase Induction

Motor.

Motor input voltiueter

Motor input current 24 amperes,

Wattmeter readings 7000 and 7000 watts.

Motor speed 1000 Tevs. per niin.

Galv. needie kicks per min. = 45,

Generator output voltmeter 500 volts.

Generator output ammeter 20 amperes,

Etticiency of generator at this output o per
cent.

Input volt amperes

400 - 23 0 (3
7000 — 7000

400 volts,

100608 watts.

Input watts 14000 wittts.

14,000
Power factor S - Sy
10,608
500 < 20 . 100
Motor output — ? — - 11111 watts.,
(‘0
11111
= =14.9 B.H.P.
740
R 111117 100
Efticieney of motor 30 per cent.
14000
. 5 % 100
Slip - .5 per cent.
: 1000 U3l

INSULATION RESISTANCE TESTS.

These are taken with a megger which
will give a D.C. voltage of about 500 volts,
and the resistance taken between the
windings and frame of the machine.

The test should be taken immediately
after the high voltage flash test.

The value of the insulation resistance in
megolnuns should not be less than:

The rated volts
i,ooo + Rated outpnt in K.N.A. or B.H.I”

The value obtained in the test should
be taken when the needle of the megger
has become practically steady.

QUESTION AND ANSWER

What process is employed for a back-to-
back test of two similar alternators
for efficiency ?

The alternators are run at the normal
speed and  their  excitation  currents
cqualised and adjusted to give the normal
voltage,  The excitation of one alternator

ix now adjusted to give a circulating
current between the two machines,  This
current is adjusted to any desired value.
Readings are obtained trom the watt-
meter, the motor ammeter and  volt-
meter and  the field ammeters of the
alternators,
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SPECIAL TYPES & COMBINATIONS OF
ROTATING ELECTRICAL MACHINERY

By ROBERT RAWLINSON

Fire. 1.

This illustration is tvpical of most balancer and booster sets.
(non-antomatic), and the split vokes, bearings and end brackets should be noted.

maintenance.

old-fashioned cast iron bedplate construction which it has superseded.

ROM time to time, as industry
F develops, the need arises for special
forms or combinations of genera-
tors and motors. To fill the demand
special machines are designed, and these,
together with their methods of construc-
tion and control, then become available
for purposes other than that for which
they were specifically developed.

In the following notes, we will deal with
such types and combinations of machines
as are commonly encountered in modern
industrial practice ; no attempt will be
made to present a full list of special
machines, neither will arrangements of
purely historic interest be considered, and
our notes will be confined to a descrip-
tion of any special points of mechanical or
clectrical design and construction,  to-
gether with a brief description of the basic

A Tyeicar D.C.-D.C. Motor GENERATOR SET.

It actually shows a battery booster
These assist in

Note also the fabricated steel bedplate which is stronger and more rigid than the

(Metropolitan-1ickers.)

principles of the machines’ operation. No
detailed operating instructions can be
usefully given, since various manufac-
turers’ arrangenients are so widely different
and for the same reason the circuit dia-
grams are not in full detail as regards
meters, switches, fuses and protective
circuits.

Balancers.

When considering the D.C. distribution
of electrical power it can be said, subject
to insulation and space considerations,
that the higher the voltage the lower the
capital outlay on cables. This is obvious
since the power transmitted is the product
of the voltage and current, while the
amount of copper in a cable, to maintain
a certain current density, is only pro-
portional to the current. This considera-
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tion led supply authorities to adopt the
highest possible voltage for their D.C.
distribution systems and we thus have
14b0, 480 and 500 volts circuits in common
use,

Why D.C. Power is Usually Distributed
on the 3-wire System.
These higher voltages are very satis-

MAIN
GENERATOR.

FIELD RHEOSTAT

BALAMLER

BALANCER

-+ NEUTRAL o
e 2 —Diackray oF CONNECTIONS OF
3-WIRE BALANCER,

The two baleneer machines are coupled together
and mounted ona bedplate, as shown in Fig, 1.
In this diagram the main generator field is not
shown.  Observe the balancer field cross con-
nections and the conneetions of the tield rheostat.

factory so far as power cirenits are con-
cerned, but when we consider lighting, we
find that about 230 volts is the limit, both
as regards <atisfactory Jamp mannfacture
and safetv in domestic nse, and we there-
fore find that D.C. power is usnally dis-
tributed on the  3-wire  systen. This
method involves the nse of three cables,
two “ounters 7 and  one

“nud-wire

SPECIAL TYPES OF ELECTRICAL MACHINERY

the mid-wire (or neutral) is kept at a
potential half-way between the two outers
and it is usunallv carthed. Tor instance,
on a  300-volt  3-wire  system the
potentials would be, considering nega-
tive as zero —
Negative outer. .
Mid-wire
Positive outer

Zero.

230 volts positive.
250250 volts posi-
tive = 300 volts,

If now the nentral is carthed, its
potential must be considered as zero and
the potential distribution becomes

Negative outer. . 230 volts negative,

Earthed mid-wire  Zero.

Positive outer 230 volts positive,

Notice that the potential difference be-
tween the outers is still 500 volts, and that
they may therefore be nsed for power
supply, while lighting load may be taken
o a cirenit between either outer and the
mid-wire.

Balancing the Load.

It is, of course, necessary to balance the
load on the two sides of a  3-wire
svstem, and the supply authorities en-
deavour to do this by eonnecting equal
numbers of houses, for instance, on both
positive and negative sides, but it will be
clear that wnder certain conditions the
load will not be equal and that a current
will fow in the mid-wire. back to the
generating station.  This will result in a
greater voltage drop in the cables en the
highly loaded side, the voltage «f which
will thus tend to drop, while due to the
definite difference (of 300 volts in owr
example) between onters, the voltage on
the Dhghtly loaded side will tend to rise.
When this happens we lose the advan-
tages of lalf voltage, which the three-wire
svstem gives us, and it is therefore neces-
sary to ensure that the voltage differencee
between the two sides shall not exceed a
certain definite anwant when the loading
differences are the ereatest that experience
has taught us may be expected.

A ‘* 3-wire Balancer Set.”

This function of voltage balancing on
the two sides is done by a * 3-wire
balancer set,” " which is  designed  with
regard to the maximum out of balance
current which the supply company con-
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siders it necessary to legislate for, and
which usually consists of two exactly
similar shunt or compound wound D.C.
machines, with their shafts coupled to-
gether, mounted on a bedplate.  ach
machine is wound for the voltage which is
to be maintained between one outer and
the neutral, and the armatures are con-
nected in series across the outer cables.
The mid-wire comes from the centre point
of the two series connected armatiures,
and the fields are also connected in series
across the outers; a field rheostat is
usually connected in the shunt circuit,
the tapping point being connected to the
mid-wire.

The diagram of connections will make
this clear, and it will be noted that the
fields are shown eross connected, ie., the
field of the positive <ide machine is
connected across negative and mid-wire,
while the negative side machine has its
field circuit fed between positive outer
and neutral. This cross connection gives
better balancing. The action of the set is
as follows :-

Tendency to Change Speed.
When there is no current in the mid-wire,

the two machines (being so connected)
will run as unloaded motors, cach one

dropping half the total voltage and run-
ning at the same speed, since both are
identical and are wound for half voltage ;
the mid-wire is thus maintained accurately
at half potential between the outers.
Imagine now that a load comes on the
positive side ; as explained before, the
voltage on that side will tend to drop and
the voltage on the negative side will tend
to increase, and it follows that the positive
side balancer machine will tend to drop
in speed while the machine on the negative
side will tend to run at a higher speed.

This tendeney to change speed is further
increased by the field cross connection
previowsly  referred  to; the  positive
machine’s field being supplied from the
higher voltage side is strengthened, tend-
ing to a lower speed, while the negative
machine’s field is weakened by its connee-
tion on the lower voltage side, this tield
weakening  tending  towards  a higher
speed.

1591

How the Unbalanced Power is Divided
Between the Two Sides of the System.
Now the two machines are coupled
together and cannot run at ditferent
speeds, so that the total effect of the
varving voltages on the two sides is to
cause the negative side machine to run
as a motor and drive the positive side
machine as a generator, raising the voltage

THREE WIRE
GENERATOR

SLIPRINGS

BALANCER

STATIC

+ NEUTRAL -
Fig. 3o -CONNECTIONS OF A STATIC BALANCER.

The  3-wire  generator s similar to a
standard  D.C. generator  with  the  addition

of the sliprings for the static balancer con-
nections.  The static balancer itself is simply a
choking coil with a centre tap for the neutral
connection.,

on the more highlv loaded positive side.
In other words, the unbalanced power,
represented by the mid-wire current, is
used partly to drive the negative machine
as a motor, the remainder of the unbalanced
current being passed through the positive
machine which is generating and supply-
ing power to the more highly loaded side.
By this method the unbalanced power is
divided between the two sides of the
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system, and balance, with the mid-wire
potential within the correct limits, is
attained.

STATIC BALANCER.
Although this is not a rotating machine,
its use entails modifications to the normal
form of D.C. generator, and we will,

therefore, discuss its nse briefly.
When a three-wire supply s required,

MAIN
GENERATCR

FIELD
C.0. SWITCH,

MOTOR

RHEOSTAT

—l- - === ==l

Fis. 4. ThE REVERSIBLE BATTERY BooSTER.

This diagram shows the connections of a
non-automatic reversible battery booster.  The
main generator field is not shown and  the
booster motor is shown of the ordinary shunt
wound type. The amount of boost may be
varicd by the field rheostat and the direction
of the booster generator EALI. may be altered
by means of the field change-over switch, so as
to assist the charging or discharging of the
battery.

and it iz not desired to use a balancer
machine set such as has previously been
described, a static balancer may be used
in conjunction with a D.C. generator,

SPECIAL TYPES OF ELECTRICAL MACHINERY

which is fitted with slip-rings for connec-
tion to the balancer. These slip-rings are
connected to points in the armature which
are one pole pitch apart, and they thus
have the full generated voltage between
themn,

Wave Wound and Lap Wound Generators.

For the benefit of those readers who are
interested in armature winding, we may
say that with wave wonnd generators,
cach ring is connected to one point only
in the armature winding, and the two
points are situated as nearly as possible
one pole pitch apart in the winding plan.
In cases where the generator armature is
lap wound, it is usual to connect each ring
as thongh it were an equaliser, ie., cach
ring is connected to as many points as
there are pairs of poles, and cach point
must be situated two pole pitches away
from the next nearest point connected to
the same ring ; the sccond slip-ring is
connected to points displaced by one pole
pitch from those to which the first slip-
ring is connected. Thus, in both cases,
the full voltage of the generator exists
between the slip-rings, and since the
current has not been commutated-—having
passed from the winding via the slip-ring

it is alternating as in an ordinary A.C.
circuit.

How the 3-wire Supply is Taken.

Across these slip-rings a choking coil
with a centre tap is connected, and the
3-wire supply is taken as follows :—

Positive outer .. Generator positive
terminal.

Mid-wire .. Centre tap of chok-
g coil.

Negative outer.. Generator — negative

terminal.

The Choking Coil.

The choking coil, or static balancer,
consists of a coil surrounding an iron core;
the magnetic circuit is usually completed
as in a transformer, and the whole appara-
tus often bears a strong resemblance to a
transformer, since static balancers are
quite commonly oil immersed and en-
closed in transformer tanks,



“w

PRACTICAL ELECTRICAL ENGINEERING

Indispensable to every Electrical

Engineer, Designer and Manufacturer

ELECTRICAL ENGINEER’S
DATA BOOKS

General Editor: E. B. WEDMORE, M.LE.E.

(The Director of the British Blectrical an! Allied Industries Rusearch Association.)

This important reference work con-
tains much valuable new data that has
hitherto been concealed in the journals
of foreign institutions, in the unadver-
tised publications of research associa-
tions and the technical publications of
manufacturers.

*“ The Electrical Engineer’'s Data
Books ' provide, in two handy vol-
umes, a collection of all the most
recent specialised knowledge, thus
forging the necessary link between
the scientist, the research worker and
the practical engineer.

The detailed .nature of the text and
the wealth of original illustrations,
tables and formula make this work
indispensable to every Electrical En-
gineer, Designer and Manufacturer.

VOLUME |.—Lighting; Switch-
gear ; Power Transmission and Distri-
bution ; Distribution by Underground
Cable ; Transmission by Overhead
Lines : Traction : Electrical Machin-
ery.

VOLUME Il.—Insulation ; Mag-
netic Materials and Testing ; Proper-
ties of Metals and Alloys ; Measure-
ment of Resistance, Inductance and
Capacity ; Corona Discharge.

APPENDICES.—Mathematical and
Miscellaneous Tables, List of In-
tegrals, Electrical, Mechanical and
Physical Tables, etc. ; Electricity and
Magnetism ; Wiring Rules : Home
Office and Board of Trade Regulations,

etc.

EXAMINE THE WORK IN YOUR

................................................. OWN HOME FREE!

In order to give you an opportunity of examining this invaluable work at
your leisure, the Publishers are prepared to supply the two volumes on
Five Days Free Approval. Send p.c. to-day for full particulars and

details of the generous deferred payment system, lo :
The Home Library Book Co., 23-24, Tavistock Street, London, W.C.2

Dept. E.E.33,

Geo. Newnes, Lidi

This article on Rotating Electrical Machinery is
Part 34. Ready June 3rd. Order your copy to-day.

continued in

s ez’



iv PRACTICAL ELECTRICAL ENGINEERING

Our National Humorist At His Best

THE

BISHOP’S FOLLY

By P. G. WODEHOUSE

¢ Uncle

| 44

“Stop !” he exclaimed.
Theodore, don’t open that hamper

But it was too late. Already the Bishop
was cutting the strings with a hand that
trembled with eagerness. Chirruping noises
proceeded from him. In his eyes was the
wild gleam seen only in the eyes of cat-
lovers restored to their loved one.

““ Webster !’ he called in a shaking voice.

And out of the hamper shot Webster,
full of strange oaths, For a moment he
raced about the room, apparently searching
for the man who had shut him up in the
thing, for there was flame in his eye. Becom-
ing calmer, he sat down and began to lick
himself, and it was then for the first time
that the Bishop was enabled to get a steady
look at him.

Two weeks’ residence at the vet.’s had
done something for Webster, but not enough.
Not, Lancelot felt agitatedly, nearly
enough.

A mere fortnight’s seclusion cannot bring
back fur to lacerated skin ; it cannot restore
to a chewed ear that extra inch which makes
all the difference. Webster had gone to
Doctor Robinson looking as if he had just
been caught in machinery of some kind, and
that was how, though in a very slightly
modified degree, he looked now. And at
the sight of him the Bishop uttered a sharp,
anguished cry. Then, turning on Lancelot,
he spoke in a voice of thunder.

¢ So this, Lancelot Mulliner, is how you
have fulfilled your sacred trust !”’

Read this delightful story in the June
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