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terminals of the pick-up, the contact arm
being connected to the grid of the first
valve of the amplitier, as in Fig. 4. One
end of the winding of the volunie control
is comnected to the grid bias battery or
grid bias resistance in the case of an all-
mains operated receiver,  The value of
the resistance of the wvolume control
depends to a great extent upon the pick-
up.  Presentday pick-ups are usually de-
signed to use a resistance rated from
10,000 to 30,000 ohms; this value is
usually perfectly satisfactory, particularly
if they arc of the wire-wound type.
Some pick-ups, however, require a resis-
tance as high as 250,000 ohms. The
particulars for the value of the resistances
must be deterniined  either  from  the
maker’s instructions or from experinents,

Values of Resistances.

Suggested values for the various types
of pick-ups illustrated in  this article
are mentioned, and those values which
are mentioned will be found to give
satisfactory results under almost all con-
ditions, and if the volume control is of
the square law resistance, that is to say,
if the winding or the resistance element
is tapered, a more gradual variation of
volume will be obtained than if the
resistance is straight,
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Advantages of a Wire-wound Resistance.

Another point also in favour of a wire-
wownd resistance is that owing to the
great number of turns of wire on the
former it is iductive and  therefore
helps to retain the high notes, whereas
witll a carbon resistance, being non-in-
ductive, there is often a loss of high notes,
particularly if the resistance is of the
lower values. It is important that the
volume control should be smooth in action
and have perfect contact between  the
contact plate and the spring-arm, In
any case, one should never choose a volume
control in which clectrical contact is made
between  the spindle and  the bush .
it shiould always have some supplementary
system of contacts between the contact
finger and terminal plate.

Types of Pick-up.

As it is not possible in this work to
illustrate every type of pick-up at present
manufactured; it is, therefore, decided
to illustrate several well-known types,
with particular notes relative to cach.
As all pick-ups are constructed on similar
lines no ditficulty will be found in adapting
thiese notes to other pick-ups.

An Important Point in Design.

Thie most important point in the design
of pick-ups is the weight of the armature
and the position in which the screw for
clamping the needle is placed.  In all the
later types the screw is passed through
the centre pivot of the armature, so that
the weight of the screw does not in any
way affect the movement of the armature
or introduce an undue load.

Switch
v

Grid Bias

How 10 CoNxNECT A ICK-UP TO AN
EXIsTING RECEIVER (1).
Showing connections to volume control and
position of switch.

Iig. 4.

A
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ohmsresistance RT is connected

Deyg‘}sg"" i across the outer lead of the

Switch st LE pick-up, as shown in the circuit

Amplifier diagram, Lig. 9. This will

—] a alve . cffectively emphasise the bass
e Fick-up  register by reducing the out-

register.

put of the treble
If further reduction of the

Grid Bias

Fig. 5.—How TOo CoNNECT A PICK-UP YO AN
RECEIVER (2).

Showing pick-up connected to first L.F. amplifier valve.

THE MARCONIPHONE PICK-UP.

The Marconiphone Pick-up, Type No.
17 (sce Iig. 2), has an extraordinary
good response, and will reproduce equally
recorded music over the whole of the
musical scale. This is due to the careful
design of the armature and the general
construction of the magnetic system.

The D.C. resistance is 6,000 ohms,
A.C. impedance is 37,000 ohms at 800
cycles. The output in volts is 1 volt
TS,

The volume control should not be greater
than 250,000 ohms,

Volume Control Value.

A volume control is essential as a high
output from the pick-up may otherwise
cause overloading in the first valve of
the amplifier, with consequent distortions.
The control recommended is 25,000 ohms
and the winding is connected directly
across the two outer leads of the pick-up,

the contact arm being con- Y
it

nected directly to the grid.

Adjusting Relative Bass and
Treble Output.

The relative bass and treble

treble is necessary a 10,000-ohm
resistance may be tried. It is
essential in the case of every
pick-up to earth the metallic

EXISTING .
carrler arm,

Position of Pick-up.
The pick-up should always

be as near the receiver
or  amplifier as possible, and if
the distance does not exceed from

two to six feet ordinary switch tlex may
be used ; but if the distance is up to five
or six vards, it is advisable to employ
a screened cable which is braided with
copper wire, and the braiding connected
to carth. Greater distances than six
yards are not advised.

Inserting the Needle.

To insert the needle in the Marconi-
phone pick-up the head is rotated, thus
exposing the needle-holder so that the
needle mayv casily be slipped in. Ior
the best result Tungstyle needles are
advised. (Steel needles may also by used
and should be changed after each record.)
A Tungstyle needle may be used to play
100 times providing that it is not removed
from the holder, as owing to the very
frec armature it will cause practically no

output may be adjusted to /'::’ ial ’_’;“‘;f 1. Prek-up
suit individual requirements. ou‘f,f;,’é,,cus,,,g’
"

For a three-clectrode output pick-up
valve no adjustment will be
required, but if a pentode out- .

N Grid Bras
put valve is used the treble )
register may tend to be 2. 6.—How To CoNNECT A PICK-UP TO AN EXISTING

reproduced to a greater extent.

To cure this trouble, a 35,000  the pick-up

RECEIVER (3).

Showing position of switch for switching out aerial when

is being used,
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wear on the record. Be very careful,
however, to see that the point does not
become bent or broken ; this mayv occur
if the pick-up drops hard upon the record
or catches the edge of any projection.

Adapting Pick-up to Different Circuits.

Various circuits are shown for adapting
pick-ups to suit various receivers, and these
circuits apply to every type of pick-up.
When fitting a pick-up it is advisable in
the first place to connect a milliamp.
meter in the anode ot the last valve so
that the presence of overloading may be
noticed.
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so that the armature is held in a neutral
position. The fixing hole for the rubber
damper holder is elongated and can be
adjusted from side to side until the correct
position is found. This, however, should
not be tampered with unless one is certain
that the armature is not correctly adjusted.
If this rubber has become hard or dis-
torted in any way, 4 new piece can easily
be fitted.
SERVICE AND MAINTENANCE OF
MARCONIPHONE PICK-UP.
To Remove the Pick-up from Carrier.
1. Unscrew small screw on underside of

=

Fig, 7. —BJT.-H. MiNxor Pick-up.

The rubber damper A" is held in the cross member and is not adjustable.

The pick-up is

removed from the case by unscrewing the centre screw.

The needle of the meter should remain
practically  steady. If this is not sv,
cither alter the bias or substitute a valve
capable of handling a greater input.
Usually two stages of I.I'. amplification is
all that is required with the present type
of pick-up, unless, of course, very large
output is required, and this is then accom-
modated by the use of push-pull output,
and will be dealt with in notes on the
design of gramophone amplifiers,

Adjustment of Rubber Damper.

In the Marconiphone pick-up the arma-
ture is held in a central position by the
rubber damper. This rubber damper has
a small split in the centre, which engages
in the flat of the armature. The holder
for the rubber damper is easily adjusted

pick-up armand withdraw, The leads
to the soldering lugs may then be
unsoldered if necessary.

Remove screw-retaining metal cover,

and remove knurled needle screw.

3. Carefully move round horseshoe magnct
so that it can be lifted off, and place
on a suitable iron or steel *“ keeper.”
Do not drop. Wrap up carefully so
that the magnet cannot collect any
iron filings.

4. Unscrew  metal
rubber damper.

5. Carefully remove rubber damper.

Nole.—In certain instruments the lead
may appear not to be connected to the
coil. Examination, however, will show
that the systoflex insulation is merely

|9}

clamping place of
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Tig. S -3 T, Sextor Prok-ve,
The rubber damper is the round rubber rod held in the position by the holder ot " A7 The

pick-up is removable from the arm, contact being made to the leads by the contacts spring = B

to protect the joint which is effected at
the back of the coil.

Removal of Coil.

In the event of the coil being found
faulty, it may be removed in the following
manner ;—

1. Unscrew the hexagonal bolts securing
the solid pole picees and  carefully
slide out pole pieces and coil, faking
care nol to lose the small rithher damping
sheels wrapped round the preols of the
armalisre.

2. Slide the coil out of pole picce, test
carcfully, and if necessary replace by
unsoldering green leads and re-solder-
ing leads of new coil on tlex, taking
care {o replace the insulaling strips
over the joinls. Do NOT ALLOW THE
SLIGHTEST TRACE OF DUST,

Reassembly of Pick-up.

1. Erect one pole piece on its end so that
the coil s resting in it vertically
this will facilitate the insertion of
the armature.

2. Insert armature so that the {lattened
portion enters through centre  of

3. Carcfully insert  the

coil in =uch a manner that it will
appear at the top and so thal the
screwed end of the armature appears
al the ouler side of the pole picce.
rubber  bearing
strips on o cither side of  the point
where the armature pivots coincide
with  the curved  recesses in the
lower edge of the pole pieces and in
stich @ manner that the two edges of
the 1ubber strip do not conte together
at the point where the other pole
picce will grip the armature pivots.

4. Carcfully slide the sccond pole picee

over the coil in such a manner that

Pick-up

Grid

A
WY
3
=
o

Grid Bias

How 1o PrEVENT EXCESSIVE Ripro
DUCTION OF THE TREBLE REGISTER.

e, .

A 35,000-0hms resistance is connected across
the outer lead of the pick-up.
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the end of the rubber bearing strips
protrude outwards and away from
the lower surface of the poles.
Note.—The point of a4 pin will be found
usclul to draw the rubber strips into
correct positiorn.
5. Holding the two pole picces between
the thumb and forefinger of the left
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damping sheet locates between them,
and screw down lightly.
0. Replace magnet with ground surface
downwards, having carcfully wiped all
lraces of dust or filings from it with
Plasticine,
By lifting front edge of damping sheet,
move clamping plate and damping

10,

hand, thus clamping the coil, reed and sheet about until armature blade
pole  pieces together, adjust the is exactly central between poles,
flattened end of the armature so otherwise the reproduction may be

that it normally situates itself cqui-

lacking in the top registers.

distant from either pole, 11. Exert pressure, tending to close the
6. Screw up hexagonal nuts, thus securing pole pieces, while finally screwing
poles in position in the moulded up the hexagonal Dbolts.  Replace
case, taking care that : cover and securing-screw.,
i E ! | ? E
i ' 1 i {
l t 1 | 1
[} ' i ] ]
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Fieo 1o, How 1o MARK OUT THE TRACKING CARD.

By using this card as directed in the article the pick-up can be set in position

for perfect tracking.

(a)The recess for the needle is centred
in the hole in the bakelite mould-
ing.

(b) The flattened end of the arma-
ture is situated exactly between
the two poles.

Note.—It will be found advisable not
to screw the hexagonal bolts up too far
until some slight pressure has been exerted
between the moulded case and the ends
of one of the pole picces, to sce that the
rubber-covered bearings of the armature
are tirmly gripped.

7. Replace the rubber damping sheet
over the flattened end of armature
s0 that slit in the sheet locates with
blade of armature. .

S. Replace clamping plate so that the
flanges on it are downwards and the

Sce that wo iron filings are presenl
between the poles and reed.

THE B.T.-H. MINOR PICK-UP AND
CARRIER ARM.

This pick-up, like the Marconiphone, is
supplicd complete with tone arm, or
carrier (the term carrier being more correct,
as there is no sound carried by the arm).

Construction of Rubber Damping.

The point of interest in the construction
of this pick-up is the rubber damping
having no adjustments, there being a
round special rubber rod which passes
through the top of the pole picces into
the centre of the armature, thereby holding
the armature in a neutral position, The
needle is clamped by a screw  passing
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through the centre pivot, which is mounted
in rubber to allow a frec movement of the
pivot. The carrier arm is moulded bake-
lite, and is very light and rigid.

The leads of the pick-up are screened
with metallic braiding, this braiding being
connected to earth,

Value of Volume Control.

The value of the volume control advised
1s 10,000 ohms, but if brighter reproduc-
tion is required this value can be increased

ELECTRICAL GRAMOPIHONE PICK-UDPs

It is important to ensure that the height
of the record above the motor board of
the gramophone is the standard distance of
I inch for which the carrier arm is designed.
If it is found that this cannot exist, then
it is necessary that adjustments are made
to the mounting so that the fixing base of
the carrier arm is 1 inch below the surface
of the record. This is very important, as

otherwise the pick-up may foul the record
and the angle of the needle will be in-
correct.

Correct Settin

Fig, 1-

CORRECT AND BaD SETTINGs,

If the carrier arm and pick-up are correctly set the pick-up will be at right angles to the line \ and

dotted lines 1, 2, 3, 4, 5and 0.
while Figs. 4, 5 and 6 are incorrect.,

Figs. 1, 2 and 3 above show the pick-up correctly set in three positions
gs. 1, I A P A
An error of three degrees wonld not matter,

These drawings

have not been done to scale, but will serve to show the approximate positions of the pick-up for

correct and bad setiings.

up to 100,000 chms, but a value of round
about 25,000 ohms usually suftices for
most requirements, particularly if this
volume control is of the square law type in
which the resistance is tapered to give a
gradual increase of volume. [full tone or
medium needles are rccommended for the
best results.

THE B.T.-H. SENIOR PICK-UP AND
CARRIER ARM.

The design of the pick-up is somewhat
similar in general construction to the
Minor, with the exception, however,
that it is more robust and gives a higher
output. The method of controlling the
armature is similar to that of the Minor;
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that is, it has a round rubber rod which
passes through the centre of the armature
and is held in position by an adjustable
holder, so that in the case of this pick-up
a slight adjustment can be made to cen-
tralise the armature.

The needle-clamping  screw  passes
through the pivot, which is mounted in
rubber.

Plug Fitting.

The pick-up is provided with a plug
fitting which fits into the centre of the
carrying arm, so that the pick-up can be
quickly removed and replaced by another.
This has a great advantage for the users
of machines for public work as a faulty
pick-up can readily be traced without
any delay.

The front half of the carrier arm is
made to rotate to facilitate needle chang-
ing.

The D.C. resistance of the Minor pick-up
is 1,850 ohims,

The D.C. resistance of
pick-up is 3,000 ohms.

The value of the volume control can be
25,000 ohms up to Ioo,000 ohms to suit
the individual requirements.

the  Senior

ADAPTING AN EXISTING RECEIVER
FOR A GRAMOPHONE PICK-UP.

\When adapting a receiver for a pick-up,
whichever valve is used it is essential
to remember that this valve is now an
amplifying valve and must have a grid
bias. That is to sav, if the detector
valve is used as a first amplifier it
must now have a grid bias so that this
valve is virtually a L.F. amplifier. The
switch should be connected as near as
possible to the grid terminal of the valve
holder, and it is better to adapt a switch
controlled by a rod than to have a long
lead, for while this long lead would not
affect the pick-up it would have an effect
on the radio reception. If the receiver
has only one stage of I..F. amplification,
it will be advisable to connect the pick-up
to the detector valve. 1f the receiver
has two stages of transformer coupled
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L.I'. amplification it may be advisable
to connect the pick-up in the second stage
of the L.F. amplification.

HOW TO OBTAIN PERFECT TRACKING.

A great deal of the efficient working of
a pick-up depends on correctly setting
the position of the pick-up for perfect
tracking. This is how it should be done :—
1. Mark out a card as shown in lig. ro.
2. Place the card over a record on the

turntable.

3. Fit needie in pick-up (the pick-up is
attached to carrier arm).

4. Place needie point at “o’ on dotted
line 3, adjust position of carrier base
on the baseboard, so that the pick-up
is at right angles to the lines as sctting
2, Fig. 11.

5. Hold the base of carrier arm frmly,
alter position of pick-up to setting 1,
turn the tracking card until the needle
points to ‘““0,” dotted line 1. If
the base is in the correct position
the pick-up will still be at right angles
to the lines, or with a small error up
to three degrees.

6. Now move the pick-up to line 6;
moving the card until the needle
is at point “o” the setting should
still hold good, as setting 3.

7. The base of carrier arm must be moved
about until the position is found
with the smallest error.

Check all other points and then screw
down base. Settings 4, 5 and 6 show that
the pick-up may be correct as setting 5,
but if the position of the base of the
carrier is not correct will be out of line
at 4or 6.

Do not take any notice of the position
at which the needle will be when the
arm is swung to the centre spindle as
this has no bearing whatsoever upon the
correct tracking.

Many people believe that if the needleis
near the centre of the spindle the tracking
must be correct. This, however, is not so.
The illustration will show the correct
procedure, and too much care cannot be
taken in arriving at the correct position,
for the truer the tracking the longer the life
of the record and the better the repro-
duction.
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THE ELECTRICAL PROPERTIES OF
PORCELAIN

WITH NOTES ON STONEWARE, GLASS AND QUARTZ

How Porcelain is Manufactured.

Porcelain is made by grinding together
china clay (** kaolin '), quartz and felspar,
with small additions of materials such as
chalk to give colour, etc. China clay is
obtained from decomposed granite ; sup
plies are found in south-west England.
Felspar actsasa “ tlux.” It flows when the
mixture is baked, or fired, and Dbinds
together the other materials. which are
relatively infusible. Quartz is used in the
form of sand, or flint. When the grinding
process has proceeded far enough in water,
the mixture is beaten and filtered, then
turned on the potter’s wheel, cast, or
moulded.  The picces are slowly dried,
then glazed and fired or " burned 7 in
kilns. The process
all through is difh-
cult and requires

great  care.  Por- R
celain shrinks 3

considerably when
fired, so that it is
practically im-
possible to obtain
¢xact dimensions,

Properties.
Porcelain is
naturally  white,

but is often colour-
glazed. Itdoesnot

absorb water to
any marked ex-
tent, especially

when protected by
aglaze (asisinvari-
ably the practice
for clectrical por-
celain), which also
enables the surface
to be kept clean.

Porcelainis brittle, 220,000.

oo, L)

Fig. 1. Two IEXAMPLES OF
‘The larger of these is suitable for voltages up to

and does not readily withstand mechanical
stresses or sudden blows, Thus care has to be
taken when affixing porcelain-base switches,
ceiling roses, cte., that the screws are not
over-tight.  The electrical qualities ot
porcelain are excellent. It withstands
considerable eloetrie stressc=. and does not
suffer unless the stress is raised to pinc-
ture value, or an arc oceurs across the
surface. In the Jatter case. the porcelain
body may be chipped or fractured.

Applications and Uses.

A five per cent. tolerance has to be
allowed in the dimensions of porcelain
parts, and pressings of the material have
to be fairlv simple, with uniform thick-
ness and  ample
corner  rounding.
The user of por-
celain as an insu-
lating material
must always pur-
chase his parts as
needed ; there is
but little scope for
“working-up”’
porcelain, The
nature of the cera-
mic precludes any
change of form
except by the
cementing  of
various parts to-
gether. This meth-
od is wused for
making up large
transmission  line
insulators of the
pin type, while the

' suspension  type

PorCELAIN BUSHINGS. maylhupcastqron

clamping or

Steatite & Porcelain Products, 1.td.).  hookin devices
(
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cemented on,  Even this, however, is a
process for the expert. The small expan-
sion of porcelain with temperature relative
to that of cast-iron nccessitates a cement
having a “ cushioning ”’ action to take up
the various small changes in dimensions
that occur with clhinges of temperature.
Portland cement is a common material
for this purpose.

Porcelain is poorly resistant to tension
and bending (which, of course,
involves tension), but is strong
in compression. Its strength is
usually ample in small parts,
such as fuse-holders ; but in
large parts for transmission lines
the bending becomes a serious
problem. Ior higher voltages——
such as those in use on the
National “grid’”’ network—pin-
type insulators become so large
that high values of bending stress
are unavoidable. In this casec
suspension units, linked together
to give the requisite length, are
necessary. Although the link-pins
are in tension, the load on the
porcelain is chiefly compressive,
and remarkably large loads can
be supported.

STEATITE.

This material is a natural rock.
Although o ceramic product, it
contains no clay, but its plastic
constituent is the familiar tale
or soapstone, so called on account
of its soapy, greasy feel. The
best steatite rock is mined in
Germany, which partly explains
why its development has made
most progress m that country.
Formerly its chief use was in the
manufacture of gas-mantle sup-
ports and burners, and an exam-
ination of the jet of, say, an
acetylene cvcle lamp will reveal the nature
of the material,

Fig. 2.

Manufacture.

Large parts,such asinsulators for busbars,
may be sawn and turned from the natural
rock, then ““fired,” after which process they
arestrong and hard. Waste from machining
is powdered, and pressed into moulds by
automatic machines, then fired.

¢
4
g

~
L]

CONDENSER
BusHINGS.

Showing porcelain

rainshield. (Mican-
ite and Ins. Co.)

BAE

Properties.

Steatite parts are stronger, have greater
moulding accuracy and shrink less than
porcelain parts,  The mechanical strength

is indeed remarkable, particularly  (as
with all ceramics) in compression.  The
clectrical characteristics are similar to

those of porcelain, but their maintenance
at high temperature is a particularly
valuable feature.

Applications and Uses.
As it takes more complicated
shapes particularly well, steatite
\ is used for small parts, hobbins,
picces  with small lioles, etc.
One familiar use is the “87”-
shaped pin-socket insulators in
ordinary bavonet lampholders;
another the grooved supporting
insulators  for small reflector
clectric fires.  Steatite can be
distinguished by its cream-yvellow
colour, sharp cdges and opaque
appearance. In the parts men
tioned above it is  generadly
emploved without glazing.  Its
nature as 4 ceramic material
precludes any working, machin
g or finishing of steatite after
firing.

BASALT AND STONEWARE.

Although as yet of limited
application mention should be
made of basalt and stoneware
as insulating materials.

DBasalt is a natural mineral
rock hiaving insulating properties.
It can be melted and cast into
simple moulds for large insulating
parts. It is punctured by an
arc discharge, but “heals” sub-
sequently, as the melted basalt
flows back and fills up the hole.
It is mechanically stronger,
especially  in tension, than porcelain,
but its electrical strength is somewhat
less.

Stoncware, or carthenware, is a clay
product, rougher in texture than porce-
Iain, and similar to bricks, cooking pots,
drain pipes, etc. Its use is advantageous
more particularly in very large pieces—
such as high-voltage bushing insulators—
since it is more easily handled in manufac-
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ture than large porcelain pieces. Engineers,
in fact, are used to handling stoneware in
very large sizes.  Large basins, vats and
pipes for the chemical industries are com-
monly manufactured. The ancient Romans
used it for their ingenious aqueducts,

Both electrically  and  mechanically,
stoneware is somewhat inferior to porce-
lain,

QUARTZ AND GLASS.
Quartz, or fused silica, has some small
applications in clectrical engineering, It is
one of the most refractory substances
known-—i.c., it resists the application of
heat up to very high temperatures. It
is thus used for electric furnace insula-
tion, large thermionic radio valves, cte,
Glass.—This age-okd substance was
the first insulating material used ;
it dates back to the glass-rod-and-
catskin days. It is now used only
to a small extent for insulation,
except in connection with clectric
famps wnd radio valves, ** Pyrex ™
glass, however, which s specially
manufactured to be  heat-resisting
(meaning in this case a low coefficient
of expansion with temperature) hos
been applicd. more particularly in
Americit, to transmission line work,

SLATE.

Slate 15 another insulating rock,
It is composed of a clay subjected
to centuries of high natural pressure,
Its chief mechanical characteristic is the
ready formation of ““cleavage planes,” i.e.,
it is casily split up into thin sheets. Only
a small portion of the slates mined finds
an clectrical use,

Only large slabs are applied for electrical
use.  These are sawn to size and split to
thickness. The surfoce  treatment s
planing followed by sand or carborundum
grinding.

Properties and Applications.

Slate i= mechanically strong, fire-re-
sisting and casily machined, if impact is
avoided. Many slates are liable to contain
metallic veins, and have to be avoided for
switchboard use.  Certain other impurities
tend to canse splitting after the slate has
heen some time in use,

THI ELECTRICAL PROPERTIES OF PORCELAIN

Slate is used particularly for switch-
panels, terminal Loards, rods and formers
for winding on resistance wire.

Treatment.

Unfortunately slate  tends to  absorb
water, which lowers its resistivity.  To
avoid this, some form of impregnation or
surface treatment is used. Iirst the slate
is dried out by baking, then japanned, or
oiled by immersion in hot transformer oil
or melted paraftin wax, When it is neces-
saryv to drill holes or otherwise machine an
enamelled slate slab (which can be done
by means of ordinary metal-working tools
such as drills, files, etc.), it is best to bake
the slab for some hours after working,
and then to apply a japan coating.

The Hability of metallic veins iz usually

Fig. 3.—SecTioN oF SuspeEnsioN Tyre INstraTok.

(Steatite &~ Doreclain Products, Ltd ).

met by bushing all holes with micanite,
and  wrapping  all through bolts  with
empire cloth.

MARBLE.

Marble is a dense, compressed limestone.
Its greatest use is for constructional
purposes, for which its beautiful appear-
ance is greatly admired. It has for long
been used for switch-panels, but modern
tastes do not appreciate its appearance so
greatly as formerly, and black-enamelled
slate has largely displaced it. The electrical
characteristics of marble are rather better
than those of slate, but it absorbs water
more readilv.  The same methods of
preventing this can be used,

The material can be drilled and turned,
using water as a *‘ lubricant.” It is some-
times used for the parts of delicate instru-
ments on account of its great permanence,
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HOW ELECTRICITY HELPS THE
RAILWAY ENGINEER

By A. T. Dover, M.LE.E. (Author of Electric Traction)

LECTRICITY is a great asset to the
E general railway  engineer who s
concerned more with steam than
electric railways. Tts use ensures the
safetv of the travelling passengers by
providing (1) quick and accurate means of
communication be-
tween  signalmen :
(2) interlocking of »
signals and points ;
(3) safe lighting of
the trains ; and (4)
adequate  lighting
of the stations. At
the same time it
cnables the welfare
of the passengers
to be provided for
by (1) electrically
cooked food in res-
taurant cars; (2]
adequate  ventila-
tion of restaurant
cars ; and (3) good
and casily control-
lable lighting in
passenger compart-
ments and special
cars,

In the engincer-
mng, construction
and repair depart-
ments, warehouses,
docks, etc., the use
of clectricity results
in increased safety,
more efticient work-
ing and a saving
of,time.

When the fullest

Fig. 1.—WESTINGHOUSE FOUR-ASPECT (VERTI-

THE SIGNALLING SYSTEM.

Communication between Cabins.
Electrical methods of communication
are used betwecen signalmen in signal
cabins for the wacceptance of a train into a
“ block-section.” A
code of bell signals
is employed. Single-
stroke electric bells
are used and are
worked by ordinary
wet Leclanché cells.
On important lines
telephone communi-
cation is also pro-
vided, the tele-
phones being also
worked by Le-
clanch¢ cells.

Centralised Control
of the Traffic.

On some of the
larger railways in
this country reports
of all train move-
ments are sent by
telephone from  the
signal cabins to a
central ottice, from

which instructions
to signalmen  are
issued  concerning

the despatching and
working of the
trains.  The officer
in  charge (called
the  “ train  des-
patcher” or

use’is made of elec-
tricity, as onelectric
railways, the ser-

vices for which this
agent may  be
utilised are very

numerous indeed.

cAL Typr) COLOUR-LIGHT SIGNAL AND OPTICAL
ROUTE INDICATOR (ON LEFT).
Mountcd on signal post originally fitted with

semaphore
Stations, Manchester,
colours are green

signals. Victoria and Exchange
LM.S. Railway. The
(top), vellow, red, vellow
(bottom). The optical route indicator is illus-
trated in Fig. 3. (Westinghouse Brake and
Saxbv Signal Co.)

“traffic controller”’
has, therefore, com-
plete knowledge
of the position of
every train on the
lines under his
control, and he can,
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Frgo 20 WESTINGHOUSE FOUR-ASPECT (CLUSTER
Tyrg) axo Two-aseretr  (VErrtican  Typr
COLOUR-LIGHT SIGNALS AND  OPTICAL ROUTE

INnica10r (oN LErt).

Victoria and Exchange Stations, Manchester,
LAS, Railway, Thc colours in the cluster
signal are green (lefty, vellow (top and bottom),
red  (righty. The colours in the  two-aspect
signal are vellow (top) and red.  (Wesiinghouse
Brake apd Saxby Signal Col)

therefore, issue  instructions  to  sceure
the most efficient working.  This  cen-
tralised method of trafic control was
developed in America, where it is in
general sse.

Interlocking the Signals.

At important junctions and stations
clectrical methods are used for interlocking
the signals to prevent incorrect operation.
The track rails are used as protective
conductors, the separate Jengths of rails
in a block section being made electrically
continuous by lightly ““bonding ” the
joints,  The rails between adjacent block
scctions, however, are insulated from one
another by means of special fish plates.
A battery of low resistance Leclanché

HOW ELECTRICITY HELPS THE RAILWAY ENGINEER

cells 1s connected across the rails at one
end (usually the leaving end) of a block
section and a special relay is connected
across the rails at the other end (usually
the entering end) of this block scction.
Hence, when a train is on the rails of a
section so protected the relay is short
circuited and the armature 1s released.
Contacts are then closed which energise
the electro-magnetic interlocking
mechanism  on  the  signal  levers and
indicators, showing that the scction is
occupied by a train,

Signal Arms or Semaphores.

At Jarge terminal stations the signal
arms  or semaphores mav  be  worked
clectrically, either by clectro-magnets or
small motors,  In some cases, the sema-
phores are combined with an electrically
illuminated  route  indicator  (which
indicates the platform section into which
the train is to run), and a considerable
simplification of the signals is thereby
obtained.  Moreover, with power opera.
tion, three-position signals are possible,
which again leads to simplification, as one
three-position semaphore is equivalent to
two two-position semaphores,

Alternatively, with all-electric working,
light signals (i.c., fixed coloured lenses
illuminated by electric lamyps) may be used
instead of semaphores,

Colour-light signals have the advantage
over semaphore signals that two, three
and four aspects may be used for the
running  signals.  For  example, four
aspects are  obtained  with red, green
and two yellow lights—thus red, *“ stop " ;
once  vellow, “caution”; two yellow,
“warning " ; green, “ proceed.”  Henee,
one four-aspect light signal can replace
two  semaphore  signals.  Examples  of
colour-light  signals and optical route
indicators arc shown in Figs. 1 and 2.
The route indicator is shown in detail
in Figs, 3and 4. It consists of a darkened
glass screen about 14 in. square on which
is projected the number or Ietter indication
required ; the number or letter showing
white on a dark background. A separate
projector is used for cach indication,
and a maximum of 13 projectors can be
accommodated,  Each projector lamp is
supplied at low voltage by a separate
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transformer, and in the signal cabins
indicator lamps are shunted across resist-
ances connected in the primary circuits
of these transformers, so that the signal-
man is alwavs aware of the route indication
given,

In all cases, electric signalling results in
considerable saving of space in signal
cabins, and reduces the physical exertion
of the signalmen, as instead of having to
pull heavy levers they have to operate
small electric switches,

Hlustrations of tyvpical clectric signal
cabins are shown in Figs, 5 and 6. The
cabin illustrated in I'ig. 5 has mechanical
locking frames, and that illustrated in
Iig. 6 has all-clectric interlocking.  The
latter represents the latest practice in
clectric signalling.

Electric signalling is emploved on an
extensive scale at the London termini of
the Southern Railway, of which the
installations at lLondon Bridge, Charing
Cross and Cannon Street  are of out
standing interest.

Automatic Repeaters for the Signals.

At large terminal stations 'an(l at many Fig. 3 WesTisGHOUSE  OPTICAL Rov
places along  the  tracks in suburban INDICATOR. FIGURES 11 INCHES HIGH.
districts, bridges and other obstructions These are shown in white on a dark screen

The visibility in bright sunlight is about

may partially obscure the ordinary sema
N . . 150 vards,

phores.  In these  circumstances, dupli
cation  of  the
scmaphores s
nceessary,  such
duplicate  sema-

TRANSFORMERS PROJECTORS Hoot

/

=
| phores being
| py
/| called FE=
/ peaters.”  Here
] again  elcetrical
methodsofopera-
ton  possess
nany advan-
tages over
; . mechanical
GLASS B
N orsees l l RO Ree methods. I'he
' Dl et clectric repeater
£l ® | - B
y ‘ consists - of  a
y g . a )
- . miniature
Aooon Fig. 4.—-5kctioN or WESTINGHOUSE OPTICAL . l‘ R
=) Rovte Ispicator 1]“ Su SRR
Showing the scparate projectors and the — PROTC operated
transformers  supplving  the  projoctor  lamps, by an  electro
(Westinghouse Brake and Saxby Signal Co.) magnet. The

movement is
light and is c¢n
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closed in a  dust-tight case, with
glazed front and opal back. It is con-

trolled automatically by contacts on the
main scemaphore ; the electrical cnergy
being supplicd by a battery of low-
resistance Leclanché cells.

Repeaters are also used in the cabins
for automatically repeating the positions
of semaphores which cannot be seen by
the signalmen. These repeaters are small
clectro-magnetic needle instruments which
are controlled by contacts on the main
semaphore. They give a clear indication
of the position of the semaphore.

HELPS THE RAILWAY ENGINEER

track. The most extensive installations
in this country are on the Metropolitan
and London Underground Railways.

Automatic Control of the Trains in Foggy
Weather.

Fog is the greatest difficulty with which
the operating engineers of a railway have
to contend. Semaphores and fixed signals
which depend upon visibility for their
effectiveness are, of course, valueless,
Two alternative methods of signalling
in fog are possible: (1) by detonators

placed on the track by hand; (2) by

£I7ig. 5.—SIGNAL CABIN AT CHARING CRross TERMINUS, SOUTHERN RaiLway, EQuireED wITII 107
LEvERs FOR liLgcTrIc COLOUR-LIGHT SIGNALS AND POINTS.

Notice the indicator lamps on the dashboard.

These lamps are connected in series with the lamps

of the colour-light signals, route indicators, etc., and give the signalman a visual indication of the

positions of the signals and points.

and Saxby Signal Co.)

Automatic Signalling.

This form of signalling, which dispenses
with intermediate signal cabins, becomes
pussible with electricity. The arrangement
15 somewhat similar to that in track
circuit protection, but the relay actuates
the signal mechanism. Automatic sig-
nalling is essential when a large number of
trains per hour have to be run over a given

The signalling bells and push switches are tobeseenat the extreme
ends of the cabin, and the other (circular) instruments are *“ train describers.”

(Westinghouse Brake

audible signals in the cab of the locomotive.
The first method has many obvious
limitations and disadvantages, but the
second method (which is an electrical one)
possesses the important advantages that :
(1) audible signals are given in the cab
of the locomotive ; (2) it can be arranged
to give automatic control of the train, ic.,
if & signal at ““danger” is passed the
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brakes will be applied antomatically ;
(3) it is also suitable for normal service.
Such a system of automatic cab signalling
and train control is now used throughout

the main lines of the Great Western
Railway,
G.W.R. System of Automatic Train
Control.
The equipment comprises : (1) insulated
conductor rails or ramps located at

intervals along the track and energised
through contacts on the ** distant ” sema-

¥
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between  the running rails.  They  are

usually lomtc(l 440 v ards in advance
of the “ distant” 51gn11>. Each ramp
is connected to an automatic switch
via contacts on its associated ‘ distant ”
semaphore.  The automatic switch is
actuated by an clectro-magnet which is
controlled by contacts on the signal lever
in the cabin. Thus when this lever is
moved to put the *“distant ™ signal in
the “off,”” or * procced” position, the
automatic switch closes (provided that
the semaphore has responded correctly)

“e

Fig. 6.—LATEST TYPE OF ALL-ELECTRIC SIGNAL CABIN AT NORTH IENT EEAST JUNCTION, SOUTHERN
RaiLway.
This cabin has all-clectric interlocking, whereas that illustrated in Fig. 5 has mechanical inter-

locking.

Signal Co.)

phore arm and its associated operating
lever in the cabin; (2) a contact shoe
and switch carried on the locomotive ;
(3) an clectric bell and an electrically
operated combined brake valve and siren
in the locomotive cab, with their associated
control relays.

The ramps are steel | bars, jo {t. long,
and are supported on baulks of timber

It was the first of its kind to be erected anywhere in the world,
are being supplied to Johannesburg and St. Enochs,

Similar (larger) cabins

Glasgow. (Westinghouse DBrake and Saxby

and connects one pole of a 16-volt battery
to the ramp, the other pole of the battery
being earthed.

When the contact shoe on the locomotive
is in its lowest position (i.e., the locomotive
is not on the ramp) a switch on the loco-
motive is closed and an electromagnet
is energised which maintains the combined
brake valve and siren inoperative. But
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when the contact shoc is raised by the
ramp this switch is opened, and if the
ramp is not energised (i.e., the distant
signal is in the “on’ or “ proceed with
caution,” position) the armature of the
clectromagnet is released and the brake
valve and siren operate.  Thus not only
is the driver’s attention called to the fact
that caution is necessary but the brakes
on the train arc also applicd automatically.
Means are  provided for stopping  the
application of the brakes it the driver so
desires.  If, however, the ramp is ener-
gised, a circuit is established  (via the
ramp battery and contact shoe) through
a sccond winding on the clectro-magnet
and  also through  the windings of a
polarised  relay. The contacts of this
relay close a local circuit of an electric
bell, thus warning the driver that the
distant signal is ** off.”

The Control of Points.

Closely allied, and, in fact, interlinked,
with  signalling  arrangements  is  the
operation and control of points, Here,
again, electrical methods are advantageous
for important junctions and large termini.
The point mechanisim is operated by either
a small motor or a solenoid.  Auxiliary
switches make the circuit connections for
the interlocking and indicating devices in
the signal cabin.

Electrically operated points result in a
considerable saving of space in the cabins
they enable cabins to be built in positions
which would not be possible with manual
operation ;  they eliminate  the large
amount of track rodding and levers
which are necessary  with  manually
operated points ; and thev relieve the
signalmen from plhysical exertion. Llec-
trically operated points are now used at
several large stations, e.g., London Bridge,
Victoria, York, Crewe, Manchester.

IFor further information on Automatic
Railway Signalling, readers are referred
to the article which begins on page 754.

THE LIGHTING OF TRAINS.

Electricity is not only the safest, but
also the most convenient, form of train
lighting. In the event of a collision therce
is no danger of an electric lighting system
causing a fire, but with gas lighting several

FLOW ELECTRICITY HELPS THE
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disastrous fires have occurred as a result
of collisions.  Moreover, clectric lighting is
more convenient than gas lighting : the
general lighting can be remote controlled
by the guard, and the local lighting in the
passenger compartments may be controlied
by the passengers.

How the Light is Supplied.

In this country, the cnergy for train
lighting on stewm trains is supplied by an
axle-driven dynamo working in conjunction
with a storage batterv.  An automatic
cut-out is necessary to cut in and cut out
the dynamo according to the speed of the
train, and a pole-changing switch is also
required to provide for change of direction
of motion of the train. Moreover, the
dynamo must be provided with some device
to  maintain  approximately  constant
current output and voltage over a wide
range of speeds. This takes the form
of a slipping belt in conjunction with a
constant speed dynamo, or an automatic
regulator, in conjunction with an ordinary
variable speed dynamo, or a special self-
regulating variable speed dynamo. Ifig. 7
shows how the dynamo and batteries
are mounted on the underframe of the
coach.

On some railways abroad the train
lighting is supplicd by a small sclf-
contained turbo-clectric generating plant
on the locomotive.

When Headlights are Necessary.

Locomotive headlights are necessary (for
the illumination of the track) on railways
abroad which run through open country
with unfenced track.  Such lights are
fitted with special clectric lamps  and
reflectors.

ALL-ELECTRIC RESTAURANT CARS.

Restaurant cars with all-electric equip-
ment for cooking, ete.,are aninnovationon
stecam railways.  They were first intro-
duced on the London and North Eastern
Railway in 1924, and are now used on the
principal L.N.IE.R. expresses. There are
many obvious advantages of cooking by
electricity on a railway train, but two
special points are @ (1) the cooler and purer
atmosphere in which the chef works and
in which the food is prepared ; (2) electric-
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Fio.7.—TRAIN LIGHTING DYNAMO AND BATTERIES MOUNTED ON UNDERFRAME OF A RAILWAY CoACH
=3

The dynamo is driven by a belt and the suspension is designed so that the belt slips wken the torque

exceeds a predetermined value.
constant with varyving train speeds
Stone’s system of train lighting.

ally cooked food is more palatable and
more nutritious than fvod cooked by other
methods (0il or gas).

The L.N.E.R. Systen.

The car-sets are of the articulated type
(the design being due to Mr. H. N. Gresley,
chief mechanical engineer) whereby three
vehicles are carried on four bogies. Each
car-sct weighs 83 tons completely equipped
and 78 passengers can be served at one
sitting.

The clectrical energy for cooking is
supplied by two axle-driven dynamos
(each 7.2 kw.) working in conjunction
with a storage battery, this plant being
similar (but of larger size) to that used for
train lighting.  The voltage is about 200,

The Electric Kitchen.

The electric kitchen is equipped with a
cooking range (with 6 hot plates), roasting
oven, steaming oven, grill and hot-water
tank. Two urns and two 6-pint electric
kettles are provided for teas, and an
electrically heated cupboard is fitted in the
serving hatch. Views of the kitchen are
shown in Iigs. 8 and .

The kitchen and dining compartiments
are ventilated by electric fans,

In this manner the output and voltage of the dynamoare maintained
Ihis slipping-belt method of regulation is a special feature of
(J. Stone and Co., Deptford.)

HEATING THE TRAINS.

The heating of steam-propelled trains,
when necessary, is usually effected by
steam-heated pipes supplied through a
reducing valve. Such a system is liable to
give trouble in cold weather due to the
pipes and valves becoming frozen when the
trains arc standing overnight in open
sidings. .\ far better, more convenient,
and less wasteful system would be the
provision of electric heaters in the passenger
compartments (as in electric trains) and
the mstallation of a small self-contained
turbo-electric generating sct, either on the
locomotive or preferably in an adjoining
luggage van coupled to the locomotive.
Alternatively, the eleetric heaters coutld
be supplied from axle-driven dynamos,

LIGHT ON THE PLATFORMS.

Electricity is the best iluminant for
station lighting, as not only can adequate
illumination be easily obtained, but
decorative lighting, illuminated platform
signs and train destination indicators
becomne possible.  Moreover, a well and
attractively lit station promotes the good-
will of the passengers and induces people
to travel on the railway.
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“THE ALL-ELFCTRIC KITCHEN OF A
This view shows the clectric baking and steaming ovens and hotplates, with control panei above,

WA

Fig. 8.
I'he main control switchtward is on the right.

ELECTRICITY IN WORKSHOP AND
WAREHOUSE.

Electricity is now used for the handling
of merchandise in warchouses where
formerly hydraulic power was used.  Large
warchouses and  goods  stations  require
cranes and capstans, in addition to a good
svstem of lighting which is immune from
fire risk,

Docks require power for cranes, cepstans
and, in some cases, pumps, These services
arc best operated electrically,  Electrie
lighting is obviously the only satistactory
svstem in this case.  In lecomotive and
carriage works electric motors are used
for driving the machine tools cranes, e:c, :
and electricity is used for lighting,

TRACK REPAIRS AT NIGHT.

Night lighting for constructional work
and track repairs has Litherto been pro-
vided by portable acetylene flares, but a
much more satisfactory method is to use
a number of electric floodlight projectors,

(Courtesy of L. « N. [

- -

{

I. & N, Ii. RALwAY RESTAURANT CAR.
Ratiway.)

mounted on poles or tripods, and supplied
by @ portable generating plant (petrol-
driven),  With such a plant, better
illumination is obtained than with the
older method @ consequently, the work
will be done quicker and better, and there
will be fewer accidents,

Removing Flood Water.

Pumping plants for removing flood water
and for supplyving storage tanks can, with
advantage, be driven clectrically, as fully
automatic  control  (i.e., starting and
stopping) is possible.  This system pos-
sesses 30 many advantages over other
systems that, in country districts, the
ercction of an electric “ransmission line
from the nearest town or source of clectric
supply would be justified.  Sucli a system
is in actual use on railways abroad, and
has replaced steam- and oil-driven plants,

THE ADVANTAGES OF ELECTRIC
TRACTION.

The usc of clectricity for propulsion on
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[Fig. 4. —ANOTHER VIEW OF THE ALL-ELECTRIC KITCHEN OF A L. & N.E. Raiway RESTAURANT CAR.

This view shows th» hot enpboard, storage cuphoards and serving hatch.

Also the main control

switchboard. with auxiliary panel for electric kettles, urn, ete.
Norti.—-The clectrical equipment is due to Messts. ], Stone and Co., Deptford,

main lines climinates smoke and enables
train journevs to be made in comfort,
cleanliness and ideal conditions.  Moreover,
the operating conditions in long tunnels
are rendered safe owing to the better
visibility, the freedom from sulphurous and
obnoxious fumes, and the prevention of
slippery rails due to the corndensation of
large volumes of steam in the tunnel
Again, underground and tube railways are
only practicable with electric traction.
Electric traction possesses important
advantages for terminal stations in large
cities, as not only is the objectionable
smoke nuisance eliminated, but the space
above the tracks and platforms may be
utilised for hotels, offices, etc. Such
utilisation has actually been made in two
of the largest railway termini in New York.
In one case, viz., the Grand Central
Station (which was originally built for
steam trains), the original open space
above the tracks and platforms was, at the

conpletion of clectrification, built over to
accommodate a large hotel.  In the other
case, viz., the Dennsylvania terminus,
similar accommodation was provided, but
as this terminus was built for clectric
traction, the whole of the tracks, platforms
end superstructure was designed for the
dunl purpose.  The site values of such
buildings in large cities is very consider-
2ble, and the revenuc obtained therefrom
forms a valuable item on the credit side of
the railway’s acconnts,

Mountain Railways.

In mountainous districts higher speeds
and increased safety are possible with
electric traction, as the clectrical equip-
ment of the locomotives may be used
instead of the wheel brakes for controlling
the speed of trainsdescending the gradients.
Thus one of the greatest hazards in railway
operation over mountain grades (viz., the
overheating of the wheel brakes and tyres)
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1s removed. Moreover, the electrical
energy generated during braking mayv be
returned to the distribution system and
utilised by trains on ascending gradients.
The first such electric system with regener-
ative braking on a large scale was installed
a number of vears ago on the Giovi-Genoa
lines of the Italian State Railways, owing
to serious accidents with steam-hauled
trains on the steep gradients. With
clectric traction the freight capacity of the
lines has been trebled and considerable
savings have been effected in the mainten-
ance of wheel brakes, tvres and track
rails.  Needless to say, accidents are now
unknown.

A further  important  advantage  of
clectric traction on mountain railways
is that the electrical equipment is not put
out of commission by severc weather
conditions. Thus the train service can
be maintained during the severest winter.
On the other hand, with steam traction
it is very difficult to run the service in
severe weather,

Other outstanding  clectrifications  of
mountain railways are now to be found all
over the world, viz., in the United States
of America, South America, South Africa,
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India, New Zealand, Japan, France,
Switzerland, Austria, Spain, Sweden.

Suburban Railways.

The traffic conditions on these railways
are totally different from thosc on main-line
railways.  Large numbers of passengers
must be handled during a relatively short
time in the morning and evening, and
relatively  few  passengers during the
remainder of the day. The trains must
stop at a number of stations which are, in
many cases, only about a mile apart.

These conditions require rapid accelera-
tion and short stops at the stations. They
are difticult to meet with steam traction,
but can be met easily with electric traction,

Again, with electric traction the con-
gestion at the suburban terminal stations
is much smaller than that with steam
traction, as in the former case no loco-
motives are necessary (multiple unit trains
being used) and, therefore, fewer signal
and train movements are involved in
getting trains into and out of the terminus.

Special thanks are due to the manu-
facturers and railway companies men-
tioned in the text for affording facilities
and information relating to their manu-
factures and practice.

DOES A PHOTO-ELECTRIC CELL

GENERATE

ANY clectrical engineers are under

M the impression that a photo-

. clectric  cell generates minute
currents.  Actually, this is not so.

Afthongh the action of the photo-electric
cell is difierent from that of the selenium
cell, the effect of light on both is to cause
a change of resistance.  In the latter case,
the action of light causes molecular
activity in a similar way to the action
of heat on most clements, resulting in a
change in electrical resistance.

The action of the photo-clectric cell
is similar to that of a thermionic diode or
two electrode valve. In both cases,
when subject to a polarising voltage, or
an external EME. is applied across the
anode and cathode, the amount of current

CURRENT?

or the clectron flow from cathode to anode
is dependent on the condition of the
cathode.

In the case of the photo-clectric cell
it is dependent on the amount of light
failing on the cathode, and in the case of the
diode, it is dependent on the temperature
of the cathode. This is tantamount to
saying that the impedance or resistance
is dependent on the amount of light falling
on the cathode in the case of the photo-
clectric cell, and on the temperature of

the cathode in  the case of the
diode.
It must be clearly understood that

neither in the case of the photo-elcctric
cell nor the diode are electric currents
generated.



393

FACTORY LIGHTING

By E. H. FrReeMaN, M.LE.E.
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Fie. 1. —A DRAWING OFFICE IN A Factory Liv sy Excrosen UN1rs, (Is.L.A.A))

The illmmination in a drawing office should be about 3o candle feet

HE design of @ lighting scheme for

I a fd(t()l} l)ml(lmg calls for much
more accurate caleulation than is
possible  with many  other  classes ol
building. It has been noted in carlier
articles that in domestic  installations,
in churches and in other classes of work,
the design must be subject to the personal
views of the owners or occupiers and that
wide margins must be made in all calen-
lations to meet their wishes,  Snch con-
siderations rarely apply in factory design.
The decorative treatment will be of the
simplest  character  and  will  almost
certainly include white or  very  light-
coloured walls and ceilings as the factory
owner  will appreciate  their aeflective
values, both for artificial light and day

light.  No problems of spacing to suit
decorative ceilings will arise bevond  the
practical  aspect  of finding  convenient
points of support.  There will also be no
need to consider alternative schemes such
as whether pendants or brackets  are
preferred.

The whole scheme mnst be primarily
cconomical in first cost and cefficiency in
working and accurate design is, therefore,
not only possible, but essential,

Intensity of Illumination Required.

As in other examples, the first point
to be decided is the intensity of illumination
required and this depends on the kind
of work to be carried out.  In an carlier
article (see page 303) typical intensities
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were given for various factories, and these
can be used as a guide.  Some parts of
the work to be done may need local
lighting and this is desirable where very
accurate work is being cartied ont in
a limited area. It is not worth while
designing the scheme for o high intensity
of illumination over a wide area when
the work is all carried out in one small
arca on a work bench or at o lathe o1
other machine tool.

The problems to be solved can again
best be explained by working out the
full details for an imaginary  building
such as the engineering factory shown on
the drawing (see Iig, 2).

General Description of Plan.

The building shown in Fig. 2 consists
of & main factory area made up of three
main bayvs, each 24 ft. wide by 120 ft,
long, with a north light roof, with support-
ing columns between the bayvs 20 ft,
apart and with tie rods at 10 {t. intervals,
these being 14 ft. up from ground level.
These dimenstons can all be scaled off
the plan.

There is an added side bay on the north
side, z4 {t. wide, divided up into offices,
stores, ctc., and a similar bay on the
south side divided up into mess rooms,
kitchen, lavatories, etc.

Of the factory bays, that on the right
has a crane running the full length and
carried on rails as high as possible, whilst
the other two bays have no crane. The
two side bays have the roof ceiled off
so that though there is an ordinary roof
construction the areas are mainly pro-
vided with tlat ceilings.

Use of Factory.

The detailed planning of the various
machine tools, benches, ete., should be
arranged as far as possible Defore the
lighting scheme is designed, and for the
purposes of the installation, the {ollowing
nuy be taken as a convenient lavout,

MAIN AREA.

South Bay—Heavy tools not requiring local
lights except for a few benches on the
south wall. )

Centre Bay—General asscerably  of parts—
carried out all over area and requiring
good lighting throughout. )

North Bay—Benches throughout arca requir-
ing good lighting also.

FACTORY

LIGHTING
DESIGN FOR_SOUTH BAY,' -7

For heavy tool work an intensity of
6 to 8 ft. candles should be suitable.
The area of the shop is 24 U <120 ft,
or 2388 sq. ft. The total nett lumens
required will, therelore, be 2,880 - sav 7,
or 20,160.

Working Height.

The working height is decided by the
fact that the Jamps must be above the
tie rods, but not much above them, as
otherwise the tie rods will cast shadows,
As the tie rods are 14 {t. up, the lamps
can be 15 ft. from ground level or, say,
13 {t. above the work, which with heavy
plant might be only 2 ft. above the ground.

Distance Apart of Lighting Units.

Reckoning on the use of a suitable
form of  dispersive  reflector, ¢ the
lighting units should be fixed w0 that
their distance apart is about 1} to 1}
times the working height-—ie., at about
19 ft. to 23 ft. The bays are 24 ft. wide
and, as no special work is being carried
out at the sides except where local lights
are in use, slight unevenness in the
lighting will not be important. 1t will
thus be satisfactory to use only a single
row of lamps down the centre and if one
is fixed in ecach alternate span, the lamps
will be 2o {t. apart in this direction,
which will be quite satisfactory.  Six
lamps will thus be sufficient tor this
bay. The lamps might be raised slightly
if the lighting is not found to be sufficiently
even,

It it is desired to ensure more cven
lighting, brackets might be added, fixed
to the stanchions,

Lumens per Fitting.

It was caleulated earlier that 20,160
nett lumens would be required and to
this must be added an allowance for losses
in the reflectors, ete. In a tactory a
thotoughly ethicient type will be installed
and will presumably be proper]y maintained
so that an efficiency of 6o per cent, should
be obtamable.  The actual lumens per
fitting will therefore be

20160 _, 100

3000 lunens per fitting,
(6] 0o
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lammp table will /\‘\ \
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watt lamps give = ' _
7,500 lumens and
thiese should be
used as the size
smaller gives
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Crane Lighting. :

A very con- )
venient addition
al light can also
be obtained by .
suspending  two  p———m—m—% - e .. Smoccanees -—~-c:—-|
or three fittings
below the crane,
These will give Do
a specially good Orrrcs e Sewniser
light where it '
is often required ' | I

Srows ' Ness Roor

Hrrcmen

Q . 1 Sracr Mess £
and will obviate —|r— | T s e

the  difficulties Conean. |
that arise if the Gerce
crane is i use .
directly below o) ; .
one of the main """‘*I Zoan 7777 B St aeb i aa—

Lerome Docw

. . . QOrrice

lighting  units,

Sucl  lights  on

cranes cannot as

a rule be con-

nected to  the

lighting  system

as  this  would Jg. 2 —LAvouT oF AN [MAGINARY FINGINEERING FACTORY.

involve an extra Saitable lighting for a factory such as this iz deseribed in the article

trolley line and

collector for the crane traveller,  Wall Plugs.

They must be connected two or three

in series on the power wiring at 4oo volts [t would be advisable to provide wall
which means special care in wiring and — plugs  for special work at convenient

thie use of suitable switches, ete.- —and need  intervals, and one on each stanchion

not be considered in the lighting systeu. would be @ snitable allowance,
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Figo 3-DESIGN yoR CENTRAL Bav (1),
Showing two fittings on cach tic bar.

DESIGN FOR CENTRAL BAY.

As for the south bav, the arca is 2 880
sq. {t., but the class of work to be done,
viz.,, small assembly work, reqnires a
higher intensity and more even lighting.
Irom the carlier examples we can assume
that about 10 to 12 ft. candles should
be  provided, necessitating a total  of
34500 nett lumens, or allowing for 6o
per  ecent. efficiency  in the  fittings,

100
34500 % ( 57.000 himens
0

from all the kumps,

In this case it will be possible to fix
the fittings on the tie bars and this will
be convenient for cleaning fittings and
changing lamps. If this is done, the
working height  with benches at 3 ft.
from the foor will be 14 ft. less 3 ft. up
to bench, and less 1 {t. from the bar to
lamp, or say, 10 ft. The spacing for
even  lighting  should  thus  be  about
1} >10 ft. or about 15 ft., and a little
niore or Jess than this will not matter.

Alternative Schemes —Lights on Tie Bars.

Various schemes can then be  tried
ont ;. —
(v Two o fittings on cach  tie bar

spacing 1o ft. in one direction and
12 ft. in the other. Lights un-
necessarily close.  (Fig. 3.

(B} Two fittings on alternate tie bars
spacing 20 ft. in one direction and
12 ft. in the other, ic., too far
apart in one direction and too close
in the other.  (Fig. 4.)

() Two fittings on first tie bar and
one on second and so on alternately.

FACTORY LIGHTING

This  will give 20 f{t. spacing
along the shop, but only 12 {t.
across and 12 ft. diagonally and
will probably be the best solution
(Fig. 5).

Arcas near the stanchions will
not be quite so well lit as the main
part of the shop, but the difference
should not be serious,  With this
Javout the number of fittings will
be 17 and the lumens required
per lamp will be 3,950 so that
Joo watt  Jamps  giving 4,140
lumens will be suitable,

DESIGN FOR NORTH BAY.

In the north bay conditions are slightly
different in that benches and tools are
to be nsed along the north side with local
lighting, The general lighting can be
contfined to a reduced width by, sav, 3 t.
of beneh and 3 ft. of gangway. The
arca to be Jit is thus redunced to 120 ft,
I8 ft. or 2,100 sq. ft., and with 12 candle
ft., as the illumination required, the nett
lumens will be 25,920 and the gross lamp
output

100
25,020 X =01 43,200 lumens.
' ) )

The working height will be 1o {t. and the
spacing about 15 ft., as in the centre hay.

Satisfactory results would be obtained
with two 1ows of lights fixed to alternate
tic bars with spacing about 11 ft. across
the shop, 20 ft. along and abont 15 ft,
diavonally.

R
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Ihg 4 DESIGN FOR CENTRAL Bay (2).
Showing two fittings on alternate tie hars.



FACTORY

The number of lamps will be 11 and the
lnmens required

1
43,200 X — or 3,930

so that 300 watt lamps giving 4.140
lnmens must again be used. (See Fig. 7.)

DESIGN FOR COMBINED BAYS.

It would probably be satisfactory to
treat these two bays as one combined arca.
This must depend on whether they are
divided by walls or partitions. This
would not be the case as a rule, and it will
be found that this will allow further
alternatives.

The area will now be 120 ft. <48 or
5,700 sq. ft.  Allowing 12 candle ft. and
60 per cent. etficiency as before, the total
lamp lumens will be
100
60

The double width now allows o further
alternative, with lights on the tie bars
alternately 3, 2, 3, 2, as shown in Fig. 8.

With this layout the spacing will be
16 ft. across the shop, 20 ft. along the
shop and 13 ft. diagonally—all rather
high for even lighting. .\ better scheme
would be four and three fittings alter-
nately on the tie bars as in Fig. 9.

5.700 X 12 > 115,200 lumens.

Spacing.

The spacing with this Iavont will be 12 ft.
across the shop, 2o ft. long and about
12 ft. diagonally, and this shonld give
very satisfactory results.  The extra lamp
in the centre between the bavs overcome
the previous defect of darker areas near
the stanchions.

The total number of fittings for the
two combined bays will be 38, so that cach
lamp should give

or 3,000 lumens.

)

I
115,200 X —
J 38

The nearest size larger is the 300-watt
Jamp, giving 4,140 lumens, or nearly
40 per cent. too much, whilst the next
smaller lamps — 2o00-watt give 2,600
lumens or about 1o per cent. below what is
desired.  This should be large enough
and the resulting illnmination will be
abont 10 per cent. below the assumed
figure of 12 candle ft. or say, 11 candle ft.

Wall plngs on the stanchions should be

LIGHTING S07
i—
|
| |
___.‘l_ @ ___@_._1.___._

Fig. 5. —DEsiGN FOR CENTRAL Bay (3).
Showing two fittings on first tiec bar and
one on secomd, and so on alternately.

provided as snggested for the south bay
with two plugs on the central stanchions,
L.c., one for cach bay.,

DESIGN FOR SOUTH SIDE EXTRA BAY.
This is divided up into varions service

rooms and for none of them is very acenrate

illnmination design necessary.

Cloaks.

Lighting in the cloak room and lava
tories will depend on the views of the
factory manager.  Four large general
lights of 100 watts cach will do all that is
necessary as the hat and coat racks will
not be more than 6 ft. high and partitions
between w.e’s probably the same. f
better lighting is desired, the scheme in
Fig. 10 can be nsed and this would certainly
be a better scheme, its only disadvantage
being the higher cost.

Mess Room.

The area is abont 35 ft. <24 tt. and if
lamps are allowed at the rate of abont
1 watt per sq. ft., it will be found
sufficiently acenrate for such a room.  The
lamps could conveniently  be  located
opposite the windows and 6 lamps, cach
150 watt will give sufficiently good illumi-
nation, though wiring might be with
advantage arranged for 2oo-watt Jamps.
Stores and Scullery.

One light in each of these will be
sufficient.

Kitchen.

Lamps would be located to suit the

furnishing, with good central lighting
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] Fig. 6. —L1GHTING SCHEME FOR LARGE FACTORY WITH CENTRAL LIGHTS ABOVE CRANE. (E.L.M.4.)
In this case the central lighting has heen supplemented by brackets fitted to the side stanchions to give additional general lighting.




FACTORY LIGHTING

for the table and other lamps near the
range, servery, etc.

Staff Mess Room.

Lighting may depend on furnishing,
but probably two lamps will be suflicient.

Loading Dock.

Two lamps in the loading dock and
two brackets outside should be provided
as there is space for two lorries.  Each
will then have its own lighting—inside
for sorting out the goods and outside over
the lorry for packing, etc.

DESIGN FOR NORTH SIDE EXTRA BAY.
Transformer Chamber and Switch Room.
One lamp in each and a plug tor a
portable lamp will be suitable. The
plugs and perhaps the pencants as well
might with advantage be connected to a
special switch and fuses connected direct
to the bus bars and independent of the
main lighting switchboard, which can
then be cut off for repairs, ctc., without
cutting off the lights in these 10oms.

Boiler House.

Lamps must be fixed to suit the boilers.
Very little light will be required above the
boilers and if lamps are placed to suit
the stoking they will give cnough light
clsewhere. One or two plugs will be
desirable and an extra lamp may be
required above the pumps, if any,

Store.

The lighting of this must depend
on the arrangement of the racks and bins,
ctc.  Probably part of the area would be
left as open floor space for unpacking
goods, etc., and the remainder be occupied
by rows of shelving or bins, The open
arca will require lighting to about 6 ft.
candles and the bins must be lit by small
lamps at about 10 ft. spacing. The
anangenient shown in Fig. 11 would be
suitable,

Drawing Office.

This must be by far the best lit area
of the building and for really good lighting
suitable for a drawing ottice the illumina-
tion should be about 30 candle ft.

The area is 24 {t. X 30 ft. or 720 sq. ft.,
so that the nett lumens required will be

899

21,600 and the lamp lumens about
40,000—allowing 50 per cent. efficiency
only, as the fittings should preferably be
of an enclosed type to avoid all risk of
direct glare.

The oftice being ceiled in the height
will be slightly less than that of the tie
bars or, say, 10 ft.  Uniformity of lighting
and absence of shadow is also most

important, so that fittings should be
decidedly closer than standard. The
working leight will be, with lamps

1 ft. down and with a 3 ft. desk, about
6 ft. and lamps spacing should be reduced
to 7 {t. 6in. or 8 ft.

This will be attained with three rows
of four lamps, which will give 8 ft. spacing
from north to south, and 7 ft. 6 in. from
east to west. (Iig. 12.)
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I71g. 7.—SUITABLE DESIGN FOR NORTH [av.

Tor a total lamp output of 40,000 luniens
and with 12 lighting units, each lamp
must give 40,000><IL2 ,or 3,333 lumens
and it would be advisable to allow for
300-watt lamps giving 4,140 lumens. This
will be about 235 per cent. more than
necessary, but it will be ecasy to use
smaller lamps in whole or in part if the
class of work being done justifies this.
If 200-watt lamps are allowed f{for, the
illumination would be 20 per cent, down
and this might not be sufticient for close
work.

General Office.
The general oftice is only comparatively
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Fgs S DESIGN FOR COMBINED 1lays (1),
Showing  lights on tie bars  arranged
alternately 3, 2, 3, 2

smadl and does not call for special design-
ing. Two alternatives are  available

one with gencral lighting to give good
illumination over the whole floor area,
and the other with a few local lamps
for individual desks —-or the two schemes
might be combined by providing redueed

general lighting  with  local  lights  as
required.  This would, in such an ofice,
probably Dbe  the best, as typists  will

certainly prefer local lights.  These might
also be best for desks along the windows,

The disadvantage is, of course, the
necessity of retaiming the desks in the
exact  positions  originally  arranged  or

making alterations from time to  time
if these require to be moved.
The alternatives will he: —
() General Lighting only. Four lamps
as in I'ig. 13, each 100 watt.
(2y Local Lighting onlv.—Six or eight

lamps as in Fig. 13, cach 40 6o
wiatt.
(30 Combined  Scheme.—One  central

lamp for general lighting in central
arca with, sav, six local lamps for
desks.
Manager's Office.
A single central fitting and a plug for
desk lamp will be suitable,

Timekeeper, Waiting Room, Entrance
Lobby and Corridor.
A single lamyp for cach of these will be
all that is required.

FACTORY LIGHTING

Lighting Schedule.

Having thus completed the calculations
for all areas of the factory building, a
detailed schedule of the lamps can be
prepared preliminary to the design of
the cables, fuse boards, ctc.

Type No.of Watts
of Fit- per  Total
Areca. Fitting. tings. Lamp. Watts,
Soutit Extra Bav,
Cloaks .. bo Pendants 13 40 000
Mess room PPendants 0 150 400
Kitchen Pendants K] 60 240
Scullery Pendants 1 40 40
Store Pendants 1 40 140
Staff mess roon Pendants g 100 200
loading dock . Pendants 3 100 200
Brackets ) 100 200
SorTH Maiy Bay.
General lighting Pendants 0 300 3,000
South wall benches Brackets 10 60 600
m stanchions I"ugs 3 oa 300
kast Door o Bracket 1 100 100
C¥NTRAL AND NORTH ]5\\~
General lighting PPendants 3% 200 7,000
North wall benches Brackets 12 Ho 720
On stanchions Plugs 15 “0 400
East Doars . Brackets g 200 100
NorTH lxtra Bay.
Franstormer room Pendant 1 6o 6o
Phg 1 10 10
~witeh room I’endant 1 06 0o
Plug 1 10 +0
Poilers Pendants 3 0o 180
Muu~ 2 40 ~a
Fool store Pendant 1 60 00
Store
Tools,, Pendant 1 Hho 60
Between lnnc Pendants - 40 280
Open area Pendant 1 100 100
Desk . Pendant 1 no )
Drawing ofhoe Pendants 12 3o 3,600
General otice L Centre
pendant 1 150 150
Laocal
pendants ¢ Lo 3ho
Manager Centre
pennlant 1 100 100
Plug 1 0o 00
Waiting room Pendant b¢ () (5]
lime-heeper Pendant b 60 Lo
Lobby | Pendant R 10 40
Corridor I'endant I 40 o]

+—
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Fig. 9. —-DESIGN For COMBINED Bavs (2).
Tnis is a better scheme than that in 19 ‘ig. 8,
and shows four and three fittings alte nmtg]\'
on tie bars,



FACTORY LIGHTING

Siding and Roadways.

Lighting will be required {for the
railway siding and an outside bracket
with a 100-watt lamp above cach door
should he provided.

An outside lamp would also be required
by the office entrance.  Other road lamps
may be necessary, depending on the other
approaches to the factory, but these need
not be included in this scheme.

Distribution System.

Having thus completed the illumination
scheme the details of the distribution
scheme-—main switchies, cables and fuse
hoards-—can be worked ont.

The supply is taken from the trans-
former, and the cables from here to the
switchboard will deal with the total load
for power, heating and lighting, and nee:d
not concern us.

Separate lighting switchgear would be
provided on the main switchboard, and
it can be assumed that the load must be
balanced on a 230 ‘goo-volt 3-phase system.

S1ORE

DEstoN
Roox 1N NorTi SipE ExTrRA DAy,

Fig. 11.—SUITABLE FOR

This makes it necessary to divide it up
into three more or less equal parts and
the total loads for the various factory
areas must be ascertained.  They work
out :
South lixtra Bay
2,420 watts or about
South Main Bay
4,000 watts or about 17.5 amps.

10.5 amps.
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Rooat 1y SouTH SIDE 1EXTRA Bav.

Central and North Bays

9,420 watts or about 42 amps.
North Extra Bay

3,400 watts or about 24 amps

It is probable that the supply company
will consider the balancing suthciently
accurate if we arrange the loading :

Phase A

South Extra and Main Bays,

Phase I3 —

Central and North Bays

Phase C—

North Lxtra Bay Total 42

This is not at all a satisfactory balance.
but as there will be a substantial motor
Ioad the scheme should be acceptable
to the supply company.

Any closer balance would involve having
two phases in close proximity and this
would certainly be undesirable.  To avoid
this a small alteration must be made
by transferring the plugs on the stanchions
between the centre and south bays from
phase B to phase A, This will avoid
having plugs on two phases close together

Total 28 amp~
Total 42 amps.

amp-s

and  will also slightly improve  the
balancing of the load.
Main Switches.

The main switches should deal with

the total Joad as in a factory, a 100 per

cent. load may casily be obtained. These

will therefore be:
Phase A
Phase B
Phase ¢

30 amps.
00 amps.
30 amps.

These sizes are the nearest standards
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larger than the actnal loads and will in
cach case Jeave o margin for possible
future extensions,

Main Cables.

Before  deciding  these  the  positions
of the {use boards must be decided. Those
for the south extra bayv and the three
mein factory bayvs can quite well be at the

w ® ® .
W ® @ .
W ® ® .

DESIGN FOR DRAWING OFHIC
(S e also Figo

east cid of the bays.  To @ certain extent
this is decided by the best position for
switches, as it will usually be found
economical in first cost and convenient
for operation to have the switches near
the boards,

For the north extra bay, on the other

hand, the board would be most con-
veniently placed in the  offices,
and as there might be objec- &=

tions to having it in the drawing
office, involving the nintenance
staff having access to this room,
it will be best to arrange for the
fuse board to be fixed near the
west end.  The corridor or the
time -keeper's  otf.ce would be a
convenient position.

Having decided these positions
the sizes of the main cables can

be calcudated. The minimum
sizes possible to avoid overloading Ve
the cables, as in the LEE.

Rules, would be :—

FACTORY

'3

LIGHTING

FFor Pha ¢ \

7 .04 0° Maximum Joad

30 amps.

o1 ~q. inck

For Phae B
7,004 or L0225 Maximum load

40 amps.

4. inch

For Phase C—
=036 or 007 :q. inch Maximium Joad
24 ampe.
Of these the first two allow a snmall
margin, but the thind gives no margin
at all, and it would be as well to increase
this cable at least to the size larger

(7 044

Voltage Drop.

The sizes must next be checked for
voltage drop.  The total drop from switch-
board to any lamp mnst not exceed 3 per
cent. -1 volt, or with a 230-volt supply,
7.9 volts.  Contacts at main and sub-
switches, in fuse boards, and in the fittings
will probably account for from | to } volt,

so that the maximum drop on the whole
of the wiring should not exceed 74 volts.

In very large installations careful calcu-
lation is required to decide how best to
divide this allowance of 74 volts between
the mains and the circuit wiring.  With
circuits of widely diftering lengths and
loads it may be found advisable to run a
few circuits with very large cables and to
absorb most of the volts drop on the
mains, as the shorter circuits will in any
case not show more than a small voltage
drop. The piesent scheme is not large
enough to justify this and more approxi-
mate calculations  will be sufhciently

accurate.

DisieN
GENERAL LIGHTING IN
THE GENERAL OFFICE,

FOR

[7ig. 14 —DESIGN FOR
f.ocal LLIGHTING ONLY

IN GENERAL OFFICE,
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Voltage Drop on Sub-zircuits.

As an example, the circuits in the
central and northern bays can be arranged
with each row ot lights on one circuit, i.e.,
cither 5 or 6 lamps of 200 watts on a circuit.
Taking a row ol 6 lamns the load will be
1,200 watts or 5.2 ameres. The leagth
of run from the fuse board will be, inchul-
ing the vertical runs from the {use board
and down to the switches, about 170 ft.,
but the load will be gradually reduced
as the lamps are connected, being only
200 watts or under 1 ampere for the last
20 ft.  The voltage drop on such a circuit
at the last lamp will be, with sufficient
accuracy, the same as if all the load were

cern | ==
+—0o —J | 7/ ok
o J——
3O Prre
t o —_———
b M——O —_—— e —— ——
&0 Ao 7/ 064
] : -1
MO — |
30 Amo 1L
Meow O.P @ o
DBos S s ‘O
y: S I it Yous
Fig. 5.
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Voltage Drop on Mains.
Calculations similar to the above can
now be made o1 cach of the main cables.

Phase
l.ength of main 1no ft
Load a o 28 amp
Proposed cable size 7 o034 [or —q. in).
LLength of Cable for 3o 1t at Maximm
1 volt drop 1 Rating of 31 amps.
Yalkingn g too f-t. % 2N amps. -
: 30 ft- 31 amps.

This is thercfore quite satistactory.
Phase B—

Length of main 1o ft.

Load . L.og2amps

Proposed cable size .. 7 Loby.

Length of cable for + 53 ft.at Maximum
L volt drop t Rating of 4o amps.

/4 WRy FusE Boresd
#OR ~Soure Men Bry
& Sourn Exrer Bey

4 Wry FuskE Borro
coR Norrw & Canremt
Mo Brys

__________ /0 Wry FusE Bopro
_____ ror Nowrw E£xres Beoy

“DIAGRAM SHOWING CONNECTIONS OF MAIN D P SwWiTCHES FOR

LiGHTING, AND FUsE Boarps,

concentrated halfway between the first
and last lamp, and on this basis the effec-
tive length of the circuit will be about
120 ft.

Reference to L.E.E. tables will show
that 3029 conductors loaded up to

their maximum allowance of 7.8 amperes
will give 1 volt drop for every 31 ft. of
cable. The drop will vary inversely
with the current and directly with the
length of cable, so that with 120 ft. run
and 5.2 amps, the actual drop on the
circuit will be :—
120 ft. 5.2
31 ft. 7.8 mn}{s.
Other sub-circuits can similarly be calcu-
lated, but taking this as typical, the voltage
drop on the main cables that is per-
missible, if the total drop is not to exceed
the I.LE.E. allowance, is:-
7.9 volts total — 2.6 volts onsub-circuit--35.3
volts, and this must be further reluced
to allow for switch contacts, etc., as
mentioned earlier, to, say, 41 volts.

amp:.

1 volt or 2.0 volt:,

. 10 ft. 42 amps.
Voltage drop = -—— % — = 5 volts
ge drol 55 ft. 77 46 ampas. Jieg Sy
This also is quite satisfactory,
Phase C
Length of main 130 ft.
Load 24 amps,

Proposed cable size .. 7, .030.
Length of cable for | 34 ft. at Maximum
1 volt d-op } Rating of >4 cmpe.
130 ft. 24 amps
34 ft.
This is working rather close to the maxi-
mum allowance of 44 volts and for this
reason, as well as due to the fact that the
cable would be loaded up to its capacity,
it would be desirable to increase this
main to 7 .044 to leave some margin
for extensions or contingencies.

Voltage d-op

24 amps 3.35 volts

Fuse Boards.

[Fuse board sizes should be arranged
so that every circuit is left with some
sparc capacity. The maximun: number
of points allowed per circuit is 10, and



9o,

this rule decides the ways for all sections
using lamps up to 6o watts.
With larger lamps the rudes allow :
With circuits carrving not over
O amps. . 50
With circuits carrying not over
8 amps.
With circuits
10 lllll}).\. P oo .
With circuits carrying not over
20 ups. .. .. 00 2 points,
With a 230-volt supply it would thus
be permissible to run 6 points cach 300
watts on one circnit as the total current
would he 7.8 amps or just under 3 amps.
[t is desirable to work well below the
maximum allowance and asuitable arrange

1O puints.

90 o0 6 points
carrving not over
4 points.

ment of the circnits for the present
building would be :—
Phase o —
Cloaks . a5 ..z civeuits.
Mess room . . .. 1 circuit.
Kitchen, ete . .. 1 "
Staff mess room toading dock.. 1
South Bay
Centre pendants 3 circuits,
Brackets . . .. t cirenit.
Plugs (including  those in
Central Bay) 2 circuits.
Spares .. 3 .
Total 14 circuits.

N ——

FACTORY LIGHTING

Phase D-

General lighting (2 Bays) 7 circuits.
Brackets . .. 2
Plugs 2
Spare 3
l'otal 14 circuits.
Phase C-
Transformer room etce. '
Boiler house .. .. - 3 cirauits,
Stores . . . .. |
Drawing ottice .. 3
Other oftices, et 2
Spare 2

Totul 10 circuits.

Rooms suclt as the boiler house, store,
gencral office, ctc., should have part of
the lighting on each of two circuits so
that the blowing of one fuse will not leave
the room in darkness.

Wiring Diagram.

_ This completes thie design of the whole
lighting system and the final diagram of
connections can now be made out for
the complete scheme (see Fig, 13).

QUESTIONS AND ANSWERS

What are the most important requirements
in any factory lighting scheme ?

The whole scheme must be primarily
ecconomical in first cost and eflicient in
working.  Accurate design s, therefore,
essential,

What intensity of illumination would be
required for (1) offices; (2) textile
factories, and (3) machine shops ?

(1) Five to 6 candle feet if local lighting
is also provided. Eight to 10 candle feet
if only general lighting is provided.

2) Five to 10 candle feet according to
class of work carried out.

(3) For rough work, 6 to 8 candle feet ;

for fine work, 10 to 20 candle feet.

In a factory having tie rods running across
upper part of the building what
precautions must be taken in fixing
lamps ?

The lamps must be above the tie rods,

but not much above them. 1f the tie
rods are 14 feet up, the lamps should be
15 feet from ground level.

When an overhead travelling crane is used
what special provision can be made
for cases where the crane may okscure
light from overhead lamps ?

Additional light can be obtained by
suspending two or three fittings below the
crane.

What special arrangements must be made
in this case ?

The additional Tamps must be connected
in series on the power wiring at 4oo volts,
which means special care in wiring and
the use of suitable switchies,

What special precautions must be observed
if above system is used ?
The power must always be switchied oft
before any adjustments are made to the
lamps.
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ELECTRIC LIFTS

By L. J. ttoocH, A.M.LLE.E.

t.e

Ifig. 1.-—WINDING AN ELECTRIC PPASSENGER LIFT BY Haxp,

Note detachable cover for protecting squared end of motor shaft for normal running.

AVOIDANCE OF ACCIDENTS.
Entering the Motor-Room.

CCIDENTS to engineers workine
A on .ifts are, unfortunately, all too
frequent. They  are,  however,
almost  invariably  Jdue  either  to
laick of knowledge or carelessness. To
carry out almost any maintenance work
or adjustnients te a Lift it is essential for
you to have a good " mate,” it it is to be
carried out with safety and success,

Switch Off the Current.

When younenter a motor-room with which
vouare unfaniliar, the first thing youshould
do is to switeh off the current, have a look
at the motor or controller labels  to
ascertain tlhe voltage (this will act as a
warning to you to be careful), and generally
take stock of vour surrundings, particu-

larly as to the situation of naked live
parts and naked moving parts, Having
done this, it may be safe for you to switch
o, If, however, there is any danger
of your coming into contact with live or
moving parts, then let people walk up
the stairs while you are making adjust-
ments.  They will probably not die of
heart failure on this account, but there
is grave risk that you may be killed if
you permit the lift to operate while
vou are working in a confined motor-
room. Remember that an clectric shock
from a comparatively low voltage which
might not normally be dangerous, may
be sufficient to make you jump and come
into contact with moving machinery.

Things You Should Not Do.
Don't attempt to clean or adjust the

centroller while it is alive.
C
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Don't touch any s
part  which  moves
when the lift operates,
unless yon have pre-
viously switched off.
Don’t touch anyv
part while it is mov-
mng.
Don’t let any of
vour clothing touch
moving machinery.
Don’t, if the worm
1s situated above the
worm wheel, hift the
hd of the gear with-
out first  switching
off, unless, of course,
vou want an oil bath,

Winding the Lift by
Hand.

Probably the most
useful thing to know
about an clectric lift
is how to wind it
by hand,

Most lifts are fitted
with a square on the
end of the motor
shaft remote  from
the gear, to which
@ spanner or special
handle may  be
attached. Thissquare
is  frequently  pro-
tected by oa serewed
cap which has to be
detached before hand
winding, sce Fig. 1.

Before attempting
to wind by hand,
switch off the main
switch.

Releasing
the Brake.

It 1s then
NCCESSAT Y
to  release
the  brake.

S ome
brakes are
fitted with
a  small
lever or

screw  attachment
for this purpose.
If the brake is not
so fitted, the operat-
ing lever may be
tied in the “off”
position, or  the
brake shoes may be
wedged apart by a
picce of wood cut
for the purpose.

It is bad practice
to slacken off the
spring, as it will
probably  take a
considerable time to

reset  the  tension
correctly.
Fig., 2.- D1aGrAaN

SHOWING LLOCATION OF
PRINCIPAL Coxpo-
NENTS  OF  MODERN

Erecrric Lirr

1. Motor. 2. Brake.
3. Worm gear in oil
bath case. 4. Traction
drive sheave, 50 Live
axle U "-groove top
sheave., 6. Rope an-

chorage to balance-
weight. 7. Rope an-
chorage to car. &

Rope safcty gear. 9.
Guide shoes. 10 and
11. Turnedstecl guides,
12. Adjustable balance-
weight, 130 Car. 14,
Controller. 15, Relays
for tloor-sclecting con-
trol  (push - button
system). 10, Auto-
matic main limit con-
trol, stopping lift and
applying brake in case
of over-running from
overload  or  other
cause. 17, Alternative
limit acting on control
circuitand havingsame
ctfect. 18, Push-but-
tons in car. 19, Ditto
on landings. 20. Gate
lock. 21. Ramp, oper-
ating gate locks. 22
Car gate intorlocking
contact. 23. Multi-core
high insulation flexible
cable. 24, “Fhreshold
light. 25. Enclosure.
20. Buffers. AL Foun-
dations. . lixings.
C. Top girders.
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. -8 g WEL \

Fig. 3.—RELEASING THE BRAKE, PRIOR TO \WINDING BY HAKD OR MAKING BRAKE ADJUSTMENTS.
The brake shown is fitted with special hand-rclease lever.  1f a brake is not so fittcd, the shoes must

be wedged apart by means of a piece of timber cut for the purpose. It is bad practice to release the

brake by rcleasing the spring pressure, as this necessitates a considerable amount of work in regaining

the proper spring adjustment.

£ PSS 3
- 3
b
o b : 3
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§ 5
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N
f |
—— ' ¥ N
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Fig. 4—METHOD OF OPERATING THE LOCK LEVER BY HAND IN ORDER TO OBTAIN ACCESS,TO THE
LIFT SHAFT.

If this is done at any floor other than the bottom floor, the lift ¢ngineer’s mate should be in the
tift-car, which should be stopped with its top approximately level with the floor.
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Turning the Brake Drum.

H no square is fitted to the motor
shaft, it is possible to wind the it by
turning the brake drum by hand or
barring it round with a lever.

[f when you release the brake the lift
starts to move, apply the brake again,
and get your mate to hold the handle
or coupling when vou again release the
brake. You may then, if desired, take
over from him, and he is free to enter the

WHERE 170 StTEpr oN Top or THE
Lart CAR.

Having opened the landing gates you
may step on to the top of the lift car.
Note where the engincer in the paoto
graph places his foot-—on the edge of the
car, and then on to the cross-head af the
sling to which the ropes are attached. I
before placing his foot on the cross-head
he had put it in the centre of the dome of
the car, it is probable that he would have
smashed the top of the Jift car, as this is
usually of quite light construction.

g 5

lift car if you wish to get on the top of it
Don’t forget to switch oft  before
attempting to wind by hand.
Don’t forget to re-apply the breke the
moment vou have finished hand winding.
Don’t forget to remove the winding

ELECTRIC LIFTS

handle before switching on. The motor
probably revolves at about 1,000 r.p.an.,
and if the handle tlies off and hits vou
while the motor is turning at this speed,
there will be a”coroner’s inquest.

Entering the Lift Shaft.

To perform certain operations on a lift,
¢.g., cleaning and adjusting landing gate
locks, it is nccessary to enter the lift
shaft.  1f this has to be done at any
point other than the lowest floor, the top
of the lift car should be used as a platform
from which to work. In order to enter
the lift shaft on o modern lift, it is necessary
to circumvent the safety devices which
prevent the lift from being moved unless
all the landing doors or gates are shut.
and  which prevent the landing  gates
from being opened unless the lift car is
adjacent to the landing.

How to Get on Top of the Lift Car.

The best and safest method of getting
on top of the lift car is to bring the car
to the floor at which you wish to work,
stetion your mate in the car with instrue-
tions to leave the landing door open.
Yon, vourself, go to the motor-room and
wind the machine down by hand until
a shont from vour mate tells you that the
top of the car is level with the landing.
You then re-apply the brake and switeh
on the current (only if you intend to
tavel on top of the car). If you do not
intend to travel on the top of the car,
o not switch on. You will then be able
to venove covers of gear in the -haft
without the danger of a shock or of
accidentally connecting o ““live 7 part to
“earth 7 with vour serewdriver or pliers,
and thus blowing a fuse.

These  remarks  apply  to  machines
situated in enclosed shafts, for if cotlapsible
steel gates or wire grillwork enclosure
are fitted, it is usually possible by means
of a certain amount of contortion to
operate the lock  lever from  outside.
Having opened the door, you may step
on to the top of the lift car. Don’t
attempt to operate the electrical contact
by inserting a finger or a pencil, unless
vou are completely familiar with the in-
ternal mechanism of the particular typ:
of lock fitted to the lift on which yvou are
operating.  (see Fig. 4)
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Don't Tie Up the Lock Lever.

Do not, even as a last resouree,
attemipt to tie up the lock lever
there is alwavs some other way.  If
vou make a practice of tving up
lock Tevers, one day you wilt forget
to untie one, and romebos Iy will he
killed by opening a door and falling
down the lift shaft, when they con-
fidently expect that they will not
be oble to open the lift ccor unless
the lift car is at thet floor,

Don't step in the middle of the
top of the liit car, as with =ome
lightly constructed cars you may put
vour foot through the roof. Step on
the edge of the timber work, or on
some convendent portion of the steel
ling or cradle, see Fig. 5

Clean Off Grease Marks.

Don't forget to take a picee of rag
with you to wipe the soles of your
boots when getting off the top of
the car, and thus avoid damege to
the landing floor.

Don’t put your greasy hands on
the paint work of the door oi gate.

Don’t forg t to wipe the door
handle after vou have handled it
with greasy hands.

Don't, having got on to the top
of the lift, immediately shut the
landing door. Look round and take
stock of your surroundings, and use
vour imagination.,

Travelling on Top of the Car.

i possible, travel in the dowi
direction.  Supposing however, while
vou are travelling on top of the car
with your mate operating it, and for
any reason he fails to stop when von
are travelling inthe *“ up 7 direction,
how are you going to avoid being
crushed to death against the girders at

the top of thelift shaft 2 Thereare probably
at least four ways of dodging this unhappy

occurrence, some of which may be tried
even if the others fail, if you keep yvour
llm(l and act quickly :-

As you pass a ﬂoor VOl My operate
tlu lock lever with your hand and open

SCTRIC LIFTS QoY

Fig. 5.—How 1o TraveL oN Top oF THE LIFT
Car.

The engineer is scen standing firmly on the
cross-head of the sling.  He steadies himself by
holding the ropes with one hand.  He i right in
the centre of the tift shaft, aud his clothing is
not lik ly to be canght by anvthing projecting
from the sides of 1ift shaff as ke travels,

the gate. Don’t, however, attempt to
jump out until the lift has stopped.
(Iig. 7.

2. You may operate the control limit
at the top of the shaft witl your hand.
(Fig. 8.)

You may operate the main limit
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Iig. 7-—How 10 SAVE YOURSELF 1F YOUR MATE FaiLs 10 StTOP THY

LiFT WHEN You ARrRe TRAVELLING oN Tor

DirecTION (I).

Operate the lock lever and open the landing gates to break the

control circuit and stop the lift.

and cut off the supply from the machine.
(Fig. 9.)

4. There is frequently a spuace round
the top joists through which your body
may pass as the lift ascends (Fig. 10) or
elsec a space in which you may crouch,
when the balance weight has landed on its
buffers at the bottom. Make a mental
note of these points as soon as you enter
the lift shaft before attempting to do
anvthing else.

Don’t travel up and down the lift shaft
on top of the car if you can avoid it. It
it is necessary, however, to do so, it is
much safer to travel down than it is to
travel up.

ELECTRIC LIFTS

Beware of the
Balance Weight.

Don’t  forget
that half way
down  the  lift
shaft the balance
weight passes the
car, and never let
any portion  of
vour body pro-
ject anywhere
near the part of
the shaft in which
the balance
weight runs,
Balance weights
have killed more
lifteng incers
than any other
one part of the
mechanisn.

Don’t fail to
steady  yourself
on top of the car
by holding the
suspension ropes
(note Iig. 0) or,
alternatively, sit
down on the sling
in the centre of
the car.

Don't attempt
to clean, oil or
adjust while the
car is moving.

Don’t forget to
ask your mate if
he hasopened the
car gate as an additional precaution
against  the litt moving when  you
have stopped to make an adjustment.

To a skilled lift engineer many of the
foregoing remarks may appear to be ele-
mentary.  The author has, however, en-
deavoured to set down the chief points
which should be second nature to anyone
who has to work on electric lifts. You
may find “ clever”" lift engineers who do
not pay attention to all the points enu-
merated. The advice given, however, is
sound, and is backed by practical experi-
ence. You should always remember that
it is better to be a little over-careful and
live than to appear clever and die.

OoF IT IN THE *‘Up"
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MAINTENANCE AND INSPECTION.
General.

In order to carry out the maintenance
and inspoction of electric lifts in an
cfficient manner it is essential that a
detinite sequence with regard to the varions
compenents of the lift be followed. 1f
this is not done, romething is sure to be
missed, which may lead to a breakdown
before the next regular maintenance visit.

Such a sequence is indicated by
the questions asked in the schedule
On page 913.

The obvious place to start i the
motor-room.

Motor-Room.

The motor-room itself should be
clean and tidy. Oil, grease, rag and
waste  should be kept in proper
containers, and special tools, such
as winding handles or grease guns,
showd be kept in a reck provided
for the purpose, or clse hung on
hooks on the wall.

If a maker’s instruction card is
placed in the motor-room, make
vourself completely familiar with it.

The motor-room should be dry.
It will frequently be found, however,
that motor-rooms at the top of the
shaft suffer from condensation due
to hot air rising up the lift shaft
and the moisture condensing on the
cold portions of the machinery,
such as the controller panel, motor
frame, etec. This may only oceur
during cold weather, and it may be

grr

heavy starting current necessary to develop
the requisite tor ue to start the lift against
full Ioad.

If there are other fuses on the mains,
e.g., at the point where the company’s
supply enters the building. these shonld
be some 5 per cent. to 1o per cent. heavier
than the fuses in the motor-room, to
ensure that the motor-room fuses are the
arst to blow in event of a fault developing.

cured by heating the motor-room
either by a small electric radiator
(z50-watt is usually ample) or an
ordinary fishtail gas jet left burning

Fig. 8.—~How TO SAVE YOURSELF IF YOUR MATE
FAiLs TO STOP THE LIrT wHEN YoU ARE TRAVELLING

ox Tor oF 1T IN THE ‘‘ UP” DIRECTION (2).
Operate the direction switch or control limit
The engineer is here seen operating the direction

continuously.

Main Fuses.

The main fuses situated in the motor-
room should, with a direct current lift,
be capable of carrying twice the full load
running current of the motor.  \With some
alternating current machines of the high
torque, squirrel-cage type, the fuses may
have to be heavy enough to carry three
to five times the full load running current
in order that they may withstand the

~witch at the top floor,

This will frequently save a weary walk
from the motor-room ta the company’s
point of entry and back. The company’s
own fuses should, of course, be heavier
still.

Control Circuit Fuses.

The fusesin the control circuit are seldom,
if ever, more than 35 amps. capacity,
and are frequently as low as 2 amps.
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Fig. 9.—How TO SAVE

Operate the ultimate main limit.

In any case, the maker's recommendation
should be adhered to. They usually
take the form of small cartridge fuses
situated on the controller panel. (¥Fig. 12.)

Care of the Motor.

8 The care which a lift motor requires
is in c¢very way similar to that demanded
by clectric motors for other purposes,
which is dealt with under a scparate
section.,

The bearings, if of the sleeve type,

YOURSELF 1IF YOUR

In this case, by catching hold
of the main limit hine, and giving it a vigorous pull.
to stop the lift under practically any circumstances.

ELECTRIC LIFTS

with ring lubri-
cation, should be
filled up to the
overflow vent with
light machine oil.
Drain-plugs  and
gauges shonld be
well fitted to avoid
leakage. I the
motor is of the ball
or  roller-bearing
type, the bearings
are  packed with
grease by the
makers, and this
requires replenish-
ing at infrequent
intervals,

Play in the
motor bearings
often makes itself
apparent by
distinct  knock,
which 15 heard
after the brake has
been applied, and
just as the machine
comes torest. It
may, of course,
also be  detected
by feeler gauges
in the usual man-

ner. Undue wear
will lead to ex-
cessive stramm on

the coupling and
alsoon the bearings
of the gear which
carry the worm,

How to Detect
Coupling Faults.

MaTE [FalLs 10 STOP
THE L.IFT WHEN YU ARE TRAVELLING oN Top oF 11 IN THE *“ Up”’
DIRECTION (3).

This is certain

Examine the
coupling bolts and sce that these
are tightly locked, also the keys, to

see that these have not worked loose.
An indication of the keys having worked
loose is obtained hy watching the
point at which the motor or goar
shaft enters its half of the coupling at
the instant when the machine starts or
stops, in first one direction and then the
other, when, if the key is loose, move-
ment can be observed between the shafts
and coupling. It may also be detected



by switching off
the main switch,
putting the han-
dle on the end of
the motor shaft
and rotating it
first in one
direction and
then the  other,
This will detcet
play between the
motor shaft and
the conpling. The
gear-worm  shaft
nmav be tested in
a simitlar manner,
but in this case
the  brake must
be  released, A
distinct “ kick”
will be felt if any
plav exists,

The coupling
usilly forms the
brake dimm, and
for this reason,
should run dead
true, otherwise
erratic  stopping
will ocenr.

Adjusting the
Brake.

This is, gen-
crally speaking,
the most  badly
adjusted compo-
nent of the lift,
and vet it is one
of the casiest to
adjust if the
adjustment is
carried ont with
e regard to the
proper sequence.
The sequence of
adjustment may
brictly be set out
as follows:

(1) Adjust  the
gap between
the brake
shoes and the
drum to a
mininmm by

ELECTRIC LIFTS

MAINTENANCE INSPECTION REPORT*

Nameof Jobh............ Maint. No............. Date of inst

Tupe of lift............ Visits oovviiiniinns Premium

MOTOR ROOM.

What was the general condition of Motor Room as
you entered ?

State particularly if any oil rags, oil cans, etc.,
were lying about.

Are there any spare parts in the Motor Room ?

Are these carried in a box ?

Is there an Instruction Card ?

Is the Motor Room kept locked ?

Who holds the key ?

MOTOR.
Is commutator and int--rior of motor ¢lean ?
Is brush g-ar in good order ?
Doces machine run silently 2 If noisy, state cause.
Is oil in bearings at correct level 2
Do bearings leak ?

GEAR.

Give position of oil on gauige or distance from hand

ole.
Is box oil-tight 2 If leak, state where.
Is gear silent 2
State condition of miin kevwav and kev.

BRAKE.
Arc all nuts and hand release tocked ?
State condition of blocks.
State condition of coupling.
Is brake silent in action ?

CONTROLLER.

Is slate of controller aad rheostat clean ?

Are all contacts clear ?

What il is used in dashvot ?

Give level of oil in container.

If any coil is hotter than can be borne by back of
hand, give temperature.

General condition.

LIFT SHAFT.
Is lift shaft clean ?
Are guides clean and lubricated ?
What lubricant is used ?
1f direction switches are fixed. are thev silent 2
Inspect one and report on its iat-rnal co1dition,
and which one was inspected.

GATE LOCKS.
Arc gate locks clean ?
Do they operate easily ?
Inspect one and report on its internal condition.
State which yvou examiied.

CAGE.
Is cage clean internally and externally ?
What is the condition of limit switches ?
What is the condition of Car switch ?
Are lights and hells in good order ?
Is floor or floor covering worn ?
Does car require re-polishing ?

ROPES.
How many ropes are ftted ?
DNiameter.
Type.
Are the rope anchorages clean ?
Report on condition of safety gear.
Give date of last maintenance iaspection.

State here any suggestions which have occurred to.

or heen suugﬂslrd to you to impro\'e our
maintenance service,

Signature

Date...

* As used by Messrs. Marrvat and Scott, Ltd., [.ift Engineers.
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adjusting the
stops on the

shoes.  The
brake  shoes
require to

lift only, say,
1 O4 in. off
the drum.
They are
usnally  ad-
justed  inde-
pendently,
and the
adjustment
slhhould be
cqual on
both. This
should be
done with the
splng  pres-
sure released.
{IFig. 13.)
Now adjust
the  solenoid
plunger  or
armature  to
the mininim
air gap which
will  permit
the shoes to
be lifted clear
of the drnm
against their
stops. (Iig.
14.)
Generally
spraking, the
“l-oncircuit”
of the brake
should  just
close ax the
shoes  reach
their stops.
With  this
adjustment,
themaximum
possible pull
15 obtainable
rrom the
solenoid, =0
that if nceees-
sary  the
maximum
Spring  pres-
sure forwhich
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the brake is designed is obtainable,

(3) Now gradually apply the spring

Fig. 10,

pressure by means of the tension
screw until smooth, rapid stopping
is obtained.  Normally, the lift
should not travel more than 4 in.
to G in. for every oo ft./min, of
its running specd, after the current

How To SAVE YOURSELF Ir

YOURMATE FAILS TO STOP THE LIFT WHEN

You ARE TRAVELLING ON ToP OF IT IN THE
“Ur ' DiRECTION (4).

Should everything colse fail, there is

often a space throngh which your head
and shoulders may pass as the lift-car

reaches the top. You can steady your-
self by placing your hands on on¢ of the
joists.

has been switched off by the con-
troller, that is to say—if the lift
is running at 150 ft./min. it should
not travel more than 6 in. to g in.
after the controller has cut off the
current

Be sure that the lock nuts on all
the adjustments are securely locked
after the adjustment is completed
or the brake will go rapidly out of
adjustment.

Testing the Brake.

To test the distance which the car
travels after current has been switchied off,
make a chalk mark on the car about eye
level and one on a convenient point in the
shaft (Iig. 10).  Get in the lift and run the
ift at full speed past this point, and at
the moment that the chalk marks coincide
switch off the car switch or press the
“stop” button, according to the type
of control.  Then the vertical distance
between the mark on the car and that
on the shaft will be the distance run after
the brake is applied.  (I7ig. 17

GEAR.
Lubrication.

EExamine to sce that the oil level is
correct.  If the worm is below the wheel,
there should be sufficient oil in the gear
case completely to immerse the worm,
H the worm is above the wheel, then the
worm wheel should dip some 3 in. to 6 in,
into the oil.  The great thing with this
latter type of gear is that, when the gear
is running, oil should reach all parts, as
it is customary for troughs to be formed
in the gear case to collect oil thrown by
the rapidly revolving worm and feed it
to the worm wheel shaft and worm shaft
bearings,  The oil passes through the
bearings, and is then led by ducts back
to the sump.

Gears with the worm below the wheel
usually  have the worm  wheel shaft
bearings  lubricated by some  external
m thod, c.g., stauffer-type grease cap
or ring or chain lubricators.  In the latter
case, the oil well should be filled to the
level of the overflow plug, with machine
oil as distinct from the heavier oil in the
gear case.

In the gear case use the oil recommended
by the makers. If there is no indication
as to what oil should be used, then when
the oil requires replenishing, drain  the
gear case and use first pressing pure castor
oil. It is important not to mix different
grades of oil in the gear case; in particular,
castor oil should not be mixed with a
mineral oil.

Detecting Wear.
Any wear in the gear is usually attended
by a kneck when the lift stops.  Wear
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may occur in any of the bearings,
though it is more usual on the
worm wheel shaft bearings. It
may be detected by observation,
or & knock may be heard when
the lift stops, or feelers may be
used todeteet wearif itis expocted.

Wear may also oceur on  the
rubbing surfaces of the worm and
worm wheel teeth, This canusually
be Cetected by running the lift up
and down once or twice, and
listening at the side of the gear
case for a knock when the lift
stops.  Another method is  to
load the car gradually at one of
the floor levels, until the load in
the car counterbalances the
amount of the normal running load
which is balanced by the balance
weight,  This is similar in effect
1o a see-saw which has been loaded
more at one end than the other,
and then load gradually applied
to the lightly loaded end until it
over-balances. If there is any
distinct movement of the driving
sheave or drum as the load in the
car overbalances the balance
weight, then there is probably
backlash between the worm and
worm-wheel teeth, and the gear
should be examined by an expert,
Care must be taken to discriminate
between backlash in the worm and
worm wheel and end play in the
worm shaft.

End Play in Worm Shaft.

It must be appreciated that the
thrust, due to the out-of-balance
load of the lift, appears as a direct

Fig

11.—How NQO7 1O TRAVEL ON TOP OF THE
Lirr-CARr.

axial thrust on the worm, and has
to be accommodated by some form
of thrust bearing.

In modern lift gears a double
ball thrust bearing is usually
employed, while in some older

The engincer is here seen standing at the edge

of the lift-car. He is not so comfortable as in
TFig 6. A slight movement of his foot will bring it
over the edge of the lift car, where it is liable to
be caught by projections in the lift shaft. He is
also in grave danger of being struck by the balance-
weight as it passes the lift-car half way down the
shaft.

gears a collar thrust bearing of the
marine type is used. It is essential
that any end play (which can readily be
detected by observation of the coupling
at starting and stopping in alternate
directions) should be taken up as soon
as it develops. If this is not done the

end play will increase, until it excceds
the amount of “ float” which has been
allowed or. the armature of the motor.
If this has occurred, the end plates of
the motor will be called upon to carry
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Fig. 12.—REPLACING A CONTROL FUSE.
It will b seen that these control fuses are mounted on the actual controller panel

-

Fig. 13.—ADJUSTING THE AMOUNT OF MOVEMENT OF THE BRAKE SHOE.
The set screw and lock nut which is being adjusted acts as a stop, to limit the amount by which the
brake shoe lifts clear of the drum. The clearance of each brake shoe must be adjusted independently.
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the whole thrust of the machine, and not  chokedup.  Thevcan be eleared by thread-
being designed to withstand this a serious  ing a piece of steel or iron wire through

breakdown is liable to occur, them, and raking it in and out. (Fig. 18,
The end play may-also be detected,
as previously deseribed, by loading \ -

the car, when as the loaded car ¥ 4
over-balances the balance weight a ;
distinet  axial movement of the e — i
coupling and worm shaft can be scen -
and a slight knock heard if end "
play exists, It ix cured by removing ‘ N
the end cap and adjusting the thrust
bearing, see I'ig. 19

Curing a Leaking Gland.

I the worm is situated below the
wheel, vou may find on inspection
thatleakage isoccurring at the gland
on the worm <haft. Tighten up the
gland with the nuts provided for
the purpose, being caretul to tighten
cach nut by exactly the same
amount (Fig. 20, The best method
is to tighten each nut in rotation,
half a fturn at a time, working
round and round the gland until
the leakage stops. The tightening
should not be carried beyond this
point, otherwise the packing will
grip the shaft, causing additional
load on the motor and, in extreme
cases, seizure,

If there isany doubt as to whether
the gland has  previously  been
tightened up cvenly, slack it right
out, screw up the adjusting nuts
till they are all just finger tight,
then carry on with the spanners,
tightening the nuts in rotation, as
just described., It is best to adjust  [fig. 1y ~ADJUSTING THE AIR Gap or THE BRake

the gland while the lift is running, ARMATURE, .

but bﬁ,‘ . st be taken that v & In the brake shown, the brake coil and yoke are
l)u G AER; WP LA G W Sl attached to the shoe nearer to the engineer, whil-
do not come into contact with the the armatnre is attached to the push rod which
coupling, which is rotating at high passes through the centre of the coil, and operates
5})(:(-(1 in close })1‘().\’ilﬂit}‘ to the against the stop serew on the opposite brake shoe.

ol g ool - N By screwing the stop serew in or out. the air gap is
“r.l‘lml‘ When th.L gland has been varied,  The adjustment is maintained by means
tightened up to its fullest extent, of the lock nut.

and leakage still oceurs, the stuffing

box must be  repacked, and

this is dealt with later. If leakage is occurring at any of the
3 . . joints in the gear case, then these should
Curing Oil Leakage irom Bearings. {)v H rcma(lv.‘? This is dealt with later,

If there is any leakage from any of .
the other bearings, it is probable that the Driving Drum or Sheave.
ducts leading back into the sump are This should be examined to see that

b
L




Iig. 15.

other.

proper adjustment has Loen made.,

it is secureiy keyed to the shaft.  If play
occurs at this point, serious damage will
be done to the keyways in the sheave or
the shaft if not rectificd, and this will
probably  accessitate dismantling  the
machine and retwning the part to the
works to have the keyway rceut.

Play of this sort may be detected by
observation at starting and stopping,
keeping the eyves fixed on the visible line
of contact of the sheave or drum and its
shaft.  If there is any doubt about move-
ment here, observiation may be assisted
by dropping a little machine oil round the
point ot coniact, when the * bubbling
due to movement between the drum or
sheave and the shaft will readily be ob-
served.

Another method is to load the car as
for detecting wear and play in the gear.

r.

ADJUSTING THE SPRING PRESSURE.

In this case, the spring is a compression spring
operating Letween the tails of the two brake shoos,
The spring seats on the tail of one brake shoe and on
the set screw which is attached to the tail of the
By screwing the set serew in or out, the
spring s compressed or released, according  to
whether more or less braking effect is required.
The set screw is held by a lock nut when once the
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When the car over-balances the
weight, the sheave or drum will
be observed to rotate slightly on
its shaft.

In the carly stages this trouble
may be cured by driving the kev
farther in, but if it again develops
the load of the cage and balance
weight should be taken off the
gear and a new key fitted,

;
2
?
:

Detecting Wear in the Traction
Sheave.

If the machine has sheave drive,
the grooves of the sheave shoulld
be examined for wear,  The angle
of these grooves is usually jo |
and the sides of the grooves should
be absolutely straight.  Wear will
in time produce ridges on the sides
of the groove and will cause rope
slip. A ridge on the side of the
groove may be detected by ob-
servation or by running the point
of a screwdriver down the side
of the groove, when a distinet
bump will be felt if wear has
occurred (Fig. 21).

Detecting Rope Slip.

Rope slip may be detected by
taking the lift car to a given floor,
and drawing a chalk line across
the sheaves and rope parallel to
the axis of the sheave (Iig. 22).
The lift may then be run up and down once
or twice, and on returning to its original
position the chalk marks on sheave and
ropes should coincide.  If they do not,
rope slip has occurred.  In bad cases the
slip will be  visible when the brake is
applied, the sheave coming to rest, while
the ropes slip round it. Slight rope slip
may be cured by slacking the pressure
of the springs on the brake, though with
autormatic lifts this is liable to upsct
the aceuracy of floor levelling.  The only
sitisfactory cure for rope slip, due to a
worn ““ V7 sheave, is to dismantle the
machine and have the sheaves re-turned
in a lathe.

Rope-slip is occasionally caused by
the V' of the groove not having been
made deep enough when the sheave was
made, and a very slight wear in the groove
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16.—TESTING THE DISTANCE THE

Fig.
L1FT TRAVELS AFTER IBRAKE IS APPLIED.

A mark is made abonut eyve-level on the
car and on a convenient point in the

lift shaft. (View taken from inside lift.)
causing the rope to touch the bottom of
the groove, or to ropes of too small a
diameter having been fitted.  This may
be cured by dismantling the sheave, and
turning up the “ V" wheel with a deeper
groove, or by fitting slightly larger ropes,
<0 that they will not drop quite so far
into the “ V.”

CONTROLLER.

Controllers vary very considerably in
detail, but have marked similarities with
regard to their general operation. The
controller has to start up the motor in
the required direction, and either auto-
matically, or throngh the agency of the
car switch, switch off the current when it is
desired to stop. By watching its operation
while someone is working the lift, it is
casy to decide what each particular con-
factor is doing. Get your mate to run
the lift, first in one dircction, and then in
the other, stopping at intervals in his
travel, say, half a dozen steps in each

gra

Fig 17.—TisTIxG THE DISTANCE THE
L3FT TRAVELS AFTER BRAKE IS APPLIED.

Move the lift away fiom the previous
mark by a distance somewhat greater than
that necessary for it o attain full speed
from rest.  Then run the lift towards the
mark in the shaft, switching off the instant
the two marks are opposite.  Moasure the
vertical distance between the two marks
when the car has come to rest.  In this
case the observation was made with the
car travelling in the  up * dircetion.

direction.  Some of ihe contactors will
operate in hoth directions, others only
in one direction. Obviously, those that
operate in one dircction only are the
reversing contactors, while the others are
the starting contactors. Additional to
this, with some types of controllers there
are also deviees such as decelerator control,
or dynamic brakes, which come into opera-
tion in both directions at stopping. Watch
the controller at work wuntil you are
thoroughly familiar with the function
of cach part.

With an autematic lift there are also
the floor relays which are casily discernible,
as there is usually one relay for every floor,
though some older svstems employ two
relay's per floor, one for cither direction. A



Fig. 18.— CrLEARING A CHOKED O1Lway BY MEANS OF A
Precr or Wike,

If this roturn channel is choked, oil which «sezpes from
the end of the bearing fills the well in the housing and over-

tlows instead of running back into the samp.

cage, and do damage to passengers’ clothing.

loor relay only operates wiren the button
forits particular floor is pressed. Tt makes
the control circuit when the butten is
pressed. and maintains it antil the Hoor
selecting device breaks it, as the lift car
reaches the approvriate floer, or until the
cmergency stop Intton is pressed or the
car gate opened.

The Controller Panel Must be Kert Clean

Do not attempt te clean the controller
with the current switched on In cleaning
the controller panel, use a parl of rag rolled
up in the hand.  This is better than waste,
as httle shreds of cotton from the waste
will adhere to the various portions of she
controller, while if a trailing end of rag
is left hanging owd of the Land it is liable
to cateh in one of the sonewhat delicate
interlocking contacts and derange it.

The contacts showld be clean and free
from pits or blobs of metal.  If copper
contacts are dirty, they must be cleaned
with fine emery cloth.  If there are any
blobs of metal due fo fusion or areing,
these must be removed with a fine file,

It it does not
receive attention the oil wili get on to the motor-room floor
and may cven get down the lift shaft, through the top of the
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Carbon contacts can be
refaced by a piece of very
fine emery cloth, stretehed
over a picce of wood so ax
to form a level surface.

The faces of the contacts
should be even and the
whole arca of the contact
surfaces  shonld bed  to-
gether when the contactor
1s closed.

Adjusting the Controller.

It is usually desirable
to adjust the controller
so as to give the maximum
possible gap between  the
contacts when the eircuit
s open, consistent with
reliable operation of the
controller  when  the  lift
has been in operation for
a considerable time and
the controller  coils — are
warn.

With  some  modern
controllers,  the moving
contact is arranged to rub
across the face of the fixed
contact when the sirfaces are together.
This rubbing is cansed by the final move
nment of the contactor armature, and pre
vents welding and sticking of the contacets,
Make sure that if the controller is so ar
ranged, the designers’ intention is carried
out  The method of adjustment varies, but
1s usually sufficiently obvious for a brief
inspection to show how it should be carried
out.

Oil the Pivot Pins.

The pivot pins about which the arma-
tures of the various contactors move, and
abmit which (in some controllers) the
actual contact pieces move, should be
absolutely free. They should be removed
occasionally, say every three months
(depending, of conrse, upon the amount
of use the machine gets and also local
conditions with regard to atmospheric
dust or dampness), and should be given
asmear of very light oil.

The direction  contactors are  almost
invariably interlocked, sometimes electri-
cally, sometimes mechanically, and some
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If you intend to SUCCEED—
If you intend to get above the ** Hammer
and File " Brigade—
If you intend becoming a Qualified
z - Electrical Engineer, and not just an
4 Electrician—
z [ 4 then you cannot afford to carry on without
/ reading *“ ENGINEERING OPPORTUNITIES.”
This free book explains many ways of carving out
a successful carcer in the rapidly growing field of
Electriaty. For instance :—
Do you realise that there are Examinations open to
you that lead definitely to jobs carrying a salary rising

from £4 10s. per week to over £1,000 per year,
without requiring any particular experience ?

Our Handbook explains such opportunities, and is, in fact, filled with matter
of vital importance tc you {rom cover to cover.

The Handbook alse outlines modern Home-Study Courses in all branches of
Engincering, including :—
GeNeraL ELEcTRicAL ENGINEERING.  ELECTRICAL INSTALLATIONS.
ALTERNATING CURREST ENGINEERING. Power House DEesicN anp OPERATION.

ELectric TrACTION. Mains ENGINEERING.
TeLecraPnY; TELEFHONY. Tavrkine PicTure ENGINEERING.
WireLEss aAND HicH FREQUENCY. TELEVISION, elc., elc.

Full particulars are also given of all recognised Engineering Examinations,
including :—

LE.E. City and Guilds.
B.Sc. G.P.O.
LW.T. A.Rad.A,, etc, etc.

Our record of successes in the above Examinations is remarkable. In the
I.E.E._alope we have‘returned 100°, successes at the past three
Examinations—a magnificent record.

WE ALONE GUARANTEE—“NO PASS—NO FEE.”

We rcpeat, you cannot afford to carry on without reading ** ENGINEERING
OPPORTUNITIES.” Send for it to-day, stating the subjcct which 1s of most
interest—FREE, and without obligation.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY, LTD.,

350, SHAKESPEARE HOUSE, 29/31, OXFORD STREET. W.I.

-l

This article on Electric Lifts is continued in Part 20. Ready
February 26th. Order your copy to-day.
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