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THE DEVELOPMENT OF ELECTRICAL
MACHINERY

By Professor MiLEs WALKER, D.Sc., MI.EE., F.R.S.

N a recent article (p. 741, vol. II) on
I the relations between the quantities
in the clectric and magnetic circuits,
these two circuits were treated as separate
entities interlinked with one another. In
practice they often occupy part of the
space in common, Al the laws still hold,
but care must be taken to specify the
particular path we have in view, so as to
ascertain the quantity of tlux enclosed by

left. Sliding the bar to the right will
increase the lines and generates an EMF.
from A to B.

The ‘‘ Flat Hand Rule.”

The most convenient rule for remember-
ing the direction of the E.M.I'. in cases of
this kind is the following : Hold the right
hand perfectly flat with the thumb at
right angles to it. Imagine that the

that path. When there is movement of  magnetic lines are received vertically
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one circuit with respect to the other, some
important phenomena occur.

GENERATION OF ELECTROMOTIVE
FORCE.

Take the case illustrated in IFig. 1 in
which is shown an electric circuit A BCD
enclosing a number of vertical magnetic
lines along which a N-pole would travel
downwards. If the number of Ilines
through the rectangle changes there will
be an E.M.IY. generated in the circuit pro-
portional to the rate of change. We can
change the number either by increasing
the field strength through the rectangle or
by sliding the bar A B to the right or

IForce AxD CURRENT.

(like falling rain) in the palm of the hand,
then if a conductor is moved in the
direction of the thuMb (Motion) the F.M.F.
is in the direction indicated by the four
fingers. This flat hand rule will be found
more convenient to apply for fields and
conductors in any position than the well-
known ““ Fleming Rule " which sometimes
calls for acrobatics* in its application.
The valie of the EMF. in volts is
equal to Bw/ < 10°* where v is the
velocity in ems. per second at right angles
to the lines, and / is the effective length
*An Irish student of miue once said : *“ If yvou want
to find the direction of an E.MF, you must draw a

figure on the blackboard and make faces at it with
your hands,
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Fig. 2.
Showing tappings to the commutator taken from the continuous winding about a ring of laminated

iromn.
any connection to a commutator.

in cms. of the conductor at right angles to
the motion.

Creation of Mechanical Force.

In 1810, Oersted, of Copenhagen, showed
that a conductor carrying a current exerts
a force upon a magnetic pole, and it
follows from the principle of cqual actions
and reactions that a magnetic pole exerts
a force upon a conductor carrying a
current.  Ampeére made exhaustive experi-
ments on the forces on conductors carrying
a current and laid down precise laws.
In Fig. 1 we have the phenomenon
illustrated in its simplest case. Hf the
vertical magnetic field shown is uniform
and the flux density is 1B, then the con-
ductor carrying a current of 1 amperes in
the direction A to B will be subjected to a
force of O.1 BII dynes where / is the
effective length of the conductor at right
angles to the lines. The direction of the
force in Iig. 18 will be towards the left as
indicated by the  left-hand rule.”” Notice
that the thumb in the left hand gives the
direction of the force. The direction of
motion will depend npon other conditions.
1f the conductor is fixed, the force will still
be there: or the conductor may be
forcibly moved towards the right, but the
force we are speaking of will be towards
the left.

THE DEVELOPMENT OF ELECTRICAL MACHINERY

FULLER-GRAMME RING ARMATURE.

“I'he coils wore wound in a closed ring and permanently connected in seties, independently of

The Electrodynamic Machine in its Simplest
Form.

Thus in Fig. 1 we can study the action
of a generator or of a motor.  Let the
current go from A to B, then the magnetic
force is towards the left.  Bv means of a
greater external foree move the conductor
to the right. In doing so you generate
an LEMLEF. in the same direction as the
current  and  the bar delivers  electric
power and requires mechanical power to
move it.  Now let the conductor move
towards the left.  An opposite or ““ back ”
1ML is now set up in the conductor and
current will not pass from A to B unless
we have some external 1.M.17. big enough
to overpower the generated LMY and
and force the current against the back
EALEF. Thus we supply clectric energy
and get in return mechanical energy for
we can make the conductor do work as it
moves to the left.  These simple principles
enter into all generators and motors
whether D.C. or A.C.

In the generator the generated EME.
is with the current and in the motor it is
against the current.

Electrical Power.

Power is always the product of two
factors :
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which the »

(1) A\ force tending to bring about a
motion of some kind

g0’ conductors are placed.
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Iig, 3.—COMPLETED DRUM ARMATURE.
The return’ conductors are placed under a pole of a polarity opposite to that of the pole under

Thus the E.MYL per turn is donbl

(2) A motion at a certain rate under the

action of the force.

A common example oceurs in hvdrautic
A pipe carries water nnder

transnuission,

a hydraulic press-
ure of 1000 1bs,
per sq. inch. When
water 15 being
drawn off  (say to

work a lift) at the
rate of 33 feet per
minute  along 2
pipe whose area is
one sq. in., the
power dehivered s
1,000 % 33 foot lbs.
per minute, that
s one horse power,
Similarly  with
electric power, we
have two factors:—
(1) Electromotive
force tending  to
nove electricity ;
(2) A motion of
electricity  at  a
certain rate——a cer-
tain current in am-

peres. When a
current of 10 am-
peres flows under

a pressure of 74.6

1L

volts, the resulting power is
equivalent to one horse
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740 watts,
power.

An Interesting Point.
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Showing how improvements in design have
given increased output for a given size.

Fig. 4.

Now when we generate
by moving a conductor in a magnetic

clectric power

ficld, it is interest-
ing to note that
the factors, mech-
anical  force  and
motion in one case
and electrical
motion  (that is
current) and elee-
tromotive force in
the other, arc re-
versed in a way that
we would not have
expected. It is the
motion of electricity
in the magnetic field
that creates the
mechanical force on
the conductor and

it is the motion
of the conductor
that creates the

clectromotive force.
As long as we
have a continually

flowing current
through the field
we get a  static
force on the
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Fig. 5.

conductor, but if the latter does not
move  there 1s no  power. On  the
other hand as long as the conductor moves
through the field we get an electromotive
force, but if the current does not flow there
is no power.  Both factors must be there
in both cases. It is the motion factor in
the one case that gives the force factor in
the other.

Early Dynamos.

IFaraday”’s first successful experiments on
magneto-clectric induction were made on
a simple transformer in which the inter-
linked circuits were separated and  the
clectromotive force was produced by the
rate of change of flux in an iron core.  He
went on ahmost immediately to the move-
nent of a conductor in the magnetic ficld
and his first continuous current generator
was what we would call a homopolar in
which the conduetor moved continuously
under the same pole.  Homopolars have
the advantage of avoiding the use of a
commutator, but they are cumbrous and
heavy machines for their output and have
been almost entirely superseded by hetero-
polar machines, except where very great
currents at a low voltage are required.
In the heteropolar machine the conductors
nove under N-poles and S-poles succes-
sively and therefore generate an alternat-

4,500 to 11,250 1P, THREE-PHASE INDUCTION MoTor BUILT BY THE BRITISH THOMSON-
Hovston Co., LTb.

ing voltage so that a commutator must be
used to reverse the connections to the
outside circuit if a continuous current is
required.

Commutation.

The first commutators consisting of two
parts of a split tube gave a rectified current
of varying intensity and sparked badly.
It was not until after the invention of the
Gramme ring that there was a really
satisfactory dynamo. The Pacinotti or
Gramme ring was really a revolutionary
invention. Before it came, inventors of
dynamos wound their coils on projections
or poles and brought both ends to com-
mutators. All sorts of arrangements of
brushes were devised to connect the coils
in series so as to get a uniform direct
current.

The Gramme Ring.

In the Gramme ring the coils were
wound in a closed ring, as in Fig. 2, and
permanently  connected in - series  inde-
pendently of any connection to a com-
mutator. Branch wires were brought oft
from junctions of the coils to the bars of
the commutator so that a continuous
current could be led in at one bar and
out at another at a diametrically opposite
point passing through the two halves of
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Fig. 6.—SECTIONAL ARRANGEMENT OF ALTERNATOR.
Twelve poles, 500 r.p.m., 8,820 K.V A., 0,000 volts, 50-cycle three-phase.

the winding. When this armature is
revolved between the poles of a magnet
the EM.F’s in all the coils in series
opposite one pole are added together and
the current in each coil can be reversed
separately as it passes a brush so that the
commutation is easy though the number
of turns in series is sufticient to generate a
high eclectromotive force. The secret of
success of the Gramme winding is the
large number of turns in series and the
few turns between commutator bars.

The Drum Armature.

While the ring armature is quite eco-
nomical when the axial length is not great

(English Electric Co., Ltd.)

as compared with the diameter, it becomes
wasteful in copper for armatures of
greater axial length because the return
conductors inside the ring are inactive.
In the drum armature (Fig. 3) the
“return "' conductors are placed under a
pole of a polarity opposite to that of the
pole under which the " go” conductors
are placed. Thus the EM.F. per turn is
doubled.

Growth of the Dynamo.

In the carly eighties much had been
done to commercialise the dynamo by
Gramme, Siemens and others, but its
quantitative design was not properly



Fig. 7.—SECTIONAL ARRANGEMENT OF WATER TURBINE AND ALTERNATOR. ([FEnglish Flectric Co., Ltd.)
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understood.  In 1886 John and Edward
Hopkinson published a paper in which
they taught engineers how to deal scienti-
fically with the quantities involved in a
dynamo.  They showed how to calculate
the total magnetic flux in a given magnetic
circnit and how to predict the performance
of the machines from itz dimensions.
After that date large and economical
machines began to be built.

Kapp showed

Fig. 8.
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greater than the opposing ampere turns.
on the armature. Any smaller value than
this only makes the commutation worse.
The decrease in the weight per kilowatt
in modern continuous-current machines
has been greatly aided by improved
systems of ventilation and by the introduc-
tion of commutating poles. The latter
have not only enabled the total field copper
to be rednced, bnt have increased the

inogrh, 4

S o 4 . =

15,000 K.V A, THREE-PHASE, 6,600-VOLT, 60-CYCLE GENERATOR. (fnglish Electric Co., Ltd.)

This is driven by a water impulse turbine at a speed of 300 r.p.m.

the advantage of the multipotar frame
for large machines and the big two-polars
that had been previonsly built  were
superseded by 0-pole, 8-pole, and for large
traction generators multipolar frames.

Carbon Brushes, Interpoles and Compen-
sating Windings.

The problem of communtation was more
carefully stwdied, carbon brushes were
introduced and commutating poles and
compensating windings were invented by
Menges, Ryan, Thomson and others; but
it was not until many years after their
invention that they came into use. Com-
mutating poles were at first thought to be
an unnecessary complication and only
some designers appreciated the fact that
the ampere-turns in these poles must be

permissible ampere-wires per centimetre
of periphery while maintaining good com-
mutation.

The Output Coefficient.

[t is interesting to see the change in the
value of the outpnt coefficient of dynamos
during the last 3o years. Let us for this
purpose define the ourput coefficient K,
as the output in kilovolt-amperes divided
by the product D2, L, Ry, where D, is
the diameter of the armature in metres,
L., the gross axial length of iron in meters,
and Ry, the revolutions per minute, so
that

K, = KVA/D?%, L, Ry

We may observe that this output coefti-
cient is not a complete index of economical
design, because, in the first place, it onty
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relates to the armature, taking no account
of the metal of the field system; and,
in the second place, even when given the
dimensions of the armature, we cannot
determine the cost, unless we know the
ratio between the copper and iron weights,
For it is well known that we can sometimes
increase the output of a given frame by
increasing copper and reducing the iron ;
but the resulting machine costs more than
an iron machine built upon a larger frame.
Nevertheless, with machines of the same
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type, emploving the best ratio of iron to
copper, the output coefficient does give us
a fair guide to the progress that is being
made in the use of material. One must
remember, however, that K, is strictly not
a constant for a given machine, but varies
with the speed, being greater at higher
speeds.  We shall assume wlhen it is used
here that the peripheral speeds are
sufficient to give the right ventilation, The
carly Gramme armatures had very low
output coefficients, so that writers on the
dynamo before 1goo gave values as low as
1 for the output coefticient of machines
less than 50 cm. in diameter ; but this

THE DEVELOPMENT OF ELECTRICAL MACHINERY

value was regarded as low for bi-polar drum
armatures. As the size of machine was
increased up to 2 metres in diameter, the
value of output I, improved up to 2.5.
Hobart, in his * Continuous-current
Dynamo Design” (1gob), gives curves
showing values of output coefficients at
various dates. Two of these curves are
reproduced in Fig. 4. Sec page 1163. The
lowest, A, is after Fisclier-Hinnen and
relates to machines dating between 1893
and 1902, and curve B gives good values
of output coetlicients in 1go5. Curve C,
shows somewhat how the matter stood in
1916 when commutating poles and a good
system of ventilation were employed.

In the fifteen years that have elapsed up
to 1931 still further improvements in
design and ventilation have enabled the
output coctfficient to be still further
increased so that the curve D may be taken
to represent good modern practice,  But
this is not all. In cases where it is desir-
able to get machines of the greatest pos-
sible output into the smallest possible
space, special devices can be employed to
give truly marvellous figures.

An Interesting Experimental Machine and
What it Indicates.

In a D.C. machine constructed at the
Manchester College of Technology to sce
what can be done in this direction, an
output coefficient as high as 4.5 was
obtained on an armature only 32.5 cm. in
dianieter. The cross in IFig. 4 gives one
point in a new curve. The experiments
point to coefficients of about 6 for large
diameters.

ALTERNATING-CURRENT
MACHINERY.

The demand for electricity for lighting
was at first met by the supply of direct
current, but when electric power had to be
transmitted over distances greater than
the precincts of a small town, the advant-
ages of higher voltages and smaller currents
became obvious,  The alternating current
transformer offered such a simple and
relinble method of stepping down the
voltage from that suitable for transmission
to that suitable for incandescent lamps as
to bring A.C. transmission into general use
in the late eighties.
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At first transformers of small capacity
(1 or 2 kw.) were used, placed in or near to
the house ; but as the use of alternating
current extended, transfornier substations
were installed in which banks of large
transformers dealt  with  hundreds  of
kilowatts,

Alternating current transmission on a
Jarge scale did not come into being until
after  the invention ot  polyphase
machinery.

Polyphase Machinery.
In the middle eighties there were no
satisfactory alternating-current motors, so

1109

through coils whose axes are 120 to one
another, and thus invented the three-phase
induction motor. His ideas were developed
along practical lines by C. E. L. Brown,
Dobrowolsky, Nikola Tesla and others,
until to-day we have induction motors of
great power and wonderful efficiency. It
Is not necessary here to explain fully the
action of these motors as this has already
been done in an excellent article by Mr.
AL T. Dover (see p. Sog vol. 111},

Difficulties Overcome.

When first the induction motor was
introduced it was regarded as a machine
having constant
speed charac-
teristies  similar
to those of a
shunt  direct-
current motor.
It was at that
time only poss-
ible to change
the speed over a
wide range by
the insertion of
wasteful  resist-
ances. Moreover,
it had the draw-

back that its
power factor at
light loads was

poor and at all

Fi¢. 10,—50,000 K.W_, 11,000-VOLT, 50-CYCLE, THrEE-PHASE TURBO GENERA-  {imes it drew a
TOR RUNNING AT 1,500 R.P.M. (Metropolitan  Vickers Elec. Co., [td.) Jagging magnet-

ising  current
that for power purposes direct current dis-  from  the  line. These  drawbacks

tribution was regarded as best. In 1888
Ferraris showed that when two alternating
currents differing in phase as do the cranks
of a locomotive are passed through two
coils whose axes are at right angles, they
produce a rotating magnetic tield which
will cause a suitable conducting mass to
revolve.  This gave the possibility of a
revolving member or rotor without any
electrical  connections  to  the  external
circuit, so that the alternating-current
motor had this great point of advantage
over the direct-current motor.

The Three-Phase Indaction Motor.
IFerraris extended  his idea to  three
currents differing in phase by 120 passing

have toa great extent been eliminated by
the methods described in the article above
referred to.  The induction motor to-day,
when fitted with suitable appliances, can
be run as a highly efficient variable speed
motor, having a power factor near unity
or, if desired, a leading power factor can
be obtained.

Eleven Thousand Horse-Power.

Iig. 5 shows a very large three-phase in-
duction motor built by the British Thomson
Houston Co., Ltd., for driving a rolling
mill.  This motor with a continuous rating
of 4,500 h.p. can deliver peaks up to
11,250 h.p. at a speed of 375 r.pm.  The
frames of the stator and rotor and the
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base plate are built up entirely of rotled
steel plate cut to the shapes desired and
welded  together.  These ** fabricated ™
frames are largely replacing the cast-iron
frames commonly emploved a few years
ago.  They are not only cheaper to
construct, especially when only a few of
one size are needed, but they are lighter
and more reliable.  They give the
maximum space for the circulation of air
for a given size of frame. The bearing

AW

Fig.1r.
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for a given weight of material.  The
design of three-phase generators of large
output driven by high-speed water turbines
has been brought to a high state of perfec
tion.  One of the difficulties to be met
arises from the fact that the large output
calls for a revolving field magnet of fairly
large diameter involving very great centri
fugal forces. The runaway speed of a
water turbine (assuming that something
has gone wrong with the governor) is

MMM w—L

—_—

Two 15,000 K.V.AL, 132-IK.V,, THREE-PHASE T RANSFORMERS WITH ON-1.0AD TAP-CHANGING

GEAR, BuiLt BY THE ENGLIsH ELEcTrRIC Co., LD, AND INSTALLED IN THE YOKER SUBSTATION,
CENTRAL SCOTLAND ILECTRICITY SCHEME,

pedestals are the only parts visible in the
picture made of cast iron.

Three-phase Transmission.

The introduction of the polyphase motor
gave great impetus to three-phase trans-
mission and it was soon recognised that
this was the most convenient method of
taking power from one place to another.
It made possible the utilisation of great
water powers that otherwise would have
gone to waste. It can be shown that the
polyphase generator is more efhicient than
a single-phase one and has a greater output

8o per cent. higher than the normal speed.
The revolving member of the generator
must be designed so that in case of
accident to the governor it will withstand
80 per cent, above normal running speed.
To meet these conditions the field magnet
is commonly constructed from a ring of
specially treated steel and the poles are
held by dovetail designed for maximum
strength.

Water-driven Generators.

The method of securing the poles against
the great centrifugal forees 1s well illus-
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Fig, 12—A WATER-DRIVEN GENERATOR.
Three-phase vertical shaft alternator, 30,000 K.V AL 10,000 volts.  Power factor 0.8, 42 /50 cveles,
252 /300 r.p. (Reproduced by courtesy of the ** Brown Boveri Review.')

trated in IFig. 6 which gives a sectional  English  Eleetric Co.. Ltd. A section
view of an 8820 K.V.A. 6,600-volt, 50- through the axis is given in Fig. 7. The
cvcle 3-phase generator designedtorunata  poles are built up of laminated steel
normal speed of 500 r.p.m. built by the flanked by steel castings which  give
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I'ig. 13.—100,000 K.V A, HELL GATE GENERATOR.

This is a three-phase turbo-alternator, 6o cyeles, 1,200 r.p.m.  This figure shows the internal construction of a 100,000 K.V.A., 3-phase
turbo-generator built by Brown Boveri & Co. It is a six-pole generator running at 1,200 r.p.m. The rotor has a central hub of forged
steel with the centre bored out to get rid of all internal flaws. In this hub are pressed rolled steel plates with ventilating ducts between
them. The slots for the winding are then cut in these plates. The ends of the windings are held by rings of non-magnetic steel. The
system of ventilation is clearty shown in the figure by the arrow which indicates the direction of the air supplied by the special fan on the
right of the figure. The air after being discharged from the fan passes throngh a cooler supplied by cold water circulating in pipes. Thus
clean air circulates over and over again and the internal surfaces can be kept clean for years.  (Reproduced by courlesy of the ** Brown
Boveri Review.")
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support to the ends of the coils. The
central hub is built up in two sections of
laminated steel plate. The scctions are
separately pressed on to the shaft and
form an exceedingly strong centre into
which the dovetails on the poles are fitted.
The latter are tightened up by means of
wedges shown in the drawing. This
machine will withstand a runaway speed
of goo r.p.m. with perfect safety. The
armature is pro-
vided with open
slots.  The coils
are fully insula-
ted before they
arc  placed in
position. The
end windings are
of the lattice type
and are strength-
ened by means
of insulated rings

fixed to the
frame and se-
curecd to the

outer side of the
coils,

Fig. 8 shows
a 15,000 K.V.AL,
0,600-volt, 0o-
cycle, three-
phase generator,
built by the same
Company. The
normal speed is
300 r.p.m. under
an cftective head
of 1,010 ft. and
the rotor is de-
signed for an
over - speed of 555 r.p.m.

Fig. INSTALLING A

14.

Steam Turbine-driven Generators.

In this country we do not have water
power sufficient to supply our needs so we
have to rely mainly upon stecam plant for
generating our electricity.  For this pur-
pose the steam turbine has almost entirely
superseded the steam engine, largely on
account of the case with which it can make
use of the low-pressure, low-temperature
steam at the far end of the expansion.
Another reason for the economy of the
steam turbine is the fact that it can make
use of very high-pressure steam at a

temperature too high for any oil lubricated
sliding surfaces such as are found in a
steam engine. The possibility of working
between these extremes of temperature
gives such a high efficiency that it is
possible to generate a kilowatt hour with a
consumption of not more than ¢ tbs. of
steam. This is about one half of the steam
used in the best stecam engines 25 years
ago. The use of cheap-powered fuel and

ELECTRIC PASSENGER
LOCOMOTIVE FOR THE INDIA RaiLwavs.  (Metropolitan Vickers Elec. Co., Ltd.)

TRACTION MOTOR IN AN

high efficiency boilers has so far reduced
the cost of steam raising that the combined
running costs of generation in our super
power stations are well below 0.2 of a
penny per kilowatt hour. This would not
be possible if the design of the electric
generator had not kept pace with the
design of the high-speed steam turbine.

Outputs from Single Units at Various
Dates.

Twenty-five years ago it was thought that
to help the electrical designer it was neces-
sary to employ low turbine speeds for large
outputs. Speeds of 1,000 to 1,500 r.p.m.
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were thought to be the maximum for
generators of 5,000 kw.  As 50 cycles
became a standard in this country, a two-
pole generator running at 3,000 r.p..
was the desideratum from  the turbine
builders’ point of view, but in the year 1goo
it was thought quite a good performance
to build a generator running at 3,000 r.p.n.
as large as 500 kw,

One Thousand Kilowatts in 1905.

some bold spirits suggested  the pos-
sibility of 1,000 kw. at that speed, but
About

there was much shaking of heads.

Iig.
THE Locomorive SHowy 1IN Fia. 1.

(Metropolitan Vickers Ilec. €

the year 19o3, 1,000 kw. at 3,000 r.p.m.
became quite usual, and then the outputs
still went on rising.

Five Thousand.

After that 5,000 kw. was regarded as a
goal which might possibly be reached by
some very special type of construction.

Ten Thousand.

When 5,000 kw. at 3,000 r.p.m. became
usual, it was only a step to make it
7,500 kw. and another to make it 10,000
kw.

At this point the electrical designer had
caught up the steam turbine designer, for
the ditficulty of dealing with the exhaust
steam scemed for the moment to preclude
the steam turbine greater than 10,000 kw.
which runs at 3,000 r.p.m.

15.-—0ONE OF THE go0-H.r. MoToRs BELONGING TO

o, Ltd)
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Forty Thousand Kilowatts in 1932.

But that difficulty has now been over-
come, and units of 40,000 kw. at 3,000 r.p.m.
arc the order of the day. Things have
changed, for when the turbine designer
looks back doubtingly at the electrical
man, the latter says assuringly, © Go on,
I'tl follow you.”

It is interesting to plot curves showing
the sizes of single units built on various
dates. In Fig. ¢ are plotted five such
curves.

A relates to continuous-current engine-
driven generators.

I3 relates to alternating-current
engine-driven generators.

¢ relates to water turbine
driven alternating-current genera-
tors,

D relates to steam turbo-genera
tors (any speed).

E relates to  steam
generators, 3,000 r.p.m.

turbo-

Modern Tarbo Generators.

Fig. 10 shows a 50,000 kw.,
I1,000-volt,  50-cyele,  3-phase
turbo generator made by the

Metropolitan-Vickers  Electrical
Co., lad., for the Burton Power
Station, Manchester. This machine
feeds into the 132000-volt grid
by means of step-up transformers.

Substations on the Grid.

The interconnecting of all the great
power stations in the United Kingdom, by
means of the 132,000-volt grid, has called
for the erection of numerous outdoor high-
voltage substations in which the switching
in and out of transformers can be carried
out independently of the weather condi-
tions.

Fig. 11 shows one of these outdoor
substations, situated at Yoker, of the
Central Scotland Electricity scheme. In
the foreground are two 15,000 K.V A
132,000-volt, 3-phase transformers, built
by the Inglish Electric Co., Ltd. These
transformers are provided with suitably
designed contactors under oil for changing
the tappings to the windings while the
transformer is still on load. This gives
great convenience in regulating the voltage
supplied to various branches of the Grid.
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The on-load tap changing devices are
contained in the rectangular compartment,
seen in front of the transformer above the
three smaller pipe-cooled receptacles which
contain auto-transformers for equalising
the voltage between taps at the moment
of switching.  Fach of the large trans-
formers is provided with a numiber of targe
cooling wings in which the transformer oil
circnlates and is cooled by air blown from
down below.  The picture shows the seven
petticoated condenser bushes which bring
the high tension
current to the
transformers
and are  de-
signed to stand
up to 132 kv.
in any weather.
The breakdown
voltage of one
of these bushes
under theworst
weathier  con-
ditions 15 320
kv,

Electric Trac-

tion.

It the re-
commendations
contained in
the Report of
the Weir Com-
mission on the
Electrification
of our Railways
is carried out,
the Grid will be
called upon to
of hundreds of
for driving the
WS,

The steady all-day load would consid-
crably reduce the cost of generation
of electric power and lower the price to all
users.

Fig. 14 shows the method of installing a
large traction motor in a passenger
locomotive. The locomotive shown is
the 22 G.[.P. built by the Metropolitan-
Vickers Electrical Co., Ltd., which are
giving such good service in India.  Fig. 13
shows one of the oo h.p. motors belonging
to this locomotive.

i

supply an all-day load
thousands of Kilowatts
trains  on  our rail-
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The Four Methods of Converting A.C. to

The main power throughout this country
is supplied as three-phase current from the
Grid so that where direct current is re-
quired it will in general have to be obtained
by conversion from alternating current.
FFor this purpose we may use either motor
generators, motor-convertors, synehronous
convertors or mercury arc rectifiers.

The synchronons convertor has a very
high efficiency and is preferred by some

16,—2,000 K.W. SYNCHRONOUS SIX-PHASE CONVERTER, 500 VOLTS D.C.,
4,000 AMPERES, 500 R.P.AL

(General Electric Co., Lid.)

users on account of the steadiness of
the D.C. voltage. Overall efficiencies as
high as g6 per cent. can be obtained.  These
are very widely used in this country for
supplying direct current for traction at
voltages up to 1,500 or higher.

The mercury vapour rectitiers are coming
widely into use on account of their high
efficiency  where a  D.C. voltage is
required.  Single rectifiers have been
built to carry as much as 6,000 amperes.
It is difficult to imagine a current of
6,000 amperes carried across a partial
vacuum by means of electrons. To carry
only one ampere requires about 6 million,
million, million electrons per second.
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MEASURING

ONE TEN-MILLIONTH OF
AN AMPERE

wats Th

AN INTERESTING IEXPERIMENT,.

This illustration shows how the minute E.MF. generated by holding the hand near the thermopile

can be easity indicated on this sensitive microid galvanometer.

To the engineer this instrunent is

of special interest by reason of its robustness combined with extreme sensitivity.

N clectrical instrument which can
A casily be carried from  place to
place, and which will give a
perceptible scale reading when one ten-
millionth of an ampere is passed through
it, will interest many readers, especially
those who like experimental work.  The
above picture shows one of these instru-
ments connected up to a thermopile. 1
the hand is placed a little distance from
the thermopile hood this causes a large
detlection on the needle of the instrument.
The heat from a lighted mateh held zo ft.
away would be casily detected on this
instrument. Readers will hardly need to
be told that the thermopile consists of a
number of thermocouples which generate
a minute  electromotive force when the

junctions of the couples are subjected to
heat. The “ Microid ™ galvanometer, manu-
factured by Griffin & Tatlock, is a moving-
coil instrument-— the coil being suspended in
the air gap of a very powerful permanent
magnet. 1t is made in several grades of
sensitivity,  The most sensitive type gives
a detlection of one scale division per ten-
millionth of an ampere. The standard type,
however, requires one millionth of an
anpere to give the same deflection. With
a suitable rectifier connected in circuit this
instrument can be used for comparing the
very minute currents which are obtained
in a wireless aerial when different stations
are being received.  Full details as to the
method of doing this are given in a later
article © Installing Wircless Sets.”
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SMALL ELECTRIC GENERATING SETS

HOW TO INSTALL AND OPERATE THEM

By T. J. BARFIELD

HE following notes apply generally

I to all sets of the petrol or petrol-

paraffin engine type. With dif-

ferent makes and systems-—automatic,

semi-awtomatic and non-automatic—there

are variations in operating procedure,

but most makers

issue detailed in-
structions.

ERECTION.

Small setshave
the engine com-
plete with radia-
tor, tanks, etc.,
and generator
mounted on one
bedplate, and
these merely re-
quire bolting
down to a pre-
pared concrete
foundation, The
surface of the
foundation
should be truly
level, or it 1s
quite possible for
the bedplate to
be distorted, with
consequent mis-
alignment of
bearings and
bearing trouble.
It is best to raise
the bedplate from
the foundation
bv 1 inch to
4 inch by means
of wedges, flow
concrete into the
gap and remove
the wedges just
before the con-
crete sets,  The

Iig. 1, —MAKING THE

the wooden mould.
hanging on the wall,

CONCRETE DBED For AN Evrecrric LicuTiNG

bedplate will then settle level without
distortion,

With separate engine and  dynamo,
belt coupled., erect each on a level conerete
foundation with a distance between pulley
centres of not less than four times the

PraxT.

(Stuart Turner, Ltd.)

Note how the formers of the holes for the foundation bolts are located on
The mould was made to the dimensions on the blue print

B
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diameter of the larger pulley. Align the
pulleys carefully, as described in a previous
article dealing with the installation of
nmotors, and take particular care that the
belt joint is smooth, to avoid vibration
and noise,

" GENERATING SETS

garage or workroom by running the pipe
from the top of the water jacket along
the wall of the room up to the tank,
running the return pipe back at a lower
level.  The amount of heat radiated in
this way by even a small set is quite

surprising; a

cock in the re-
turn  pipe will
allow the tem-

perature to  be
regulated to
secure the best
operation of the
engine.

Connecting Up.

Unless the
switchboard — is
mounted im-
mediately above
the generator it
is best to run

Iy, 2.

Ltd)

Withdrawing the formers which make the holes for holding-down bolts.
Note that these formers are tapered slightly for easy witndrawal,

drawn out before the concrete has set hard.

Water and fuel and exhaust connections,
in the case of engines not self-contained,
should be made to particulars supplied
by the makers. With an independent
cooling water tank, it is possible to
arrange for the warming of an adjacent

ANOTHER STAGE IN MAKING THE CONCRETE BED.

the connections
of V.I.LR. cable
n conduit. Both
these  and  the
connections from
the battery
should be  kept
as short as pos-
sible  to  avoid
resistance losses,
and for the same
reason care
should be taken
to make a
thorough job of
all sweated con-
nections. The
switchboard s
best mounted on
the wall between
the dynamo and
battery rooms, to

(Stuart Turner,

They are

keep down the
length  of con-
nections.  After

connecting according to diagram, make a
“ Megger ”  insulation test from both
negative and positive wiring to earth
(disconnecting any permanent carth on
the negative for the purpose of test)
and between poles (with gencrator, battery
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and voltmeters disconnected).  All these
tests should  show readings of several
megohms,

Trial Run-—Engine.

The engine should be started up and
the dynamo run disconnected, or supplying
lights only, be-
fore preparing to
put the battery

mto serviee, A
run  of a  few
hours  on  light
load is very
valuable in the
case of a new
engine, to  get

the bearings and
the piston tho-
roughly “runin,”

Fill - fuel and
water tanks, the
crank case and
all lubricating
points with the
recommended
oil, not forgetting
dynamo bearings
if of the sleeve
tyvpe.  The auto-
matic cut-in and
cut-out  on the
switchboard may
have a mereury
cup which should
be titled.

If the engine
will  not  start
when the maker's
instructions  are
followed, check  Fig. 3.
the following
points :

IFuel.—1Is tank
tilled and tapon ?
Is supply  pipe
blocked ?  Is the
jet choked 7 (A common
new machines.)  Are you trving to start
on paraffin 2 If the weather is cold, some
hot water poured into the cooling hopper
or tank may help.

Ignition.—Switched on?  Plug gap cor-
rect 2 (About the thickness of a visiting

trouble with

ELECTRIC GENERATING SETS
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ard.)  Unserew the plug, rest the body
on a metal part of the engine, with the
HT. lead connected and the terminal
clear of the engine, and give the engine
a smart turn or two. A fat blue spark
should be observed if the ignition is in
order. If damp weather, wipe any con-

PLACING THE PLANT IN POSITION ON THE CONCRETE BED.
Fuvner, Lid,

(Staart

Alwavs put across the bed two sirips of wood and drop the plant on them.
This avoids the possibility of damage to the haneds,
bolts are previously threaded through their holes in the plant base and
suspended by thetr nuts and washers.
bolts and that threads are not damaged.,

The holding-down

See that the nuts run freely on the

densed moisture off the plug insulator.

THE DYNAMO.

When the engine is running steadily,
bring it to normal speed and read the
dynamo voltage. [Failure of the dynamo
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Fig. 4. -MuTHOD OF LIFTING BATTERY
PLATES ONX TWO STrIPS OF WooDn, (DD,
Battery Co., 1.d.)

to build up to correct voltage may be
caused by - '
(1) Wrong direction of rotation
except in the case of belt-driven
dynamos, and then only if the
dynamo has been ordered incorrectly.,
If the direction of rotation cannot be

unlikely

reversed  casily, change over the
field connections so that the field
lead which was couneccted to the

positive pole of the dynamo is con-
nected to the negative. This altera-
tion may usually be carried out by
changing links in the terminal box,
according to a diagram probably
pasted on the inside of the lid or cover.
(2) Brushes lifted or brush rocker in
wrong position,  See that the brushes
are free in
their holders
by pulling
on the pig-
tails, and
that they are
making good
contact with
the commu-
tator.  The
correct posi-
tion of the
brush rocker
is obtained
by register-
ing a mark
ontherocker
with one on
the frame.
(3) Specd low.

SMALL ELECTRIC GENERATING SETS

speed caused by an incorrectly adjusted
governor or bad running. If the
engine speed is correct, then, in the
case of belt-driven machines, either
the belt is slipping, the ratio of
pulley diameters incorrect, or the
dynamo has been ordered for the
wrong speed.

(4) Connections not made according to
diagram. If everything else fails,
carefully check all connections one
at a time, marking them off on the
diagram as they are verified.

(5) Shunt ftield regulator making bad
contact, or resistance wire broken.
To check this, first shut down and
then temporarily bridge the regulator
terminals or connect the two leads
to one terminal.  Then run up slowly,
and if the voltage rises at normal
speed to the maximum, the regulator
1s at fault.

When the engine and dynamo are running
correctly, if possible make a load test of
some hours duration, by supplying the
lights direct, to make quite sure that all
will be in order when the battery is
installed.

THE BATTERY.
Before installing a new battery, be quite

Py
o1ScHance R i
\ /

If thisis the &
caseit is pro- ¢

bably due to

. Fig. 5.
low engine

CONNECTIONS FOR CHARGING A Low CELL.

(D.P. Battery
Co., Ltd.)
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Fig. 6.

Cerr.  (D.P. Battery Co., Ltd.)

surc that the engine and dynamo are in
order, and that the polarity of the dynamo
is correct. 1 a moving coil voltmeter
is fitted to the switchboard, or is available,
this can be used.  This type of voltmeter
will only read when correctly connected,
and the positive terminal is marked -
or coloured red. lailing this, run np the
set, take an insulated wire from the
two poles, or the cables to be connected
to the two ends of the battery, and dip
the bare ends in a glass of water to which
a little sulphuric acid has been added.
Bubbles will rise from the negative wire.

Battery Room.

The battery should be housed in a room
apart from the engine and dynamo,  Good
ventilation is essential, and ample room
and light desirable.  Avoid erecting cells
in the corners if they are arranged round
the sides of the room.

Erection.

Wood stands are usually supplied with
the battery, See that they are crected
level, thert lift the cells into position,
accurately lining them by means of string
stretched taut, when the end connections
should come opposite cach other. If
glass insulators are supplied, these should
be filled with resin oil.

METHOD OF IREMOVING A HEAVY
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Most small house lighting batteries
are supplied in sealed-in glass cells,
If of the open type, the plates must
be assembled according to the
makers’ instructions.  Fig. 4 shows
the method of lifting the plates.

In connecting up, well cover the
connecting lugs and the nuts and
bolts with vaseline. (This not only
prevents corrosion, but acts as a
tell-tale by melting if a bad contact
gets hot))  Tighten nuts securely,
taking care that in so doing the cells
are not tilted,

Filling the Cells.

After erection, if the cells are
not delivered filled, first make sure
that enough acid of the correct
specific gravity is available, then fill
by syphoning through a rubber hose
or from an carthenware jug. A metal
pail mnst not be used.

H it is necessary to dilute the acid always
add acid slowly to water, never vice versa.

The Important First Charge.

_ Immediately after filling, begin the
first charge, which plays a very important
part in the subsequent performance of the

i

INGINE
witH HEAD KREMOVED FOR DECARBONISING.
(fsonlton and Paul, Ltd.)

Fig. 7. TyricaL  IFOUR-STROKE
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-

ig. 8,

GROUTING Ix THE ELECTRIC TaGHTING PLaNT.

SMALL ELECTRIC GENERATING SETS

(Stuart Twrner. 1Ltd.)

The top of the bed is faced with liquid cement, the strips of wood remaved and the plant

lowered into position.

The bolt holes in the bed are illed with liguid cement.

H the bolt holes

do not show, a small channel leading into thenm should have been seraped in the tap ot the bed.

battery.  Many cells are now  supplied
drv charged, or filled with acid and charged.
Nevertheless, even with such cells a first
charge should be made before the battery
is called upon to give a discharge.  The
maker’s instructions for first charge must
be followed exactly.  This is so important
that no information will be given here
to assist any engineer in carrying out this
operation without the battery maker's
recommendations,  which vary  slightly
with different batteries,

Battery ‘‘ Don’ts.”

The care and operation of the battery
should also be carried out according to
the maker’s regulations, the following
being the most  important  * don’ts ”
according to the D.P. Battery Co., Ltd. =
(1) Don’t overcharge the battery —give

the cells To minutes’ gassing at

cach charge, and once a weex about
30 minutes extra.

(2) Don't undercharge it —every cell in
the battery skould gas freely from
both positives and negatives at the
end of charge.

(3) Don’t gas the cells more frequently
than once in 2.4 hours or less trecpiently
than once a week. If the battery
ix being freely used they may be
gassed 10 minutes every day, but if
lightly used 4o minutes once a week
may be sufficient.

(1) Don't work blindly by watt-hour or
ampere-hour meters—the indications
furnished by the cells  themselves
are the only reliable guides.

(5) Don't take it for granted that cvery
individual cell is gassing—look at
cach cell periodically and make sure.

(0) Don’t neglect low cells, they must be
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dealt with immediately—the longer
they are left the worse they get.

(7) Don’t trust to memory—write the
weekly readings of each cell in the
battery log book.

(%) Don't let the tops of the plates become
exposed—add distilled or pure water
as often as necessary.

() Don't put in acid unless there is some
good reason for doing so,

(to) Don't remain in doubt consult the
manufacturer if  anvthing unusual
occurs, i shift the responsibility
on to him.

Treatment of Sualphated Plates.

Plates which have become sulphated
by under-charging —a condition indicated
by a gradual fall in the densitv of the
clectrolyte—-may be restored (unless the
snlphation 1 severe) by oa prolonged
charge at half or one-third of normal

rate.  Continue until gas is coming freely
from  positives  and  negatives, I the

temperature of the cells rises above o F.,
reduce or temporarily stop the charge.

Charging a Low Cell.

If one cell does not gas when all the
others are up, find and remove the canse,
probably a short cirenit between plates.
The cell must then be charged separately,
and Fig. 5 shows the usual method of
doing this in the case of cells bolted to-
gether. 1t will be seen that by conneeting
as shown by the full line connection on
discharge, the centre (low) cell is ent owt
of circuit, and does not discharge, and
when connected as shown by the dotted
line on charge it receives full charge.
It may be necessary to spare the cell more
than one discharge, unless the following
charge is a long one,

Cleaning Cells.

In normal use a quantity of sediment
will be slowly deposited at the bottom of
the cell. When this deposit is deep enough
to reach near the bottom of the plates
it should be removed. The simplest
method of doing this, in the case of small
cells, is to 1ift the plates, carefully pour oft
the clear acid into a clean tub or earthen
ware vessel, and then wash out the con
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tainer, afterwards  refilling  the  cells

with the original acid.

Replacing Broken Container.
If the cell is small, simply unbolt from

adjacent  cells, bridge  across the gap
with a piece of copper cable or strip

firmly bolted to the lugs. I too heavy
to lift, remove the plates first, then the
container.  If there is insnfficient head-
room to permit this to be done, get a hox
a little lower than the height of the stand,
prepare a picee of wood, as shown in
Fig. 6, with smwooth top greased with
soap, and insert nnder the container by
levering up the latter half an inch, after
wards sliding the container out. Remaove
any snlators from nnder the container
as soon as it is on the wood slide, or they
may  be dislodged and fall into a cell
below.  In replacing, when the new cell
(or old plates in new container) is over its
final  posttion, place the insulators in
position, lever up the cell off the slide and
withdraw the latter,

Taking a Battery Out of Service.

It sometimes happens that a plant
15 to bz shut down for a few months,
The battery must not be left idle for this
length of time, bat mav be taken out of
service as follows : .

G G 8
| (INET) (EXHAUST).}F OIL FILLER

A
B
/
WORMSHAFT —E
CHAIN AND
SPROCKET ~F
~~ ' ~CORRECT
= CLEARANCE
' BETWEEN
0 - "< ROCKING LEVER
® @ | AND VALVE
e — ~ M| 1APPET -006
{ SIX THOUSANOTHS
OFANINCH )
Fle, . ~ADJUSTMENT OF TAPPETS,

[*is the locknut, E the adjusting nut.
(Boulton and Paul, 1.td.)
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Discharge at the normal ro-hour rate
to 1.8 volts per cell.  Draw off acid into
carbovs, fill cells with pure water and
alow to remain in cells for 36 hours.
Then syphon out the water and allow the
plates to drain and dry.  When putting
the cells into service again, fill with the
sante acid, or acid of the same specific
gravity, and charge.

OPERATION.

Most makers issue fully detailed oparat-
ing instructions, which vary considerably,
especially for automatic and  sent-auto-
matic sets. It ix therefore impossible to

g |
hll v:lm’ﬂfnlil.' I |

Il

N \\
p

PorisninG DyNayo Comauraron,

I5iv. 10,

give detailed rules, but the following
general conditions are important :

Engine. —Use a good grade of fuel and
fill the tank through a strainer.  Use one
of the lubricating oils recommended by
the makers and drain the sump occasion-
ally (see *“ Care of Engine ). Keep the
oil level correct, plugs clean and gaps
correct, and decarbonise if the engine
begins to knock or lose power. In very
cold weather, il the engine room is not
frost-proof, drain off the water from the
cvlinder jacket and pipes,

Batterv.—Do  not  under or  over-

SMALIL ELECTRIC GENERATING SETS

charge or discharge too fast or to below
normal voltage. Keep cells topped up.
In summer, if very little current is re-
quired (especially when the houschold
is on holiday), leave a few lights on one
night every fortnight and give a full
chuge the next day.  Regular use and
proper charging will prolong the life of a
battery by years,

Dynamo. —Take care of the brushes
and commutator (zee * Care of Dynamao ),

General.- ~Keep everything clean.

CARE OF ENGINE.
The following points apply generally
to all  engines.
FFor fuller instruc-
tions, consult the
maker’s hand-
book.

Spare the Battery
at Starting.

Many sets are
arranged to start
by motoring from
the battery, but
to spare the
battery as much
as possible, either
start by hand
(especially with a
new, stiff engine)
or give the engine
a few turms by
hand to free the
bearings (es-
pecially in  cold
weather) before
starting from the
battery.  If the
battery is low, or has just been in-
stalled, start by hand. If the engine
fails to start in a few seconds from
the battery, do not keep it motoring, but
find the cause of failure to start,

WOOD PAD

(Bowlton and Panl, 1.1d.)

Bad Running.

If the engine runs  unsatisfactorily,
the following may be the symptoms and
CAUSCS T—

(1) Slow  running,
rectly,

(2) Loss of power,
carbonising ;

Governor set incor-

Engine needs de-
poor  fuel; partially
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choked jet; ignition timing faulty;
exhaust pipe and sileneer choked.

(3) Misfiring or ©* popping back.”  Partial
tuel stoppage or choked jet; dirty plugs;
weak mixture caused by misadjust-
ment of carburetter ; sticking valves,

(4) =toppage. lack of fuel; ignition
fuilure such as loose lead, oiled plug
or magneto  trouble ; fault in the
control systent of an antomatic set.

Il 11,
See that the pipes from the water tank lead fair and straight.

upwards from engine to tank throughoat its length.
above the carburetter according to the makers’ instructions.
The coil must be vertieal as shown,
carburetter and that there are no rises in its length.

flexibility.

ERECTING THE TANKS AND Exnavst Dipe.

o

of the oil by dilution with patrol or
parathn ; a worn engine also will need new
oil oftener than a new one.

When the oil scems thin or very dirty,
drain  the sump after the cngine has
stoppad and is still warm, and swill out
the crankcase with parattin, or Dbetter
still, a little clean, thin oil.  If paraftin
is nsed, every trace must be removed
before adding new oil. - The best procedure

(Stuart Turner, Ltd)

The top water pipe nust slope
I'ut the petrol tank the correct height
A coil in the petrol pipe provides
Be sure that the pipe falls all the way to the
They cause air locks.  Install the

exhaust pipe so that it slopes downwards from the plant.

(5) Knocking. lLngine badly necding de-
carbonising ; worn bearings ; lack of oil,

Draining Off Old Oil.

It is very necessary periodically to
renew  the lubricating oil. Makers’ in
structions vary, some saving after 100
hours’”  running ;  others every  month.
A hard and fast rule is impossible, for
light load running or the use of inferior
fuel will lead to quick deterioration

after draining s to add encugh oil for
the oil pump to work, give the engine
a few turns by hand, again drain and then
fill up with the usual oil. The cost of oil
ix much less than the cost of premature
wear caused by running on thin, sludged
oil.

Note. ~With sonie systems of lubrica-
tion, especially on  two-stroke engines,
only  very occasional cleaning of the
erankcase is required
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Attention to Valves.

Keep the clearance between the tappets
and valve stemis to the recommended
amount, usually  about the thickness
of a magneto gauge, measured when the
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THE  IEXHAUST  SILENCER,
(Stuart Turner, 1td))

The exhaust pipe should slope down to
the silencer so that moisture may drain
away. The pipe must not be cemented
into the wall, It must be removable for
cleaning.  Means of draining the silencer
must be provided. A small drain pipe is
shiown.  The exit from the silencer s
taken straight up 6 to 8 feet. Keep
exhaust pipes as short and straight as
possible.  The  fewer bends  there are,
the better.  Elbows must not be used.

Fig. 12,

engine is warm.  When the head is
removed the valves should be ground-in.
The procedure 1s generally the same as
for a car or motor-cycle engine, and will

SMALL ELECTRIC GENERATING SETS

be familiar to most engineers.  The follow-
ing points should be noted —

In grinding, rotate several times through
a quarter turn at a time, lifting the
valve before grinding through the next
quarter  turn. Apply light  pressure
directly downwards on the valve head,
not at an angle.

Use coarse paste only when the valves
are badlv pitted.  Usually medium, tinish-
ing with fine, grinding paste is enough.

Do not grind more than is necessary to
form a continuous bright line on the valve
face and seating, or the valves will be
“ pocketed 7 Dbelow  the normal  level
of the scating and power will be lost.

Very carefully elean all traces of grinding
compound from valves and engine before
re-assembling.

Do not replace the exhaust valve in
the inlet position or vice versa.

Decarbonising.

Most engines have detachable cyvlinder
heads.  To detach, first drain oft water,
disconnect water pipe (and exhaust pipe,
if mnecessary) and ignition  lead;  then
loosen the nuts on the holding-down bolts
and smartly swing the engine over com-

pression,  This should loosen the cvlinder
head. If not effective, use the following
4 o]

method - Loosen the evlinder nuts half
a turn only and start up the engine in
the ordinary way; the explosion in the
cvlinder will loosen the head.  Avoid
prising apart the head from the cylinder
with a chisel or screwdriver or the gasket
will be damaged.

When the head is removed, cover the
cvlinder with a clean rag, take the head
to a bench and clean out all carbon with
a blunt tool, such as an old wide screw-
driver with slightly rounded edges. A
cranked scraper, which can be made casily
from a picce of soft iron strap, is useful
for cleaning out the exhaust ports and
around the valves.

When decarbonising, grind in the valves
as already deseribed.

Clean the Plug.

The plug should be removed when
decarbonising  and  thoroughly  eleaned
with a wire brush. The electrodes may
have to be scraped clean of carbon with a
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knife.  After cleaning, set the gap between
the points to the thickness of a visiting
card by bending in or out the outer
clectrode—never the centre one.

Replacing Cylinder Head.

After decarbonising and grinding in
valves, wipe the head perfectly free from
loose carbon,
clean the facing
down on which
the head bolts,
and the gasket.
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cooling system with water. If the engine
can be left a few hours for the jointing
compound to set, so much the better.
As soon as the engine gets warmed on
the next run, go over all nuts again, and
tinally tighten after the run. If water
leaks between the head and the cylinder,
or exhaust gas blows out, the joint is bad,.

Thinty smear
both sides of the
gasket with gold
size or jeinting
compound, drop
over the cylinder
bolts, and then
drop the  head
mto position,
Make very sure
that no dirt gets
between the
faces.  Screw up
theholding-down
nuts finger tight,
then with a
spanner givecach
a few turns one
after the other.
Tighten diagon-
ally opposite
nuts m turn, not
all on one side
first ; and when
fair pressure has

to be exerted o=

with the spanner, 5‘ - &
give cach nut !

one turn only at

a time. In this

way distortion of
the cylinder head
is avoided.

If the gasket
is damaged and
anewoneisnot tohand, a substitute may be
made out of a stout, undamaged sheet of
brown paper, carefully cut by using the old
one as a pattern. This should be replaced
by a proper gasket whennext decarbonising.

After replacing the head, reconnect
exhaust and water pipes, cte., and fill the

Working to the makers’ wiring diagram.
are shown encased in conduit.
of the main cable to the house.
main switch and fuse (shown open).

-
lr‘;_’ o

E

L -

g, 13.—CoNNEcTING  Up Tk  Erictric LIGHTING  PLANT.  (Strart

Turncr, Lid.)

The three leads from the battery

The clectrician is making the final connection
This cable passes through an ironclad D.1.

probably because of dirt or a damaged
gasket.

Magneto.

Do not interfere with the magneto
unnecessarily.  [f a bad spark or mis
firing suggests trouble, check the gap
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The Silencer Needs

=\
;\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\,

Attention.

[.oss of power may
be caused by back
pressure in the exhaust
systent.  Once a year

INCORRECT

R 1
"

i

BEDDING-IN DYNAMO BRUSHES.
Ltd.)

Fig. 14.-

between the contact breaker points when
open with the gauge on a magneto spanner
and see that they butt sqnarely together,
if necessary cleaning up with a very smooth
file.

In damp weather the rocker arm may
stick due to swelling of the fibre bearing
bush, which should be cased with a picce
of glass paper wrapped around a thin
pencil.  The least possible use should be
made of the sandpaper.

Adjusting Tappets.

Remove cover over valve stems and try
with a gauge between end of valve stems
and tappet heads (see makers’ instruc-
tions regarding clearance). If clearance
is too little to allow the gange to be
inserted, or so mnch that the gauge
can be lifted up and down, loosen the
locknut and adjust the gap by turning
the adjusting nut, then lock, and again
feel with the gauge in case locking has
shifted the adjustment. It is usually
reccommended that this adjustment be
made with the engine warm, as uncqual
expansion with heat may upset an adjust-
ment made when cold.  This adjustment
of the tappets is usually necessary after
grinding-in the valves (see Iig. ).

CORRECT

(Boultsn and Paul

dismantle the silencer
and clean ont all soot,
and clean the piping if
it seems necessary,
Plugging one end of the
pipe, inserting a handful
of sharp gravel, plugging
the other end and
shaking violently, will
remove most of the
soot if no suitable
brush is available.

MAINTENANCE OF
DYNAMO.

Cleaning.—Unless the
engine room is dusty,
little cleaning is needed
beyond an external wipe down every few
days. Occasionally open the end covers or
remove guards (when the set is shut
down, of course) and blow out dust in the
windings with a pair of bellows or a
reversed vacuum cleaner. The commu-
tator and the connections from the
commutator segments to the armature
need special attention, as here carbon
and copper dust from brushes and commu-
tator may lodge. This point should be
remembered after bedding down brushes
or trucing commutator.

Bearings.—Most  small  dynamos are
now fitted with ball and roller bearings.
These nced attention not oftener than
annually, unless the housings leak grease.
They should be filled with grease when
necessary through the grease plug, if
fitted, or by removing the end cover.
Do not cram too much grease into the
races, or ‘‘ churning” will be set up,
which causes friction and heating. Use
the grease recommended by the machine
makers, or in the absence of any recom-
mendation use Price’s Belmoline “C7”
or similar.

Bedding the Brushes.
Occasionally check the brush pressure
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(which with most machines should be in
the region of 1} to 2% 1bs. per square inch)
with a spring balance, altering the spring
adjustment if necessary. The brushes
should slide freely in the holders and bear
evenly on the commutator. If they do
not, bed them down by slipping a strip
of sandpaper, face upwards, between
the brushes and the commutator and
working backwards and forwards (IFig. 14).
This operation is necessary when fitting
new brushes, which are neceded when the
old ones arc worn down to about } inch
long. Always use the grade of brush
recommended by the makers. Clean away
all carbon dust before putting the machine
into usc again,

To bed down the brushes it may be
necessary to move the rocker to bring
the brushes into a convenient position.
If this is done, reset afterwards to the
marked position.

Care of Commutator.

A commutator should naturally polish
itself in use and need little attention
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unless the brushes are neglected and
sparking develops. If it becomes rough,
shape a wood block to the surface of the
commutator and, using this as a holder,
apply carborundum cloth or sandpaper
while the machine is running (not on load,
and with the brushes lifted or removed),
see Fig. 10. Do not exert much pressure,
and use fine carborundum cloth.  Remove
all dust before putting the machine into
use again,

Ridges in the commutator will only
develop if the brushes are not staggered
and their tracks consequently coincide.
Bad ridging can only be removed by
withdrawing the armature and skimming
up the commutator in a lathe, afterwards
polishing.

After grinding or polishing the commu-
tator, see that the mica is below the
surface by about ! 5, inch, if necessary
undercutting with narrow cutter made to
fit the grooves. Also, after repolishing
the commutator, remove sharp edges on
the segments by drawing a sharp V-shaped
tool between them.

QUESTIONS AND ANSWERS

What tests should be made after connecting
up the dynamo ?

A “megger ” insulation test should be
made from both negative and positive
wiring to earth (disconnecting any per-
manent earth on the negative for the pur-
pose of test). Also test between the
positive and negative sides of the installa-
tion (with generator, battery and volt-
meters disconnected).

If everything is in order, what indication
will be given by the ‘‘ megger > ?
Readings of several megohms should be
obtained.

What would you do if the engine will not
start when the maker’s instructions
are followed ?

(1) See that the fuel tank is filled and
the tap on.

(2) See if the supply pipe or jet is
choked.

(3) Sce if the ignition is switched on.

(4) Sece if the plug gap is correct.

(5) Test the ignition by unscrewing the
plug, resting the body on a metal part of
the engine with the H.T. lead connected and
the terminal clear of the engine, and giving
the engine a smart turn or two. A\ blue
spark should be observed.

If the dynamo fails to build up to correct
voltage, what faults would you look
for ?

(1) Wrong direction of rotation.

(2) Brushes lifted or brush rocker in
wrong position.

(3) Speed low.

(4) Conncctions not made according to
diagram.

(5) Shunt ficld regulator making bad
contact, or resistance wire broken.
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ASBESTOS AND WOOD

ELECTRICAL PROPERTIES AND USES

fl'\Hli ancients  called asbestos by a
name describing its fireproof quality.
The Greek word *“asbestos 7 means

“nextinguishable ™ or indestructible. Tt

has been regarded for centuries as an indes

tructible substance. Tt was formerly wsed
tor lump wicks,  Asbestos occurs as a rock,
chieflyin Canada where it is called chrvsofile,

The rock is found to be composed  of

closely packed soft, white fibres which are

casily split off.  In spite of this peculiar
appearanee, ashestos is actually @ mineral
conpound of mag

nestune and silicon,

The Heat-Resisting
Properties  of

Asbestos.
The fibres  of
wbestos are ex
tremely weak me

chantecally, and
dttract moisture.
I'he clectrice
~trength s poor,
and the only reason
for the use of as
bestos 15 1o ('Ill])ln\'
it~ heat resistance,

Asbestos s un-
atteeted by tem
peratures  up - to
1000 C, It meltz
at 1200-1300 C.

It is a difficult
natter  to o spin

asbestos tibre, but

strength. Impregnated asbestos tapes are
heat resisting,

Asbestos Paper and Boards.

Paper is made of asbestos fibres in the
same way as cellulose paper. The paper
s thick, soft and felted, and resembles
coarse  blotting-paper. It is used for
lining  fuse  boxes and for separating
insulated coils in large generators, where
“ hot=spots " oceur. Boards may be built
up from paper sheets stuck together, but a
more common tvpe
of board is  that
produced by a
mixture of asbestos
and Portland
centent. This miix-
ture is particularly

good, for asbestos
is a nineral fibre,
and  a  chemical
action  takes place
between  the  as-
bestos and  the

cement, making a
well - bonded,  al-
though hygroscopic,
material.  Such
boards do not burn
and will not support
combustion, norwill
they suffer  undes
high temperatures,
A particular  ad-
vantage is  their
resistance todamage

tape can be  pro- by clectric  arc,
duced without  the making them suit-
addition  of  any able for arc barriers
adhesive.  Itis in switches and on
coarse compared commutators,  As-
with cotton tape, bestos - cement
and usually contains Fig 10— AN TMPoRTANT USE OF ASBESTOS- boards are casily
adulteration in the s st :'ilft“i:"l' (-"O'MMIIUN:’: o S (lr‘illcd and
f.“”n of C()l-t()ll 5\\'it\l'llrh()::lrtl (:lt(]t;)(s'.“.\,i\;;ltll:v;t):-: .\stat‘i(l)llll( ‘:rl!l'.\t’hv 0 t.h CURFHSE 1’11_:1—
fibres to  gI1ve  pritish Broadeasting Corporation. (7The Relay chined. A wide
better  mechanical — Awtomatic Telephone Co., Ltd.) © outlet is the build-
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{f AN BLECTRO-VAGNETIC THARDENING
Furrxacs
Used s muaude of v Sindanyo ™ arc-resisting

board fer tront plate. base plate and door
(Uld-Bastield Llectric Forwaces, 1.1d)

ing  traide in which
are uscd.
Untreated  boards are not electrically

cood.  An asbesros-cement-bitumen com

large  quantities

bination, however, has betrer clectrical
in~ulating  properties. although not  so

good a~ arc shictds.
Undder varions trade
names it ix coming
nto u=e for snitable
pancls a sub-
stitute for slate,

s

Wire Coverings.

AND WOOh 1191
form, used, for example, in electric cooker
wiring, comprises a braiding of asbestos
fibres, soaked with a gummy  dressing
and compressed to size,

Boards for High Temperatures.

Boards and tubes composed of bakelite
and  asbestos have been developed for
use at high temperatures. The material
ecid and  insect-proof,  nneplittelle
unaffected by water and oil, and stable
up to 200 €. Further, it can be machined,
i~ mechanically strong, and proof against
acids, oils, petrol and s<team.  The clec-

is

trical  strength,  as  with  all  asbestos
products, is moderate, 1t is used, for
example, for  packing-picees i turbo

alternators, and for brake blocks.

WOODS.

The clectrical vadue of wood depends
almost entirely on its condition as regards
sap and moisture —-that is, the degree of
s scasoning.  Well-dried  and  well
seasoned  wood  has satisfactory celeetrice
strength and its havd, fibrous character
gives 1t valuable mechanical advantages,
It requires considerable  care, however,
to effect a proper scasoning of wood :
it 1x necessary to dry the timber slowly
in a kiln for several vears, a costly process.

** Soft > and * Hard >’ Woods.

The  trade  recognises “soft 7 and
“hard 7 woods.  The former are not used
in clectrical work, but several of the hard
woods are emploved.  Amwong these are
ash,  box, chonv,
hickory, hornbeam,
lignum vitie, maple,
oak and teak.

Al woods  are
hygroscopic to
varving degrees,
Henee for nse under

Conductors  for conditions in which
use in hot  situa- the wood is liable
tions can be insula- to clectrical stress,
tedd with  asbestos i" impregnation of
paper or tape. It . somnie sort s essen-
has  even  been Figo 3—Assestos Bisctrican Paver Tare.  tial.  Plain varnish-
found  possible  to o Turners Asbestos Cement, 1.td.) ing after drying is
insnlate  wires  on This tape is largely used for imsulating magnet snitable for small

ce i R wires of tramway motors, railway motors, mill. 70t N
tllf’ s.C.C and d.c.c. potors and welding transformers, or where ex- f“'ltCh mountings
prmcrplc. Another  cessive temperatures may be necessary, for low \'olmgvs,
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“SINDANYO'
BrROOKNAN'S PARE.

Fig. 4.—LBoNY

SWITCHBOARD FOR
(English Llectvic Co., Ltd))

ASBESTOS AND WOOD

3 >y

THE B.13.C LONDON REGIONAL StaTioN At

“Sindanyo " is made fror an asbestos base and has special electrica; properties—being capable
of withstanding high temperatures, also rapidly changing temperatures, and will not readily

carbonise under an electric arc.

but for higher voltages vacuum impreg-
nation is advisable. Even so, the depth
of penetration is but small. Treatments
inclucde boiling in paraffin wax or linseed
oil, or impregnation with oil, varnish or
synthetic resin.

The uses of impregnated hard woods
include high-voltage switch rods, packing
blocks, etc.

Bakelised Wood.

The wse of bakelite has spread even
to the impregnation of wood. The

It ix non-hygroscopic and possesses a high dielectric strength.

valuable hardening (polymerisation) of
this synthetic resin with heat treatment
enables comparatively soft woods to be
used as a foundation, as they allow of a
far better penetration. Sheet material
is built up in plywoad fashion with a
number of thin lamin, each wel! bake-
lised, the whole stack being subjected
to heat and pressure to produce a solid,
homogeneous board with excellent elec-
trical and mechanical strength, impervious
to water. Hard wood pieces so impreg-
nated have been used for the pins of
pin-type insuators.
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WALL AND FLOOR FIXINGS FOR
ELECTRICAL APPARATUS

ILLUSTRATING PRACTICAL METHODS OF FIXING
SWITCHGEAR, CONDUIT AND OTHER ELECTRICAL
APPARATUS TO WALLS AND FLOORS

HEN a new
‘/ ‘/ building

is  being
crected wooden
plugs are some-
times  built  into
the walls ready for
the electrical fix-
ings. The Ilabour
of inserting wood
plugs when such
provision has not
already been made
during ercction can
be obviated to a
large extent by the
use of Rawlplugs.

For Heavy Fixings.

The first series
of pictures show
the process of fixing
an ironclad switch
to a brick wall,
using large size
Rawlplugs. Notice
that £-inch coach
screws  are  used
with  a  No. 2%
Rawlplug for heavy
jobs.

Lighter Work.

Ordinary  wood
screws with smaller
Rawlplugs can be
used for lighter fit-
tings such as the
protected wall [amp
shown in Fig. o,
and the conduit fix-
ing saddles shown
in Iigs. 7 and 10.

Fre, 1.—FIXING HEMY SWITCHGEAR TO Drick WaLL, Tue Firsr
OPERATION,

This shows how the hole should be drilled,  After cach blow with the
hammer the tool should be given a slight turn to prevent wedging.

Cc
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Fig. 2 —FIxiNG HEAVY SWITCHGEAR TO BricK Warrs, Tue
SECOND OPERATION.

Inserting the Rawlplug in the hole. This is pushed in so that
it is flush with the wall.

F1g. 3.—FIXING HEAVY SWITCHGEAR TO DBRICK Warts, THE

FINAL OPERATION,
Screwing in the §-in. coach screw waich holds the switchgear
in position.
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g 7-—llow o FFIX Conxpuir ok Tusing 1o A WaLL,  FIRST OPLRATION

Showing the points where holes for the conduit tixing saddles are to be drilled being marked with
a pencil on the wall,

oS —How 1o Fix Coxnurr or TusiNg 1o A WaLt SECOND OPERATOD

This shows the holes heing made with the special tool,
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Frgo o How 1o Fix Coxpurr or TusiNg To a War,  I'nigb OPERATION,
Inserting the Rawplugs in the holes,  No. 8 by 1 ineh Rawlplugs are quite large enough for a
tob of this kind.

2

Fig. 10.—tow 1o FFix Coxpurir or TUBING To A WaLL,  FINAL OPERATION,

Screwing the fixing saddles in positicn,
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Fg How 1o 1Fix Flavy MAachiNery 1o A CoNcREE FLoor (r)
Fliis shows the rst operition, which consists ol drilling o hole in the conerete, inwl 1h to nsert
the Rawlplug bolt anchor,

e

Lo 12— How 1o Fix HEAVY MACHINERY To A CONCRETE FLooR (2).

This shows the second operation, the bolt heing placed in the hole w ith the steel washer and Rawlphg
bolt anchor in position
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e 130 -How 1o Fixo TeEavy MacHixery 1o A CoxcrerrE FLOOR (3).

Cie caulking tool is placed over the bolt and the canlking then carried out with a heavy hammer
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Fig. tyTne Bout ANCHOR BEFORE AND AFVER CAULKING.
Notice how the upper lead portion of the bolt anchor forees the chilled ironsections outwardssothat
they engage firmly with the concrete,
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Iig. 15.

The FinxaL OpreratioN IN Fixive HEAVY MACHINERY TO

A CONCRETE FLOOR,

Showing the nut heing screwed Jdown on the anshored Lolt,

A Useful Time Saver.

Where a large nuiber of Rawlplugs have
to be used much time can be saved by
using the mechanical hammer illustrated
in Fig. 4. The hammer is held as shown
and the turning of the handle delivers
hammer blows on the head of the drill
and also rotates the drill carrier through
20° between the blows, The wing nut
which can be scen at the lower end of
the front casing cnables the foree of the
blows to be varied according to the size
of the drill and the material which is being
drilled.

AN INGENIOUS FOUNDATION BOLT.

When heavy machinery has to be fixed
on a concrete floor which has not been
previously  prepared, the Rawlplug bolt
anchor can be used to give a satisfactory
job with a minimum of inconvenience.
This anchor is fitted on to an ordinary bolt

and inserted in the manner iilustrated
in FFigs, 11 to 14. The bolt holes are
first marked out on the concrete, which is
then drilled as shown in Fig. 11, A
steel washer and Rawlplug bolt anchor is
then placed on the bolt, which is then
Jowered into the hole as shown in g, 12.

Caniking.

The caulking tool, which is in the form
of a steel tube. is now placed over the bolt
and the caulking carried out with a heavy
hammer.  IKig. 13 shows the caulking tool
being placed in position and Fig. 14 shows
the bolt anchor before and after caulking.
Notice how the upper lead portion of the
anchor forces the chilled iron  sections
catwards so  that they engage firmly
with the concrete, making a sound fixing.
The top of tle holes can then be fiiled
in with concrete if desired, although this is
ot necessary.
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TESTING SMALL D.C. AND A.C. MOTORS

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

A B C

Fig. 1.

INSTRUMENTS FOR MEASURING MOTOR SPEEDS.

A, revolution counter; B, stopwatch (the large hand makes one revolution in 1o sccondsy ; €,
tachometer with change-speed gear box giving three ranges ; D). synchronised revolution counter and

stopwatch ; L, tachometer with two ranges.

Note that all the spindles have conical rubber tips for engaging with the shaft centre.

These tips

should always De used with the above instruments as only light pressure of the tip in the shaft centre

is then necessary.

Tests Required to Determine Performance
of Motor.

HE performance of a motor—ie.,
I the relationship between the out-
put, speed, input, efficiency—-may
be determined either divectly, by loading
the motor with a brake and measuring
the torque, speed and input; or indirectly,
by determining the losses by means of
no-load tests and caleulating the output
corresponding  to a given input.  The
direct, or brake, method should ahways
be emploved whenever possible, as the
accuracy  obtainable with the indireet
method is not alwayvs of a high order
owing to the actual losses on load being
different from the calculated losses.

Apparatus and Equipment Required for
Brake Test.

In addition to a suitable source of

supply and suitable electrical measuring

instruments. a brake and testing stand
ix required, together with means  for
measuring the torque and speed.

Types of Testing Brakes.

The furction of a testing brake is to
applyv a retarding torque (which can be
measured accurately) to the armature
shaft of the motor. This torque may be
obtained by either mechanical or hvdraulic
friction or by electrical methods, viz., by
rotating in a magnetic field a svstem of
conductors forming closed electric circuits,
Mechanical  friction  brakes are usually
emploved with small motors because they
are casily and cheaply applied, and do not
require external sources of energy, such as
water (for the hydraulic brake) or clec-
tricity (for the electrie brake).

Mechanical Friction Brakes.
With these brakes the retarding torque
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1= produced by the friction of a cord, rope,
band or brake blocks on the periphery of a
pulley or drum fitted to the armature
shaft.  The frictional force is measnred
by spring balances or weights and the
torgue is caleunlated from the product of
the frictional force and the radius of its
application,

+

2

Fig. 2.

The counter dial is

armature shaft.,

For fractional-h.p. motors a cord or
small rope will give sufficient friction, but
for larger motors a band or brake blocks
mst be used. A water-cooled pulley or
brake drum is necessary for motors above
3 h.p. if tests are required over a range of
loads.

The Brake Drum.
The diameter of the pulley or brake
drum is important. If it is too small,

DUTERMINING THE SPEED OF A FAN MOTOR BY
MEANS OF A COUNTER DIAL AND STOPWATCH.

the type used on house service
meters and is driven by a light spring counected to the

TESTING SMALL D.Co AND A.C. MOTORS

excessive pressure between the brake band
and the pulley will be necessary, which
will cause overheating of the brake drim
and band.  On the other hand, if a large
diameter brake drum is nsed with a small
fractional-h.p. motor, the frictional force
necessary to load the motor will be so
small that difficulties will be enccuntered
In its measurement.

Practical Details.

A brake drum 2 inin diameter
gives  good  results  with  small
fractional-h.p. motors: a 3i-in.
drum is suitable for 1-h.p. motors
and a 6- or 7-in. drum 1s suitable
for 1-hop. motors.  For 2-3-h.p.
motors, running at speeds between
1,200 and 1,500 r.p.n., the brake
drum should be about 8- inches
in diameter, For 5-hop. motors
4 10-12-in. water-cooled drum is.
NeCessary.

The smaller drums should have
shallow  flanges to prevent the
cord, rope or band sliding axially
oftf the drum.  The larger water-
cooled drums are not flanged, as
the brake blocks for these drums
are Ntted with check plates to
limit the axial movement of the
blocks on the drum,

Brake Cord and Rope, Practical
Details.

IF'or small fractional-h.p. motors
(,",-h.p.y acord about g-in, diam-
eter wrapped once round the 2-in.
brake drum is very satistactory ;
and for a j-h.p. or }-h.p. motor
a ,-in, diameter rope wrapped
once ronnd a 3-in. or 3%-in. brake
drum is very satisfactory,

Brake Bands, Practical Details.

For larger outputs a band extending
over half the circumference of the brake
drum gives satisfactory results. .\ piece
of z-in. by 1-in. canvas belting is suitable
for motors of 1-2 l.p., and a picce of
3-in. by %-in. canvas belting on a g-in,
drum is suitable for a 3 h.p. motor. In
place of the canvas belting, a band of
IFerodo or other specially prepared friction
brake material may be used, but in this
case the thickness of the band should not
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exceed J oin, and
the diameter of the
brake drum should
not be less than N g
inches,  as  these
materials are not so
flexible as the
canvas belting.

A Durable Brake
Band.

Excellent  results
have been obtained
over extended tests
on 1-2-lLp. motors
using a IFerodo band
2 inches wide and

,-_ thick on «a
o-in, dry brake
drum. This FFerodo
band was found to
be muech more
durable than similar
bands of canvas
belting owing to its
ability to withstand
heat, whereas with
brake bands of
canvas belting  the
heat produced by
the friction of the
band on the brake
drum chars the
fibres, and  the sur
face of the band
soon hecomes glazed
and brittle.

An wdeal brake
band  for 1-3-lup.
motors would con-
sist of a canvas band
2-3 in. wide and
about % in, thick
with a FFerodo lining
(next to the brake
drum) about &-in.
thick.

% in

Fig. 3.-—-Rore

the scale pan.

nieter.
An Important Point.

An important point when nsing canvas
and Ferodo brake bands is that the surface
of the brake drum must be dry and free
from grease and oil.

Brake Blocks, Practical Details.
Wooden brake bloeks are used on the

DBraklE AND TESTING Spaxn ror TesTiNG
.. MoTors,

The rope about 4 inch in diameter) is wrapped onee round the groosed
prlley, one end be'ngatached to the spring balanee and the other end to

AND AC MOTORS 1203

FRACTIONAL

The motor on test is a L-hop. <single-phase motor. and the
nicasuring instruments include a voltmeter (lefty, an ammeter and a watt-
The speed is measured by o tachometer,

brake drum for motors of 5 hop. and
above.
For a 3-hp. motor and a  r2-in

brake drum, about eizht blocks each about
3 inches square and about § to 1in, thick
are satisfactory,  The surfaces of the
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blocks are shaped to fit the drum, and
cach surface has two shallow diagonal
grooves for holding grease.  The blocks

may be fitted to a band of thin sheet steel

TESTING SMALL D.C. AND A.C. MOTORS

frictional force between the brake band
and the brake drum depends upon the
pressure between the band and the drum,
In brakes where the band covers only
one half of the circum-
ference of the drum the
pressure is varied by
applying a tension to the
tight side of the band.
When the band is applied
to the underside of the
brake drum the required
tension is obtained by
means of a handwheel
and screw, as shown in
Fig. 4. But when the
band is applied to the
upper portion of a bracket
drum, the tension is
varied by changing the
weight attached to the
tight side of the band,
With Dbrakes in which
a cord or rope is wrapped
once round the brake
drum, the frictional force
is varied by altering the
weight or force applied
to the tight side of the
rope, as explained in the
following section.

How the
Measured.
The speed of rotation of
the armature in revolu-
tions per minute must be
measured accurately, as
any error in the measure-
nient of the speed affects

Speed is

directly  the  caleulated

output, since the latter

Fic. 4.~ BaND BRAKE AND TESTING STAND ForR SyMaLL MoTor., s ])1-(,})0111()11;11 to  the
The ends of the brake hand are attached to spring balances whichy pru(luct of S})(‘(‘(l and

measure the tensions in the tight and slack sides.

The motor on test is a 2-h.p. three-phase inducticn motor, and
the measuring instruments include a volimeter, an ammeter and a

double (polyphase) wattmeter.
to encirele the brake drum, and the ends
of this band may be fitted with lugs, with
a bolt and nut for adjusting the tightness
of the blocks on the drum.

How the Torque is Varied and Adjusted.
With all mechanical friction brakes the

torque,

Various speed-measuring
instruments are shown in
Iig. 1.

Revolution Counter.

On the left in Iig. 1 is a Starrett
revolition counter.  The rubber-tipped
spindle (which is lightly pressed into the
shaft centre of the motor) is worm geared
to the central bevelled disc, which makes
one revolution for each 100 revo-
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lutigns of the spindle.  The portion
of the frame surrounding the disc is
divided into 100 parts and an index mark
on the disc enables the number of revolu-
tions to be read. The revolution counter
must be used in conjunction with a stop
watch, and the best procedure is to time
a given number of revolutions. To reduce
the magnitude of any errors, the period of
the timing should not be less than a minute.

Stop Watch.

The stop watch shown adjacent to the
revohition counter in Fig. 1 is a special
type developed by Venner Time Switches
for testing purposes. The large hand
makes one complete revolution in 10
seconds, and as the dial is divided into
100 divisions, very accurate timing is
possible.

Such methods of speed measurement,
however, are useless when the speed is
fluctuating, and in these cases a tachometer
or speed indicator must be used.

Tachometers.

These instruments have a  tlyball
mechanism geared to the driving spindle
(which is inserted in the shaft centre of
the motor), the movement of the balls
causing the pointer to move over the dial
and give the speed directly. Such instru-
ments must be calibrated by reference to a
standard instrument, and the calibration
should be checked from time to time, as
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wear of the internal parts is liable to cause
errors in the indications.

Two forms of tachometer are shown in
Fig. 1. The one in the centre of the
illustration has a change-speed gearbox
giving three speed ranges ; the one on the
extreme right has two spindles giving two
speed ranges.

Synchronised Revolution Counter and
Stop Watch.
This instrument is shown in Fig. 1

between the two tachometers. The left-
hand dial is a stop watch, and the right-
hand dial is a revolution counter, with
extra dials for recording hundreds and
thousands of revolutions of the central
driving spindle.  This spindle is normally
disconnected (by means of a spring and
clutch) from the worm of the revolution
counter, but when it is pressed into the
shaft centre the worm is engaged and at
the same instant the stop watch is started.
The withdrawal of the spindle from the
shaft  centre causes the simultancous
stopping of the watch and revolution
counter.  Thus very accurate readings of
speed are possible, even over brief intervals
of time, such as 10-15 seconds, as the
human factor (which is associated with the
use of a separate revolution counter and
stop  watch) eliminated.  Such an
instrument very useful for general
testing and for checking the calibrations
of tachometers.

13
18

TaBLE .—LoG oF TEST READINGS ON A BRAKE TEST OF A 2}-H.P. D.C. SHUNT-WOUXND MOTOR WITH
THE TESTING BRAKE ILLUSTRATED IN FI1G 4.

Brake Tensions.

Volts. Line Amperes. Speed by - — -
‘Tachometer Tight side (T)) Slack side (T,)

(r.p.m.). (Ib.). (Ib.).

105 3.5 1,200 o o

105 5 1,200 41 1}

104 8.5 1,180 13 4}

103 11.5 1,100 18 53

102 13.5 1,140 221 0}

100 15.5 1,130 254 74

100 17.5 1,128 284 31

100 20 1,120 32t 83

99 22.5 LS 30t 9

[318) 24 1,110 30 10

gS 27 1,100 grd 10}

98 20 1,005 44 10}

Note.~—The method of correcting the readings to correspond to o constant supply voltage will be dealt with in an article o

“+ Calculations relating to D.C. and A.C. motors,
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TasLe IL.—Loc or
MoTOR FROM VACUUM CLEANER,

TESTING SMALL D.C. AND A.C.

MOTORS

ACTUAL READINGS ON BRAKE TEST OF 200-VOLT UNIVERSAL SERIES-WOUND
A.C. TEST AT 200 VOLTS, 50 CYCLES,

Brake. Speed.
Weight Tension in | Revolu- Time ; Calculated '
Volts. applied slack tions by revolu- Watts. | Amperes.
to brake side of by stop tions |
cord brake cord  counter, watch per
(ib.) (Ib.). I (sec). minute. I
200 1.75 o 1,533 19.4 4750 | 237 1.33
200 1.05 o 1,508 19 l 4,950 230 1.28
200 1.55 o 1,620 18.7 5,200 [ 224 1.24
200 .45 [ 1,812 19.0 5.550 | 218 1.2
200 1.35 o) 1,504 19.8 5,060 212.5 | 1.17
200 B o5 O 1,932 19.2 0,050 2035 I 1,13
200 .13 o 2,150 19.4 6,650 200 1,09
200 1.05 0 2,375 20,6 6,900 194 [ 1.03
200 0.05 0 2,230 13.5 7,240 188 t 0.99
200 0.85 o 2,408 19 7,780 180 | o0.94
200 0.75 0 2,980 21.5 8,300 173.5 | 0.0
200 0,03 o 2,930 19.5 9,000 105 0.85
200 0.55 o 4,720 29.8 9,440 155 0.81
200 0.45 o 3,120 19.2 10,050 140 0.75

Precautions Necessary When Measuring
Speeds of Very Small Motors.

I measuring speeds with any of the in-
struments shown in Iig. 1 therubber-tipped
driving spindle must be pressed into the
shaft centre to obtain  sufficient  grip
between the former and latter to prevent
slipping.  Thus an end thrust is applied
to the motor armature,

With a sleeve-bearing machine of very
small output the additional friction caused

FaprLe ITL—Lod or Acrrar ReapiNngs oX BRAKE TEST oOF
Mortor FroM Vacruar CLEANER,

by this end thrust, together with the
power required to drive the revolution
counter or tachometer, may add an
appreciable load to that alred wly applied
by the brake. Thus both the speed and
the input corresponding to a given brake
load will be in error. Tests have shown,
however, that with the careful use of a
tachometer and a light pressure, a close
approximation to the actual speed may be
obtained.

200-VOLT UNIVERSAL SERIES-WOUND
D.C, TesT at 200 VOLTS.

Brake. Speed.
Volts. Weight Tension in | Revolutions | Time by Calculated Amperes,
applicd to 1 slack side of by stop watch | revolutions
brake cord | brake cord counter. ’ (sec.). per minute.
b.). {Ib.). [

200 1.75 o 1,880 19.1 5,900 1.12
200 1.65 [¢] 1,990 19.4 0,150 1.09
200 1.55 [o} 2,000 1.0 0,310 1.06
200 1.45 o 2,085 19.4 0,450 1.03
200 1.35 o 2RRHO) 10.1 0,920 [ 1.0
200 1.25 o 2,320 10.0 7,100 0.96
200 I1.15 [o] 2,355 19.0 7,200 | 0.92
200 1.05 o 2,625 19.9 7,920 | 0.8%
200 0.05 o 2,060 19.7 8,120 0.85
200 0.85 o 2,810 10.7 | 8,550 | 0.8
200 0.75 o 2,955 19.7 9,000 [ 0.77
200 0.05 o 3,100 19.1 9,740 0.73
200 0.55 (o] 3.250 19.5 10,000 0.04
200 0.45 o 5,322 30 10,044 0.605
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weights  to give the required pressure
between rope and drunt. The end of the

‘Special Methods of Measuring Speed.
Other methods of measuring the speed

in such cases are:—(1) by means of g
high grade dial counter (such as are fitted
to house service electric supply meters
and a stop watch; (2) an optical method,
e.g., by means of a stro-

boscopic dise and a
vibrating  viewing  slit
having a  known and

constant period of vibra-
tion.

Fig. 2 shows the appli-
cation of the first method
to a desk fan motor.  The
spindle of the *“ tenths ”
dial is coupled to the
armature shatft by a light
spring  which  does not
apply any end thrust.

The  optical  (strobo-
scopic) method is the only
method  of  measuring
speed  withont applying
a load to the motor, but
it requires a skilled obser-
ver and its application is
more suited to the
laboratory  and  experi-
mental test room rather
than the workshop.

Example of Rope Brake

for Fractional HP. =«
Motors.
Fig. 3 illustrates a

simple brake and testing »
stand  which has given |
very satisfactory service !
in the testing of fractional- ¥
hop. motors. The testing
frame is built up of flat
bars and angle iron, and E
a block of wood is secured 7% 5
to the base of the frame
to act as a base plate
for the motor, which is
fixed to the block by
screws or bolts,

The rope (about % in. diameter) is
wrapped once round the brake drum;
the upper end is attached to the spring
balance snspended from the top cross-bar
of the frame and the lower end is attached
to a scale pan in which are placed various

WATER-COOLED
The blocks are fitted to a sheet steel band and the pressare is
adjusted by the screw bolt.
is measared by the spring balance.
Water is poured into the brake drum ai the front as required.

rope to which the scale pan is attached
must be the fight side, and the direction
of rotation for the arrangement shown in
Fig. 3 must, therefore, be clockicise when

Brake DLOocKs.

Sdnita

BrakE witH WooDEN

The frictional drag on the brake blocks

viewed from the Dbrake end. ie., the
{riction between the brake drum and the
rope tends to lift the scale pan.

The force balancing the retarding force
due to friction is cqual to the difierence
between the tensions in the tight and
stack sides of the rope.  The tension in the

4
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tight side is equal to the weight in the
scale pan ; that in the slack side is equal
to the reading on the spring balance.

Typical test readings are given in
Tables I1 and 111

Example of Band Brake for Small Motor.
Iig. 4 illustrates a simple arrangement
The

of a band brake for a small motor.

TESTING SMALL D.C. AND AC. MOTORS

fitted to a band of sheet steel. The ends
of this band are fitted with lugs, and also
a bolt and nut for adjusting the pressure
between the blocks and the drnmi. The
balancing force is measured by a spring
balance which is attached to a rope passing
ronnd the band and terminating at a hook
on one of the lugs.  The direction of

rotation for the arrangement shownin I'ig. 5

\/

/ p A

Fig. 0—AN ALL-ELECTRIC TESTING BRAKE.
This tvpe of brake has many advantages over mechanical friction brakes.

dises which rotate in the magnetic ficld of a multipolar electromagnet.

It consists of two copper
The torque is adjusted by

varying the excitation (as shown) and is measured by means of a weight and graduated vard-zrm.

brake drunr is 7 in. in diameter and the
band is a picce of canvas belting 2 in. wide
and % in. thick, Small iron plates are
riveted to the ends of the band for the
purpose of connecting the band to the
spring balances which measure the tensions
on the tight and slack sides.  The spring
balance connected to the tight side must
be suspended by a screw bolt in order
that the pressure between the band and
the brake drum may be adjusted.

A typical sct of readings is given in
Table 1.

Example of Water-Cooled Brake.
Fig. 5 illustrates a water-cooled brake
drum with wooden brake blocks which are

must be clockwise when facing the brake.

The brake drum has a solid back web
and a deep front internal flange, so as to
provide a receptacle for water.

When running a test, cold water is
poured into the drum from time to time.

For a prolonged test on a 3 hop. or
Jarger motor, the brake drmm requires a
continuous  supply of cold water, and
means for extracting the hot water. The
latter is effected by a scoop, whicl should
be placed approximately opposite to the
cold water inlct pipe.

Example of Electric Brake for Small
Motor.
Fig. 0 tillustrates an  clectric brake
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