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PRACTICAL ELECTRICAL ENGINEERING

IMPORTANT

EDITORIAL ANNOUNCEMENT

DURING the progress of this Work the Editor has received

many requests from readers for information on various
subjects not included within the original scope of the work.
Here are a few typical questions :—

“ What are the practical methods used for recording sound
electrically ? ”

“ How is the frequency of an electricity supply synchronised
so that electric clocks can be run from the supply mains? ”

“ Why is power factor correction apparatus necessary 27

“ How can I qualify for membership of the Institution of
Electrical Engineers ? ”

“] have a small electrical contracting business. Is there
any trade association which I can'join?”

“ ] want to design a large amplifier for a concert hall. Can
you give me practical details ? ”

“ Can you tell me if there are any Board of Trade Regula-
tions governing the use of electrical machinery in a spinning
mill 2 ”

“ Will you please supply tables and data which will enable me
to design transformers of different outputs, say, from 10 volt-
amperes to 1,000 volt-amperes ? ”

1 should be very interested if you could publish any basic
rules governing the design of dynamos and motors.”

In view of the numerous requests received and the variety of
subjects suggested for treatment, the Editor feels that he will be
meeting the general wishes of readers in expanding the Work to
incorporate most of these subjects. He has, therefore, decided to
to complete the Work in 40 parts, which will permit him to deal
with the wide variety of new subjects suggested, thus enhancing the
usefulness of the complete Work.

Further particulars will be published in next week’s issue.

GEORGE NEWNES, LTD.
8-11, SOUTHAMPTON STREET, LONDON, W.C.2
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g, 6.—\ Drokex MacuiNe Fras
This part is hroken, as may be seen, and it is shown prepared for repairing by welding, (Metrop

e

g —The MacuiNg FRAME REPAIRED BY ARC WELDING.

The frame sl.own in Iig. 6 is here seen completely repaired by arc welding.  These two illustrations

show the saving which may be etfected in maintenance by the salvage of damaged parts by are welding.
(Metropolitan-Vickers.)

A
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“Megger " reading

is taken. After
drying  out as
directed in the

above - mentioned
article, the parts
should be var-
nished or en-
amelled before
being put into
service,

When Any Part
Shows Damage.
1f, upon in-

spection, any

mechanical
damage or ex-
cessive  wear  is
noticed, steps
should be taken
immediately
to have the part
repaired or to ob-
tain a new one.
The various types
of mechanical
damage and the
degrecs of  same
are o iverse that
no ruling can be
given here as to
what is better re-
placed and what

Fig. 8 —MEASURING THE AIR GAP OF AN INDUCTION MoTor.
This operation is an essentiai part of the maintenance procedure and must
always follow reassembly. Theoperator isshownusing a long fecler gauge which
is inserted through the speciaily provided plugged apertures in the motor end

bracket.

for measuring fine air gaps.

motors on pages 717 and 718, Since it is
probable that the rotor insulation will be
similarly lowered due to moisture, it is
good practice to dry out both stator and
rotor together and this should be dene
in every case where the stator resistance
is found to be low; the insulation being
undamaged, dry and clean when the

Two of the gapping plugs are shown removed.
Vickers.) Inset,aspecially longand narrowtype of feeler gauge which issuwitable  }ye
(Martindale Llectiic Co., Ltd.)

better repaired,
but it can be said
that many parts
which a few vears
ago would have to
be scrapped are
now given a new
lease of life Dby
means of welding.
This process can
applied with
equal success to
cracked  castings
and to worn shafts and it will pay to
consider its use before deciding to scrap
a part.

When the Insulation is Damaged.

1t will sometimes be found that the
insulation on one or other oif the motor
windings has been damaged, and sometimes

(Metrapolitan-
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slight damage is done accidentally during
dismantling ; in certain cases also a
terminal base or bar, or some detail of the
brushgear, may have suffered damage
to its insulation. When the part is a
composition moulding, a simple tube
or a strip of insulating material, it is best
to fit an entirely new insulation rather
than attempt a repair, but in those cases
where damage has been done to end wind-
ing or coil insulation a quite satisfactory
repair can often be etfected by carefully
lifting the damaged wires and applying
fresh  insulation.  This new insulation
shonld be of the same material and not

Iig. 9.
This solid bearing bush shows the oil ring groove and lubricating

passages.
replaced since it cannot be relined.

less than the same number of lavers as
the original damaged insulation ; it should
be carefully applied, due care being
directed to keeping each layver (of tape,
for instance) tight, and when the repair
is completed the new insulation must be
liberally soaked with the insulating varnish
previously  mentioned and the whole
repaired part dried out until the varnish
is hard. The insulation resistance must
then be measured, and if it is up to the
specified figure the part mayv go into
service again.  If the insulation is still
low, an inspection for further damage
should be made, and if necessary the
machine should be rewound by its
maker,

THE PnospHorR BRONZE BEARING OF A SMALL MOTOR.

When a detail of this type is excessively worn, it must be
(Metropolitan-1ickers.)
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The Question of Repairs.

It should alwavs be borne in mind
that a machine repaired by the maker is,
to all intents and purpoeses, equal to a
new motor, and it will certainly pay to
have a complete rewind in preference
to a series of breakdowns and patchings
up with consequent loss of operating time.
Repairers other than the original motor

manufacturer - should not, in  general,
be relied upon, although there  are
a  foae very  excellent  and  capable

repair firms. In any case, the jobbing
repairer s to Dbe  avoided if “at all
possible.

When Ordering Replace-
ment Parts.

When it is decided
that a part cannot be
satisfactorily repaired a
new one must be ordered
from the manufacturers
and  when doing this,
care should be taken to
quote in full all the par-
ticulars  given on  the
motor name-plate. I
this is done and a clear
description given of the
part which is required,
there  will  be little
diffienlty or delay in the
despatch of the replace
& detail, providing, of
course, that the motor is
of a standard type. If
the name-plate details
are not given the manufacturer will nearly
always write asking for them and this may
mean a delay of at least three days.

Reassembling.

After all the parts have been cleaned,
and when it is ascertained that they are
all in good order and repair, reassembly
can proceed.  As in the dismantling stage,
excessive force and hammer blows are
to be avoided and a suitable driver should
always be emploved when a hammer is
used 5 no ditheuity should be experienced
in the purely mechanical refitting together
of all the parts and when this has been
accomplished all internal leads and cables
should be replaced on the terminals which



1350

they  originally  occupied.  Great  care
should be taken regarding this, otherwise
there will be trouble when the restarting
stage is reached.

Test the Insulation Again.

When the motor s reassembled, the
insulation should be tested again and it
should not be less than 75 per cent. of the
Table 1 values previously mentioned.
This ficure will be easily attained pro-
viding the foregoing notes have been
followed, and when it has been ascertained
that this is so, we may now check the air
gap.

How to Check the Air Gap.

This shonld alwavs be done after re-
assembly, and, as has previously Dbeen
mentioned, it shonld form part of the
routine monthly maintenance. A\ special
narrow and long feeler gauge is the best
tool to employ in making this measure-
ment and the plugged apertures which are
provided in the end brackets of most makes
of motor shonld be used to give the feeler
access to the gap. 1 it is found that the
length of air gap at one point is less than
three-quarters  of  that  diametrically
opposite, the machine should be inspected
for lack of aligmment in the end brackets
or hearing housings.  The inequality of the
air gaps may also be due to the bracket
fixing screws being loose, or the bearings
may be worn.  Steps must be taken to
correct  the discrepancy and  eliminate
its canse, and the motor should not be
set to work until the mininum air-gap
length is not less than go per cent. of the
value of the maximum. 1 this is neg-
lected, rubbing between stator and rotor
may ocenr and this will cause extensive
damage.

Putting Back to Work.

Taving attended to all of the above
points. we may now place the motor back
in work with every confidence that it
will perform satisfactorilv.  Before start-
ing up, make sure that the drive is running
freely and is in good alignment, that
the connections are correct, and that all
brushes are in contact with and well
bedded on to their commutator or slip-
rings.  The reader is referred to *“ Installa-
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tion and Ereetion,” page 715, for full
details of the precautions which should be
taken when starting up a motor for the
first time ; these precautions also apply
after the annnal maintenance inspection,

Summary of Annual Maintenance Pro-
cedure.

The rules given above for the annual
maintenance  inspection  may  now  be
brietly summarised as follows:

(1) Dismantle without using excessive
force and without Lammer blows, if
possible ; do not open up bearing housings.

(2) Clean every part, removing all dust,
oil, grease and dirt; use blewer, com-
pressed air blast or bellows tegether with
brush to remove all dust from winding
interstices and ventilating ducts,  Com-
plete removal of dirt and clearing ol
ventilating passages is most essenlial.

(3) Inspect all parts for damage or wear,
and repair or replace as necessary.

(1) Mcasnre msulation resistance and
stove, if necessary, until correct insulation
iz obtained.

(5) Repair insulation if necessary and
thoroughly varnish and dry any repaired
coils.

(0) Re-enamel or revarnish all - end-
windings and internal parts except stator
bore, and rotor outside iron surface ;
dry thoroughly.

(7) Reassemble without using excessive
force or hammer blows ; cnsure that
machine leads are on correct terminals and
that cverything is well tightened up.

(8) Retest the insnlation.

(9) Check the air gap.

(10) Check all connections, cte., and
apply the same rdes as for the initial
starting. 1f all is correet put the motor
back to work.

Control Gear.

We have now dealt with most of the
problems which will arise in connection
with the cleansing of the motor and its
routine maintenance, and it only reinains
to refer to those details which require
special attention, such as brushgear and
bearings.  Before we leave the qguestion
of the routine maintenance, however, it
should be stated that any control gear
should be inspected and maintained at the
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same time as the motor receives attention,
All contacts and connections must be kept
clean and tight and the gear mmst be kept
free from dust and dirt, Trip gear should
be operated once a week to ensure that it
remains free ; arcing at contacts mmst be
reduiced to the absolute minimmm  and
the oil i all immersed gear should be
filtered, centrifuged, or entirely replaced
from time to time depending upon the
amount of operation and service which the

Iig. 10,

This bearing is of the split type lined with babbitt metal
It is intended for & heavy
duty mill motor and is split in halves across a hovizontal
halves are held together by the
serews underneath the oil guard and an evebolt is provided
split - frame.

and is sunitable for relining.

diameter. The two

for lifting the arwature out of the

(Metropolitan-1Vickers.)

vear is called npon to perform. The
control gear makers shonld be consutted
for definite details,
BEARINGS AND LUBRICATION.
There are two types of bearing whicli we
nmst consider, viz., sleeve bearings and
the ball and roller type.  Sleeve bearings

A Waite Meran LaNed BEARING.
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are not so comnonly cmployed nowadays,
and, except for certain drives under pecn-
Har conditions, ball and roller bearings
hold the field so far as industrial motors
and generators are concerned ; we must,
however, consider both types and  the
older variety will be dealt with first,

Types of Sleeve Bearing.

Sleeve bearings consist of a bush made
of some type of anti-friction metal which
is accurately fitted to the shaft
and which is lubricated to prevent
over-heating and seizure.  In the
smaller  tvpes  of  bearing  the
bearing bush is usually made of
brass or phosphor bronze, and
die-cast white metal is sontetimes
employed 5 these forms are usual
in otors up to about 20 h.p.
output : above this figure a cast-
iront shell lined with white metal
or babbitt is cruployved, and when
the shaft diameter is over about
3 to 4 in. the bearings are usually
split across a horizontal diameter
into upper and  lower halves,
Whichever construction is adopted
the aim of the maintenance en-
gineer is to keep the bearing well
lubricated  and  as  free  from
friction as possible.

Lubrication.

The 1ost usual method  of
hibrication for sleeve bearings on
clectric motors is by rings running
on the shaft and dipping into a
well of oil 3 rotation of the motor
shaft causes the rings to revolve
and to pick up a certain gnantity
of oil and convey same to the
shaft and Dbearing bush.  The
maintenance of this type of bearing
consists it keeping the ol well
replenishied  with - fresh clean
lubricant and ensuring that the
rings revolve and eonvey sufficient oil to
the bearings.  The lubricant used should
be of good quality and most of the large
oil refimers list a grade of *dynamo
oil " which will be suitable, althongh a
somewhat heavier oil than this grade may
be necessary when the local temperature
is high.
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bearing.

by the overflow.  Metropolitun-Vickers.)

Beware of Grit.

It is essential that the beasings and oil
wells be kept clean and free from dirt and
grit, and special care should be taken that
the oil is quite clean and free from any
suspended matter. The oil wells should be
filled to the correct level as shown by the
oil gauge or overflow ; an excess of Inbri-
cant will creep along the shaft and may be
thrown on to the windings ¢r brushgear,

FILLING A BEARING OIL WELL.
Note the drain pipe on the left and the oil gauge on the right of the pedestal

The oil well shon’d be filled to the level as shown on tle gauge ar

AND MAINTENANCE OF ELECTRICAL MACHINES

This should be
avoided since it
may cause a bad
breakdown,

Clean the Bear-
ings Annually.
At the time of

the annual over-
haul the bearing
shells  and ol
wells should be
cleaned out,
being swilled
with pgtr()l tore-
move all old oil,
and fresh oil
should be  sup-
plied ; the rings
should be inspec-
ted to ensure that
they are running
freely and that
they are picking
up plenty of oil.
The surface of
the shaft and the
bore of the bear-
ing shell should
show no signs of
rubbing or scor-
ing but should
be highly
polished and
smooth,

Another Method
of Lubrica-
tion.

Some small
motors are fitted

with  “oil and
waste”  lubri-
cated  bearings,

and in this case,
as  the  rame implies, oil  soaked
textile waste is used to effect the lubrica
tion.  Motors having this form of Tubri-
cation will be supplied with the bearing
housings already  packed with waste,
but it is good practice to replace the waste
every tlmv vears and for this purpose
agoodquality woollen waste should be used ;
this should be packed closely round the
bearing bush and into the grooves in
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same through which the shaft is visible.
Poor quality wool waste or cotton waste
soon becomes “* soggy ”’ and settles down
away from contact with the shaft, giving
rise to lack of lubrication and bearing
trouble. Before packing the housing the
waste should be soaked thoroughly with
oil, and immersion for about 48 hours in
“dynamo  oil " will give satisfactory
saturation. The surplus oil should be
allowed to drain from the waste for about
12 hours before the bearing is packed.

Maintenance of Waste and OQil Lubricated
Bearings.

The bearing should be inspected cach
month to ensure that the waste is carrying
sufficient oil to give satisfactory lubrica-
tion, and if it appears rather dry a small
quantity of oil should be poured on to
same at the points where it makes contact
with the shaft. It is only necessary to add
a little oil—junst sufficient to saturate the
waste which is in direct contact with the
shaft—and care should be taken not to
flood the bearing.  Every year this tvpe
of bearing should be inspected for scoring

Fig. 13.—A SpLIT BrarRING HALF SHELL ST
Up FOR RELINING.

The clamps, angle plate and sheet iron mandrel

are here shown. Clay scaling should be applicd
to corners A and the molten babbitt should be
poured between shell and mandrel as indicated.
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BrariNtG SHeLL axp ITts

12.—A SoLlD
MANDREL.

The bearing shell should be mounted with,
and clamped to, the mandrel as shown, and
the corner A between the bottom of the shell
and the collar should be sealed with clay to

Fig.

prevent the escape of the mwolten babbitt.
The metal should be poured into the space
indicated until it stands above the top of the shell.

or wecar, as has been described above for
ring-lubricated bearings,

When the Bearing is Worn.
If it is found, at the annual inspection,
that :—

(4) The bearings and shaft are rough
or scored ;

(B) There appears to be excessive
“play,” “lift,”” or clearance between
the shaft and bush ;

(¢) The air gaps cannot be made equal,
although all parts are tight and truly
in place ;

then the bearings require relining or
replacing.  On small sized motors with

phosphor bronze, brass or die cast white
metal bushes the complete bearing should
be replaced and new bushes should be
obtained from the manufacturer for that
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Fig. 14.—TESTING THE TEMPERATURE OF MOLTEN 1BBABBITT.

The operator is shown gauging the temperature by the svood strip method.
Note the used strip of waod on the right-hand side of the melting pot and the
tMetropolitan-Vickers.)

pyrometer head on the Jeft.

puarpose.  When the shaft is scored it will
be necessary to true it np and to give
it a smooth surface with « high polish ;
this may be done in a lathe, due care being
taken to keep the shaft bearing parallel
and free from ridges, and when tre truecing
up has been completed the shaft dianieter
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at the place
where the bear-
ing  bush fits
should be
measured by
means of a micro-
meter, the dimen-
sion obtained
being passed for-
ward to the
maker of the
replace  bearing
bushes so that
details having
the correct di-
mension for a
good bearing fit
may be supplied.

Large Bearings.
When the
bearing bushes
consist of cast-
iron shells lined
with babbitt, re-
metalling should
only be attempt-
ed when proper
equipment and
an  experienced
fitter is available.
When this is not
so the bearing
bushes should be
returned to the
motor maker for
relining, al-
though in certain
cases where re-
turn is  impos-
sible local repair
firms or general
engineers can be
relied upon to
make a good job,
The firm must,
however, be
chosen with dis-
crimination. In those cases where it is
decided to reline the bearings on site the
following notes should be observed.

Rebabbitting the Bearings.

The old white metal must first of all be
melted out of the bearing shells and the
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tinning  of the
insides of the
shells should
then be inspected
to cnsure that
it is clean and
adhering pro-
perly. While the
shell is still hot
(after the old
babbitt has rn
out), ,the tinning
should be
swabbed with a
rag dippedin flux
and if 1t is found
that any portions
of the interior
of the shell are
bare where they
should be tinned,
special care must
be taken to com-
plete the coating
of solder (or tin),
since, without
this, the lining
of bearing metal
cannot adhere
and trouble due
to a loose lining
will result.

The Correct Flux
and Tinning
Alloy.

In those cases
where the tinning
has to be atten-
ded to a good
quality *“Tin-
man's Solder” of
at least 50 per
cent. tin content
must be em-
ployed. and it will
be found that this alloy will give satisfac-
tory results providing the shell is kept at a
good soldering temperature and the correct
flux is used. A suitable flux may be made
by dissolving zinc shavings in hydrocliloric
acid, or ** spirits of salts,” until ail bub-
bling ccases. The mixture shounld then
be strained to remove all small pieces of
zinc and the resulting zinc chleride, or

tion.

Fig. 15.

The lining of a half bearing is being poured here.

feeding holes and the specially spouted ladie.

alternative to that shown in Fig. 13 and 3s suitable for shop produc-
(Metrapolitan-Vickers.)
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PoUrriNG A Hary BrarinaG.

Note the clay around the
The tvpe of mandrel is an

“ killed spirits,” will be fcund to give very
good fluxing.  In certain cases, powdered
sal-ammeniac will be found advantageous,
especially when the bearing shell is oily
and stubbern in tinming. It may be said
that the fuxes mentoned  will cover
nearly every case although proprictary
fluxes will give equally satisfactery results
jroviding they are not greasy.
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Ring the Shell.

After all superfluous tin has been wiped
off the shell faces, leaving a smooth bright
sitvery coating, and when the shell is cold,
it should be suspended in the air by means
of a piece of string or wire and when it is
so suspended it shoudd be struck sharply
on the outside with a mallet or hammer to
ascertain if it ** rings true.”  The ring of a
bearing is the only indication of whether
or no the babbitt lining is adhering pro-
perly, and unless the bearing rings properly
before it is lined with babbitt it is clear
that it cannot do so afterwards.  Iro-
viding the shell rings true, we can proceed ;

16.—UsiNG THE HOUSING As ParT oF THE
WITHDRAWAL GEAR.

Note that the bearing nut has been removed.
The bearing will come away easily if nuts B-13
are tightened equally, but it will bind and the
housing may break if the nuts are not tightened
to the same extent.

Fig.

otherwise an inspection for cracks or flaws
should be made, and if any are found a
new shell should be employed, the faulty
one being scrapped since it 1s dangerous,

The Mandrel.

Having now obtained a perfectly tinned
and true-ringing shell, which, by the way,
should be quite clean and free from oil,
we must consider the provision of a suit-
able mandrel, and this may be made of
steel or iron rod or tubing, or sheet iron,
depending upon  the dimensions of the
bearing and whether it is a solid bush or of
the split type. For one-piece bearings up to
about 4 in. shaft diameter a mild steel
bar or tube is usually used, turned and
polished on the outside surface and tapered

CARE AND MAINTENANCE OF ELECTRICAL MACHINES

about }-in. in diameter per foot of length.

A mandrel of this type must be securely
clamped on end to a faceplate, or a large
collar may be placed over the lower end
to form a base for the metal lining. The
mandrel for the half shells of a split
bearing may consist of a cylinder of suit-
able diameter, split in half along its axis,
the half eylinder being clamped to a plate
which will form shoulders on which the
sides  (splitting surfacesy of the bearing
shell may rest. The half eviinder may
be solid but it is more usually made from
sheet iron or boiler plate bent to the correct
shape.

It should be clamped to the inside surface
of a right-angled bracket as shown in the
sketeh and the base of the bracket will
then serve as a casting surface for the lower
end of the bearing.  The dimensions of
mandrels of both types should be about
} . less in diameter than the shaft for
which the bearing is being relined and the
mandrel must project about 2 in. above the
top of the bearing shell ; suitable clamps
must be provided so that the bearing shell
may be rigidly secured and held during
both pouring and cooling.

Preparing to Pour.

Having tinned the shell and ascertained
that same is ringing true, and having made
a suitable mandrel, together with its
clamps and casting faces, we must now
prepave the beaving shell, AN oil ring
grooves and oil relief or supply holes
should be plugged with dry, well scasoned,
white wood, and the shell should then be
clamped in place on the mandrel support,
the mandrel having previously been given
a light coating of clay wash or whitening
suspended in water.  Care should be taken
that the space between the inside surface
of the shell and the outside of the mandrel
i5 equal all round and at both ends.
Having ascertained that this is so and that
all the clamps are tight, steps should be
taken to ensure that no white metal can
escape when it is poured into the space
between the shell and the mandrel, and to
this end all joints between the bottom of
the shell and the faceplate or collar, and
up the sides in the case of half shells,
should be scaled with clay or putty ;
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asbestos string is
sometimes used
for this sealing
and it will prove
quite satisfactory
if kept damp and
held securely in
place.

Heat the Shell
and Mandrel.
The shell and
mandrel, as-
sembled as one
unit, may now
be evenly heated
by means of a
blow lamp direc-
ted on to the
back of the shell
and inside the
mandrel if this
is tubular. The
heating should be
evenly  applied
and carefully
controlled so
that no part
becomes  over-
heated while
another remains
comparatively
cold, and it 1is
best, if possible,
to use at least
two blow lamps
{and more on
large jobs) and
to so move them
about as to keep
the heating uni-
form all over the
complete job.
This heating
should be carried
out while the
babbitt metal is
melting and it
should be so con-
trolled that when the babbitt is ready to
pour, the shell and mandrel are beth
evenly heated to the correct temperature.
This is about 130° C. (265° 1) and it
should be measured by pyrometer or
thermometer if either of these instru-

(Metropolitan-Vickers )

key with instruction tag attached.
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Fig. :7.—REPLENISHING THE GREASE CHARGE.
The operator is here shown replenishing the grease charge, using the special

This tag is shown in detail in I'ig. =2o0.

ments is available. If not, the cerrect
temperature may be gauged by holding
a piece of dry cotton cloth in contact with
the heated bearing sheil. When the
temperature is correct the cloth will not
be singed at all, but any further heating
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of the shell should result in singeing.  In
other words, the shell shonld  be just
below the singeing temperature.

The Correct Babbitt to Use.

Only the very best white metal must
be used for lining the bearings of electrical
machinery and for this reason scrap metal
must not be emploved.  Care should be

R
(7 7
? uk\
/ 7
»0 /
2NN
= v

A.

Fig. 8.

Tn A we have the older arrangement with the bearing mounted directly
in the motor bracket, while B shows one form of cartridge housing mounting.
Note that A is shown with a Jocknut for the bearing, whercas no such
detail is incorporated in the cartridge arrangement.
frequently omitted on small motors, but the best practice includes it on - Hf

machines of any reasonable size.

taken also to avoid all metal which has
been melted more than onee since it was
in ingot form and anyv habbitt which has
been overheated at any time must be
rejected as unsnitable. These precantions
are necessary becanse, although a bearing
alloy will contain the correct proportions
of its various constitnent metals whern it
is first bought in ingot form, every melting
up results in an alteration of the propor-
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tions, due to oxidation, ete., of the mere
susceptible elements, and  after  about
two melts the babbitt requires recondition-
ing by the addition of some of the material
which has been lost.

Effect of Overheating.

Overheating, as will be  appreciated,
resnlts in very rapid loss of nature and in
addition the erystal
structure of - the
metal s impaired.
Overheated  metal
can sometimes  be
restored to normal,
but it is unrcliable
unless the restora-

tion has been done

NF -
\\\,F,' by a very ex-
o )o perienced  melter
~ for this reason 1t

must  be  avoided
and returned to the
metal  maker  for
reconditioning  if

any large quantity
1s  affected. The
metal  maker  will
also be able to deal
with over-melted

MoUNTINGS OF BALL BEARINGS,

N metal.  Serap bab-
i’ bitt should be

avoided becanse it
frequently contains
impurities such as
filings or borings,
and the only way
to be sure that the
correct  babbitt s
being  used is to
purchase it from
the original maker
the motor or

from a reputable

firm of bearing
metal  manufacturers. In the latter
case, it should be stated that the
metal is required for the bearings of an
clectric motor,

Melting the White Metal.

We must now proceed to melt the bab-
bitt and special care shonld Dbe taken in
this operation so as to avoid overheating
or burning. It is best to use a gas or

The locknut is
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clectrically heated melting  pot. as  this
minimises the danger of contaniination
of the metal, but if this is not available
the babbitt mayv be melted in a ladle
over a coke fire, care being taken to avoid
dropping small picces of coke into the
maolten metal.  Having obtained a sat-
able ladle or melting pot, it should be
placed on the fire to become heated. 1t
should be noted that the pot must be
absolutely elean and free from all dross or
remnants of previous melts. st suffi-
cient metal (in ingot form) to remetal all

F ELECTRICAL MACHINES
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that this will cause it to melt rapidly,
forming a pool of molten metal in the pot.
As seon as a pool has bean formed in this
manner a new ingot should be taken and
laid flat in the already molten metal, and
wlhen this also has been melted, a further
one or two ingots may be introduced, wmtil
the whole amount of the metal is i the
molten state,  On no acconnt must the pot
be stacked with ingots standing on end
and then placed on the fire to meit all
at once ; if this is dene the metal will be
burnt at the bottom and melting be slow

Fig. 109,

RoTOKR OF AN A.C. MoTor COMPLETE.

This complete squirrel cage rotor shows the undisturbed cartridge honsings left in position on"the

shaft while the rest of the machine may be dismantled.

air through the motar.  (Metropolitan-Vickers.)

the bearings which are being worked on
should now be taken.  Too mueh metal
should be avoided since it will have to
be left over and remelted, with consequent
deterioration as has already Deen ex-
plained.

Melting Procedure.

As soon as the pot becomes hot enough
to melt an ingot of metal when it s
pressed against its inside surface, we may
proceed  with the actual melting.  The
first step is to take an ingot of the metal
and to rub it against the inside sides and
bottom of the pot, and it will be found

Note also the fan for the circulation of cooling

becanse of the small surface of cach ingot
which is exposed to the heat.

The Pouring Temperature.

In order to prodnce a good bearing,
great care is necessary in order to see that
the metal is at the correct powring tem-
perature and this should be measnred
by pyvrometer or thermometer (high tem-
perature  tyvpe),  when either of  these
mstruments are available.  When this is
not the case, the temperature may be
roughly judged as follows.  When melting
the metal a number (about a dozen) of
strips of white wood (white pine) shonld be
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prepared. These should be made of well
seasoned wood and should be quite dry ;
they should be about } in. thick by !in,
to rin. wide, and about 6 in. to 12 in.
longer than the depth of the pot.  As
soon as all the metal in the pot is liquid
the temperature should be measured ;
the use of the pyrometer varies with the
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perature one of the wooden strips men-
tioned above should be taken and, the
operator holding one end, it should be
thrust vertically downwards into the pot,
immersing it in the molten babbitt and,
if possible, reaching the bottom of the pot.
The strip of wood should be held in the
metal for about five seconds and it should

INSTRUCTIONS FOR LUBRICATION OF BEARINGS

/- Carefully cleanancy oll grit, dirt £ moisture to prevent entry of the slightest trace

into Jubricator.  Remove dust cap of lubricator, insert attacked key and give

10 complete turns. Replace cap.

Lubricate ONCE each Jamuary and July. Too much grease is harmful.

7o recharge lubricater, withdraw imer screw cup, fill it with our BELVIC
Srease and replace in position. See over

At intervals of three years washall dint etc. From exteriorof bewring housings.

remove housing caps, clean out aff ofd grease with petrof, and ary. Press

BELVIC grease into bearings and filf housing caps with new grease

seven eighths full. Refil labyrinth grooves. Mo dint or moisture must enter

bearings or caps.  See instruction booklet supplied with motor.

When dimantling the motar, do not remove bearing caps, as the end brackets

can be withdrawn without disturbing the bearing housing. J

MANCHESTER

O
TRAF

See over for sketch of cartridge housing,
7o remove bearings-from shaft, see instruction booklet supplied
with motor

<
500&
P{'s

then be withdrawn and
examined.  With the
majority of white metals
which are suitable for
electric motors it will
be found that the correct
pouring temwperature is
attained when the
wooden strip becomes
light brown in colour
when immersed in the
molten metal. On no
account should the strip
be charred extensively,
since charring indicates
overheating, and when
this has taken place the
surface of the molten

CARTRIDGE.
HOUSING

these bolts only

LUBRICATOR
o withdraw bracket, remove

metal will be covered
with a bluish film of
oxide or dross. In any
case, great care must be
taken to avoid over-
heating ; it is advisable
to ask the metal maker
what the pouring tem-
perature for his product
should be, and the same
source can also give
definite advice on the
appearance of the

/

Fig. 20.—LUBRICATION INSTRUCTION TAG.

On the front of this tag we have instructions for the operation of
the lubrication system, while the reverse side gives details of the
This tag is attached to
(Metropolitan-Vickers.)

special lubricator and bearing housing.
the lubricator operating key.

type of instrument ; while the method of
measuring by thermometer needs no des-
cription.  In cases where the wood strip
method is to be used, however, the follow-
ing procedure should be followed.

Gauging the Temperature by a Wooden
Strip.
When it is required to gauge the tem-

wooden strip,

Pouring the Bearing.
Having now got the
shell and mandrel close
to the melting pot for
casy pouring and heated
to the correct temperature, and the
metal at the pouring temperature,
we may proceed to pour the lining. A
clean ladle should be taken which will hold
sufficient metal for the complete pour.
If the bearing is of large size two ladles
operated by two pourers should be used
since the flow of metal must not be inter-
rupted or else the bearing will suffer. The
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white metal should now be skimmed so
that it shows a white silvery surface, and
it should be stirred thoroughly, care being
taken to stir well down to the bottom of
the pot. A ladle {full of the molten metal
should now be taken, all dross or oxide
being carefully avoided because clean metal
is absolutely essential, and the lining may
be poured, care being taken to maintain
a steady flow of the molten metal and to
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cmployved to keep the top metal molten
until the bottom has solidified ard settling
is complete.  When this has happened
the bearing may be leit to cool off, and as
soon as it is cold enough to handle the
mandrel should be removed and the lined
bearing should be suspended as before
and " rung.”  If, upon striking it with a
hammer, it does not ring, the babbift
lining is not adhering properly, and it must

checking.
bolts fixing bracket to yoke.
D. (Metropolitan-Vickers.)

avoid lifting the ladle spout more than
}in. above the top of the shell. The
metal should be poured from one point
only and the space between the shell and
mandrel must be filled so that the molten
metal stands above the top of the shell.

While the Lining is Setting.

1f the metal settles down during solidi-
fication, more must be added to make up
the deficiency and a blow lamp should be

Iig. 21.—DRIVING IIND DETAILS oF A MoTOR.
The various details arc as follows : A, lubricator complete with pipe.
C, bolts holding bearing housing to motor bracket,

I3, plugged apertures for gap
b, bolts holding on housing cap. I,

To remove the bracket, take away bolts E and C only ; do not distarb

be melted out and re-run, otherwise much
trouble will cnsue.  I'roviding the lined
shell rings true, it can be machined, the
oil grooves and passages cut and drilled,
the bearing surfaces scraped ‘o a good fit,
and returned to service,

After Relining the Bearings.

When a mwtor with relined bearings
is put back to work the bearings must be
carefully watehed for the first few hours,
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care being taken that the lubrication
system is functioning correctly and that
the bearings are not overheating. [t
good practice to let a motor run light for a
few hours after the bearings have been
relined,  the  machine  being  closely
watched for any signs of trouble.

is

Points to Watch Regarding Bearings.

A sleeve type bearing is usually safe
if its temperature never exceeds 100 C.
(212 1°) when the motor is on full load ;
the temperature should alsy be constant

OF ELECTRICAL MACHINES

may overheat die to any one or more of the
following causes :—

(17 IExcessive belt tension,

(2) Insufficient lubrication due to—

(y) Low oil level ;
(1) Oil rings sticking ;

() Waste dry or out of contact with
shaft (in waste-and-oil lubricated bear-
ngs) .

(n) Poor quality waste— -see text,

(3) Lubricant of low grade or wrong
consistency due to

(v Wrong grade of oil —consnlt oit
refiners
(1) Wrong  type  of oil—-

consult oil refiners
(v) Swrrounding temperature
too high, thus thinning oil down
consult refiners for heavier oil,

(4) Bad alignment of bearings
of motor or between motor and
driven machine.

(3) Motor or driven machine
out of level.

(6) Rough or scored bearing
surface due to dirt or grit in oil or
waste, or to carcless maintenance.

(7) Bent  shaft  or  distorted
bearing.

When the Bearing Overheats.

An  overheating  bearing  will
almost invariably  be  detected

when the motor is running at full
speed on full load, and it is
essential to correct the fault im-

Fig. 22, —WAaASHING AND INSPECTING A DBALL BEaRrING,
The bearing is shown heing washed in petrol, the races
being rotated while the washing is proceeding so as to

mediately ; otherwise, a seizure,
causing grave mechanical damage

dislodge any hardened grease or  dirt.
Iickers.)

below the above limit and any swdden rise

should be taken as a warning sign. If
a thermometer is not available a hot

bearing can be detected by the smell of
burning oil and the swoke which issues
from the bearing housing ;  the hand is
unreliable as a gauge of temperature and a
bearing which is hot enouch to burn the
hand may be quite safe, so it is best to
obtain a thermometer and be sure of the
actual temperature. The main point to
watch is that the lubrication is ample
and the oil of good quality, .\ bearing

(Metropolitan-

oratire, mayresult.  Inthese cases
proceed as follows: Remove all
load and slacken oft the belt or
chain (if any’); if possible reduce the speed
and pour large quantities of oil directly on
to the bearing shell and into any lubricating
passages,  On no account must the motor
be allowed to stop revolving until the
bearing can be touched by hand ; if this
is done, a seizure will ensue, necessitating
turning or melting off the bearing,  As
<oon as the machine can be stopped,
dismantle the bearing and inspect shaft
and lining for damage, 1f necessary true
up and polish the shaft and reline the
bearing, If the babbitt has run out,
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LOCATE
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REASSEMBLING A CARTRIDGE MoUNT

ED BaLL BEARING.

The first stage. A, shows the bearing inserted in the housing and locating its onter race against

the housing shoulder,
focating the inner race on the shaft shoulder.

At 13 the complete nnit of housing and bearing is pressed on to the shaft,
The final stage, ¢, shows the bearing nut fitted, holding

the inner race in place, and the housing cap in position.

examine the stator and rotor for damage
due to rubbing and repair if necessary.
Always repack a waste and oil-lubricated
bearing when it has been running hot,

Ball and Roller Bearings.
Ball and roller bearings are amongst

LOCATE

LocaTE 7
AN 7/ g AN
AN AN
A
/7 J =

A. B.

Fig. 24

Stage A shows the onter race only pressed into and located in the housing.

the most robust and reliable equipment
manufactured.  They will withstand over-
loads and shocks many times larger than
those which can he imposed on a sleeve-
tvpe bearing for the same shaft diameter.
The very precision of manufacture which
is the basic scurce of their superiority

TSP, »
nanr cennnem e
VUL AL §

‘ -

[

ninm, AARAROE |
L LULILE )
|/

IREASSEVBLING A CARTRIDGE MOUNTED RoLLErR BrariNg,

At 13 the outer race

and housing are threaded over the shaft, while the inner race, complete with rollers and cage, 1s

located against the shaft shoulder.

The final stage, C, shows the outer race drawn back over the

rollers, the bearing nut in place and the housing cap fitted.

B
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renders them somewhat sensitive to abuse,
however, and it follows that the essential
conditions for satisfactory operation of
these bearings are scrupulous cleantiness,
thorough protection and adequate tubri-
cation with the correct quality of lubricant.

The Correct Ball-bearing Grease.
The experience of manufacturers and

Iig. 25.—TuSTING A DBrusn ror Frerpoum or
MOVEMENT.

When the brush is lifted as shown, against the
spring pressure, it should slide freely in its holder
and when it is released it should return smartly
to its position on the contact face. This
operation should be carried out on cach brush
during the weekly cleansing. (Metropolitan-
Vickers.)

users of ball and roller bearings has
indicated that grease is the cleanest and
most reliable lubricant for use in general
cases.  Special applications involving very
high speeds mayv involve the use of oil,
but all normal industrial clectric motors
employ grease lubrication.  The grade of
grease used should be frec from acids or
alkalies and it should be kept scrupulously
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clean because grit, which may easily be
introduced via the grease, will quickly
ruin the bearing.

Most oil refiners list a suitable ball-
bearing grease and some motor manu-
facturers supply a special grease for use
with their products. Where a special
grease is specified by the motor maker it
should be used,

Storing the Grease.

The grease must be kept clean and for this
rcason it should not be removed from
its original container until it is transferred
to the bearing housing ; the lid of the
grease tin should always be kept in place,
being removed only when it is necessary to
withdraw libricant for use. Even with
these precautions dirt mayv find its way
into the grease during its transference
from tin to bearing, and to avoid this the
grease must be handled only by micans of a
clean spatula, spoon or strip of wood kept
specially for this purpose inside the tin
with the grease. Special care should be
taken that the grease is not applied by
means of the gritty or dirty fingers of a
maintenance fitter.  Grease must not be
kept too long in stock since it is apt to
deteriorate, a safe rule is to reject all
grease which has been in the stores more
than three vears.

Replenishing the Grease Charge.

There are two processes in the lubrica-
tion of ball and roller bearings whicl need
explaining.  First, by “ replenishment ”’
we are to understand adding a small
quantity of grease to that which is already
in the housing ; this is to make up for
leakage, etc., aud it is usually introduced by
means of a screw-down lubricator or a
grease gun.  The second term is ““ replace-
ment ” and this means that all grease is
completely removed from housing and
bearing and that new and fresh grease is
used to repack same—this process will be
described later. As regards  replenish-
nent, we can sayv that the average motor
will run at least 2,500 hours -8ay one
working vear—before the grease charge
needs adding to, and that after the first
year replenishment should be carried out
everv six months, not oftener.
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Bearing Mountings.

There are two methods in common use
at present for mounting and enclosing
the ball or roller bearings and as these
affect the maintenance procedure, we nust
now consider them. In the older method
the onter race of the bearing is seated in a
machined housing integral with the motor
end bracket, and the ends of this housing
are closed by caps which also serve to
locate the bearing in an endwise direction.
This has obvions disadvantages since when
the motor end bracket is removed, it is
necessary to expose the bearing with the
consequent risk of the entry of grit and
dirt ; the close fit which is essential
between the onter race and housing must
also be disturbed and will become slacker
cach time the bearing and bracket are
separated.

The Cartridge Housing.

To overcome these disadvantages a
“ cartridge housing ” mounting has been
devised in which the bearing proper is
enclosed within a separate housing or
cartridge which is sealed by end caps as in
the previously described arrangement.  The
scaled cartridge is, in turn, seated in a
machined honsing which is integral with
the motor bracket and the whole is con-
structed in snch a manner that it is un-
necessary to open up the bearing honsings
when the motor is dismantled. By this
arrangement the bearing is protected at all
times, it being nnnecessary to open the
housing unless it is required to inspect the
bearing itself, and we thus prevent dirt
getting in and preserve the correct degree
of fit between bearing race and honsing.

Difference in Maintenance for Different
Mountings.

The cartridge-type housing is the very
latest refinement in the application of ball
and rotler bearings to clectrical machinery
and it is incorporated only in the latest
designs.  Since all manufacturers will
undoubtedly take the opportunity of
making their motor bearings cartridge
enclosed when theyv redesign their stan-
dard lines, it follows that the number of
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beartgs of this type will steadily increase,
and we therefore propose to deal with
this arrangement only in the following
notes. The only ditierence in procedure
when the ald type of mounting is incor-
porated is that the instructions given later
for the cleaning, bearing inspection aned
grease charge replacement should be
applied annnally during the maintenance

Fig. 20,

ADJUSTING THE DBRUSH PRESSURE.
From time to time it will be nccessary to
adjust the brush pressure, and a lever is usually
provided on cach brush holder for this purpose.
The operation is shown being performed on
an A.C. mator ; the levers show up white, being
plated for must proofing. (Metropolitan-Vickers.)

overhaul and not every three yvears as for
the cartridge protected detail.

An Example of Lubrication Maintenance.

As an example, we cannot do better
than take the instructions issued by the
Metropolitan-Vickers  Electric Co., Ltd.
This firm have done a large amount of
rescarch work on ball and roller-bearing
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lubrication and theyv fit a special lubricator
which is so arranged as to prevent the
thoughtless screwing down which often
applies  when  unprotected  screw-down
lubricators are fitted and which results
in overcharging and bearing troubles,
The instructions mentioned are engraved
on an ivorine tag which is attached to
the Jubricator operating key.  This key
is intended to be kept by the maintenance
cengineer who will attend to the lubrication
of the wotor, thus taking this lmportant
duty out of the hands of machine opera-
tives and labourers who can do a lot of
harm by unintelligent  interest.  The
reader is referred to Fig. 2o, which shows
the tag, and from which the instructions
may be read. It should be mentioned that
the grease grade mentioned on this tag

“ Belvie "-—is the result of the research
referred to previously, and it is recom-
mended for machines by this maker and
for ball and roller bearings in general.

How to Tell if the Bearing is Working
Correctly.

Climatic  conditions  and  environment
may affect the lubrication, and it s advis-
able to ascertain from time to time that
the bearing temperature is neither too
high nor too low, A comfortable warnith
to the hand when placed on the housing
or cap indicates that the bearing is running
under the best conditions.  This can be
taken as a rough guide, although somewhat

higher or lower tenperatures are, in
themselves, not  dangerous : however,

if the temperature begins to rise, or if the
bearing  becomes  noisy, an  inspection
should be made immediately.

Replacing the Grease Charge.

The complete grease charge should be
renewed every three years. Al dirt, ete,
should be cleaned from the bearing caps,
honsings and adjacent parts. The caps
should be separated from the housings,

and the bearings, housings, and  caps
should be washed with petrol - removing
all  old  grease in the  process—and

thoroughly dried.  The labyrinth grooves
in the cap bore at the driving end should be
seraped out and filled with fresh grease,
The neeessity for absolute cleanliness cannot
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be  too  strongly  impressed  upon  those
instructed to carry oul the opcration of
recharging the bearings, and all parts which
have heen removed and washed  should be
covered wiih clean material, such as paper, to
prevend foreign metter adhering and sul sc-
guentlv entering the bearing,

Examination of the Bearing.

After washing, the parts should be
carcfully exanuned.  Providing the grease
charge has been regularly replenished, and
the bearing has not been subjeeted to any
form of excessive leading, no unduewear
will be observed and the bearing will be in
good condition. I this case, fresh grease
should  be  pressed  well between  cage,
races, and balls or rollers. Merely placing
the grease on the end faces of cage and
races is not sufficient.  The grease is
required inside the bearing.  After packing
the bearing, any supertinous grease should
be wiped off.

The Correct Quantity of Grease.

It has been found that 85 to o por cent,
of the space available in the housing and
cap should be cecupied by grease if the
best results are to be obtained ; since grease
expands when heated and as a certain
amount is thrown off the bearing by
centrilugal  action if the housing  is
crammed full of grease, churning, over-
heating  and  disintegration  will  oceur;
while less than 85 per cent. greaseisapt to
lead to starving, cage wear and breakdown,
Care should be taken to see that the
spatula or stick by which the housing is
filled  does not mtroduce anv  foreign
matter into the grease, .

Removal and Replacement of Bearings.

If the bearing appears worn, or if the
grease has become hard and dirty, the
bearing should be removed from the shaft,
withdrawn from the housing, washed and
inspected for wear.  Special precantions
are taken by all motor manufacturers to
cnsure a correct it between the bearings
and their housings and shaft.  Bearings
should ncver he removed If  this can be
avoided, and, in anyv case, they cannot be
removed without damage unless adequate and
sultable withdrawing gear is used.



CARE AND MAINTENANCE OF ELECTRICAL MACHINES

Frg. 27,

together as possible.

the whole brush face.  (Metropolttan-1"ickers.)

Dismantle the Housing.

To remove a Dbearing from the shaft,
the cap should first be taken oft and the
bearing nut (if anyv), wkich is screwed
and locked on  the shalt, completely
removed.  The withdrawing gear should
then be placed behind the housing, or the
housing itself may be used as part of the
withdrawing gear providing every pre-
caution is taken to prevert urdue strain,
since it is uwsually made of cast iron.  1f
the howsing is used for this purpose the
tapped holes nearest 1o the bearing must
be employed and a stud should be used
i cach hole, care being taken to tighten
the studs equally.  The most jimportant
point to observe during this operation is
that the pressure is evenly distributed
all round the bearing ; it must never, in
any circumstances, be exerted more on
one side than the other, otherwise the
bearing and its seatings will ke damaged.
Having removed the bearing and its
housing from the shaft, the housing and
bearing may be separated by emploving
hook bolts inserted through the bearing
bore ; the above-mentionad precautions
as  to cqually distributed  pressure

‘Bropixg ALC. Moror BrusHEs,
Note that the glasspaper is fitted with the rough side outward and that the hands are held as close

This is to avoeid eutting away the brush edges and to give good bedding over

should  Dbe strictly  observed in  this

case also.

Inspect the Bearing.

The inspection of the bearing should
now proceed.  First, the complete bear-
ing should be washed in petrol and every
trace of grease should ke removed. The
races and balls or rollers should then be
closcly examined and if the slightest crack
or chipping of their surfaces is found, the
complete  bearing  should be  replaced
immediately,  If it is  impossible  to
observe any flaw during the visual inspec-
tion, the outer race should be revolved
slowly by one hand while the inner race is
held by the other ; amy noticeable in-
crease in the foree required for rotation,
or any sharp check in the movement
(however slight), indicates etther dirt in
between the races and balls or rollers,
or surface defects in same,

1§ this condition ts observed, the bearing
shonld be rewashed in clean petrol, the
races being revolved by hand while the
bearing is in the petrol bath in an cffort
to displace and remove any particle of
grit which may be present. M after diving
the bearing still exhibits defects in its
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running, it should be rejected. Any
roughness of operation indicates the pro-
bable presence of worn races or cage, and
the bearing should be inspected for these
defects and immediately rejected if they
are found.

How to Tell if a Bearing is in Good Con-
dition.

[f in good condition the bearing will

revolve smoothly and  without jerking,

catching, or checking ; it will not show

any cracks or chipping of its surfaces,
and while a certain amount of endplay
will be present, there will be no apprecia-
[Furthermore, all

able radial clearance.

Ie. 28, —UsiNG A CoMM. STONE,

\ large comn. stone is here shown in use cleaning a large
Note that it is unnecessary for the machine
dead ” since the stone is a good insulator. (Martin

commiutator.
to be

dale Llectric Co., Ltd.)

surfaces will be bright and will show the
original distinctive grinding marks on
the ontsides and edges of the races.

Creeping of Bearing Races.

If those portions of the race which
come into contact with the housing or
shaft show signs of having been rubbed
or polished by a burnishing action in a
cireumferential direction, creeping of the
race is indicated.  While this is not a
defect of the bearing itself, it isanindication
that all is not well with the fit, either on
the shaft or in the housing, as the case
may be.  Creeping should not be tolerated,
since it is cumulative and may necessitate
new bearings together with a built up or
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new shaft, or new housings.  Creeping is
usually started by drive vibration of a
periodic nature (such as a heavy belt
fastener or badly aligned gear) or by the
driven rotating masses being out of balance.
When these sources of disturbance are
removed the creeping generally stops, and if
these measures are taken in time it will
not be necessary to fit oversize bearings.
In investigating a complaint of this nature
it should be remembered that all motors
of reputable make are  dyvnamically
balanced at the works, and should, there-
fore, not give rise toany unbalanced forces.

Remounting the Bearing in the Housing.

Having  decided,  from  the
inspection, whether the
original or a replace bearing must
be fitted. reassembly of  the
various parts mayv be undertaken,
The first operation is to it the
bearing in the housing.  Ball
bearings require the whole unit,
rollev bearings  the  outer race
onlv,  to be inserted. Ater
housing and bearing have been
wiped elean the bearing should be
greased well 5 the back of the
housing as far as the cuter race
locating shoulder should he filled
with grease and the bearing, or
race, should then be placed in
position  and  pushed into the
housing by pressure  applied
gradually and evenly to the oufer
race.  Care must be taken to as
certain that the bearing remairs
siuare with thie honsing bore from the very
start of this operation and if these instrue-
tions are followed it will be found that the
bearing or race will casily enter the housing,
and may be pressed down until it makes
contact with the locating shoulder, It is
essential that the bearing beds on this
shoulder, and having ascertained that this
has Dbeen achieved the fitting of the com
bination of bearing and housing ¢n to the
shaft may be proceeded with.

Fitting on to the Shaft.

With roller bearings, the housing carry-
ing the cuter race is threaded over the
shaft first, followed by the bearing preper.
In the case of ball bearings the bearing
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and housing, assembled together, are
fitted as one unit, The shaft should

be clean and lightly greased, and the
bearing should be forced on to its seating
by pressure applied evenly to the ifnner
race, as close to the shaft as possible.  The
application of the pressure close to the
shaft is very important, particularly with
roller bearings, since otherwise the flanges
forming the sides of the race are liable
to be distorted or broken, The pressure
maust be even all round the race and the
bearing must remain square with the shaft
from the verv start of the operation,
otherwise a damaged shaft will result,
If a tube is used to force the bearing on,
it should be a reazonably elose fit over the
shaft ; its face should be square
and its outside diammeter should not
exceed the diameter of the bearing
nut face which makes contact with
the inner race.  u no circimstances
nst pressure be applicd to the vuicr
race when fitting o hearing on o the

shaft.

Completing the Reassembly.
Remounting  is completed  when
the inner race is in contact with the
locating shoulder on the shaft and
this should be checked before pro-

ceeding  with  the  fitting of the
bearing nut. The nut should be
replaced, well  tightened  up, and

relocked. A complete grease charge
should be given as previously des-
cribed ; the cap should be refixed
to the housing, the lubricator filled,
and the bearing is ready for running.

SLIPRINGS, COMMUTATORS. BRUSHES
AND BRUSHGEARS.

The function of these parts is to provide
a path for the current between the
stationary conductors, or cables, and the
rotating  armature or rotor; the
combination of slipring (or commutator)
and brush constitutes a sliding contact,
being subject to the same general rules
as govern any surface contacts which are
called upon to carry current. We will
first of all discuss those details which are
common to all types of motors, such as
brushes and brush holders ; sliprings and
commutators will be considered later.
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Always Keep the Brushgear Clean.

As has already been mentioned the
brushgear should be cleaned every week,
being wiped down with a clean cloth
free from fluff or down, All carbon or
metallic dust, oil and grease must be
removed and care should be taken that
all recesses and  particularly  insulating
surfaces are quite clean, At the same
time as this is done all dust should be
removed from the spaces between the
sliprings  and  from  the ends  of
the slipring, bush or commutator vee

rings as the  case mayv  be.  This
periodical  and  scrupvlous  cleansing

1s  essential if  breakdown is to be

avoided.

AN UnperevrTting Heap N Use.
This 1s

Fig. 29.

Observe the method of holding and guiding.
to avoid cutting or scratching the copper segments.
(Martindale Electric Co., Ltd.)

Brushes Must Move Freely.

When the weekly cleaning of the brush-
gear is being carried out, each brush should
be lifted up against the spring pressure
and then released.  Any sluggishness of
movement of the brush towards remaking
contact must be corrected immediately,
otherwise destructive sparking and burning
will set in and spoil the contact surfaces.
It will generally be found that the seizure
is due to dust in the brush box or hinge
bearing of the brush-holder and removal
of this will free the brush; sometimes,
however, oil may be the cause, and cases
have been known where the shellac bond
in intersegment micas oozed out when the
motor became warm and was flung off
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by centrifugal force, cansing most stubborn
and perplexing brush seizure.  These latter
cases occurred on very old motors and this
trouble would never occur on a machine
of modern design by a reputable manufac-
turer.

Measure the Brush Pressure.

At intervals of about three months
the brush pressure should  be measured
by means of a small spring balance.  The
hook of the balance should be attached to
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cording to the type of brush which s in use,
Carbon brushes——2 to 2} b, per sq. in.
Metal mixture—3 to 34 Ib, per sq. in.
I it is found that the brush pressure

exceeds or s fess than the above figures,

the spring tension must be adjusted
accordingly.  All brushes on the same

motor must be at the same pressurve, as
nearly as possible.

If tbere is Sparking due to Vibration.
Somectimes the driven machine gives rise

IFig. 30.

the end of the pressure finger, as close as
possible to the point of contact with the
brush top, and the balance should be held
along a line parallel to the brush centre
line. The spring balance should now be
gradually moved away from the brush
by pulling on the ring at its end, and the
reading at which the end of the pressure
finger is lifted from the top of the brush
should be noted.  This is the spring pres-
sure and it should be converted into pounds
per square inch of contact surface and
checked against the following figures, ac-

AN UNDERCUTTER FOR WORKsHOP Usi.
This mica undercutter is suitable for the large maintenance shop or factory.
that the mica slot is milled truly parallel to the shaft axis.

[t is so constructed
(Martindale Electric Co., Ltd.)

to general or periodical vibration, causing
brush dancing and vicolent sparking. In
these cases the correct cure, of course,
is to remove the vibration; when this
cannot be entirely accomplished, it may
be necessary to increase the brush pressure
over the fgures given above, this being
done at the expense of brush and com-
mutator (or slipring) life, of course.  This
increase of pressure must not be carried too
far, however, certainly not above about
44 Ib. per sq. in. for carbon, or 53 Ib. per
sq. in. for metallic mixture (copper
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graphite, etc.) brushes, and when it is
found that this extent of pressure increase
will not affect a cure it may be necessary
to fit a brush of lighter weight which will
be more easily controlled by the brush-
holder spring.  The motor manufacturer
and brush maker must be consutted on this
point however.

When to Fit New Brushes.

Iven with the very best running condi-
tions the brushes will gradually wear away
and have to be replaced, but it is impossible
to say how long a set of brushes should
last  because  conditions  and  machines
differ so much. However, the brushes
must be replaced if any one or more of
the following conditions have been arrived
at due to wear.

(\) When the height of the brush
measured  from  the commutator or
slipring surface to pressive finger is

L. or less.
C.
AMica GROOVES,

A. B.
IFig. 32,
At A we have square grooves with the edges
of the scgments bevelled, and B shows vee-
shaped grooves, [ither of these shapes are
satisfactory.  In the case of € we have the
condition when the ica has been carelessly
reduced —giving tlake mica standing above
the copper segments.  This is a condition of
“high mica’ and gives commmutator blackening
and much trouble due to sparking.

(8) When any metal figments inserted
in or attached to the brush approach to
within ¢ in. of the commutator or
slipring face.

(¢) When the brushes have become
so short that no further spring pressure
is available.

The new brushes should be ordered from
the maker of the motor, full nameplate
particulars being quoted and one of the
old worn brushes being sent as a sample
if possible ; if a worn brush cannot be
spared the orderer should quote the letters
or figures which will be found stamped at
the top of the brush sides or edges. This
is the brush grade designation,
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AN Unperevrring 1ne.

I<ig. 30,

This little tool is useful where only a few
conunutators have to be naintained ; with care-
fut use it produces good work, although its

operation is somewhat  tedious,

(Martindale
Llectric Co., Ltd))

If the Brushes Wear Unequally.

Sometimes it will be found that the
brushes wear away rapidly but at unequatl
rates, one brush being  practically  full
length when the next is worn  away,
although both have been in service the
same length of time.  This trouble may
be dire to many causes, such as unequal
brush pressures, bad bedding, vibration,
ete. The best procedure is to ensure that
the pressure, bedding and vibration ques-
tions are bevond reproach, and if these are
made correct the trouble will usually
cease, so long as there is not anvthing
inherently wrong with the design.  1f
the trouble cannot be overcome the motor
mikers should be informed.,

How to Fit the New Brushes.

When the new brushes are received they
should be carefully unpacked and examined
to make sure that they are unbroken and
are of the same size and grade (or its
cquivalent) as the old ones. I everything
is in order the old brushes should be
removed and the holders cleaned of all
dust before the new brushes are inserted.
Care should be taken that every brush
slides freelyv in its holder and the copper
flexible which is moulded into or attached

Fig, 33— Home-ymape MicA UNDERCUTTER.

The small piece of hack saw blade A s
serewed, rivetted, or soldered, into the slotted
rodd B, which is in turn fitted into the handle C.
‘The use of this tool is similar to that of the
file shown in Fig. 31.
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Frg. 34.-—ARRANGEMENT oF AC. MOTOR BRUSHGEAR.

This shows clearly the brush with its flexible kead damped under the serew
provided for it.  The bresh spring and its adjusting lever mav also be seen,
and the fopmost detail is the inteslock switch with its terminals and contacts,
The gear shown is fitted with short-circuiting mechanism, and the shorting
sleeve and its contacts are vlearly visitle on the right of the illustration.
‘The contacts must be kept clran and tight and the sleeve and its mechanism
should be lightly Inbricated every six months, (Metropotitan-Vickers.

may proceed to
grind  in, or
“bed,” the
brushes.

Bedding Brushes.

The procedure
1s as follows: A
strip of  glass.
paper or sand-
paper (not cmery
paper or cloth)
should be taken
and placed in be-
tween the brush
contact face and
the commutator
or slipring, the
rough side of the
glasspaper should
be outermost, i.c.,
in contact with
the brush. and
the strip should
be drawn back
wards and  for-
wards so as to
cut  the  brush
face to a radins
which will be the
same as the
radius  of the
commutator.
This  procedure
should be  gone
through until
every brush has
been shaped on
its contact face
to the radius of
the commutator
or slipring  on
which it rests.
When every
brush is  fully
ground in, all

to the brush should be secured to the dust should be scrupulously removed, the
brush holder by the terminal or serew  brushes should be lifted to ensure that they
provided for it. are moving freely and the spring tension

The spring tension mast now be adjusted  should be checked.
to the correct amount with the new full

length brush, and having ascertained that The Care of Sliprings.

this is so for each individual brush, we When asiipring is in good condition, it is
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smooth and highly polished on its contact
surface, the colour being rather of a bronze
tint in the case of brass or similarly
coloured sliprings.  All rings and their
supports and insulation must be kept very
clean so as to avoid leakage, tlashing, or
creeping trouble with consequent break-
down. [f the rings become roughened or
scored they may be cleaned up by means
of sand or glasspaper when the damage is
only slight, while a suitable commutator
stone will be capable of dealing with
greater roughening.  When the rings are
badly pitted, it will be necessary to turn
them down in a lathe to a smooth, highly
polished  surface, although a ' eutting
grade 7 of commutator stone is available
which may be used if the pitting is not
very deep ;o these commutator stones dre
referred to later.

[f the brushes are noisy, giving high-
pitched squeaking noises with a slipring
i perfect condition, a piece of rag on
which a few drops of oil have been
placed should bhe run once round cach
ring.

Commutator Maintenance.

The commutator has been  developed
from the nwst troublesome detail on a
motor to one of the most veliable parts,
and given proper maintenance, it will give
excellent service.  As in all other cases,
cleanliness is most essential, Tt 15, in
fact, definitely dangerous to permit even
the slightest accumudation of dirt on a
commutator or its supports because of
the potentials which exist between closely
adjacent surfaces.  In order to keep the
commutator clean it is only necessary to
wipe the contact surface and end with a
clean cloth which is free from fhuff, and a
few drops of oil may be placed on this
cloth to provide the necessary very slight
lubrication, as has Dbeen described for
sliprings. It is most important that anyv
lubrication should be very sparing and
no grease, dust, oil or dirt must be allowed
to accunulate on any portion of the
commutator.

Using a Commutator Stone.

The use of sandpaper (on no account
must emery paper or cloth be used)
has  certain  disadvantages for com-
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mutator cleaning and a better method
is to use a commutator stone. This
is a shaped stone of special abrasive
material  which is also an insulator,
and it may thus be used while the motor is.
alive.  The stones are available in almost
any size and in a variety of grades suitable
for cutting or finishing, and they can be
relied upon to produce a good job.

When the Commutator is Badly Worn.
If the commutator is badly worn, being
ridged or burnt, its surface must be trued
up, and for this purpose it is usual either to
turn same in a lathe or to grind it up.
Turning the commutator necessitates the
removal of the armature unless a special
turning fixtuve is available to carry out the
jobywhere it stands ; if it is desired to avoid
removal of the armature, grinding can be
used, a portable grinding  attachment
being rigidiv mounied upon a traverse head
whiclt is, in turn, securely fixed to some
portiont of the motor or its foundations.

Undercut the Mica.

Tt is usual nowadays for the mica inter-

scgment  insuliation to be  undercut  or
reduced below the level of the copper
commuutator  swrface, and  this  should

alwavs be done when the original arrange-
went  of the conmnutator incorporated
reduced micas. It should be noted that
1t is not usual to veduce the micas on
uotors which are to run very silently,
and certain other exceptions occur, such
as high voltage generators, and some rotary
converters.  On industrial motors  and
generators, hewever, reduced mica is the
common modern practice, and it is usual
to cut back the wica so that the slot
between the segments is hetween  44-in.
and sh-in. deep ; deeper undercutting ix
dangerous since it may be filled up with
carbon dust and result in a short circuit
between  segments.

Undercutting Must be Thorough.

The different appliances used for this
purpose are shown in the sketches and
lustrations, and  very little need be
said regarding the operation of them since
tlie method of use is obvious.

After the mica has been removed and all
dust cleaned from the commutator surface:
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and mica grooves, the edges of the seg-
ments should be very slightly bevelled
with a smooth piece of hard steel so as to
remove the sharp edge of the copper
which is left when the mica has been
undercut,

Scrape Out the Grooves Yearly.

An undercut commutator will operate
quite satisfactorily providing the brush
grade is suitable and when the reservations
which have been previously mentioned
do not apply.  During the annual over-
haul the grooves should be seraped clean,
using a picce of hard fibre or close-grained
hardwood, and Dbeyvond this slight extra
attention the undercutting of the mica
gives rise to no additional maintenance
work.  Oil and grease should not be
permitted on any commutator, and when
the mica is recessed the presence of these,
together with dust, is particularly objec-
tionable ; care should, therefore, be taken
of this point and should the local air
carry oil fumes or vapour it may be
necessary to varnish the grooves,  The
motor maker or brush manufacturer will
advise on this point,

Causes of Sparking and Remedies.

(1) Motor is overloaded— reduce
or mstall larger motor,

(2) Brushes out of position —set  to
marked position or move rocker  slowly
until sparking becomes a minimum,

(3) Brushes are not making perfect
contact, this may be due to:

(&) Dirty commutator or brushgear—
clean,
(B) Brushes may need grinding in
* Bedding Brushes.”

load

see
(¢) Brushes sticking in holder — free
same, by sandpapering if necessary.
Brushes mmst slide easily but not be too
slack.
(1) Brush pressure too light—measure
and increase same if necessary,
(4) Commutator requires cleaning or
smoothing- see previous notes,
(5) Brush “ pigtails 7 or shunts may be
loose or detached - fasten same,
(7) Defect in armature, such as:
() Earthed conductor-—shows up on
“ Megger Test,”
(B) Short-circuited coil or conductor
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heats up rapidly and burns commutator

by very violent sparking.

() Open-circuited coil— sparks seem
to go all round the comnutator and
commutator is burned at the bars to
which the open-circuited  coil is con-
nected,  This trouble mav be due to
bad connection between armature con-
ductor and commutator,

All the above faults will necessitate
cither return of the armature to its maker,
or the attention of a skilled winder.

(&) High bars— one or more commutator
bars stand up higher than the rest when
motor is running, due to loose or dis-
torted commutator.,  Brushes ™ click " and
jump.  Tighten commutator nut or studs,
if necessary, and true up the surface by
turning or grinding.

(9) High mica—as for ** High bars
commutator blackens quickly— true up
as for (8) and undercut mica if case is
snitable (see previous notes).

(10) Low bars— one or more commutator
bars fow in level, shown up by blackening
of low bars—true up.

(r1) Flat spot on commutator— caused
by a blow, periodic vibration or violent
periodic sparking due to some other cause,

”»

Brushes  jump  and  several bars  close
together are blackened and burnt.  True
up.

(12) Bent shaft commutator  runs

eccentric —straighten shaft or replace.

(13) Brushi arms may not be spaced
equal distances apart.  Only likely to
occur when motor has been dismantled,
Cheek by counting  commutator  bars
between vows of brushes, Al numbers
should Dbe equal s if not, adiust position
of displaced brush arms,

Brushgears Generally.

When there is any brush lifting and
short-circuiting mechanism on A.C. motors
this should be lubricated every six months
with a little grease. 1o not use too nuich
or it may be thrown off on to the brushes
and holders.  Any short-circuiting blades
and jaws must be kept clean and in good
contact and all connections should be kept
clean, tight and in good repair,  Cleanli-
ness  of  brushes, holders, sliprings  or
commutator and all adjacent parts is
essential and will amply repay attention,
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ELECTRIC CIRCUIT CALCULATIONS

FOR LIGHTING, HEATING AND D.C. POWER

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

has occaston to calculate the resistance

of conductors in the course of his
evervday work, as there are many con-
veniently arranged tables giving the resis-
tance of wires of standard sizes.  Every
clectrical engincer should, however, be
able to calculate resistances when necessary,
and there is no reason why everyone
who can divide and multiply should not
be able to do this,

The resistance of a wire depends on
three things:

() Tts dength,  The longer the wire the
grealer the resistance. A wire 10 vards
long offers twice as much resistance to
the tlow of current as a wire 5 vards long,

(/) The cross sectional area of the wire.
The greater the arca the less the resistance.
For example, a

I'l' is not often that the eleetrical engineer

i called the spectfic resistance of the metal.
The value of this specific resistance is
given in tables which have been found
as a result of experiments.  The specific
resistance of copper is about 0-66 millionth
of an ohm, ie., 0:66 micrchm per inch
cube.  The above facts have been put
into a simple formula, viz. -
Resistance
Length of conductor < specific resis. of metal
Cross sectional area

Using the well-known symbols, this is

expressed brietly as:

Where :
I is the resistance,
[ is the length of the conductor,

wire or cable
with a cross
sectional area of
4 square inch
woutld have only
one half the re-
sistance  of a

wire  of  equal
length with an

area of J\, square

inch. THESE TWO FACES = SPECIFIC
(¢y The ma- RESISTANCE PER INCH CUBE
terial  of which

the wire is made.
Some metals, e.g.,
copper and silver,
have high con-
ductivity, whilst
other metals

. Area Yio Se.un.
suclt as platinum

Area Yoo So./n.

=1 —

THE RESISTANCE BETWEEN

THE RESISTANCE
BeTWEEN THESE TWO
FACES = SPECIFIC
RESISTANCE PER Crm.CUBE.

L
have low  con- Area_ Yio So.In.
ductivity The THE RESISTANCE OF E1THER BaR 8 OR B4ar C =/0 TIMES FESISTANCE
. . OF Bar A.
resistance 1’('/7\'(’('”
the  faces of an Fig. 1 PICTORIAL - REPRESENTATION OF  SPECIFIC RESISTANCE  AND

inch cube of metal

LLAWS OF

REststaNce.
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.a s the cross section of the conductor,

p (Greek letter, pronounced rho) is the
specific resistance, or resistivity of the
material of the conductor.

The length and cross section must be
-expressed ina common system of nnits
(l.e., length in inches, cross section in
square inches; or length in centimetres,
cross section in square centimetres).  The
specific resistance must be expressed in

CIRCUTT

CALCULATIONS

Specific resistance is usually expressed in
ohms, or microhms (1 microhm = 1
millionth of an ohm = 10-% ohm), per
inch cube, or per centimetre cube, accord-
ing to the system of units adopted for
length and cross section.  BBut this method
of expression must be considered as a
shortened form of the more correct ex-
pression :—ohms per inch length per square
inch of cross section.

When express-

VARIATION OF RESIS TANCE WITH TEMPERATURE .(WICHROME

ing the specific

1500 WATT £LECTRIC FIRE 230 VOLTS.
RESISTANCE COLD (20°C )30 Somms. RESISTANCE HOT (7000 °C)

resistance in
“ohms per inch
cube” we do not
imply  that this
quantity is the
resistance per
cubic tnch of the
material.  This
point must be
very carefully
remembered in
calculations  of
resistance, as in

WIRE )

SwrrtceHq On

=35 Omars. such calculations

MOMENTARY CURRENT WHEN STEADY CURRENT WHEN the ratio of
FIRE /S SWITCHED ON = 755 AMmPS. FIRE /S ON = 657 AMPS, .

length to cross

VariaTion OF RESISTance | section is in-

%AE/A T/ION OF EE.S?S TANCE
1TH TEMPERATURE (TUNGSTEN

WITH TEMPERATURE.

volved, and nof

RESISTANCE WHEN RESISTANCE WwenN
COLO (20°C) =65 0WMS MHOT (A8OUT 2/100°C,)
MOMENTARY CURRENT = 6850 OwmsS.

WHEN SWITCHING Running CURRENT = 295 amps
o~ = I/ amPs

AT /1000°C.= //-7 OHAMS

IRE T .
CLEL) (ELATivonm WiRe ) the  product  of
PoRCELAIN these  quantities
PaTivent  TusE (which  would
LAamp OFF LampP O~ SeiraL :
give the volune),
N 2 Temnrinacs To avoid  such
- ambiguity  spe-
cific resistance is
\ APPROXIMATE RESISTANCE frequentiv -
;o0 AT 20°C. =2-7 OHMS. requently %
L00voLT 60O wWarT Lare APPROXIMATE RESISTANCE pressed  shortly

as ohm-inches or
ohm-centimetres.

Values of Specific

Fig. 2.

the same system of units as that employed
for length and cross section.

Specific Resistance or Volume Resistivity.

As already mentioned, this is defined as
the resistance of a conductor having unit
length and unit cross seetion.  Thus, if in
the above formula we make [ = 1, a = 1
then R = ¢.

»

VARIATIONS OF RESISTANCE WITH TEMPERATURE,
Showing variations with nichrome, tungsten and platinum wire.

Resistance.
These values,
for metals, de-
pend upon the chemical purity, hardnqss,
temperature, etc.  Average values (which
may be used in the majority of calcula-
tions) are:-

Microhm-
inches.
ANNEALED COPPER 068 (20" C.)
ANNEALED COPPER 0-666 (00" k.
Hagrp-DrawN CoOrpER 069 (60° I
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Microhm-
inches.
ANNEALED ALUMINIUM. . o090 (bo 7))
IRON (pure) 38 (ho” 1)
TUNGSTEN .. o2 (0o ]l
NicuroME  (alloy  of
nickel and chromium;
used for electricheaters) 35 (20 Co
Evrexa (alloy of copper
and nickel ; used for
shunts and series resis-
tances In instrunients,
resistance coils, etel).. 185 (20 (.
MaxcaxiN (alloy of cop-
per, nickel and manga-
nese ; used for standard
resistance coils, ete,) .. 20 (20" C.
CARrBON (non-metal) . 1,000 to Varics with
4,000 FLLGT o

method  of
manufac
ture, etc.)

CIRCUIT
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amount K, 254. Hence the t(mpcmturo
rise in degrees Centigrade is :
R, — R, R, — R,
T 25—
R, 253 R,
It the cold resistance had been measured
at a temperature /, instead of at 20 C.
the resistance R,7 at 20” €. would have

to be (d](‘llldtC(l, and the increase in
resistance  from  this  value obtained.
Ihus ;-
20 — ¢
R, 1\*1(1 —') ........ (3)
iz
254

Hence the temperature rise from 20 C,

osa (B )

and the actual temperature rise is : -

. R, — R, )
254 (T—) — (20 — 1))

s

(9

Change of Specific Resistance with
Temperature.

The specific resistance of pure
metals increases as the temperature
increases, but that of certain alloys
(c.g. eurcka, manganin) remains
almost constant over the normat
range of air temperatures  in
clectrical works and test rooms,

The specific resistance of copper
(of the purity used for clectric wires
and cables) changes L), th of ils
value at 20 C. for each degree chang.
of temperature from 20° €. Alter-

\
@V\ Vorrmerer

natively, in the Fahrenheit tem-
perature scale the change in specific
resistance per “IY. from 60’ I is
hoth of the value at 60° IF,  These
values are called the temperatire
cocfficient of resistance,

Estimation of Temperature Rise by Change
of Resistance.

The temperature rise of armature and
ficld coils may be estimated by measuring
the cold and hot resistances, and using the
above values of temperature cocflicient,
Thus, if R, is the cold resistance at a
temperature of 20” C., and R, is the hot
resistance, the increase in resistance is
R, — R,. Yor each degree rise in tem-
perature the resistance increases by the

I'ig. 3.—CALCULATING TEMPERATURE RISE OF A MOTOR.

The resistance of the machine when cold is measured
with an ammeter,
Immediately after running the machine, the resistance
is again measured, and from the two readings it is casy
to calculate the temperature rise of the windings.

voltmeter and battery as shown.

DATA OF RESISTANCE OF COPPER
CONDUCTORS (ANNEALED,.
Useful Rule.

The resistance at 6o I'. of a uniform
copper conductor of 1 square inch cross
section is 0:024 ohm per 1,000 vards, o1
0-042 ohm per mile,

The resistance at 6o I'. per 1,000 yards
of solid circular wires of standard sizes
used in electric installations is given in
Table 1.



1384 ELECTRIC CIRCUI

$SERIES <IRCUIT

T CALCULATIONS

5-105 vo.T LAMPS CONNECTED IN SERIE

ALL LAMPS MUST BE OF THE SAME S/IZE

|

EG. JOWATTs

TOTROLLEY @ @ @ @ 6
TO RAILS

|

525 voLrs ——

ELECTRIC LIGHTING CIRCUITS O TRAMCARS & ELECTRIC TRAINS

Fieo g,

Tanry |

Data oF Sorih Copprr WiREs.

Reststance

Diameter Size Cross per 1,000
of Wire  S.W.G.L Section vards at
(inch). squatre Ho 17

inchy. (ohms).
0°0076 36 0°0000 1530 5202
00t 33 000007354 3057
BRI 90 0-000113 2123
001y 26 000025 94335
0024 o G 00000 30733
()’()_{U 20 000102 23349
0044 000132 1579
0-032 a o 000212 13
00Ny 16 000322 740
()'()7_’ 15 ()’()()'()7 39
0°0N3 oo 000541 438
0093 000074 353
0103 000N 33 238

Numerical Examples on Resistance.

(1) If (he resistance of 1000 vards of
copper wire 0044 el in ‘diameler
(000152 square inch in cross scclion) Is
158 olons, what will be the resistance of
1 omile of w/>/>() wire ooby tnch in dia-
meter (000322 square inch in cross
seclion) 2

Thix problem may be worked by qmplo

RESISTANCES OF SERIES CIRCUITS.
The total resistance is equal to the sum of the

reststances of the several parts of the circuit.

niaterial and cross sections are proportional
lo the respectlee lengths 5 (2) the resistances
of conductors of given material  and
lengths are proportional (o the reciprocals
of the respective crass sections.

Thus :
Resistance of 1 mile of 0-o44” wire
1,760 ,
138 / 27-8 ohms.
N 1,000

Resistance of 1 mile of 0-064” wire

000152
2=-8 D

27 13-13 ohms.

()'()()3,22
Alternatively, the caleulation may
carried out in a single step.  Thus :—
Resistance of 1 mile of 0:004” wire
Given resistance
Length of 0-064” wire
Length of 0-044” wire
 Cross section of 0-044” wire

Cross section of 0-064” wire

(2) What will be the reststance of 1,000
vards of copper wire o4 inch in diameter
if  the specific resistance of copper s
0-08 nticrohm per inch cube ?

Thelength 30 = 30,0001inches.

The cross section = 0-785 x (diameter)*

1,000

proportion, using  the following  rules 0785 04 X 04 0°1257 square
(1) the resistances of conductors of given inch,

PARALLEL CIRCUIT

LIGHT LIGHT LICHT

WIRES FROM

DISTRIBUTION

80ARD

SWITCH SWITCH SWITCH

ORDINARY MHOUSE ELECTRIC LIGHTING CIRCUIT .

e 5.

RESISTANCES OF

PARALLEL CIRCUITS,

The rectprocal of the equivalent or joint resistance is capual to the swn of the rec iprocals of the

pesistances of the several paraliel parts of the circuit,



ELECTRIC CIRCUIT

[Note.—0-785 = = /4, where = (= 314
approx.) is the ratio (circumference/dia-
meter) for a circle.

Hence :

36,000 0-O8

. O .
Resistance - X —
01257 10%

(3) L shunt for a moving-coil ammelcr vs
requived lo have « resistance of o-o1 ol
and is (o be made up of a single strand of
Lureka wire o-104 inch in diameler.
What length is necessary 2 Specific vesis-
tance of Lurcka = 18-5 microhms per inch

0-195 ohm,

cithe.
Rearranging the formula R = gl a, we
have -
! = Ra’s.
Now « 0-785 (0-104) 0-0085

square inch.
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Ry, R, K,

several parts,

the resistances of the

Parallel circuits.  The reciprocal of the
equivalent or joint resistance is equal to the
sum of the reciprocals of the resistances
of the several parallel parts of the circuit.
The reciprocal of resistance is called
conductance.  Hence with parallel circuits,
the equivalent conductance is equal to the
sum of the conductances of the several

parts.  Thus :—
I 1 1 1
R tTR TR (6)

With two circuits in parallel,
the simple form :
1 R, I,

K= R FUR, T R4 R,

Henee - i Serics-parallel circuits.  The equivalent
00r X w0083 X 100 s resistances of the series and parallel por-
185 + N tions are calculated sceparately, and are
(4) The cold $-
resistanee (Jf the ‘ERiE PARALLEL <IQ<UIL
Jield winding of u T WWWWNW R _ STAGE LIGHTS
. v
> A3 509 5
motor 1s 120 olns supPLY e

al an air lempera-
ture of 15 C. The

hot resistance
measured at the end
of a heat run is
142 ohms.  What
s the temperature
rise ?

Fig. o,

circuit.

From formula (3) the resistance at 20 C.

1s -
20 15
Ry’ 120 (1 - — ,_)
254

120 (I - 0-0197) = T22-2 ohms,
and from formula (4) the actual tempera-
ture rize (from 157 C.) is:—

.254(24—'z iml.l) + (20 — 15) = 406-1°C.

122:2

Resistances of Series, Parallel, and Series-
parallel Circuits.

Series circuits.  The total resistance is
equal to the swm of the resistances of the
several parts of the circuit.  Thus :(—

R=R,+Ry+Ry+ ........ (5)
where R is the total resistance and

OIMMER (RHEOSTAT ) IN SERIES WITH LIGHTING CIRCUITS (STAGE AND
QUDITORIUM } I THEATRES.
RESISTANCES OF SERIES-PARALLEL CIRCUITS.

The equivalent resistances of the series and parailel portions are calculated
separately and are then added to give the equivalent resistance of the whole

then added to give the equivalent resis-
tance of the whole circuit.
Numerical Example.

Three conductors of resistances 35, 3,
15 ohms are connected in parallel. What
is the equivalent resistance ?

The separate conductances are :—

1/3.5 — 0.280
'3 0333
1/1.5 = 0:0067

lence the equivalent conductance =

1-280 and the equivalent resistance =
I
— 0+778 ohm.
1-280 7

Law of Electric Circuit.

The rvelationship between the enunf,
o]
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current and resistance is given by Ohm'’s
Law., Thus:—
E.am.f
C =_—
urrent Resistance

or ;—
I'=E/R ................c .. ... (8)

If the circuit contains other internal
em.f’s, then :—
Current =
Applied voltage — Sum of counter e.m.f.’s

Resistance

ELECTRIC CIRCUIT CALCULATIONS

tion: (1) when no external circuit is
connected (i.e., no load) ; (2) when current
is supplied to an external circuit.

For the first case (i.e., no load) the
calculation of the common terminal volt-
age, when the en.f’s have not exactly
the same value, is not difficult, but 1t
involves determining the circulating cur-
rent, or currents, Thus with two sources,
having em.f’s E,, E, (E, being the
greater), and internal resistances R,
R,, respectively, the circulating current,
I, Tig. 7B, is given by (L, —E,) /(R,+ R,).
The common terminal voltage, T, 1s
givenby V = I, — IR, = E, + IR,

With three sources, e.g., storage cells,
having emd.'s I7y, I, FE, (E, >,
I,>I,), and internal resistances Ry,
R, Ry respectively, the eirculating cur-
rents /[y, [, [, are best determined by
first calculating the ficfitious currents
shown as /., I, inig. 88. These currents
are calculated by cquating the resultant

entf. in cach circuit to the
voltage drops  produced by
~the circulating currents.
Thus :—
Fig. 7A—PI1CTORIAL REpPRE- < I'y—E, =R, I, -+
SENTATION OF Two E.oLF. E’ l]» I ]\l !
SOURCES IN PARALLEL, I R (L b)
No IEXTsrNaL Loap (k.G., A E,—LE,=R,(I, — I,)
Car L1GHTING DYNAMO AND «—— + R, I,
STORAGE BATTERY). 2 .
Solving for I, and I, we
2 P have :—
Iig. 7B (right). — Circuir Ji
Diagram ror Two paLr, ¢ o 5 N -
SOURCES IN PARALLEL. V o (_El — L) Ry -+ (E, — ]_" a) Ks
R, Ry 4+ R, R, + R, R,
.« {10)
Voltage Drop. ) (I's —Ej) Ry + (E,— E,) R, (1)
Ry Ry+ Ry Ry -+ Ry Ry

The voltage drop due to the current 7
passing through a resistance R is equal to
R1I. Hence if a source of em.f. has an
e.m.f. I© and an internal resistance K the
terminal voltage ( T°) will be :—

V=Fr IR

E.m.f. Sources in Series and Parallel.
Series.  The resultant e.m.f. is equal to
the sum of the separate e.m.f’s. The
resultant terminal voltage = resultant
emf. — sum of voltage drops due to
internal resistances of e.m.f. sources.
Parallel. Two cases need considera-

Hence the common terminal voltage, V,
is given by ¥ IEy, — I, Ry, or V=
Ey,—(ly — L) Ry,or ' =FE,+ I, R,

For the second case (i.c., when the sources
supply current to an external circuit) the
calculation is more involved, and is best
treated by the principle of Afictitions
currents circulating in the parallel cir-
cuits—an extension of the method emni-
ployed in the no-load case. Thus with
two sources (having em.f’s E,, E, and
internal resistances R,, K, respectively)
connected to an external circuit or load of
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resistance R, the fictitious currents / o, 1
Fig. 9B, are
tions ;—
Ey—E,=R, I, + R, (I, — 1)
Ly=Ry(I, — I,)+ R I,

¥
determined from the equa-

giving :—
CE\Ry+(E,—E)R | (12)

* RyRy, + R, R+ R, R

I :k_Ifl R‘.""‘E‘.LRI_ e (13)
y Ry Ry + Ry R + R, R
Whence :—

V=K — I, R,

and I, = I, — ],

7E'.' Ry —(E, —EJR . . ... (14)

Ry Ry + Ry R+ R, R

Numerical Examples.
(1) A separalely cxcited dynamo giving
@ no-load com.f. of 110 volls 1s connected in

1387

~ Whence the common terminal voltage
1s
77 T1z2 — (336 X 0'2) = 105-28 V.
The current supplied by the battery may
be obtained either from formula (14) or by
calculating the load current and subtract-
ing the dynamo current. Adopting the
latter method, which is the simpler one,
we have :—
Load current = 10528 '2 — 52-64 A.
Battery current = 52-64 — 336 = 1g-04 A\,

parallel with a 55-ccll battery of accumn- 2Vorr Cert A\ 3
lators, cach ccll of which gives an open- ({&\\\ ] j
circuit eon.f. of 201 wollts. The internal 2orrCece TN I |
resistance  of the dynamo s 2Vorr CesreN\L~
0°2 ol and that of cach cell
is o005 ohm  What is the
conmon Lerminal vollage E
The open-circuit e.m.f. of Fig. 8a.—PICTORIAL D1a-
the battery is 55 X 201 [ GRAM  OF THREE E.aLF,
. - o . a SOURCES IN  PARALLEL,
1105 V., and the internal
resistance of the battery is
55 X 0005 = 0275 ohm. B )
Hene 13‘ . 1/3. , Lig, 8B (left), — Circerr
ence the circulating current DIAGRANM FOR THREE 1,3LF,
110'3 — 110 < SOURCES  IN  PARALLEL,
= 3 - = I-05 A 2
0°2 +4 0275 I
(discharge from battery) and b o
the common terminal voltage 3 Currents in Parallel Circuits.
4 o 03 — 11021V - L
110 +0:2 X 105 = 110-21 V. L The division of current
(2) Ifinthe preceding example between  simple  conductors
the dynamo and battery supply a connected in parallel is easily
load of 2 ohms, what will be the calculated by the application
common levminal voltage if the [ = V —>1 of Ohm’s Law. Thus because
no-load ¢.m_f. of the dvnamo is the same voltage, I, exists

raised fo 112 wolls > Neglect
the effects of armature  reaction in the
dvnamo.  Also, what will be the currents
wn the dynamo and the battery 2
The circulating current I, Fig. 9B, is
calculated from formula (12). Thus:
112 X 0275 + I'5 X 2
- X_ 75 9_? - = 330 A,
0055 -+ 0-4 + 055

z

between the ends of the
conductors, the currents are given by :—
I8 .
I, = —-in conductor No. 1,
R,
I, = —- in conductor No. 2,
K,
and so on.
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Fig. 9A.—PI1CTORIAL REPRESENTATION OF Two

E.MF, SOURCES IN [PPARALLEL SUPPLYING AN

EXTERNAL Loap (E.6., A CAR LIGHTING AND

STORAGE BATTERY SUppLYING THE CAR’s HEAD-
LiGHTS).

Whence:

1 1
Iy 1, 08— ¢
bt R, R, Ry

or, in the special case of two conductors -

1, ete. ete.

The total current, 7 = 1, I, -+ 1,4

In the special case of two conductors,
the ratios of the total current to the
currents in cach conductor can be expressed
very simply in terms of the vesistances of

the conductors.  Thus :—
R PR PR
1, I, A R,
R, + R,
R,
TR SN (S
g g 1, R,
R, + R,
R,
Whence :-
I, — 1 (ii”, k. 1\'._.) .............. (16)
R, i
I,— I (1‘,1 R e (17)
These formulie are very useful and

should be noted.

Tle division of current between dynamos
or Dbatteries connected in  parallel is
calculated by thie method given in the

ELECTRIC CIRCUIL'Y

CALCULATIONS

preceding section, and the formulie there
given are directly applicable.

Numerical Examples.

(1) Two feeder cables having resistances
of 0:05 oluit and 0-08 olun are connected in
parallel to carrv a tolal current of 800
amperes. What will be the current in each
cable and the voltage drop ?

Applyving formulie (160), (17) the eurrents

are -
, 008
I, - 8oo ( A,)
0:03 -+ 008

492 A in the 0-05-ohm feeder.

, 003
I, = Soo ( . )
0-03 - 0-08

I

308 A. in the 0-08-ohm feeder.
I, R, =492 X 005

<—FE, '
g

«—£EK
<

The voltage drop

240V,

(2) Anammeter
hawing a range of
I antpere and a
resistance of 0-1
ol s required (o
have ils  range
extended  {o 10
anperes by means
of a shunt con-
nected in parallel
with the instru-

2
-;_——@q'[—o
2

menl. What must
be (he resistance
of this shunt ?

The current in V—)
the  instrument
for  full  scale _'V\A/\/\M/_
deflection is R
I ampere and . S

ig. 98.—CIRCUIT DIA-

the voltage drop  Graw ror Two n.aLF.
is therefore 0'I  Forces 1IN PARALLEL

volt. Hence the SUPPLYING AN EEXTERNAL
shunt must carry LD, 4%

(o — 1) 9

amperes, and therefore its resistance

0°1/g = 0-0111 ohm.

(3) Two cables having vesistances of
02 ohm and 0-35 olun are working in
parallel.  The current  in the o-2-ohm
cable is 120 amperes. What is the lotal
current ?
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The current in
the o *35-ohm cable VOLTAGE DROP ON TRAMWAY SVSTEM.
15 determined from RESISTANCE PER /000 FT. OF TROLLEY WIRE = O -066 ONMS.
formula (1 = ) CURRENT 7AKEN Bv CAR MOTOR = GO0 AMPS. VOLTAGE DROP OVER SECTION
. 2 Y2 MILE LONG = /O-5 VoLTS.
Thus:— _1 T B
1 02 é ‘m
120 033
Whe i 686 A RESISTANCE PER MILE OF TRACH RAILS (SINGLE TRACHK )=0-0O2 OHMS.
1ence S AL VoLTAGE DROP In V2 MiL& OF TRACK = € VOLTS.
The total cur-
rent 120 086 Fig. 10.—P1cTORIAL REPRESENTATION OF VOLTAGE DROP ON A TRAMWAY
1880 A. SYSTEM.

Current Density.

This quantity is equal to (current/cross
section  of conductor), and is usually
expressed in amperes per square inch. It
is an important item in calculations of
conductors for clectric power distribution
and electrical machines.

Power and Energy.

Electric power is the product of current
and voltage; it is expressed in watts
(or kilowatts, 1 k.W. = 1,000 watts).

Thus P = I I

Energy (watts) is the product of power
and time; it is usuallv expressed in
kilowatt hours (k.W.h.).

Henee power is the rafe at which energy
1s expended, since energy time — power.

Relationship Between the Units of Electric
Power and Mechanical Power.
The unit of mechanical power is the
horse power which corresponds to the
expenditure of energy at  the rate of

33,000 feet pounds per minute.
1 horse power

740 watts,

Power Loss in Conductors.

The voltage drop I in a conductor
of resistance R carrying a current [ is
equal to 1. Hence the power supplied
to the conductor is equal to :

P=FEx I=RI I— RI* (18

Alternatively, the current, [/, may be
expressed in terms of /o and R, in which
case the power is given by —

I IE
= .o {19

Of these alternative  expressions  the
former is more convenient for caleulations
on series circuits and the latter is more
convenient for calculations on  paraliel
circuits.

P=Fx 1 I x

Current Density and Heating of Conductors.

The power loss in a conductor tends to
raise its temperature, the temperature rise
being approximately proportional to the
power loss per unit of cooling surface.

This quantity is dependent

8.7 U

Acri warr
SECS. D7
EFFICIENCY

THEORTL
WAaTT
SECaVOS.

V%

CaLoriEs| Pracrrice

285

LS00 WATTS

geicg |FOR ITMIVS.

300.000 | 385,000

J80

800 warrs

96,000 FOR [l MINS..

400.000| $/2,000

prs.| 769

000 warrs

L IFOR (7 MINS..

800.000 | l1024,000

8

Prs. /520

/1300 Warrs.

384000 FARLEMINS.

1600.000( 2048,000

Fig. 11.

Formule : Actual Watt Scconds

-CONVERSION OF ErecrriciTy iNto Hiar,
Pints 1}

‘Temperature rise I

1055
Efticiency -
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on both the diameter of the wire and the

current density, Thus :—
P—IiR— pl®
a
External surface = ndl = 4la/d
Whence :—
r I2led 1) 0P
=dl Ja*l (TI ‘ A

Hence for a given temperature rise,
small conductors mayv be worked at a ligher
current density than large conductors. This
])nmt is very important with rubber insu-
lated cables as overheating causes rapid
deterioration of the rubber insulation.

TavLe 11,
Data or Copper WirReEs axp Cabrks USED
For ErEcTRIC LIGHTING AND POWER CIRCUITS,
GiviNG PErRMISSIBLE CURRENT DENSITIES AND
PoweRr Loss For RUBBER INSULATED CABLES.

Number | Current, Power
of Nominal | den- loss
wires and cross  [Current| sity per
diani of | section | (amp.).| (amp. 100
ciach wire | (square per vards
(inch), | inch). IS(]. in) [(watts).
| i S
1 *036 | 0001 41 | 4,100 3960
104 I 0°0015 61 | 4,000 588
1 o0y | 000322 12'9 | 4,100 | 1,240
77044 | o001 31 3,100 | 2,200
19 706y | 000 | 83 1,380 | 2,700
19 "083 | o1 118 | 1,180 | 3,330
37 "ON3 | o2 I 184 020 | 4,140
o1 "103 | o5 332 664 | 5,320
91 103 | 075 \ 461 | 01y | 6,860
127 595 | 595 @ 38,140

103 1°0 l

Numerical Examples.

(1) Determine the cross scction of a
cable 200 vards long to carrv a current of
100 amperes if the power loss in the cable is
to be 500 walls.

From formula (18) the resistance of the
cable is R = P/I* = 500 /100% 005
ohm,

Whence the cross section—-from foimula
(1)—is :—

200 X 36 < 0-66
007 X 108
0095 square inch.

(2) <1 460-volt motor taking a full-load
current of 300 amperes is su/)/)lml from a

CIRCUIT CALCULATIONS

power station 250 vards distant.  Determine
the cross section of the cable and the voltage
at the power station if the efficiency o/'
transmission is to be 98 per cent.

Power input to motor at full load
100 X 300 = 138,000 W.
Power supplied from station :—
138,000 ,

= 008 140,700 W,
Power loss in cable (by difference)
2,700 W,
Voltage drop in cable = 2,700 300
gV,
Voltage at power station 100 + ¢
14609 V.,

Resistance of cable = ¢ /300
Length of cable = 2 X 250 =
Cross seetion of cable

500 X 36 X 000

003 X 108 0395 square inch.
X

003 ohm.
500 yards.

Conversion of Electrical Energy into Heat.

Heat energy is expressed either in
calorics or in  British  Thermal Units.
One  caloric is the heat required to
raisc the temperature of 1  gramme
of  water 1 C., and 1 DBritish
Thermal Unit (B.Th.U.) is the heat

neeessary to raise the temperature of

1 pound of water 1° Y. The relation-

ship between these heat units and electrical

units is as follows ;-

42 watt-seconds,
1,038 watt-seconds

1 calorie
1 B.Th.U.
watt hour.

Henee the heat produced by a current
I passing through a resistance R for a
time / seconds will be :—
I* R t/42 ealories
12 Rt/1,058 B.Th.U,

029

Water Heating.

The electrical energy  supplied  to
the heater must be greater than
the heat energy required for the water
because of heat losses occurrmg during the
heating process and losses in the l1cntcr
itself. To allow for these losses we in-
clude the heat efficiency in the calcula-
tions.
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VOLTAGE LAMPS

FOR CAR AND OTHER PURPOSES

By E. HiLL

OW voltage lamps are used for a
L great variety of purposes, such as
the lighting of motor vehicles,
cycles, motorand steam boats, acroplanes
and trains, for hand, pilot and mine lamps,
and for temporary lighting circuits,
The lamps range from 2-volt screw cap
bulbs to 235-volt, 6o-watt bulbs of the 5.C.
or B.C. type.

Flash Lamps.
Everyone is familiar with the tlash
lamp made up of one or more dry

Bayonet Cap Bulbs.

Similar use for hand lamps, pilot lamps,
switchboard lighting, etc., is made of
small bayonet cap bulbs of 2, 4, 6 or 12
volts. B.C. bulbs are made with centre
contact for single pole wiring or double
contact for double pole wiring. Either
screw cap or bayonet cap bulbs may be
used for temporary circuits such as table
lighting, shop window and sign illumina-
tion and indoor or outdoor exhibition
lighting ; being connected in series when

cells in a container of rectangular

or cylindrical shape, a press or Man ANTI-DazzLE
sliding switch and a cover in | sy 000 FUAMENT  FreamenT
which is mounted a lens, retlector Freamenr

and lampholder. Miniature screw

cap bulbs are almost invariably M E

used for this type of lamp, and Framenr

as primary cells are relied on as

the supply source the current

consumption is kept down to a I\Cﬁﬂvasovaw Acyntivions
minimum, and the etfectiveness of s Coanes Swrrer Cup

the light depends largely on the AosITIvE.

brightness and efticiency of the » -

reflector and lens. The scerew IFig. 1.—GRAVES BULB, SHOWING METHOD OF

cap forms one terminal of the

bulb and is connected to one

end of the filament, the other end
being connected through the vitrite to
the centre contact consisting of a bead
of solder. The top half of the bulb
is usually' obscured by frosting or opal
glass so that there are no direct rays and
all the light is reflected. Similar bulbs
are used for hand inspection lamps having
cither dry cells or accumulators as the
power supply. The same type of bulb is
used on telephone exchange switchboards
as a pilot lamp, to indicate whether a
circuit is alive. On car switchboards the
screw cap bulb may be used as a pilot
lamp for direction indicators, and in the
ignition circuit as a warning lamp.

CONNECTING,

run off the mains or in parallel across
accumulators,

How the Lamps are Connected.

For general use lamps connected in
series are unsatisfactory, as the failure of
one lamp will put the whole circuit out of
action. This principle is utilised in the
connection of a visible pilot lamp in
series with a remote lamyp or instrument
so that a breakdown of the circuit is
indicated by the pilot light going out, or
failing to light when the circuit is switched
on,

Electric Headlights for Cycles.
Electric headlights for cycles are similar
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SOME TYPICAL CIRCUITS USING LOW VOLTAGE LAMPS.

DRy Barrery Screw
ORAccumutL aTor CarBuLs
2
1
SwircH )

Fig, 2.—Cmrcvir oF FrLasu oxr
Haxp Lawme,

SoLe~noo
Aror Cort —u-

LAarer
; b h

—uls A

7
BaTreRy 2ras)

Fig. 34— CircviT FOrR Pror Lasr
ARRANGED TO INDICATE PAILURE OF
Maixs Cireurr,

S7ano-8By
BATTERY
0 {]-—_DE {—Ml—lb
Dywanro Swirer

‘

J/ v
T4 Lavir HEAD Larr

Fig. 6.~ CONNECTIONS OF Dy Na-
MO FORr CyCLES.
Showing auxilary battery for
lights when the machine s
stationary.

in construction 1o

ProT

BuLs —» Remore Larve

l SwrrcsM
-

—{ujs|e

BATTERY

I'ig. 3.—-CIkCUIT SHOWING PILOT
LLAMP 1IN SERIES.

1.0 V. MAINS TN

y £

6. 20V . LAMPS IN SERIES

Fig. 5--CONNECTIONS Tok  SIGN  OR

DECORATION LAMPS IN SERIES,

TZan
PiLoT Lamp
Burs
BAT;ERY E)
e 1—|| (yj—p =

Maw Bued ( E SwwECAR
HERD LAMP Lamp

Fig. = —CoNNECTIONS OF BATTERY LIGHT-

i
ING SET FOR MOTOR-CYCLES,

tail lamp showing a

flash lamps and are
provided  with a Ovnanto
mounting for fitting
10 the lamyp bracket.
Electric lamps for
motor-cycles,
motor-cars, coaches,
omnibuses and vans
differ only in details

CyT-0ouT

/GNITION . 2 :
SwiTcH dicating the width

/envirion Cor

WARNING LamP

Barremy red light to  the

) rear, a head light
I|I|i——||f' for  motor - cyeles,

and 1wo lamps in-

of three or four-

-«
Lfml)'\—"h wheeled motor
A

vehicles, showing
white lights ahead.

of constrietion, Fig. 8. CoxxecTioxs FOR WARNING Layr For  In - addition  most
CorL lGNITION, motor passenger

Regulation Lights The lamp glows when switch is left on with

for Cars, etc. engine stalled.  When the dynamo cuts in, the
EMLE. of the dvnamo is opposed to the 1EALE. B 1
of the battery through the lamp and no light is regulation  lamps

The  regulation
lights consist of a  shown.

vehicles carry two
head lamps, the two

being termed side
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The
may  be
with
lamps
these

lamyps.
latter

combined
the head
providing
are fixed within
12 inches of the =

HEAD
S108 Lamp v/ Lames ™ SIDE Lamp

JL
N

outer cdge of the

wings, Side and l 3!
tail  lamps are

usually fitted ' ™
with 0-volt, 3 or LA
O-watt  or  12-

volt, 6-watt

s.b.c. bulbs.

Bulbs for Car

Head Lamps.
Suitable butbs

for head lamps Ovvamo —]

having an aper-
ture of up to
o} inches are the

74/t Larme

O-volt, 12-wattor
12-volt, 24-watt
s.b.c.  Above
that size O-volt
18-watt or
12-volt, 30-watt are usually fitted.  For
extra powerful lamps g8-watt or even
Oo-watt bulbs may be used, although the
new regulations may limit these to 36 watts,

The Problem of Dazzle.
The problem of providing an adequate

=

Rim

TENSION SPRING

BuFrFer
STor

L amP
HOLDER

PVOT

FEFLECTOR

SoLENOID

BRIDGE FIECE

10,—SECTION OF DIPPING REFLECTOR.

Fig. g—CoNNECTIONs For A Tyrican Five-rase Car [LIGHTING SET.

Suitable bulbs for head lamps having an aperture of up to 64 inches are
the O-volt, 12-watt or 12-volt, 2g-watt, s.b.e. Side and tail lamps are usually
fitted with G-volt, 3 or b-watt, or 12-volt, o-witt ».b.c. bulbs,

driving light without iuterference by
dazzle with oncoming tratfic, has exer-
cised the minds of many inventors, and
numerous deviees hiave been tried and
manufactured with this objective,  Many
of these devices are successful in cutting
off the top rayvs of light, and thus prevent-
ing dazzle on a level road, but in most
instances there is a pronounced falling off
of the intensity and range of the beam,
Dipping the beam by movement of the
reflector, or lamp body, or displiacement
of filament, detinitely shortens the effee-
tive lighting range and limits the safe
driving speed of a car at night, especiatly
on unlit roads or on roads with a switch-
back contour,

¢ Dipping.”’

As an anti-dazzle device  dipping ™ is
probably the most effective and is applic-
able to most makes of head lamps in one
form or another. The Graves type of
bulb, which Las two filaments —one for
the main beam and the other shielded so
as 1o give a horizontal *“ cut off " of the
beam—is also satisfactory from the anti-
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HEAD Larmp

Socenvorw Cort.

SwrremH
-
70 Heao
i Lamp FPos.VE

lig. 11.—CONNECTIONS OF Dir axn
SWITCH ARRANGEMENT FOR CAR Hian
Licurs.

dazzle point of view and gives a longer
range of lighting, thus permitting a rather
higher safe driving speed. Dimming or
blacking out of lumps is unsatisfactory
and is liable to canse the driver behind
the lamps to lose sight of the road tem-
porarily, with consequent danger to other
road users,

LOW VOLTAGE
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AOuUSTING

LampP Booy ~UT

Apapror

Lame HOLDER

HOLOER

SAaw
curs

SPLIT NuT

LEXTERNAL Focussing Tyre
OF LLAMPHOLDER.

Fig. 12,

the axis of the lamp and bulb is set parallel
to the road surface and to the wheel base
of the car, or set over slightly towards
the near side. Many experiments have
been made by means of coloured bulbs,
or discs of amber and blue in front or
behind the lens, to obtain better lighting in

fog.  but no  conclusive

How to Counteract Dazzle.

The chief source of dazzle
is the inaccurate focussing
of bulbs in relation to the
retlectors,  This is demon
strated by the large number

Laptp HOLOER WiTH
FOCUSSING DEVICE

of side lamps which have a
dazzling effect, owing to the
inadequate means of

Focac
CENTRES

evidence has been produced
that a more penetrative
light is obtained by these
means. [t has been estab-
lished, however, that amber
or blue lights do not reflect
back from fog to the same
extent as white lights, and
surrounding objects are
therefore more visible when

focussing  provided. The  pyy.
proposed regulation stipulat-

ing that all xide lamps

should  have frosted lenses,  will, if

enforced, reduce the glare problem con-
siderably.  The setting  of lamps  also
has a bearing on the subject and a safer
and better driving light will be obtained if

ifshlafef——y
Barrerr

Lasp VorTace
~— REGULATOR

3553

7
LAmps

Cur-our

Ornaro

Fig. 14.—SINGLE BATTERY TRAIN
LLIGHTING SYSTEM WITH REGULATOR.

13.—LAMPHOLDER
IFocussing DEvICE.

seen through these coloured
lights,

WITH

Parabolic Reflectors.

Yarabolic reflectors are used on muost
car head Jamps and the lighting efficiency
depends largely on their accuracy and

polish.  Reflectors are made of brass or
Lamps
L !Q Q
{
o.P CHASNGEO ver \ 4./‘ AMP SWITCH
WITCH
3 LUUOH
._I‘ Barrery!
o fs]v|a]—o
BaTTERY 2

Oywnano

BATTERY TRAIN LIiGHTING

SYSTEM.

Fig. 15-—DOUBLE
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bright steel sheet drawn up to shape,
planished, polished, nickel or copper-
plated, silver-plated, and then highly
polished.  To protect the polish some
manufacturers make a practice of coating
the polished surface with colourless lacquer.

Type of Bulbs for Reflectors.

The type of bulb is also of importance
and should be suitable for the particular
head lamp in which it is used, in regard
1o contacts, cap fitting, focal centres
and size of globe.  Standard bulbs are
gas filled and have s.b, caps, single or
double contact, and may have single or
double filaments,  The main tilament is a
short spiral tungsten wire fixed axially
in the lamp so that the light centre is
285 mm. + 1.5 m., from the bayonet
pins, and the diameter of the globe is
38 mm.

S,
oS oErs
OO

How to Obtain Correct Focussing.

It is important that the axis of the
bulb should coincide with the axis of the
lamp retlector and a slack it between
the lampholder and the bulb is sufficient
to prevent accurate focussing.  Holders
are now made to close limits, and addi-
tional saw cuts at right angles to the
bayonet slots ensure that the holder fits Oume
snugly round the cap of the bulb. Various
focussing devices are in common use on
head lamps, the most cthicient type con-

Mans

Fig. 16.--Tun
“N1GHT  MaIL
Sarery lacar,”’
SHOWINGWIRING

sisting of a lampholder which can be et
adjusted forwards or backwards in a q
sleeve and locked in position by a nut,
screw or collar, Maw Burs
The pressure of the contact plungers in
lampholders, against the bulb contacts is also of importance and has been
standardised for automobile lamyps at
+ + 4 pounds per plunger.  Spiral springs
— — T as used for lampholders quickly lose
their resilience if employed as con-
L - ductors for the current, and in well-

I designed holders the plunger connects
fo nmm— [o —— | directly between the external cireuit
and the bulb and is of sufficient cross
section to carry the current without
overheating,

.

When Flat Spring Contacts are Used.

On  many modern car  lamps,
Fig. 17 Conzkcrions  ofF  SEries  Paracter  especially roof lamps, tail and stop
SWITelt For CoMPARTMENT LIGHTING oF Traixs.  lamps, plungers are replaced by flat

LAMPS IN FPARALLEL. LampPs /v SERIES.




]3(;() 1.OW VOLTA

18- SECTION OF ROOF LAMP FOR

Car, Brs or MoTOR-BOAT.

iy

spring contacts bearing  directly  against
the bulb contacts. These are  casily
adjusted it bent out of position, bt
should they become  softened by over-
heating the only remedy is to replace
them,

A Eyrean Navicarion Lagnr.

GE LAMDPS

to an adaptor fixed in the lamp body and
the external leads are connected to the
adaptor by means of a plug.

TRAIN LIGHTING LAMPS.

Gas-filled or vacuum b.e. bulbs of
16, 22 or 23 volts and 15 or 20 watts
are used in lamps for train lighting pur-
poses in this country.

Compartment fituings may be of the
well glass type with one, two or three
lampholders, or may be simple lamp-
holders without other fittings and having
exposed bulbs which wtilise the white
painted ceiling for reflecting the light.

Corridors are lit by single-bulb  well
glass lamps.  TFor dining cars and saloons
ornamental side bracket roof and table
lamps are nsed.

Regulating the Voltage Across the Lamp.

A high proportion of maintenance costs
for the lighting of omnibuses and trains is
allocated to lamp bulb renewals and some
form of regulation to keep the voltage
across the lamps within reasonable limits,
is adopted on most systems, inoorder to

Fitting Lamp Fronts and Lenses.
The fitting of lamp fronts and
lenses, for car use, can materially
affect the efhiciency. A badly fitted
front may allow moisture to tarnish

the  reflector and  rednece  the
clfectiveness of the lighting, A cork

or rubber ring interposed between
the front and the lens will make a
good watertight joint, but when the
joint is made against the retlector
rim, cork is the more suitable as
rubber will adhere to the refleetor

{/'1 Iy \//o°

GREEN STAR8D.
LIGHT

RED Porr
LIGHT

=7
~/40%"

WriTE TaiL Lase.

and may damage the bulb or the
reflector when the front is removed.,

How to Connect Up Head Lamps.
Connections to head lamps are made
in several ways, ez, lamps with hollow
holt fixing are wired through the bolt to a
connecting block or direct to the lamp-
holder in the interior of the lamp.  Other
lamps are wired from the lampholder

OF ALEROPLANE NAVIGATION

Licurs,

D1aGrAN

minimise fatlures
through over-

volting.
On a double
battery  system,

for instance, one  p;0 51 Cockerr Licut
battcry is being  witn UNIVERSAL ACTION,
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charged whilst the other
supplies the lamp current

at  the normal  battery
discharge voltage.
On  a  single  Dbattery

systenn a voltage regulator
may be employed which
interposes resistance in the
lamp  circuit  when  the
charging voltage is above
normal and cuts out resist-

ance when  the voltage
drops.

For night travelling
means  arc  provided on

sonte coaches for dinuning
compartment or sleeper
lights.  This may be done
by putting resistance in
the lamp circuit with a
dimming switch  or by
changing the connections
to the lamps from parallel
to scries by means of a
special sevies-paraliel
switch.

MOTOR BOAT LAMPS.

Cabin and dashboard
lamps are similar to those
cmployed  for  car  and
omnibus interior lighting.
Regulation navigating
lights consist of a port,
a starboard and a mast-
head light.  The port lamp
shows a red light with a
definite cut off, the light
angle being 110.  The
starboard light is green
with a similar angle of cut
off. The colour and trans-
mission value of the red
and green glass used in
these lamps must conform
to the specification issued by the Board
of Trade.

The mast-head lamp shows a  white
light forward. Small scarchlights may be
carried, and these have a drum-shaped
brass body mounted in trunnions on a
bracket, which in turn may Dbe given
rotary’ motion on a vertical axis, thus
allowing niversal movement to the

Fig. 22

MATIC

imch.

[Fricrric

clectric generator driven by a
compressed air turbine working
at a pressure of jo 1b. per square
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direction of the light.
Silvered  glass  reflectors
are used and bulbs of

12 volts, bo watts fitted.
The scarchlight front may
be either hinged or detach-
able and fastened  with
swing bolts and wing nuts.
A watertight  joint s
essential and this is pro-
vided by means of a
rubber gasket between the
front and the body of the
lamp.

AEROPLANE LAMPS.

The regulation  lamps
for an acroplane employed
for night tlying are similar
to those of a ship. A red
port-light with an aperture
giving a cut oft dead
forward, and 110" round

on the port side, is carriced
on the left-hand wing tip.
The starboard green light
on the right-hand  wing
has a similar angle of ent
oif on the starboard side.

The tail lamp shows a
white light through an
angle of 140, and an
ahcad light (shown Dby

v seaplanes  at  moorings)
also shows a white light
forward, through an angle

of 220 .
A PorraBLL PNEU-
Lane ror  Special Bulbs for Aerc-
MixEs. planeS.
he metal casing contains an Spccizll bulbs are neces-
sary  for these  lamps,

having a horizontal fila-
ment in the plane of the
vertex of the angle of cut
off.  Tor port and starboard lights,
which should be wvisible at a range
of five miles on a clear night, 12-volt
gas-tilled s.b.c. or b.e. bnlbs are employed,
rated at 24, 30, 48 or 6o watts according
to the thickness and transmission value
of the glass. Gas-filled s.b.c. 12-volt,
1o-watt bulbs are titted in tail and ahead
famps.
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Navigation Lamps for Aeroplanes.

In the design of navigation lamps,
weight is of primary importance, and as
sca air and spray have a detrimental
effect on aluminium, light brass pressings
and bakelite mouldings are utilised in the
manufacture of lamps weighing only a few
ounces cach. A central navigation lamp
may be used for acroplanes having a wing
span not exceeding 60 feet. Two of these
lamps are required, one fitted above and
one below the fuselage. Port, starboard
and tail lamps are incorporated in this
central type of fitting, which is cylindrical
in shape and has one bulb only, mounted
centrally. Red, green and white glass
form the periphery of the lamp body and
give the correct lighting apertures; the
angle of cut off being determined by
partitions inside the lamp body.

Lights for Cockpits.

Cockpit lighting is effected by pillar
type or tubular dash lamps, which may
have universal mountings, allowing the
light to be directed on any of the instru-
ment dials.  Conccaled switchboard light-
ing is adopted on some of the larger air
liners.  Single bracket and roof lamps are
used for cabin and other interior lights.

MINE LAMPS.

Portable electric hand lamps for use in
mines must conform to the special regu-

LOW VOLTAGE 1LAMDPS

lations issued by the Home Office, and
special precautions are taken to prevent
any firedamp penetrating into contact with
the lamp bulb or terminals, The accurnu-
lator is enclosed in a container, a vent
being provided for the cell gases at a
point outside the lamp casing. Two-volt,
2-watt vacuum bulbs are usually fitted
and may have either peg top or small
Edison screw caps.

Pneumatic Electric Lamps.

Pneumatic clectric lamps have been
designed to minimise the danger from
explosive gases in mines where firedamp is
prevalent. This type of lamp is a sta-
tionary, sclf-contained unit coupled to a
compressed air main.  The metal casing
contains an electric generator of the
revolving field pattern, driven by a
compressed air turbine working with an
air pressure of 40 pounds per square inch.
Safety devices are incorporated which cut
off the current should the air supply fail
or the lamp guard glass De broken or
removed. Lcads from the generator are
attached to a cut-out on which is mounted
the lampholder and bulb. A glass dome
protects the bulb and this is secured to
the body of the lamp with a gas tight
locking ring. The range of bulbs used
for lamps of this type are : 6-volt, 24-watt
s.b.c., 12-volt, 36-watt s.b.c. and 25-volt,
bo-watt b.c, all double contact and gas
filled.

QUESTIONS AND ANSWERS

How does a warning lamp in a motor-car
ignition system work ?

The lamp glows when the switch is left
on with engine stopped.  When the dyna-
mo cuts in, the EALF. of the dyvnamo is
opposed to the EAMLEF. of the battery
through the lamp and no light is shown,

What means are provided for dimming the

lights on a train for night travelling ?

By putting resistance in the lamp

circuit with a dimming switch or by

changing the connections to the lamp

from parallel to series by means of a
special series-parallel switch.

What bulbs should be used for a typical
five-lamp car lighting set ?

Suitable bulbs for head lamps having an
aperture of up to 6} inches are the 0-volt,
12-watt, or 12-volt, 2g-watt small bayonet
cap. Side and tail lamps are usually
fitted with  0-volt, 3 or 6-watt, or
12-volt, O-watt small bayonet cap bulbs.

How would you obtain correct focussing ?

By secing that the axis of the bulb
coincides with the axis of the lamp re-
Hector, A\ slack fit between the lamp
holder and the bulb is sufficient to prevept
accurate focussing.



TELEGRAPH SYSTEMS

By T. E. HerBert, M.LLE.E,,
Superintending Engineer of South Lancashire District of Post Office Engineering Department.

FOUR KINDS OF ELECTRICAL
COMMUNICATION.
HE subject of electrical communica-
I tion comprises four main divisions,
cach with a technique of its own,
They are: (a)jthe ordinary electric tele-
graphs used within the Kingdom and on

Continental
circuits; (b
submarine tele-
graphy; (¢
telephony; and
(d) radio com-
munication, All
these branches
are intercon-
nected and in-
terdependent
to a remarkable
degree.

Plant Required
for Telegraphy.

The line plant
required for
telegraphs  is
similar to that
used for tele-
phones. There
is, however, this
difterence : that
all the earlier
telegraphs used
the carth as the
return path for
the current,
whereas a met-
allic circuit is
essential in tele-
phony. Since
telegraphs seem
destined in
future to be
carried wholly
in telephone

I'ig. 1.—SINGLE NEEDLE

® TELEGRAPH.
(The India Rubber, Gulta
Percha and Telegraph Works
Co., Ltd.)
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cables, the use of the ecarth return will

have to be abandoned.

Railway Telegraphs.

The railway companics use a single
needle instrument (Iig. 1) in which the
dots and dashes of the Morse code are

=il

Earth

g

IFig. 2.~—CONNECTIONS.

represented by
deflection of
the needle to
the left and
ri ght respect-
ively. At rest,
the needle dial
is connected to
line through the
springs (Fig. 2).
The movement
of the handle to
the side sends
out currents in
a direction cor-
responding  to
the direction in
which the han-
dle is moved.
It will be ob-
served that the
battery is con-
nected to the
upper and
lower insulated
halves of the
contact arm.
The substitu-
tion of shaped
pieces of tin for
the stop pins on
the needle dial
cnables the in-
strument to be
read by sound,
the dots and the
dashes being
distinguished
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by the different pitch of the sounds
made at cach stroke of the needle on the
sounding picces.

Double-plate Sounder.

In a large and necessarily noisy tele-
graph instrument room this proved in-
adequate, By substituting a neutral relay

for the dial and providing different toned
The

sounders this problem was solved.

Fig. 3-—DOUBLE-PLATE SOUNDER. (Siemens.)

instrument was known as a double-plate
sounder (Fig. 3).

Morse Sounder.

The Morse code nowadays is, in principle,
familiar to everyone. It consists of
permutations of short and long signals
as set out in Fig. 4. The dash is three
times as long as the dot.

The ordinary sounder (IFig. 5) consists of
an clectro-magnet with a soft iron arma-
ture carricd on a heavy brass bar held to
the upper stop by an antagonistic spring.
It is wound to a resistance of 20 ohms or

TELEGRAPH SYSTEMS

goo ohms according to whether it is to be
operated by a primary battery or from
the 24-volt power lead.

The dots and dashes of the Moise code
are produced by the brass bar striking
the stops, and here it may be remarked
that the ear in recognising the dots and
dashes of the Morse code really measures
the interval of time between the down-
ward click and the upward click of bar
returning to rest, and this is perhaps why
some difficulty is experienced in reading
wircless signals where the dots and dashes
are made by continuous sounds lasting
for the duration of the signal,

The Key. c

The key calls only for the comment
that its contacts are either of platinum
or of a gold-silver alloy to avoid troubles
due to sparking and to sccure reliable
signals by avoiding oxidation of the
contacts,

A direct sounder circuit is shown in
Fig. 6. The sounders are connccted
between line and carth when the keys
are at rest. The depression of a key
cuts out the sounder and applies the
battery.

Closed Circuit System.

In the simple form of sounder circuit
described, a battery at each station is
required. This necessity is avoided by
the closed circuit system, in which the
battery for working the circuit is located
at the main office. Current continuously
flows along the circuit through all the
sounders and when it is required to signal
the short circuit switch about the key
is turned and the key operated in the
ordinary way. This plan has some ad-
vantages in avoiding the necessity for
maintaining primary batteries in remote
places.

The general scheme will be apparent
from an examination of Fig. 7.

Post Office Teleprinter Circuit.

This system is used by the Post Oftice
on some teleprinter circuits to avoid the
provision of a battery at the outstation.
But, in this case, the signals are made by
disconnections instead of by transmitted
currents.
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Our National Humorist ar His Best

THE

BISHOP’S CAT
By P. G. WODEHOUSE

““ Cats are not dogs !’

There is only one place where you can
hear good things like that thrown off
quite casually in the general run of con-
versation, and that is the bar parlour of
the Anglers’ Rest. It was there, as we
sat grouped about the fire, that a thought-
ful Pint of Bitter had made th¢ statement
just recorded.

| the best method of preserving the juiciness

of bacon fat.

“ Cats,” proceeded the Pint of Bitter,
““are selfish. A man waits on a cat hand
and foot for weeks, humouring its lightest
whims, and then it goes und leaves him
flat because it has found a place down the
road where the fish is more frequem ”

“What I've got against cats,” said a

Although the talk up to this point had; Lemon  Sour, speaking feelingly, as one
been dealing with Einstein’s Theory of | brooding on a private grievance, is

Relativity, we readily adjusted our minds |
to cope with the new topic. Regular
attendance at the nightly sessions over
which Mr. Mulliner presides with such
unfailing dignity and geniality tends to
produce mental nimbleness.
circle I have known an argument on the

In our little ‘

their unreliabilitv. They lack candour ani
are not square shooters. You get your
cat and you call him Thomas or George,
as the case may be. So far, so good.
Then one morning you wake up and
find six kittens in the hat-box and
you have to rcopen the whole matter,

Final Destination of the Soul to change | approaching it from an cntirely different

inside forty seconds into one concerning

anzle.”

Read this delightful storv m the May
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