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side being finished off with three or four
twists, At angle positions, where the
conductor will be in the side groove, a
single stirrup of a moditied shape is uscd.

When suspension insulators are used on
steel-cored aluminium lines, see that the
clamps are fitted with liners, or else put a
layer of aluminium tape on the conductor.

JOINTS AND CONNECTORS.

If the conductors are delivered in
standard manufacturing  drum  lengths,
the latter will need to be jointed together
in the field.  These joints should not oceur
close up to an insulator and they must
be approximately equal in strength to the
conductor itself.  The most popular tension
joint is the Melntyre, shown in g, 19,
It consists of an oval scamless tube of
copper or aluminium from 3oin. to 48in.
long, depending on the strength and size
of the conductor. In order to make the
joint, fill the tube with graphite grease
and thread the two conductor ends, which
should be pertectly clean, through it.

The second end will be difficult to put
through, so cut away all its strands
except one for a length slightly greater
than the length of the tube, thread through
and pull the conductor into  position.
The tube has now to be twisted up, taking
care that this is done in the correct
direction, as otherwise the strands will
open.  Grip the tube in the twisting tongs
at the centre and at one end, and gradually
turn until 4} to 5% complete twists have
been given.  Repeat for the other half
of the tube so that the finished joint has
g to II twists, McIntyre joints are
satisfactory for all sizes of copper, cadmium
copper and steel-cored aluminium up to
0.1 4. in, cquivalent and for 7/12 SW.G.
teel and copper-cored steel conductors,

Cone Joint.

Another type of tension joint is the
cone joint, of which there are several
patterns available. As theiv name indicates
these joints consist of two or more cones
which grip the strands with a wedge
action. They can readily be designed to
develop the full strength of the conductor
and can be used up to the largest con-
ductor cross sections likely to be requircd.
The making ot these joints is very simple

but generally careful and accurate marking
and cutting of the strands is necessary.
51l cone joints by means of a grease gun
with graphite grease, Stablex or compound
when completed.

Connecting the Tails Together.

At straining insulator poles connect the
tails together by parallel groove clamps
of gunmetal, brass or pure aluminium,
Paint the exposcd ends of steel-corcd
aluminium with bitumastic,  Instead of
parallel groove clamps, cone clamps similar
to the tension joints (but not designed for
taking the tension) can be used, so as to
avoid exposing the core of a steel-corad
aiuminium conductor,

[t is extremdy important  that no
copper or copper allov be placed in contact
with alumininm, or else rapid corrosion
will occur.  In fact, it may be =aid that
all fittings, clamyps and connectors mnst be

ERrReECTING LT, POLE—SECOND STAGE,

Fig. 33.
The pole is being pushed up by the fork and
steadied by the men at the pole hole.
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FRECTING A TRANSFORMLER
Drituine Howris ror
SWITCHGEAR.
See that a safety belt is used whenever men
are up poles.

e, 34

FORM  AND

cither pure alumininm or galvanised iron
or steel.  Where a copper tapping has to
be taken off to a switch transformer or
cable box, use a bi-metallic T conncector,
which is fitted with an insulating wasler,
botween the aluminium  body and  the
brass socket for the tail.  When the load
on the tapping is a small current one,
galvanised parallel groove clamps can be
wsed to connect the copper tatl to the
aluminium,  Pole type cable dividing
boxes can be obtained with aluminium
stems and alumininm connectors, so that
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the aluminium conductor can be taken
direct to the box aml a bi-metallic con-
nector on the line avoided.

GUARDING.

In order to comply with the regulations,
guards must be fitted at all public road,
canal and railway crossings. At road
and canal crossings the best method is to
duplicare the insulators, fit bridles extend-
ing g4 ft. from the imsulator and of the
same material as the conductor, and erect
an carthing bracket.  Ifig. 18 shows such
ait arrangement. Clamp the bridles by
two Crosby clips at cach end and tape
the bridle and  conductor to  prevent
damage by the clips. Connect the carthing
wire to the bracket by mceans of a flag
washer and a separate carthing bolt.,

Guards for Railway Crossings.

For railway crossings the companies
usuallv ask for the span to be reduced
as much as possible and for duplicate
msulators and duplicate conductors to be
titted,  Bind the duplicate conductor to
the main condnector every 5t the bind
extending over 1} in. Erceting the dupli-
cate conductor is an expansive operation
as it is not possible to drop the conductor
down on to the railway tomake the binds.
The writer recommiends that the main
conductor be pulled up to tension and the
position of the duplicate marked on it
Then slackan out until the markod portion
is clear of the railway, et it down to the
ground, claniping a stop on the conductor
at the adjacent pole and bind on the
duplicate conductor.  Litt up on to the
running blocks again, pull into position
and tension up. Clamp oft the ends ot the
duplicates as vou would a bridle and the
guard is complete.

Guiarding is also compulsory where lines
run alongside and within 50 ft. of a public
road. Ior these conditions the insulators
mayv be duplicated and bridles fitted, or
clse an carthing bracket erected.

Crossing Post Office Lines.

Where Post Office lines ave crosscd the
Poztmaster-General stipulates that special
precautions are to be taken ard has issued
regulations accordingly. The guardusunally
takes thie form ot a cradle or mat carried
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on four independent poles. In order to
optain a good appearance and avoid
excessive sag on the cross lacings of the
cradle, the writer uses lacings of #in.
galvanised gas tubing instcad of stranded
or solid wire,

Bird Guards.

A considerable amount of work has to
be done before the line can be considered
as completed. Unless somie form of sloping
crossarm, such as that used for the Norwich
Rural Demonstration Scheme illustrated
in Fig. 2o, is adopted which will prevent
bird faults, bird guards must be fitted to
the crossarms,  Semaphite guards will be
found particularly useful for this purpose
as, in addition to being available in
various sizes to suit the cross-arms, they
can be supplied in sheets which can be
cut and bent on site to suit awkward
shapes, such as switchgear frameworks,

Finishing Off.

After the bird guards have been erected,
screw on the danger notice and number
plate about 10 to 11 teet above ground
level.  Use fibre washers on top of enam-
clled plates to prevent damage and also
behind danger notices, so as to keep than
clear of the pole and prevent creosote

from draining over and spoiling the
appearance. The last work to be done on

the pole is to put on the anti-climbing
guard, which should consist of seven turns
ot barbed wire spaced between 8 ft. and
1o ft. above ground.

Final Check.

It now only remains to walk through
the line carefully inspecting every detail
and checking cach pole against the draft
for the permanent record: which should
have been compiled as the work proceeded ;

make sure

— r that all
scrap ends

- of wire,
bolts, etc.

- have been
Fig. 36— Woxrrace’ Spr- removed;
VICE INSULATOR FOR SCREWING <ee that

INTO  PorLe  or  WALL  AND
SUITABLE FOR THREE OR Fouw
SERVICES. ( Johnson and Phil-
lips, Ltd.)

fences and
hedgeshave
been  satis-
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I.'I. Pork U'siNG

Tovr,
O JUNO T BRACKETS FOR THE LINE CONDUCTORS,
The two-wire services are shown terminated on

g, 35— V1w or

s

“ Wonpeace ” insulators.

factorily repaired and pressure test the line,
In the case of very short lines up to 11,000
volts, the pressure test may be an alternat-
ing current one carricd out by means of a
testing  transformer, but most  testing
nowadays is done by means of one ot the
three or four dircct current testing sets
on the market, A detatled description
of the sets and how to make the test is
beyvond the scope of this article.

STEEL TOWER LINES.

Much of the work already described for
E.H.T. wood pole lines will apply to steel
tower lines and the chief differences are
emphasised in the following remarks and
illustrations,

Surveying.

Th~ survey work must be extremely
accarate as it is not possible to check the
alignment until the towers are erccted,
and should any fault be tound it will be
extremely ditheult and, in some cases,
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impossible, to remove and replant  the
stubs.  When the tower peg is planted,
two additional pegs are placed about
20 feet fore and aft, so as to proviae a
local sighting line,  This enables the stub
positions to b marked out later square
to the Jine without further use of the
theodolite.

Excavation and Stubsetting.

The stubs should
adjacent to the pegs,

next by asembled
Mark out the hole

or holes by means of a wooden templet
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in alignment.  Level the stub now in both
directions by using temporary bars fixed
to the stub drillings and adjusting the
turnbuckles, as in 1%g. 23.  Partially fill
in and ram and lay any encasing concrete
to protect the steelwork near the ground
level. This is nsually done for 2 ft. below
and 6 in, above ground, asshownin Fig. 24.

Tower Erection.

Towers may be erected by two methods,
In the first method they are assembled
complete in - a horizontal position  and
attached to two
of the stub angles
by means of bolts
or hinges.  They
are then pulled
up by means of a
falling or stand-
ing gin pole,
generally similar
to the description

civen for wood
' poles,
FFig. 37— Mopery CaBri LorRRY witH WiINCH AXD LoNG TAILBOARD FOR The writer's
UNroapine Heavy Capre DruMs., pxp(»l-ipncp <hows
that the sccond
and arrange to distirb the ground as  erection method  is more  economical

little as possible.  Owing to the large
excavation volumes  considerable money
can be saved it this work is done accurately:.
Fig. 21 illustrates this point and it will be
noticed that the survevor's eentre peg
has not been disturbed.  This will enable
the original accuracy of the setting out
to be retained.,

Fig. 22 shows the method emploved for
placing the stub, which may weigh six
hundredweights or more, in the hole
already illustrated.  Before lowering the
stub a layer of conerete is placed in cach
corner to prevent the edges of the grillage
angles sinking into the ground when the
tower and conductor loads are added tater,
When the stub is in position it has to be
lined up and Ievelled. To do this, the
four corners of the stub are now tied by
ropes with turnbuackles to four timbers
placed across the corners of the hole.
A cord is run between the studs on the
surveyor's three pegs and the stub moved
until  the centre marks on the stub
horizontals are underneath the cord. The
tower will thus be square to the line and

and in addition it climinates any possibility
of over-stressing the tower or foundation
which might oceur with the first method.
The alternative is to build the tower up
picce by picce in a vertical dircction.
Fig. 25 illustrates a tower being erected
in this way and shows the bottom crossarm
being hauled up into position.  All tower
joints should be given a coating of thick
paste, such as * Stablex,” before bolting
up so as to scal the joints against moisture
and prevent rusting of hidden surfaces.
The conductor and other work on a
steel tower line difters very little from
that on @ wood pole line, but Fig. 26 is of
interest, as it shows the running blocks on
a heavy angle tower,  The position of the
straining clamps has been marked  off
and they are being fixed prior to being
attached to the straining insulators, Fig. 27
illustrates a section of the completed line.

L.T. DISTRIBUTION LINES.
Voltage.
The Elcetricity Commissioners  have
decided wpon goo/230 volts alternating



TRANSMISSION AND DISTRIBUTION LINES AND CABLES

current at 50 cycles as the standard for
I..T. public supply in this country. Most
distribution work is carried out on the
three-phase four-wire system with 230
volts from phase to nentral and 4oo volts
across the phases. A fifth wire of smaller
section is sometimes erected for street
lighting. Single phase  two - wire
lines are used whenever possible for short
branch lines with little load, but provision

- 3 ‘I
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Fig. 38 Laving CaBLi

As the drum is moved along the cable is dropped into the trench.

where there are no obstructions in the trench.

should almost always be made for con-
version to four-wire if found necessary at a
later date.

Pressure Drop.

Pressuredropon L. T, overheadlines is an
extremely important matter, as will be
seen from Fig. 28, which shows the per-
centage voltage drop on three-phase
four-wire lines when carrying various loads
or currents a distance of 1,000 route vards.
The diagram is basced on a concentrated
load at this distance. Should the load
be evenly distributed along the route,
instead of concentrated, the pressure drop
would be half that given by the diagram.
It will be noticed that the abscissa limit
of the chart is 100 kV.\. which, for the
smallest conductor, gives a percentage
voltage drop of approximately 65 per cent.

1693

This is, of course, impracticable, not only
from voltage drop point of view, but also
from the point of view of conductor
heating. The limit has beenset at 1oo kVA.
simply because it is a very convenient
figure for fractionating.

The chart can be used for determining
the voltage drop for any route length
simply by multiplving the percentage
voltage drop derived from the chart for

Jrp
M WHEELS.
This method can only be used

the kVA. and conductor concerned, by the
ratio ot the actual route length in yards
divided by 1,000

Obtaining Percentage Voltage Drop.

It is also possible to obtain percentage
voltage drops accurately for quite small
loads, as exemplified by the following :

Suppose a load of 5 kVALis to be trans-
mitted 1,000 yvards over a 0.075 sq. in.
condnctor, It an attempt be made to
read this direct from the chart from the
abscissa vahie of 3 kVAL, it would be seen
that the resulting accuracy would not be
of a very high order. If, however, we
read the voltage drop corresponding to,
sav, 50 kVA. and dividae the value so
obtained by 10, we get immediately the
required voltage drop for 5 kVA. much
more accurately.  Alternatively, we could
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Fig. 30.—Laving 1LH.T. CaBLE IN TrENCH,
UsinG HoLLEERS FOR PULLING OUT.

take the voitage drop of 100 kVA, and
divide by 20 to obtam it at 5 kVA.

[t will, no Jdoubt, be realised that the
chart Is reversible ; that is to say, it is
easy to ascertain what size of conductor
should be used for a given voltage drop
and kVA. load. In this case it is only
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necessary to trace horizontally to the right
from the ordinate corresponding to the
specificd  voltage  drop, and  vertically
npwards from the abscissa corresponding
to the specilied kVA. load, when the inter-
scction of the two lines will Hie on one
of the radial lines indicating conductor
sizes, or between two of tham ; it then
being a matter of practical cconomics to
decide which conductor shall be used.

Conductors.

Conductors are invariably of hard drawn
copper and they <hould be stranded in
preferenee to solid, as this will make for
casier ercction, and it will not be nccessary
to pull up so tightly to obtain a gccd
appearance,  In vicw of the prescnt rapid
development of cooking and heating loads,
the writer recommends 0.1 sq. in. scetion
should be used. Very little will be gaincd
by using a larger size and if 0.1 sq. in.
is not svfhicient, other routes should be
developed so as to form a ring main, if
possible.  Smaller sizes, excepting  for
short spurs, will eventually lead to pressure
drop difficultics.  For the same reason
the necutral should be the same scectional
arca as the phase wires.  Table VII gives
the mechanical and eleetrical character-
istics of 0.05 and 0.1 sq. in. copper con-
ductors ; the impcedances are for 12in.
vertical spacing, and the safe carryving
currents are for a temperature rise of
547 I7. (307 C.) in still air.

On account of voltage drop it will be
very rare that a line can be worked up to
the safe carrying currents stated.

Spans and Pole Sizes.

Long spans cannot be used on L.T.
lines, as it is necessary to space poles at
close intervals in order to take off services.
In addition. routes are seldom straight,

TABLE VI
CONDUCTOR CHARACTERISTICS.

Size. Overall Weight.
Square Stranding. | Diameter. Lbs. per
Inches. Inches. 1,000 vards. |

0.05 3/.147” 0.317 001

0.1 7/.1367 0.408 1,190

l(esist;mce.‘lmp(-(lancv. Safe
| Breaking Ohms. Ohms. | Carrying
| lLoad. - - Currents.
Ebs. Per 1,000 vards. Amperes.
2,014 0.4943 0.5069 120
5.872 0.2469 0.302 l 200
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Fig. 40—"" FLAKING "' CABLE 1IN THE ForM OF A FIGURE ITIGHT.
Keep the radius of all bends as large as possible.

poles have to be erected at branch roads
and Post Ottice wires will be encountered,
and these considerations render it ditficult
to employ long spans. The popular span
is 150 ft. and the regulations allow a sag
of 1 ft. with cither of the conductor sizes
being considered.  However, if the con-
ductors are tensioned to this small sag,
consicerable difficulties will be experienced
with staying, poles bending and foundations
giving, unless these items are strengthened
up to correspond and this will be expensive.
The writer suggests that 2 ft. to 2 ft. 6 in.
sag be adopted for both sizes of conductors.

Single type poles only are employed,
mostly of creosoted red fir.  The overall
lengths and diameters at 5ft. from the
butt are as follows :—

TABLE VIIIL.
1..'T. pole sizes for 150 ft. span ..

Conductors.

Pole Size,

0.035 square inch four-wire .. 28" « 74
0.05 square inch five-wire .. 30’ x 8"

o.1 square inch four-wire 28 X 7Y
0.1 square inch five-wire .. 30’ < 8}”

These sizes are based on 17 ft. minimum
ground clearance and a 0.025 sq. in.
switch wire for the fifth wire. At road
crossings, 19 ft. clearance is necessary

and the pole length should be increased
by 2it. and the diameter by lin. The
poles should be planted 3 ft. deep in the
ground and foundation blocks are nos
required, assuming normal ground.

Tubular steel poles are sometimes
adopted instead of wood, bur as their eost
is higher their use ishimited. The diame:ers
and thicknesses will vary with the par-
ticular manufacturer. If stecl poles are
used, a continuous carth wire must be
erected, or else an earth plaie installed a:
cach pole

Stays.

The stays for angle and terminal poles
should comprise an & ft. by § in. stay rod
with 4 ft. by 8in. by 4in. creosoted stav
block and 7/9 S.W.G. go-ton quality
steel stay wire.  One stay of this size
should bhe wused for terminals on the
0.05 sq. in. four-wire line ard two for the
0.1 sq. in.  One stay of a larger size could
be used on the 0.1 sq. in. line, but the
crecting ongincer will find that there will
be considerable bending in the pole. It is
frequently flupossible to erect a stay at
angle positions and if the deviation is
small, sav. of the order of 10°, an r11in.
diameter pole should be used instead.
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At larger
should be
suitable

Excepting on steel pole lines, all stays
must have an insulator in the stay wire,
as shown in IFig, 30, Sece that this insulator
i= of the interlinked ty e, with a mechanical
strength at least eqnal to that of the
<lay itself.

angles struts or flying stays
ased if ordinary stays are not

Pole Fittings.

The insulators for carrying the

con-
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reverse bend.

ductors should be of brown glaze shackle
pattern fixed in D7 brackets bolted to
the pole. Oune of the latest types of
bracket is that patented by Johnson and
Piullips and shown in Fig. 29, for wnich
the followmg claims are made :

() The conductor weight is taken by
the poreelain and not by the binding wire,

(b) The insulator can often be used as a
roller for running ont conductors, thus
speeding ap and eheajening erection and
avoiding damage to the conductor.

{(¢) Only one tvpe  of insulator s
necessary thronghont a network.

(d) All poles, straight-line, angle, T

See that the cable leaves the top of the drum and
nsses into the duct beneath the drum so as to avoid a
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and terminal, are drilled alike, thercfore
amendments  to the lay-out or future
alterations are easily made.

() The bracket is reversible so as to
suit left or right-handed deviations,

(/) A spanner is not required for holding
the pole bolt-head, which locks inside the
bracket.

(¢) The design is much stronger tban
pin insulators or swan-necks.

() The conductor is approximately on
the same centre line as the pole bolt,
thus  eliminating  undesirable
bending stresses,

The ultimate strength of  this
bracket is over 6,000 lbs. in a
horizontal direction and averages
1,000 1ba. in a vertical direction,
The corresponding elastic Hnits
average 3,200 and goo lbs, res-
peetively.  As the horizontal load
on a 0.1 sq. in, ice covered
conductor on 150 ft. <pan is only
78 Ibs. and the vertical load 81
Ibs,, the safety factor is extremely
satisfactory,  An alternative form
of this bracket is shown in g,
31, and it will be scen that the
msclator can be fixed vertically
for straining positions, or inclined
to the right or left for straight
tine or small angles,

Erection of an L.T. Line.

The erection of an LT, line
is much simpler than that of an
ET. one. The methods, how-
cever will be generally similar,
exeepting in certain details
mentioned hereatter,

In the first place, it will be unnecessary
to carry ont any surveying or construct a
profile. Occazionally a few levels will be
required for positions where Post Office
circuits have to be crossed.

When ordering the poles it will not be
necessary to have them numbered  as
except for size all poles will be similar,
Make sure, however, that the length is
cicarly stamped on the butt of all poles
longer than normal.

When the poles arrive at the railway
station the carting will be a <imple matter
as the weights to be handled will only be
of the order of six  hundredweights
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7, SN
CapLES ERECTED ON KEINF
TION.

Fig. 42— H.T.
Arrange for each pole to be unloaded
from the lorrv at its correct position
and this will easily he arranged if the
design is such that all poles are driiled alike.

Using a Petrol Borer.
If the holes arc excavated by hand, mark

.

Fig. 43.

The concrete posts are spaced 4 feet to 5 feet apart.

METHOD OF LLAYING CABLES ALONGSIDE RalLwAy.
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ORCED (CONCRETE 1’08TS FOR RAILWAY ELECTRIFICA-
( Johnson and Phillips, Ltd.)

out the hole so that the pole can hear
directly against two of its sides.  Step
the hole so a« to disturb as little ground as
possible,  If apetrol driven boring machine
is available and the ground is not rocky,
considerable economies can be effected by
its usc, as the time occupied in moving

( Johnson and Phillips, Lid.)
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from pole to pole is relatively short. Two
to three men can casily move the borer
about on roadside L.T. work. The drill
will go through most types of surfaces
except, of course, flags, concrete, sctts
or the like, which should removed by hand.

Erecting the Pole.

On account of the light weights and
short lengths, I..T. poles are erected by a
different method to EH.T. poles. Figures
32 and 33 arc almost self-explanatory.
Lift the pole on to the handcart, back it
over the hole and tip up the truck so that
the pole butt is against the board in the
hole. Take the weight by means of a pole
fork and remove the handcart. Two men
on the fork and two men steadying the
pole, as in Fig. 33, will be able to push it
up into position.

Running Out the Conductor.

The last two illustrations show a pole
inside a field, but generally L.T. poles will
be planted along footpaths or roadsides.
This will cnable the conductor to be run
out, in cases where there are no Post Office
crossings in the way, by mounting the
drum on a lorry and driving along the
route. As the lorry moves forward the
conductor is lifted to the top of the poles
and kept under slight tension. Running
blocks should be used if possible, as for
E.H.T. conductors, but considerable saving
can be effected by using the porcelain
shown in Fig. 30 as aroller. Alternatively
to this, the insulator bolt, being inclined,
can be used and will enable tensioning and
sagging to be carried out more casily
and with greater accuracy than if no form
of roller be employed. If blocks or rollers
arc not used, the conductors will be
damaged by dragging them over the
brackets.

At straining points, bind the conductors
for a length of 6in. to 8in. with No. 12
or No. 14 S.W.G. soft copper wire and
finish off at terminals with a neat tail,
which will be available for a jumper
should the line be extended. As an
alternative to binding off at straining
points, two galvanised wire rope clips can
be used on each conductor.

Guard Wire.
Where L.T. lines cross under Post Office
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wires it is necessary to erect above the
power conductors a guard wire, Fix this
wire to insulators at cach ¢nd and bond it
to the neutral conductor. The guard wire
is generally 7/14 SW.G. steel strand.
Where L.T. lines cross over Post Oftice
wires put in a span of P.B.J. insulated
conductors, using a straining type pole
at cach end. The neutral wire need not
be P.13.J., but can remain bare. The
P.B.J. conductor should reccive the Post
Office approval and samples will generally
be requested.  P.B.J. conductors are of
plain hard drawn copper, insulated with
impregnated paper or cambric and pro-
tected by a cotton covering impregnated
with a red lead compound. This, in turn,
is covered overall by a cotton braiding
also saturated with red lead. The red
lead compound—-hardened through oxidi-
sation under the action of the atmosphere
—provides a highly resistant and reliable
covering which, though its insulating
value is not large, is sufficicnt to prevent
danger to telephone operators should a
telephone wire come into accidental con-
tact with it. P.B.J. can be finished in
yellow, green, red. chocolate or blue
colour and is paratfin waxed overall.

Use of Safety Belt.

Danger notices, number plates and anti-
climbing guards are not usually requircd
on L.T. lines, but I'ig. 34 shows an opera-
tion which will often be necessary. A
transformer platform is being fixed to an
E.H.T. pole, from which a L.T. line wili
commence.  Holes are also being drilled
for the switchgear to control the trans-
former. This illustration brings out a
point not previously mentioned; it ix
most important that men working up a
pole have and use a reliable and well-
designed safety belt. Many men have
been saved a serious fall of 20 to 30 fect
by their safety belts, and a very strict
rule should be enforced.

Services.

Service wires must be made off on to
insulators at a pole, and it is not per-
missible to take them straight on to the
distributors at various points in the spans.
For the phase wires, P.B.J. conductors
are generally used, and for the neutral,
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Fig. 44.—Laving E.H.T. CaBLE Across THE RIVER TuaMes NEAR HENLEY. (Johnson and
Phillips, Ltd.)

bare copper. Standardise a 0.0225 sq. in.
(7/.064 in.) section and use this stranding
as it will mean that much less tension
will be necessary to get a good appearance.
With solid.service wires the engincer will
find that considerably more tension is
required to straighten them out. With
long services the tensions are likely to
cause difficulty with the poles pulling
over, and services should thercfore be
arranged to balance cach other as far as
possible. If the economics of the scheme
will stand it, the writer recommends using
poles 1in. larger in diamecter than the
minimum permissible and this will prove
of great value when services are added.

¢ Wonpeace ’’ Service Insulator.

The conductors can be made off on to
the pole by adding shackle straps, insulat-
ors, bolts and nuts to the distributor
fittings.  Similar equipment with the
addition of a wall spike or rag bolt will
be necessary for the house end of the
service. Many small variations can be
made using distance tubes and long bolts,
but one of the most useful designs is that
developed by Johnson and Phillips and
illustrated in Figs. 35 and 36. It is known

’

as the ‘“Wonpeace’ service insulator,
and all loose metalwork, bolts, nuts and
washers are climinated. This service
insulator consists of a brown glazed, best
quality, high strength porcelain, suitably
shedded and fitted with a galvanised
coach screw for pole or wall fixing, or
alternatively fitted with a steel stud for
bracket fixing. The advantages of the
“ Wonpeace ” insulator are :

(@) Itis cheaper than any other method.

(b) No separate ironwork, screws or

bolts, etc. are required.
. (¢) Three or four services can easily be
taken from one fitting due to the large
diameter hole. This is not possible with
shackle insulators.

(d) It is not necessary to disturb the
existing line fittings in order to add
services.

(¢) The coach screw is gimlet-pointed
for easy ercction.

(f) Large creepage surface.

(¢) Large savings in assembly and
erection costs.

(h) Wires can be crected immediately,
no waiting for cemented ragbolts to set.

The * Wonpeace”’ insulator is fixed
to a pole by drilling a 1}in. by }in.
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diameter hole and  screwing home by
hand, a tool not being necessary tor this
purpose.

“ Wonpeace ”  insulators  may  be
cemented  into walls, but  the writer
recommends Rawlplug fixing, which not
only  saves  considerable time and iy
extremely strong, but has the advantage
that service wires ean be strung immed-
iateiy.  With cement fixings a sccond
visit must be made for erecting the wires,
owing to the necessity for the cement to
set. “Wonpeace ” insulators save this
travelling time.

The stud pattern is supplied with a
zin. diameter by }in. thick Semaphite
washer to act as a cushion,

Tests on * Wonpeace * Insulators.

Tests on the insulators give the following
average results for mechanical strength -

Direct pull in line with serew or stud—
Q0o b,

Lateral pull at right-angles—-572 s,

As the tension of the average service wire
is between 10 and 4o 1bs., it will be seen
that the factor of safety is a very high one.

Attach the service conductors
to the distributors by means of
small brass or gunmetal clamp
connectors. At the other end
attach them to the service cables
by small  tubular conneetors.
Carefully tape up and paint the
joint at this position so as to
prevent  moisture  entering  the
cable. A tubular connector will
make this job easier and of better
appearance.

To conclude this description of
the practical side of overhead line
work, the author wishes to thank
Messrs, - Johnson and  Phillips,
Limited, for facilities to take
photographs and permission 1o
publish certain of their tables.

UNDERGROUND POWER
CABLES.
Type of Cable.

Cables may be broadly classificd
according to the conditions under
which they will be laid, as tollows:-

{a) Cable for laying direct in the
ground,

Lig. 45.
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(b) Cables tor drawing into ducts or
pipes.

{¢) Cables for laying in troughing.

(d) Cables for laying on posts.

(¢} Cables for laying under water.

The majority of cables come under the
first grouping and are either armoured
with steel tapes or iron wires, with a
hessian serving overall.  There is a ten-
dency at the present time to use un-
armoured cables laid direct, on the score
of cheapness, the lead sheathing being
protected from chemical damage by water-
proofed tapes with or without a hessian
serving.  The saving is comparatively
small and extreme care is necessary with
the trenching and filling in, in order to
avoid damage to the cable. Some supply
authoritics use steel tape armouring on
LT. cables and stecl wire armouring on
E.H.T. cables, and this is an excellent
idea as it prevents accidentally cutting the
wrong cable when putting on services,
should there be two cables in one trench.
Wire armouring should be used whenever
there is any chance of ground subsidences.

Jouxson AND DHILLIPS’ SCBMARINE CABLES
REMOVED FRoM WEvmouTH HArBOUR TO NEW [osITioN
ABOVE HIGH WATER LEVEL AFTER 25 YEARS IN SALINE
Mvp.

The cables, armouring and serving were found to be
in perfect condition.
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cut to length and ferrules in position. ferrules.
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Cables Laid Direct in the Ground.

When cables are laid direct in the
ground, some form of marker is usnally
laid 4 in. above so that future excavators
arc warmed. Markers may be creosoted
wood boards, preferably 2 in. thick and in
lengths of 10 to 20 feet, 1nterlocked tiles
g in. long, or interlocked reinforced con-
crete slabs 31t. long.  Creosoted wood
boards have the advantages of ecasy
handling, fewer joints and that they ave
not likely to be disturbed by other exca-
vators, but their Life 1s sometimes com-
paratively short. Tiles are casily removed
and, inadvertently, may not be replaced
when  trenches  are  opened by other
authorities.  Concrete markers have the
disadvantage of heavy weight, but are
everlasting and not likely to be disturbed.

Tiles  and  concrete <labs  can  be
stamped * Electricity 7 or otlier suitable
wording.

Cables for Drawing into Ducts.

Cables  for drawing into ducts are
generaly plain fead covered.  Sometimes
they ate given a serving of liessian for
protection, There is comparatively little
of this class of cable laying, but it some-
times happens that when a cable is being
laid direct, a duct is also laid in anticipa-
tion of an additional cable later.  Cables
are often pulled into ducts or pipes for
crossing roads or railways, but in such
cases they form part of the main cable
mn and are armoured, as it would be
expensive to manufacture and joint up a
short piece of cable, lead covered only.

Cables for Laying Solid in Troughing.
Cables for laying solid in troughing
are not used for ordinary pressures unless
the ground is chemically active. This
type of cable laying is cxpensive and a
modern development for these conditions
is to use a paper insulated, lead covered,
bitumen sheathed, armoured, served and
specially compounded cable, and lay it
direct in the ground. The bitumen
sheathing protects the cable from chemical
action and has been proved quite satis-

factory. The cost is considerably less
than when using troughing, and the

laying is much simpler and quicker.
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Cables for Laying on Posts.

Cables for laying on posts are mostly
used for railway work where there is little
risk of wilful damage.  They mav be
cither lead covered and armoured or
lead covered and hessian served.  On
account of the vibration to whicli these
cables are subjected, the lead sheathing
should consist of a special alloy.

Under Water Laying.

Cables for laying under water are
always lead covered and armoured with
two complete layers of galvanised wires
for mechanical strength.  Specially water-
proofed hessian tapes are placed under,
between and over the armouring wires.

Choosing Correct Size of Cable.

The choice of the correct size of cable
s a lengthy matter involving pressure
drop, maximum current carrving capacity,
prime cost, annual losses, cost of current
and estimated future demand, and s
beyond the scope of this article.  The
conductor cores may bhe cither round or
scetor.  Round  conductors are  slightly
casier to joint than sector shaped, but the
latter give asma'ler diamceter cable and are
somewhat cheaper. Table 1N, giving the
tmpedances for underground cables up to
11,000 volts, will be useful for voltage drop
calculations,

Excavation.

When deciding on a cable run it is
important that careful consideration be
given to the excavation and the surface
reinstatement which will be encountercd.
Tiie excavation and reinstatement costs
arce big items and are, for small cables,
ceven greater than the cost of the cable
itself.  In the case of I..T. cables a choice
will scldom be possible, as the route will
generally be fixed by the services required.
For E.HLT. cables the shortest route
should be considered first, but it will often
be found that, by using back strects and a
longer route, the total cost will be reduced,
due to casier excavations, cheaper rein-
statement, fewer obstructions such as gas,
water and Post Office mains, less traffic
and fewer road crossings.  Whenever
possible, cables should be laid in the
pathways or in the grass verge,
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Fig. 500 LT, STRAIGHT-THROUGH CABLE
JoINT —F1rTH STAGE.
Showing :ead sleeve i position  and

plumbed on o the sieath,

Depths at which Cable should be Laid.

It cannot be =aid that standard depths
exist at which cabies should be laid, but
the minimum depths  cousistent  with
safety are 30 in. in roadwavs, 24 in. in
grasstand and 12 in. in footpaths and
grass verge. [t will frequently be necessary
to increase these depths on account of
obstructions.  E HT. cables in parhways
should preferably be laid 60in, deeper for
greater safety and in order to o avoid
confusion with LT, cables.  Under tram-
ways and railways, LT, and E.HT. cables
<hould be laid 48 in. deep and be drawn
into iron pipes,

What to do before Beginning Excavation.

Before the excavation is begun, mark
cut the edges of the trench, whenever
tire ground surface permits, <0 as to save
digging and reinstatement costs and to
abtain a good appearance when the surface
Las been remstated. To do this, chalk a
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30 ft. length of cord, streteh it tightly
along the ground and twang it.  The cord
will then teave a straight chalk line where
the trench has to be cut. Remove the
surface of the ground and carcfully put
it on one side 20 as to be available for
finishing off the backfilling.  If the surface
is grass, cut it into sods and rolt them.
If the surface is flagged, great care should
be exercized so as to avoid breakages or
flaking and the flags should be set aside
opposite their correet positions,
Exeepting where, owing to the nature
of the route, it is certain that obstructions
will not be encountered, take out trial
holes a few vards in advance of the excava-
tion gang. If this is not done, portions
of the trench mav have to be filled in
where a diversion is found necessary.

Sumps for Bailing Out.

Keep the edge of the trench quite clear
of cxcavated material and arrange the
latter so that it prevents surface water
from running into the trench.  When the
trench is likely to be open during rainy
weather, dig small sumps about 10in.
deep at intervals for baling or pumping
out. Support any pipes which are exposed
by means of chains or ropes from timbers
laid across the trench, and, if necessary,
consult the owner’s representative.

Timbering.

Trenches in footpaths, at the shallow
depths generally used, will not require
timbering, but caution should be exerciscd
where trenches run close to the footings
of old walls or houses.  Accidents and
expensive damage have resulted in cases
where temporary support has not been
given.  Trenches  alongside  roadways
should always be timbered if it is not
possible to keep traftie well away from the
edge. Thubering, however, not only costs
money but delays the cable laying and it
<hould thercfore be avoided if at all
possible with safety.

When sufficieng length of trench has
been opened to take a drum of cable, sce
that the bottom is level and reasonably
smooth and when the ground is of a
stony or rocky nature put in a layer of
riddled earth to form a bed for the cable.



TRANSMISSION AND
Filling Up the Trench.

When the cable has been laid, pat in
more riddled carth and gradually fill up
the trench.  See that the ground s
thoroughly punned while this is going on
and finish off by replacing the surface
materials,  When not  likely to cause
accidents, leave a slight ecrown on the
trench <0 as to allow for settlement.
The ground should be permanently rein-
stated about a fortnight after hiling in.

Laying Cables Direct.

Cables can be manufactured in lengths
greater than those which can be con-
veniently handled on site. The best length
will depend on the weight of the
cable, the lay-out of the route and
the number of obstructions, such
as pipes and  services.  Usual
lengths range from 250 to 490
yards and the writer recomniends
a maximum gross weight of about
three tons, Cables will generally
be delivered to site by the manu-
facturer’s lorry, and unloading is
then a simple operation  as the
lorry will he equipped specially to
deal with this task.  Fig. 37 shows
one of a fleect of six and cight-

DISTRIBUTION

ILINES AND CABLES 1703
nmethod, which is illustrated in Fig. 38,
mount the cable drum on a pair of drum
wheels and move them along the route,
paving out the cable.  This method is
very quick and about a dozen men only
will be required. It is only suitable,
however, when the trench is absolutely
free of obstructions and there are no side
roads, It cannot thercfore often be used.

In the second method, which is the
more general, the drum is mounted on a
pair of drum jacks and the cable is drawn
off by hand. When rolling the drum into

position take care to roll in the same
direction as that marked on the drum, or
clse the cable will Toosen, sag and possibly

wheelers belonging to Johnson and i
Phillips, and capable of handling Fig, 51.—L.T. STRAIGHT-THROUGH CABLE JOINT.

with case the largest and heavicest
drums in use.  These lorries are
fitted with along, heavy tailboard
which can be used as a ramp and with a
winch and wire rope for handling the drums,

Unloading.

It no special equipment exists for un-
loading, build up a ramp behind the lorry
of stout timber and roll the drom slowiy
down by means of wire ropes.  Arrange
a heap of soil for the drum to land on
and do not unload facing down a hill.
Unload the drum as near as possible to
where it will be used, and turn it <o that
it i held by a kerb if available, as bovs
have been known to remove chocks and
set drams rolling.

Methods of Laying Cables Direct in the
Ground.

Two methods are available for laying

cables direct in the ground.  In the first

Complete
bolted on.

with (.1, box filled and armour grips

get damaged.  Mount the dium on the
two jacks supported on timbers to spread
the load and see that the drum spindle is
level. 1f this is not done the drum will
work to one side, with arisk of overturning.
Place capable rollers in the trench 15 it to
25 ft. apart, as shown in Iig. 39, and
station a man between cach roller. Pay
out the cable, passing it from man to man
and under any obstructions which may
exist.  Keep a Dbrake on the drum by
means ot a plank to avoid over-running,
This method of laying a cable direct in
the ground requires from 4o to 50 men,
depending on the weight and length of
the cable. 1t rollers are not available the
cable should e drawn off the drum and
carricd by men spaced every 12 ft. to
20 ft. When the drum is empty lay the
cable into the trench, starting at one end
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and moving the men forward, so as to
take up the slack.

Flaking a Cable.

Sometimes it is not possible to complete
the laying of a cable length which has
been taken off a drum., In such a case
set out the remaining cable in the form
of a figure cight, as shown in Fig. 4o, and
as large as possible.  Make cach succeeding
layer of cable slightly larger than the last.
Occasionally, owing to difficult obstruc-
tions, it is desirable to mount the drum
in the middle of the length of trench,
instead of at one end, and pull half the
cable cach way. Before the scecond half
of the cable can be laid it will be necessary
to remove it from the drum, It space
will allow, walk the men away with the
cable so that it forms a long ““ U,” and,
if not, lay it out in a figure cight as above.
This operation is called flaking a cable
and requires careful watching to prevent
the cable being bent too sharply. As
regards the radius of any bends, the larger
the better, but a minimum of twenty
times the diameter of the cable is the
general rule.

What to Do When Cable has been Laid.

When the cable has been laid in the
trench, straighten it up and take records
of its depth and distance from buildings,
kerbs or other tying-in points.  In crowded
positions and where deviations are made
to avoid obstructions, make sketches
s0 as to enable the cable to be located
casily should faults occur. When laying
I..T. and E.H.T. cables in one trench, lay
the L.T. nearest the houses so as to avoid
crossing the E.H.T. cable with every
service. Do not lay cables during very
cold weather as the impregnating oil
becomes stiff and the cable is difficult to
handle and likely to get damaged.

Drawing into Ducts, ete.

When cables have to be drawn into
ducts or pipes, the drum lengths are
usually of the order of 400 fect. If the
ducts were not laid with a wire through,
it is necessary to push rods through,
followed by a light rope. Pass a closely
fitting mandril from end to end to ascertain
that the duct is clean and free from

AND DISTRIBUTION

LINES AND CABLES
obstructions, and then draw in the heavy
rope for pulling the cable. Fig. 41 shows
the drum in position, and it will be noticed
that the cable comes from the top of the
drum and passes into the ducts underncath
the drum,  The bending, therefore, is all
in one direction. I‘or attaching the cable
to the pulling rope, the usual arrangement
is to use the well-known stocking grip,
unless the cable is a heavy one, when the
rope should be attached to the cable cores
themselves. I this is done, the cores must
be sweated up solid and the cable end
scaled up, so as to prevent damage by
moisture.  Avoid this method wherever
possible. When pulling the cable in, coat
it liberally with petroleum jelly.

Cables in Troughing.

Very little need be said about laying
cables in troughing, because, as already
mentioned, this method is seldom used,
The troughs usually consist of rectangular,
or U-shaped, stoneware, although wood
is sometimes used, but cannot be recom-
mended. Allow a clearance around the
cable of not less than 4 in. when deciding
the size of the trough. Immediately
before laying the cable sweep out the
trough and place in the stoneware bridge
picces every 18 in., set in bitumen. When
the cable has been laid, fill in solid with
hot bitumen or pitch. Finally, top up
heavily and, while soft, put on the covers,

Cables on Concrete Posts.

Figs. 42 and 43 show a large number of
cables crected by Johnson and Phillips on
reinforced concrete posts for the clectrifi-
cation of an important railway in this
country. The posts are spaced 4 ft. to 5 ft.
apart and the methods of laying are
generally similar to those for laying a
cable direct. It is frequently possible,
however, to mount the drum on a railway
truck and pay out the cable as the truck
is moved along.

Cables Under Water.

The laying of cables under water is a
problem which differs for cach individual
situation, and such points as cable length
and weight, tide, depth of water, naviga-
tion and dredging operations must be
considered before a suitable method can
be decided upon. Fig. 44 shows a cable
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being laid across the River Thames near
Henley. 1t was placed in a trench dredged
in the river bed to a depth of 2ft. 6in
Guide stakes were driven into the river
bed on one side of the trench to ensure
correct laying of the cable  Finally, the
trench was filled with gravel and firmly
rammed.

Cables, if properly designed and manu-
factured, have a remarkably long life
under water. Ifig. 45 shows four Johnson
and Phillips cables, which were laid in
Weymonth Harbour in 1go3.  The photo-
graph was taken recently, when they were
lifted and relaid in a new position.  The
borough engineer’s report stated that the
cables, armouring and serving were in
excellent condition, and there appeared to

be no reason why they should not
give another 25 years’ ninterrupted
service.
Jointing.

As the majority of faults on under-
ground cables are found, in reality, to be
faults in joint boxes, it would not be
proper to conclude this article withont
some reference to jointing.  However, a
full description of the various types of
joints would be extremely lengthy and the
writer proposes, therefore, to give a detail
of an L.T. joint and a few general notes
only, on the subject. Cable jointing is a
highly skilled operation and should not
be undertaken by anyone who has not
had a long and careful training.

Cleanliness is Important.

It may be said that, assuming that the
design and the materials are correct,
extreme cleanliness is the most important
thing. With this object in view, allow
plenty of space for the jointer to work in
and line the excavation with tarpaulins
to prevent dirt being knocked or blown
into the joint. See that all jointing
materials are left in their scaled tins until
the last moment and carefully clean the
lead sleeve and cast iron box of any
soil.

Do not carry out any jointing operations
in rainy weather and consider that even
damp days are unsuitable for E.H.T.
joints.  Sce that it Is impossible to inter-
change the box and slecve compounds
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and if they are not easily distinguished by
sight have them delivered in different
shaped tins.  Take care that the com-
pounds are heated to and not beyvond the
correct temperatures.

Iig. 46 shows the cable ends being
prepared for a straight through joint on a
five-core I..T. cable. The cable has been
marked off, the steel tape armouring ent
back and the lead sheath removed for the
required distance.

Taping Up the Insulation.

The next step is to tape up the insula-
tion so as to protect it during the work
and to increase its thickness. This is
shown in Fig. 47. Cut off the cores to
exact length, bare them ana try the
jointing ferrules. The cores should be cut
so that the ferrules will be staggered.
Thoroughly clean and tin the cores and
also the ferrules, if they are not supplied
already tinned.  Slip on the lead sleeve
and push it back out of the way. Fig. 48
shows this done and the ferrules in position.
Solder the ferrules, using a resin flux, and
sec that they are completely filled. Remove
any surplus solder.

IFig. 49 shows the ferrules insulated
with tape to the nccessary thickness.
Impregnated linen tape 1in. wide is
usually nsed with }in. overlap for L.T.
joints and impregnated paper tapes from
Lin. to 1Tin. wide, butted together for
E.H.T. joints. On E.H.T. joints spreaders
should now be fitted to keep the cores
apart and to prevent them touching the
lead sleeve.  Carefully inspect the joint
and the sleeve before moving the latter
into position. Tap down the ends of the
sleeve  and  plumb  them on to  the
cable sheathing, as shown in Fig. s50.
Inspect the undersides by means of a
mirror,

Warm the sleeve and fill slowly with
compound. Close down the opening in
the top of the sleeve and seal it up.  Place
the bottom half of the cast iron box in
position, warm it and slowly fill it and
the box joint with compound. Iix the
top half of the box with the filling plate
and vent plugs removed and complete the
filling.  After topping up. screw in the
plate and plugs and clamp on the armour
grips, as shown in Fig. 51,
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HOW TO MAKE A MAGNETO

AND COIL TESTING

UTOMOBILE electrical engineers
A have occasion from time to time to

test magneto armatures and ignition
coils. The testing set described in this
article will enable these tests to be made
with accuracy and convenience.

The general arrangement is given in
Fig. 4 and from this the position of the
various components can be scaled.

The base should be made of hard wood
and it is advisable to give it two coats of
varnish, after making the 1§-inch hole and
the 33-inch diameter by % inch deep
recess for the trembler coil unit,

Trembler Coil Unit.

Details of the trembler coil unit are
given in Figs. 1 and 3.

The spool is built up of tubing and sheet
metal, the flanges being soldered to the
tubing as well as the core retaining strip.
Special attention is drawn to the slotting
of the spool. It is important that this
slot is carried right through to the centre
of the tube.

Insulating with Cambric.

Wrap the tubing between the flanges
with 1} turns of varnished cambric, using
shellac varnish as an adhesive. The
inside faces of the flanges should also be
insulated with cambric, shellac varnish
being ased to make the cambric washers
adhere to the surface.

The Winding.

A small hole should be drilled in the
bottom flange adjacent to the tube, through
which the beginning of the winding may
be passed. The start of the winding is
soldered to the outside face of the bottom
flange and then the 175 turns close wound
on the tube, This will take approximately
51 layers which will bring the end of the
winding about midway between theflanges.
Temporarily bind down the end of the

SET

winding with cotton tape, taking care to
leave a length of 6 inches free for con-
necting to the battery terminal on the
base. Treat the winding with shellac
varnish, allowing it to soak well into the
winding and dry. Bind the winding for
protection with 3-inch wide cotton taping
and give this a coat of shellac varnish.

Cut off sott-iron wire to lengths of
13 inches and pack carefully and tightly in
the centre of the tubing, so that the ends
are tlush. It is a great help in packing
the core if cach wire is quite straight.

Securing the Coil Fixing Plate.

Next secure the coil fixing plate to
the spool by means of three short 4BA
screws and fix the unit in the base with
three No. 8 wood screws, Drill two
No. 10 drill size holes in the base for the
two screws for fixing the trembler bridge,
using the corresponding holes in the coil
fixing plate as a guide,

The trembler bridge is shown in Fig. 1,
and is secured in position by two 1l-inch
2BA screws. Two washers should be
threaded on one screw for the connection
wire to the condenser.

Assembling Contact Spring on Block.

Assemble the contact spring and block
and secure to the base with two No. 8
wood screws, taking care the blockis clear
of the coil fixing plate. The contact for
the spring may be made from a magneto
contact by turning down the head and
screw suitable for riveting over on the
spring.  This riveting must be carefully
done to avoid damaging the tace of the
contact and al=o to cnsure it is tight and
making good contact with the spring.
Similarly the soft-iron  tip should be
securcly riveted.

If the adjustable contact screw (Fig. 3)
is drilled and tapped at the end to receive
a standard magneto contact lever screw,
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replacement will, at any time,
be easy. The adjustable contact

HOW TO MAKE A MAGNETO AXND COIL TESTING SET

screw should be fitted in the
bridge and the contact fitted.

Spark Gap Stand.

No difficulty should be presented
in making the spark gap stand
shown in Iiig. 3; the most im-
portant point being to take care
in marking out and drilling the
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SPRING CLIP
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fixing holes and those for the

electrodes to ensure good align-
ment of the latter.

The points of the electrodes are
made separate for replacement and prefer-
ably should be made from +% inch nickel
rod. TFor testing armatures, the gap should
be set to 7.5 mm. The adjustment of
the third point as shown in the sketch
is important.

This is the same type of testing gap as
15 used for checking the slow speed per-
formance of magnetos, the gap then
being set to 5.5 mm. By the aid of the
drawing, a 4, 6 or even 8 gap stand for
multi cylinder magnetos could be con-
structed. The additional spark gaps
would be arranged above the gap shown
and spaced about $-inch apart.

IYix the test gap to the base with two
No. 8 wood screws.

Fig.

Condenser.

A condenser of at least 0.28 m.1. capacity
is required to be connected across the
trembler contacts to prevent flashing and
rapid wear. Tor this purpose, two stand-
ard magneto condensers of about 0.15 m.{.
could be used. They should be connected
in parallel and secured in any convenient
position on the underside ot the base, by
wood screws.

Key Switch.

The details for this are shown in IFigs. 1
and 3. The press button is drilled and
tapped 4BA whilst the tip is provided
with a threaded shank for securing both
parts to the spring portion. A short 2BA
screw and washer is used to secure the
spring to the one terminal post. Assemble
as shown on the base.

2.—CONNECTION DIAGRAM FOR MAGNETO ARMATURE

TESTING SET.

Armature Clips.

These are shown in Fig. 3 and can
readily be made from sheet phosphor
bronze. If spaced on the base as shown,
they will be suitable for taking any
standard niagneto armatures.

Slip Ring Clip and H.T. Cable.

For the connection between the insulated
terminal of the spark gap stand and the
slip ring, a simple spring clip soldered to a
short length of plug cable is all that is
necessary.

Battery Terminals.

Any standard 2BA or 6BA terminals
may be used for this purpose.

L.T. Connection.

To make connection to the insulated
primary terminal of the magneto, a small
plug type of connector is necessary, or a
contact breaker fixing screw may be
used.

Wiring.

Copper wire such as employed for the
spool winding may be used for wiring up
the set, which should be connected as
shown in the general arrangement drawing.
Varnished cotton or silk tubing threaded
over the wire will prevent fraying of the
silk covering. Alternatively lighting flex
may be used, and this will certainly be
most suitable for the connection lead
passing through a hole in the base from
the trembler block to the armature L.T.
connection.
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Connecting Up the Components.

Connect up the components as
follows :

(«) Free end of trembler winding to one
battery terminal.

(M Contact block to condenser terminal
and from this bring lead throngh the base
and attach the plug for connecting to the
armature primary connection,

(¢) The other condenser terminal is
connected by a
lrad to one of

HOW TO MAKE X MAGNETO AND COIL TESTING SET

Initially, it will be necessary to adjust
and sct the trembler contacts,  The
adjusting screw should be serewed down
until the spring blade ceases to vibrate
and then gradually unserewed until the
blade vibrates most rapidly and con-
sistently. Fix the adjusting screw in this
position by the locknut,

Testing Ignition Coils.
Ignition coils may also be tested on this

the trembler
bridge fixing
SCTeWS,

(d) Connceecet
one armature

clip to the an-

b&—'

choring post  of

the key switch,
(¢) Connect the

other key switeh

]

terminal post 1o

the unconnected
battery terminal.

(f)y Attach
LT, cable to
insutated ter-

minal of the
spark gap.

(¢) The return
for the ILT.
current from the
spark gap is
made by con-
necting the other
spark  gap ter-

)

o~
&0

R4

>

Q__________‘.__________

v

minal to one of

the armature
clips, /. TREMBLER COIL . 2.5PaRK GAP STAND. 3.CONDENSER.

Fig. 2 shows a @ HEY SwiTCH. 5. ARMATURE CLIPS. 6.5LIP RING CLIP.

N " 7. BATrERY TERMINALS. &. L.T. CONNECTOR.
connection  dia-
gran, - . o
. Fig. 4.—GENERAL ARRANGEMENT OF MAGNETO ARMATURE TESTING SET.

Testing.

Place the

armature in position between the clips,
inserting the LT, plag connector in the
primary terminal and fitting the spring
clip attached to the HT. cable over
the slip ring. With a 12-volt battery
connected to the battery terminals, the
armature  should spark frequently and
rapidly across the 7.5 mm. gap when the
kev switch is depressed.

set.  Connect the coil HT. terminal to
the spark gap and the base or fixing
bracket of the coil to the carthed side of
the spark gap. One L.T. connection of
the coil should be connected to the
armature clip connected to the switch

and the other coll terminal to  the
lead from the contact block and
condenser,



703

PHOTO ELECTRIC CELLS

By NorMaAN R.

Interest in Photo Electric Cells.

HE interest of practical clectrical

engineers  in - photo eleetric  eells

has begun only in the last few
vears.  Because their interest is so new,
engineers are apt to think that the cells
are new, that photo electricity is a subject
of very recent origin, still in a state of
rapid development, and that they have
only to wait patiently for the natural
growth of knowledge to perfeet  the
rudimentary  instruments now at their
disposal. It must be made clear at the
outset that this is all wrong.  Photo-
eleetrie cells are much older than thermionie
valves 1 cells not markedly inferior to
those of to-day, in the qualities important
in most engineering uses, existed in 185 ;
and when to these were added, in about
1915, the *hard 7 thermionic valve, all
the essential elements of the most modern
photo electric apparatus were  available,
If they were not used, it was because their
possibilities were not realised  outside a
very small circle.
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Effect of ‘* Talking Films*®’ on Use of
Photo Electric Cells.

The mushroom growth of the ' talking
film " was largely responsible for  the
change. Cells were demanded in un-

precedented quantities, and their manu-
facture passed from the hands of amateurs
and specialised  instrument  makers  to
those ot large firmis in close touch with the
engineering  world. lmiprovements  in
quality followed, partly, but not entirely,
as a result of the change ; but many of
these  improvements  were  important
only for the very specialised  purposes
of talking-tilm reproduction and helped
little  in  the  application  of  photo
clectricity  to wmwore  general  engineer-
ing uses.  Cells were more widely used
simply because the knowledge of their
potentialitics  became more  widespread.
And the further extension of their use
must arise from the same cause.  When
the ordinary working engincer comes to
regard the photo electric cell as one of the
normal tools of his eraft, like the electro-

Rectifier Photocell

D/éfcr/om OF [NCIDENT
LIGHT

Diacrast sHowiNG PrRINCIPLE OF RECTIFIER PHoOTOCELL.

When light falls on the boundary between ametal and asemi-conductor of the kind which rectifies a

current, an clectronic current is caused to tlow from the semi-conductor to the metal, e, in the direc-

tion opposite to that of the rectified current,
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magnetic relay or the bimetallic strip,
and makes himself familiar with its powers
and limitations, then its use will spread
rapidly without any improvement in the
tool itself or any increase in our knowledge
of it. I, on the other hand, he waits to
use it until research produces some
revolutionary change, he will probably
wait for ever.

Why Amplifiers Will Always Be Necessary.

It may be well to enforce this general
statement by a particular example. One
of the properties of a photo electric cell
that immediately strikes the attention of
the engineer is its sensitivity, or the
amount of current that it will give under
the incidence of a given light. The
sensitivity at present seems to him very
small ; thoto electric currents are gener-
ally reckoned in microamperes ; he dreams
of a time when sensitivitics will be so
increased that he will have amperes to
play with. Such dreams are quite illusory.
It is almost certain that no cell will ever
give directly, with the amount of light
usually available, enough current to work
even a telephone relay. The photo-
electric control of any kind of mechanism
will always require the use of amplifiers.
When once amplifiers are introduced, the
power available depends in practice far
more on the properties of the amplifier
than on the properties of the cell.

When Sensitivity is of Small Importance.

In one very important group of applica-
tions, in which the cell is used to detect
the motion of some object by the interrup-
tion of a beam of light, sensitivity is really
a matter of very small importance ;
enough light is usually available to make
the least efficient cell provide all the
current that is required to operate the
amplifict.  In another important group
of applications, in which the cell is used
to measure light and, thereby, the optical
properties of some material, the only
quality demanded of the cell is that it
should always give the same response to
the same light. This quality is possessed
in the fullest perfection by some of the
oldest types of cell; no improvement is
possible ; and later developments have
been retrogression rather than progress.

ELECTRIC CELLS

TYPES OF PHOTO ELECTRIC CELLS.

Now we will proceed to consider in turn
cach of the types of photo electric cell.
Of these there are four. In order of
familiarity they are :—

The conductivity  cell, of which the
selentum cell is the best known example.

The emission cell, often called a photo-
electric cell to the exclusion of all others,
in which the light causes the emission of

clectrons from a  cathode. The old
Elster-Geitel cell and the modern
“caesium” cell are the best known

examples.

The voltaic cell.

The rectifier cell.

But the order of familiarity is not the
most convenient order for exposition, and
we will start with the last.

THE RECTIFIER CELL.

Three classes of photo cell have been
known for a generation or more, but the
rectifier is a product of the last few years.
The Germans, who have done most of the
development, but not the first discovery,
call it a Sperrschicht or * hinder-layer
cell ; but since it consists of nothing but
a metal rectificr (of the type that the
Westinghouse Company have brought into
such prominence) with one semi-trans-
parent electrode through which light can
enter, the term proposed here is more
likely to gain acceptance.

Basic Principles.

The basic fact is that when light falls
on the boundary between a metal and a
semi-conductor of the kind which rectifies
a current, an clectronic current is caused
to flow from the semi-conductor to the
metal, ie., in the direction opposite to
that of the rectified current. The com-
binations most studied so far are copper-
cuprous oxide (as in the Westinghouse
rectitier) and lead-selenium (as in the
rectifier of the Stidd-Deutsch A1), Judged
by the ratio of the current produced to
the light incident, these cells are about as
sensitive as the best emission cells, but
much less sensitive than conductivity
cells.  Their advantage over both is their
great robustness, their cheapness (prob-
ably) and the absence of any need for a
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battery to drive the current.  Nothing
could be more attractive to the engineer ;
there is simply a metal plate bearing two
terminals between which a current flows
when light falls on the plate.

Advantages and Disadvantages.

But unfortunately they have a serious
defect for most engineering purposes ; the
cwrrent cannot ecasily be amplified by
thermionic valves, because the cells have
a low internal resistance. so that, while
they will generate current, they will not
generate the volts that the grid requires.
Accordingly at present their uses are
Hmited to those in which an output of a
few microwatts will suftice.  For com-
paratively rough measurements with the
simplest  possible  apparatus, they  are
warivalled ;  a  portable insttument  is
already advertised whereby  illumination
can be measured as casily as volts with a
voltmeter. But where the light is required
to set some mechanism in operation or
where a very small amount of light has
to produce a large effect, they are not
well suited.

Future Developments of Rectifier Cells.

It is difficult to predict how they will
develop under the intensive investigation
that is being directed on them. Methods
of use that will minimise their disadvan-
tages will doubtless be found and the
extent of those disadvantages decreased.
But it seems unlikely at present that they
will replace emission cells in the fields
where they are at present employed most
widely.  Their study is sure to continue,
because their theory is very interesting
and will probably provide the next great
success  for  wave-mechanics and the
modern theory of metallic conduction.
Both the rectifying and the photo electric
properties of the boundary between metal
and semi-metal arise from the ability of
electrons to leak through a barrier of
potential over which they cannot pass
without violating the principle of energy.

THE VOLTAIC CELL.
This, on the other hand, is in principle
the oldest photo electric effect of all.
Becquerch found in 1839 that, if one of

1715

the two similar electrodes immersed in an
clectrolyte were illuminated, an E.M.E.
may be produced as in a voltaic cell.  But
practical cells of this type have only been
produced in the last few years; and the
Arcturus cell is still, we believe, the only
commercial representative of the class.
Over all but rectifier cells these cells have
the advantage of cheapness, robustness
and of 1equiring no battery ; over rectifier
cells they have the advantage of greater
cwrrent-sensitivity.  But they share with
them the disadvantage of a low internal
resistance which makes them unsuited for
amplification by thermionic valves; and

Electrolyte N\
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[iy. 2.——SECTION OF ILECTROLYTIC CELL.

they suffer, though in a less degree, from
the great disadvantage of conductivity
cells, namely, that their response is
determined by their past history and not
merely by the light acting at the moment.

Problems that have to be Solved.

At present there does not seem to be
any field in which photo voltaic cells
have an advantage on balance over other
types ; but their use has probably been
hampered by the too exuberant claims
that have been made for them, and they
certainly demand more notice than they
have received up to the present. Little
systematic research on this type appears
to be in progress. The theory is still
wholly obscure and debate still continues
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whether the underlying action 1s ““ photo-
chemical ” or “ photo electric”;  the
truth is, of course, that the cxplanation
must be sought in the region where these
terms cease to be distinguishable. It is
not even certain whether all photo voltaic
cells are of the same kind, or whether
there is a difference between cells (such as
the Arcturus) in which the photo electric

1000
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THE CONDUCTIVITY CELL.

The best known example of this class
is the familiar selenium cell, which, in
spite of predictions  and  rumours  of
decease, continues to play an active part
in photo clectric engineering. s merits
are, of course, its great current-sensitivity
its demerits its irregularity and the very
complicated relation between light and
response into which past history,
as well as temperature and secular
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changes, enter so largely.  The
practical problem is to diminish
the demerits without affecting the
merits; and something has been
achieved in this dircetion during
the last few vears by moditications
of the mechanical construction of
cells and the removal of inessential
causes of drregularity. But in
spite of claims that are made
from time to time, it seems
improbable that the defects that
tender  the  cells useless  for
measwrement and unsatisfactory
for such purposes as television
and picture telegraphy will ever
be greatly reduced.

Substitutes for Selenium.

Renewed  attention  is being
paid to the substitutes for
sclenium,  The  production  of

“thalofide ” (thallinm-oxy-
sulphide) cells has been further
investigated ; for, if some more
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trustworthy process for producing
these cells could be  discovered
they  would  undoubtedly  have
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action seems to occur at the surface of the
cleetrode and those (the subject of many
more published investigations) in which
it scems to occur in the body of a fluore-
scent electrolyte. There is here a field for
photo electric research  that  is nearly
virgin for the application of modern
coneeptions and technique.
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advantages over sclenium in its
own particutar sphere. They are

rather more sensitive and  less
irregular. Further,  the  sub-
stitution for selenium of  the

closely retated element tellurium
or of a mixture of the two has
been shown to be advantageous for some
purposes,

All this research is still purely empirical
owr knowledge of the fundamental pro-
cesses involved  has  hardly  advanced
bevond the stage at which Gudden and
Pohl showed how very complicated they
must be,
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PHOTO EMISSION CELLS.

(a) The Sensitivity of the Cathode.

The properties of photo emission cells
are determined primarily by the nature
of the cathode, which emits electrons
under the incidence of the light.  Here
there has been a revolution, both in
theory and practice, during the last few
yvears. We used to speak of ** potassium,”’
“caesium’ or ‘cadmium ” cells  (or
cathodes), implying thereby  that the
photo electric properties of the cathode
were determined by the nature of the
metal of which it was mainly composed.
It was known that the state of the surface
of the metal had some influence, and an
important process was known whereby
the sensitivity of a metal might be
increased greatly by a deliberate treatment
of its surface ; but it was not thought
that variations arising in such ways in the
properties of a single metal could obscure
the much greater differences  between
different metals,

Difficulties of Defining Photo Electric
Properties.

To-day all this is changed. Photo
clectric sensitivity to visible light still
seems to be possessed only by cathodes
of which the highly electro-positive metals
(and particularly the alkali metals) are a
constituent ; those metals may therefore
still be distinguished as ““ active ”” metals ;
but it is so profoundly modified by the
other constituents and by the relation
of the various constituents to each other,
that there is no important property
possessed by all cathodes containing one
of these clements that is not shared by
some cathodes containing another ; there
is no longer any sense in speaking of a
potassium or a caesium cell ; the photo-
clectric properties can only be defined
by some much more detailed specification.

Methods of Manufacture.

But we cannot yet specify a photo-
electric cathode accurately by its con-
stitution, we can only state its method
of manufacture ; the problem of determin-
ing what is the constitution produced
by a given method of manufacture is one
of the gravest of those that still await
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solution. But methods of manufacture
are becoming classitied and standardised.
They fall into two groups.

Sensitisation Methods.

First there are methods of sensitisation
which may be regarded as developments
of the old Elster-Geitel process of sub-
jecting a surface of an alkali metal to an
clectric discharge in hydrogen. In these
the active metals are cansed to undergo a
controlled reaction with some gas or
vapour, so that a film consisting partly
or wholly of a chemical compound is
formed on their surface ; on this film a
layer of the unsensitised metal may be
deposited ;  this may be subjected to
another reaction. And so on—for many
variants and elaborations of the procedure
are possible.  Olpin, who has been the
chief worker in this ficld—has studied
in great detail the sensitisation in this
manner of the alkali metals—and especially
sodium——by reaction with compounds
containing sulphur and oxygen, ranging
from 50, to complicated dyes containing
sulphite radicals.

Early Experiments.

At first he seemed to obtain evidence
that a photo clectric cathode might be
sensitised by a dye in much the same way
as a photographic plate, acquiring the
power to absorb and utilise light within
the range of an absorption band identical
with, or closely related to, that of the dye.
But this idea has had to be abandoned.

Present-day Discoveries.

Most of the sensitised metals show
spectral selectivity ; that is to say the
sensitivity, measured by the current per
unit of energy in the incident light, is a
maximum for some wavelength and does
not increase steadily as the wavelength
decreases.  But the position and height
of this maximum cannot be related simply
to the properties of the sensitising com-
pound. Indeed, it appears possible now
that the action of all the great variety of
sensitising compounds investigated may be
fundamentally the same and that differ-
ences arise rather from the speed of the
reaction than from its nature ; it is even
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possible that the true sensitiser in all cases
is the same, either a radical or an impurity
common to all the reagents used.

Finding the Correct Combination.

Further, the processes are not easily
controlled, and it is not always possible
to reproduce the same sensitivity by
repeating the same process. However,
there is no doubt that a very great variety
of cathodes sensitive to different parts
of the visible spectrum can be produced
by these processes, including some having
a sensitivity to white light considerably
greater than any known until a few years
ago. The field does not seem to be
exhausted, and the trial of new combina-
tions may produce yet more valuable
results.

Thin-film Method.

The other method of manufacture may
be regarded as arising out of Ives’ work
on thin-films. Ives showed that a film
of an active metal, probably only one
atom thick, on the surface of an inactive
metal, conferred on it a photo electric
sensitivity which was not the same as that
of the active metal in bulk and depended
on the thickness of the film. Such films,
deposited on clean inactive metals, do not
appear to be practically useful ; but when
they are deposited on various chemical
compounds (sometimes mixed with metals)
a very valuable series of cathodes is
obtained, most of which possess spectrally
selective sensitivity in the visible region.

How Cathodes Can Be Prepared.

Cathodes of this kind can be prepared
by simply exposing a surface of the under-
lying compound (such as calcium fluoride)
to the vapour of the active metal (for all
the alkali metals have appreciable vapour
pressures at room temperature) and allow-
mg a film to condense on the surface
spontaneously ; or a thick layer may be
deposited and the excess over the thin
layer which gives the best result distilled
off by heat. In a modification of this last
process the underlying compound is formed
and the film deposited on it in a single
operation. Thus a cathode of great
practical inportance is made by heating
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an oxidised silver plate in the presence of
caesium vapour, whereby the silver is
reduced and caesium oxide produced, and
then distilling oft the excess caesium,
leaving only the thin film adhering to the
compound surface thus formed.

Difficulties of Reproducing Cathodes.

The variety of cathodes that can be
produced by this process is probably no
less than that which can be produced by
the first. But again there is difficulty in
reproducing the same result by repeating
the process. Experiments on new com-
binations will doubtless proceed for some
time to come, and it is possible that
improvements in photo emission cells com-
parable with the 1eplacement of the Elster
and Geitel cell by its modern substitutes
may still be in store for us.

The Uses of Cathodes.

But since it may appear that something
new and valuable must emerge from the
immense field of possibilities that now
presents itself, it may be well to observe
that our requirements are very limited.
So far as uses at present foresceable are
concerned they are: (1) a cathode with
the greatest possible sensitivity to white
light, including in that term the radiation
from all ordinary illuminants; (2) a
cathode whose sensitivity extends as far
as possible into the infra-red; (3) a
cathode whose variation of sensitivity
with wave-length agrees as nearly as
possible with the *‘ visibility ”” curve of the
normal eye; (4) a cathode with a very
uniform sensitivity over a very wide range
of wavelengths ; (5) a cathode specially
sensitive to the ultra-violet radiation of
wavelength about 3000 A, which has
special biological significance.

Possible Developments.

(1) and (2) will probably be the same,
since most of the cnergy of artificial
‘“ white ” sources lies so far in the red
that it is not fully utilised at present.
The search for the best cell in this respect
has probably been prosecuted more ener-
getically than any other, and the chance
of improvement on that which now holds
the field (the caesium-silver-oxygen cell
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mentioned above) is therefore least. But
rumours of an advance are already in the
air, though so far they are unsupported by
evidence.  An advance in the direction
of (3) is more probable ; for no cell pro-
duced regularly at present approaches the
ideal ; while some of Olpin's experimental
cathodes appear to come very near it.
This requirement is important, of course,
in all photo-

1719

clectro-positive metals might produce a
selective sensitivity in the ultra-violet ;
but so far the considerable advances
that have been made in this direction
have come from simply trying metals
that hitherto have not been investigated
at all, ec.g., uranium and thorium. A
comparative study of all the metals in their
“normal”’ state ought to be undertaken.
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(5) will probably not be provided by
either of the new processes that have been
described ;  for the characteristic sensi-
tivity of cathodes produced by them is in
the visible spectrum. It is possible that
the extension of the same process to less

400

Fig. 4.

500 600

700 800 900 7000
Wave-/ength (metres)

1100 1200

SENSITIVITY CURVES OF VARIOUS THIN FiLy CATHODES.
Curves reduced to give the same maximum value.

Selective Sensitivity Not Yet Understood.
For even if all practical problems were
solved, photo electric emission would still
be worthy of study. The theory of it,
though of the greatest importance in pure
physics, is still very incompletely under-
stood. The action of the light is doubtless
to give to the metallic electrons an encrgy
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sufficient to enable them to emerge against
the opposing field at the surface ; but we
still do not understand why there should
be selective sensitivity and why a particular
wavclength shouald be more effective than
wavelengths  either greater or smaller.
Classical theories had to seck the cause in
selective absorption of the light and to
hold that the clectrons took energy at
one wavelength more readily than  at
another. Wave-mechanies showed  that
the cause might be selective emission
that clectrons with a particular cnergy
might emerge mowe casily ; and that this
was most likely to happen when  the
surface was bailt up of lavers of different
materials, as are probably all the selectively
sensitive surfaces prepared by cither of
the processes described.

But it scems possible that such a
structure might also give rise to sclective
absorption of the light; <o that the
selective emission theory does not seem
necessary. A decision between the two
theories might be obtained if it could be
shown that selective sensitivity ix always
associated with sclective optical absorp-
tion; for though the energy carried by
the emerging clectrons is never more than a
small fraction of that lost by the light
when it falls on the surface, a maximum
in one would be expected to accompany a
maximum in the other if the theory of
selective absorption is true and that of
selective emission false,

(0) Gas-filling.

In gas-filled cells other problems besides
that of the cathode enter. The great
increase in the sensitivity of vacuum cells
that has been obtained by the substitution
of the newer for the older cathodes has
not been fully realised in gas-filled cells,
becanse fess magnification can be obtained
by means of ionisation of the gas.

Degree of Magnification with Gas-filled
Cells.

In an old ™ potassium ** cell the primary
current could be magnificd 50 times and
vet be stable; in a new © cacsiwmesilver
cell it can only be magnitied 20 times for
the same <tability.

‘““ Time-lag >> of Gas-filled Cells.

When this re-examination is made it
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will probably throw light on an obscure
phenomenon  of  increasing  practical
importance, namely the slight “ time-
lag " of gas-filled cells, which prevents
them following accurately  very rapid
fluctuations of light. The effects of this
time-lag are appreciable in the reprodue-
tion of talking-films and in picture tele-
graphy ; they become  very serious in
television, which involves frequencies of
fluctnation up to 100,000 pps. At
present gas-filled cells lose almost all their
superior sensitivity over vacuam cells at
such frequencies. Of course, it is not
certain that a better understanding  of
time-lag  will cnable its effects to be
avoided ; but rescarch in this direction
is urgently vequired on practical as well
as on theoretical grounds.

AMPLIFIERS.

Amplifiers are <o intimately involved in
most engineering applications  of  photo
clectrie cells that a word must be added
about two recent developments,

The Thyratron Relay.

The advent of the ““thyratron ™ (or
gas-filled  thermionic relay) enables the
current that can be controlled efficiently
by a photo electric cell to be increased
from a few milliamperes to many amperes.
Of - cowrse, the same  increase can  Dbe
obtained by placing & mechanical relay
or contactor in series with an amplifying
valve of the older type, but in many
cases the thyratron has very  definite
advantages, especially in being adapted
for A.C. supplies.  The combination of
cell and thyratron will probably play a
large part in the engincering of the future.,

Amplifier Valve for Photo Electric Work.

Another new kind of amplifier valve
specially adapted for photo clectrie work
is that in which grid current is almost
totally suppressed by using very low
anode potentials and taking especial care
about insulation. With such valves there
is practically no limit in principle to the
smallness of the photo electric  current
that can be made to work a relay or a
robust  measuring  insttument, il only
sutficient time is allowed ;. the field of
measurements commercially practicable is
considerably extended.
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D.C. MOTORS.

Quantities Usually Involved with D.C.
Motors.

FI'\IIE practical man may occasionally
require to calculate the following :
Resistances of windings, tempera-

ture rise, efficiency, current input at full

load, no load losses.

The tester must, in addition, be able to :
Correct test speed readings for variation
of supply voltage, machine temperature,
excitation, and load; calculate speed,
torque and efficiency curves; calculate
saturation curves from indirect tests :
scparate the losses in a machine into its
components.

Resistances of Windings.

To caleulate the resistance of one of the
field coils of a motor we must know :
(1) the number of turns; (2) the mean
length of turn (or alternatively, the inside
and ontside diameters of the coil); (3)
the size of the wire; (4) the specific
resistance.  The total length of wire in the
coil is obtained by multiplyving the number
of turns by the mean length of turn.  The
resistance s then calculated from  the
formula :
length X specific resistance

Cross section

The value to be used for the specific
resistance mwust be  that corresponding
to the temperature of the conductor, and
may be obtained from Table 1.

Resistance

TABLE [.—VALUES OF SpECIFIC RESISTANCE OF

Alternatively, the resistance may be
obtained from Table V, p. 1049, when the
length of wire and the cross section are
known, but in this case, the result will be
correct only at a conductor temperature
of o C.

Temperature Rise.

The average temperature rise of the
field and armature windings can be calcu-
lated when the hot and cold resistances
of the windings are known. The cold and
hot resistances are measured in the usual
way by means of an ammeter and a
voltmeter, but the air temperature at
which the cold resistance is measured must
be observed.  The percentage change of
resistance, from cold to hot, is then calcu-
lated, and the temperature rise is obtained
by dividing this quantity by the cocfficient

given in Table 11-——corresponding to the
temperature at which the cold resistance
was measured.  Expressed as a formula,
we have :

(hot resis. — cold resis.)

temperature rise ——

cold resis.

X 100 -coefticient in Table 11 (1)
For example, if the cold resistance is

200 ohms at 6o I, and the Lot resistance

is 230 ohms, the percentage increase in

230 — 200

200

resistance is ( ) X 10u — 15 per

cent.
From Table II the coefficient on the

Fahrenheit scale for 6o~ IF 0.222

is

ANNEALED COPPER AT VARIOUS TEMPERATURES.

Temperature °F. 32
Temperature °C. o
Spcciﬁcrvsstancc(nﬁcrohnlspvrin.cubc} 0.614

6o 68 132 140 158
15.5 20 55.5 00 70
0.06607 0.08 0.76 0.77 0.798
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TABLE 11.—REsiSTANCE COEFFICIENT FOR TEMPERATURE RISE.

] ; 1

Temperature at which cold resistance | l ] '

was measured (°F.) 30 AR ol 32 40 | 50 | 60 | 70 8o
- _ o _ I | |
Percentage € ocfﬁcnent for temperature | \ '

rise on Fahrenheit Scale o0 50 0.237 0.232 0.227 0.222 0.217 l 0.213
Temperature dt which cold re snstancc | i

was measured (°C.) 53 50 o o 10 ’ 25 | 30

- _ R ' 4 —

I ercentage ( ()olﬁcmnt for t( mperature l |

rise on Centigrade Scale | 0.426 0.4 0.393 0.385 0.378

|

l 0.409 1

Note.—Tho values of tho coefficients are based upon the observed fact that for each °C. differonce of temperature fromn

20° C. the specific resistance of annealed copper changes by 25;

of temperature from 60° I°,

Hence the temperature rise==
15

2 —67.6" F.
0.222

Numerical Examples on Resistance and
Temperature Rise.
(1) Ome of the shunt field coils of a motor
s wound with 1800 turns of No. 23 SIWV. G
wire, The mean length of turn is 18 in.
What is the resistance of the coil at 60° I ?
Solution.—The total length of wire on
the coil is 1800 x18=32400 in. The
cross section of No. 23 S.W.G. is 0.000452
square in., and the specific resistance of
copper at 60" F. is 0.000000667 ohm.
Hence the resistance=
32400 X 0. 000000667

0.000452

(2) The armature of a lwo-pole molor
has 22 cotls, and cach coil consisis of g turns
of two 0.044-1n. wires wound in parallel.
The mean length of turn ts 30 in. What is
the working resistance of the armature
(.c., the resistance between the brushes) al
60" C?

Solution.—Two 0.044-in. wires in parallel
are equivalent to a single conductor
having a cross section 2X0.785 X 0.044*
0.00304 sq. in.

With a two-pole armature winding there
are¢ two parallel circuits between the
brushes, cach circuit consisting of one
half of the fotal turns on the armature.
Hence in the present case the equivalent
length of wire in one half of the armature
winding is 3 X22 X0 X30=2970 in.

Hence the resistance of one half of
the winding is

= 47.9 ohms,

3 of its value at 20° C. Similarly for each °F, difference

. . 1 .
the specific resistance changes by P of its value at 60° F.
4

2970 XO0. 0()0000()()7

0.00304
and as the two halves of the winding
work in parallel the working resistance of
the armature is 4 X 0.65=0.375 ohm.

(3) The cold resistance test on the field
winding of a molor gave a resistance of
68 ohms, the air Icm[)c; alure at the time of
the test being 15° C. After running on
load for several hours the hot resistance of the
winding was measured and found o be
S0 ohms, the air temperature being 18° C.
Calculate the temperature rise by resistance
and the hot temperature of the field winding.

Solution.—Applying formula (1) to ob-
tain the temperature risc with respect
to the temperature at which the cold
resistance  was measured, we have
temperature rise (from 15° C.)=

(80-68> . e C
o5 ) X1000.4 =44 C.
Hence, temperaturc rise from 18° C.=

(16—13\ C.

Whence, hot temperature of the field
wmdmg"41+18 59° C.

NoTE.—The hot temperature is a secan
temperature.  Certain parts of the winding
(e.g., the outer layers) will have a lower
temperature than the calculated value,
and other parts at the centre of the coil
will have a higher temperature.

= 0.65 ohm,

4=

Efficiency and Current Input at Full Load.

The efficiency of a machine is calculated
by dividing the output by the input,
both of these quantities being expressed
in the same units. When the output
and the losses corresponding to this output
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TABLE II1.—AVERAGE FULL-LoaDp EFFICIENCIES OF STANDARD D.C. MOTORS ({Hot, 60° C.).

2 5 10

W

Per cent. Efficiency. .

Rated hop. .. o0 3 3 l 1
6o 7 ;
i

77 ' 32

83 85

are known, the efficiency can be calculated
in the manner explained on page 1174.

In practice we often require to calculate
the full-load current of a motor. in which
case we must know the efficiencyv. If this
is not known for the particular machine
the approximate value may be obtained
from Table I11, which gives the average
efficiencies of motors.

Hence, full-load current=

746 xhp.
volts X efficiency

No-Load Losses.

In a shunt-wound motor these losses
comprise : (1) the shunt-field or excitation
loss ; (2) the armature core or iron loss ;
(3) the friction and windage losses.  These
losses remain practically constant at all
loads. They may easily be determined by
measuring the current input to the motor
when running light at normal voltage ;
the product of these quantities being equal
to the no-load losses.

Efficiency and Current Input at Fractional
Loads.

When the no-load losses of a shunt-
wound motor and the resistance of the
armature are known, the efficiency at
inputs smaller than the full-load input
can easily be calculated. Thus, the total
losses consist of the no-load losses (which
remain constant at all loads) and the
armature I:R losses (which can be calcu-
lated from the armature current and resist-
ance).

IFor example, if the no-load losses of a
5 h.p., 110-vOlt, shunt-wound motor are
415 watts (of which 180 watts is the excita-
tion loss), and the armature resistance is
0.28 ohm, the total losses when the current
input to the armature is 20 amp. (which is
one-half of the full-load armature current)
will be

415+4-0.28 X 20%=- 527 watts,
The input to the motor=20 x 110 -180
23% watts.  Hence, the output =

2380—527 = 1853 watts. Therefore, the
efficiency —1853,2380=0.778.

The calculation of the current input
corresponding to a definite output is not
quite so simple as the above calculation,
as the extraction of a square root is
involved. For example, if the current
input to the above 5 h.p. motor were
required when the output was 2} h.p. we
should have to proceed as follows :—

The power output = 2.5x746 = 1865
watts, and the power input=1805-+
losses.  Since the no-load losses are .415

watts, the total losses when the motor is
developing 24 l.p. are: (415-armature
I2R loss) =415 + I? x 0.28, where 7 is the
current input to the armature. Hence
the power input — 1805 + 415+ I2 x0.28.

But the power input is also equal to:—
(power input to armature 4- excitation
loss) = 110 /-+-180. Hence 1805--415-+
I* X 0.28=1101 + 18 which, when
solved for I, gives

I=20.1 amp.

Therefore, the current input to the
motor for an output of 2} h.p. is 20.1
~180/110=21.74 amp,

Numerical Examples on Input Current.

(1) What is the approximate full-load
current for a 3 h.p. 460-volt motor ?

Solution.—From Table 11T the full-load
efficiency is 82 per cent.

Whence, full-load current=

6 X
4(?(;1;;0.382' 5-9+ amp.

(2) The speed-torque characteristics of a

15 h.p. scries-wound crane motor at 220

volts are as follows :—
Amperes o e 90 72 60 45
Torque (Ib.-ft.) 252 187 148 102
Speed (r.p.m.) 135 485 522 580

Calenlate the curvent input at full load.
Solution.—This problem is solved with

the aid of squared paper. The output

(h.p.) is calculated from the values of

torque and speed, using the formula :—

_ 6.28 xtorque (Ib.-ft.) x speed (r.p.m.)

h.p.
33,000
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The results together with the current input
are plotted on squared paper. The current

input for an output of 15 h.p. is then
obtained directly from the curve. Thus,
the calculated results are:
Amperes 90 72 Go 45
Horse-power 20.9 17.3 14.7 11.26

Whence, from the curve, the full-load
current is 61.3 amp.

Correction of Test-Speed Readings for
Variation of Supply Voltage.

In testing motors it frequently happens
that readings of the speed and other
quantities have to be taken when the
supply voltage differs slightly from the
normal value. With series-wound motors
the speed corresponding to normal voltage
may casily be calculated as for a given
current, the flux and torque are indepen-
dent of the supply voltage. The speed is
then directly proportional to the counter-
em.f. in the armature. Thus if the speed
n, is observed at a terminal voltage 17,
wihien the current is /, the current speed 7,
at normal voltage V. for this current is
given by the formula :—

vV —IR
NN — s
Vi— IR
where R is the resistance of the motor.

With a shunt-wound or a compound-
wound motor an accurate correction of the
speed can only be made when the magne-
tisation curve of the motor is available.
If the difference between the test voltage
and normal voltage is small, the flux
corresponding to a given current may be
assumed to be constant, and the correction
is applied in the same manner as for a series
wound motor.

Numerical Examples on Correction of
Speed.

(1) In a test on a series-wound notor
the speed was 800 r.p.. when the tlerminal
voltage was 400 volts and the current input
20 amperes.  What is the speed for the same
curvent inpul when the terminal vollage is
400 volts 2 Resistance of molor 1.5 ohms.

Solution.—The voltage drop in the motor
at a current of 20 amperes 15 20 X 1.5 =30
volts. Hence when the terminal voltage
is 400 volts, the counter-e.m.f. is 460 —30
430 volts, and when the terminal voltage
is 400 volts the counter-e.m.f. is 40030

AND A.C. MOTORS AND DYNAMOS

370. Whence, substituting in formula (3)
the speed at 460 volts is i—

0
n==800 xf}‘;’z):gzo r.p.m.

/

(2) In alest on a 105-voll shunt-wound
motor the supply voltage was 100 volls when
the current inpul was 20 amperes, the speed
being 1100 7.pn.  What is the approxi-
mate speed al normal voltage ? Reststance
of armature G.. ohm.

Solution.—Substituting in formula (3)
we obtain the speed, at normal voltage, as

105 —20 XO.
H=1100 X —>— al
100 —20 X 0.4
-1100 T.p.NL

Calculation of Flux.

The e.m.f. ([) generated in the armature
of a direct-current machine (motor or
generator) is given by the formula :—

. P Fzn

E=%-X -
a’ 100,000,000
where p=-number of poles, a- number of
circuits in armature winding (nsually two
in small motors, but equal to the number
of poles, p, in lap-wound armatures),
F=tlux per pole, 2 number of armature
conductors, n=-speed of rotation in revs.
per sccond.

Whence, the flux is given by :—

10
u,ooo,oolo o 5)
z n pla

The generated voltage, I, may be
measured when the machine is running as
an unloaded generator at a known spccd ”n,
or alternatively, the speed 7z may be
determined when the machine is running as
2 motor, and the counter-e.m.f. calculated.

A

Calculation of Speed.

Formula (4) can be rearranged to give
the speed of a motor when the ccunter-
e.m.f. (E), the flux (I) and the other
quantitics are known. Thus =
100,000,000 [£ 100,000,000 (V-1IR) 6

Fzpa Fz pla ~(0)

This formula gives the speed in revs. per

second.

NnN=

Numerical Example on Calculation of Flux.

A g-pole shunt-wound molor runs at
a speed of 1500 r.put. al no load when the
terminal voltage is 230 volls. The armaiure
has a wave (fwo-circuit) winding with goo
conductors.  Calculate the flux.
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Solution.—In this case the counter-
e.m.f. in the armature is practically cqual
to the terminal voltage. Also p/a=2;
z=9oo ; n=1500/00=25. Whence, sub-
stituting in formula (3) :—
100,000,000 X 230

v == 310,000 lines.
oo X 25 X2 )

Calculation of Torque.

The torque exerted by the armature
conductors can be caleulated when the
flux, armature current, number of arma-
ture conductors, number of armature
circuits and number of poles are known,
The formula is -

p, ¥ 1
d 852,000,000

In this formuta / 1s the current input
to the armature. The other symbols
denote the same quantities asin formula (4).

The torque calculated from formula (7)
is the gross torque, which is greater than
the torque available at the pulley by an
amount equal to the torque required to
supply the friction, windage and armature
core losses.

Torque (Ib.-ft.)

Numerical Example on Calculation of
Torque.

Calculate the torque developed by a §-pole
motor when the current tnput to the armature
is 4o amp.  The flux is 500,000 lines, and
the wave (fwo-circuit) armature winding has
450 conduclors.

Solution.—1n this case p ‘a2, =~ 430,
I --40. Hence, substituting in formula (7)
Torque=2 xs()(t—'mm 4507640 1 1 1h-ft.

852,000,000

Speed-Torque Characteristics.

The speed and torque may cach be
calculated by means of formule (0),
(7). when the relationship between the tlux
and the armature current is known.  But
in practice we may be given the speed-
torque curve of a motor and may require
to calculate another speed-torque curve
for different operating conditions, such as
a different voltage or a different excitation.

With a series-wound mwotor the speed-
torque characteristics for a different vol-
tage is easily obtained from the given
characteristic, as, for any given current,
the torque is independent of the voltage
and the speed is calculated from formula
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(6). The calculation of the speed-torque
characteristic of a series-wound motor
corresponding to different conditions of
excitation (e.g., a reduction in the number
of turns in the field winding (tapped field)
or the shunting of the ficld winding by a
resistance) is  also  a  straightforward
process, as the magnetisation character-
istic of the motor can be calculated from
the speed curve.  The method of procedure
is shown in the numerical example below.

With a shunt-wound motor the magnet-
isation characteristic, or alternatively the
relationship between the speed and excita-
tion at constant load and voltage, must
be available before the new speed-torque
curve can be calculated.

Numerical Examples on Calculation of
Speed-Torque Characteristics.
The characteristics of a  series-wound
crane molor at 220 volls are as follow -

Current (amp.) .. 50 78 60 15 30
Speed (ropae) L 435 485 522 b0 ;o0
Forque (1h.-110) . o 383 IN7 148 102 58

Deduce the characteristics when the terminal
vollage 1s 200 wvolts.  Resistance of molor,
0.46 ofun.

Nolution.—The torque corresponding to
a given current will be the same at both
voltages, The speed at 200 volts is
calculated by means of formula (3).  The
calculations are best carried through in

tabular 1orm. Thus:
Current (amnp.) oo 90 28 6o 45 30
Voltagedrop .. 55 EE ) 33 27.6 o,y 13.8
Counter-enf.at2zov.  178.0 187 1924 19y9.3 200.2
Counter-can.t.at 200v, 158,06 107 172,94 179.3 186.2
Specd at 200 v, (r.pan.) 387 433 4b7 320 032
Torqueat zoo v, (th.-ft. 252 187 148 102 58
(2) If in the motor of the preceding

example one-third of the turns of the field
winding are cul oul of circuil, what will
be the new  speed-torque characteristic  al
220volts ¥ Resistance of motor with tapped
Jield winding =o.4 ol

Solution.~ The relationship between the
flux and excitation must first be calculated.
The actual value of the flux cannot be
obtained because data of the armature
winding are not available, but the propor-
tional flux is all that is required for the
present calculation. This quantity (& F)
is easily calculated by means of formula (5).

For example, from the given character-
istics the speed at 60 amp., 220 volts is
522 r.p.m. The counter-em.f, is 220—
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27.6=192.4 volts, Therefore, substitu-
ting in formula (5) :—
i F c_ogter_—e.m;f.zmz.4 0.368

speed 522

Carrying the steps through in tabular
form we have :—

Current (amp.} 90 72 60 15 30
Speed (r.p.m.) 435 485 522 530 700
Voltage drop .. KR 33 27.0  20.7 13.8
Counter-e.m.f. at*zov 178.6 187 192.4 199.3 206.2
¥ q o 0.41 0.385 0.308 0.313 0.294

The values of 2F and current are

plotted on squared paper, and a curve is
drawn through the points. This curve
represents the magnetisation characteristic
of the motor and is used in the following
manner to obtain the proportional fluxes
when the motor is operating with tapped
field.

With tapped-field operation (i.e., when
one-third of the field winding is cut out)
the excitation corresponding to a given
armature current is two-thirds of that for
full-field operation (i.e., when the whole
of the field winding is in circuit). Hence,
the proportional fluxes are obtained
directly from the magnetisation character-
istic at currents two-thirds of the corre-
sponding armature currents.  For example
when the armature current is bo amp. the
excitation is equivalent to % x60=
amp., for which the proportional flux is
0.329.

The speed corresponding to a given
armature current and supply voltage is
tnversely  proportional to the flux and
directly proportional to the counter-e.m.f.
Hence, ** tapped-field " specd=-"* full-field ”

full-field flux
tapped-field flux

_tapped-field counter-e.nf.
© full-field counter-e.m.f.

The torque corresponding to a given
armaturc current is directly proportional
to the flux.  Hence * tapped-tield ™ torque
e fullfield tappcd field flux
full-field flux

This relationship is strictly correct only
when gross torque (i.c., the torque exerted
by the armature conductors) is considered.

The calculations are completed in tabular
form, thus :—

speed

torque x

Armature amp, O 72 6o 45 30
Proportional flux, full

field 0.41 0.385 0.368 ©0.343 0.204

AND A.C. MOTORS AND DYNAMOS
Lquivalent excitation,

tapped field (amp.). . 60 48 40 30 20
Proportional tlux,

tapped field .. 0.368 0.348 0.33 0.294 o0.23
Counter-e.m.t., full

field BB .. 178,00 187 192.4 1yy.3 206.2
Counter-ean.f., tapped

field .. 184 191.2 196 202 208
Speed, full tield (rpm) 435 485 522 580 700
Speed, tapped tield

(r.p.m 0o .. 500 562 593 684 900
Torque, full field

(lb.-ft.) 50 50 252 187 148 102 52
Torque, tapped field

(Ib.-it.) .. .. 226 160 132.7 87.4 40.7

Correction of Speed for Variation of
Machine Temperature.

In a test report of the performance of a
motor it is customary to give the speeds
for a standard machine temperature, e.g.,
60” C. or 1450° I, If the test speeds have
been obtained at another machine tem-
perature they are corrected to the standard
temperature. The correction is easy with
a series motor, but is more difficult with
a shunt motor as in this case the magneti-
sation curve must be available,

Thus with a series motor the resistances
of the field and armature windings of
the motor at the time of the test are
measured together with the temperatures.
These are corrected to the standard
machine temperature, and the counter-
e.m.f.’s are calculated. As the speed for
a given current is proportional to the
counter-e.m.f., the corrected speed is
easily obtained. Thus:—
speed at s’t’d. temp.—test speed x

counter-e.n.f, at s’t’d. temp.

counter-e.m.f, at test temp.
With a shunt motor the change of
resistance of the field winding causes a
change of flux. Hence the magnetisation
characteristic of the motor must be avail-
able if the change of flux corresponding to
the change of excitation is to be obtained.
The corrected speed for a given armature

current and normal voltage 1is then
obtained from the formula :—
speed at s't’d. temp. —test speed

counter-e.m.f. at s't’d. temp.
“counter-e.m.f, at test temp.
flux at test temp.
flux ats’t’d. temp.

Numerical Examples on Correction of Speed
for Temperature.
(1) The following readings were oblatned
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on a series-wound wiolor al ils normal

voltage (220 volts)

Amperes D 90 72 60 45 30
Spead (r.pan.) .. 435 485 522 580_ 700
At the end of the test the resistance

of the field winding was 0.175 ohm and that
of the armature winding 0.285 olhm. The
corresponding temperatures of the windings
were 857 C.oand 787 C. Deduce the speeds
Sfor a machine temperature of 60° C.

Solution.—The resistances at a tempera-
ture of 6o~ C. are calculated from the test
resistances as follows :—

At a temiperature of 85 C. the resistance
of annealed copper changes by g4,
of its value at 85" C. for each ° C. difference
of temperature, and at a temperature of
73 C. the change is ., ; of the value at
78” C. for each - C. difference of tempera-

ture.
Hence the resistance of the field winding
at 75° C. is :—
= 25 .
0.175—0.175 X ——=0.175—0.0137

319.5
=0,1613 ohm
and the resistance of the armature winding
at 75° C. 15 1 —
18
312.5
=0.2686 ohm,
Therefore, the resistance of the motor at
75" C.=0.16134+0.2686=0.43 ohm (ap-
prox.).

0.285 —0.285 X

=0.285 —0.0104
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The counter-e.m.f.’s are next calculated
and the corrected speeds are obtained from

formula (3). Thus :—

Amperes oo 00 9o 72 60 45 30

Counter-e.m.f. (test) .. 178.6 187 192.4 199.3 z06.2

Counter-e.m.f. (60°C.) 181.3 189 194.2 200.6 zo7.I

Speed, 60° C. (r.p.m.).. 442 490 526 584 704
(2) The full-load speed of a 7% h.p.

shunt-wound motor when cold (20° C.)

is 1150 r.p.m., the input being 60 amp. at
110 volts.  The cold resistances (at 20° C.)
of the armature and field windings are 0.1z
ohm and 8o olms, respectively, A fest
taken with the wmotor cold at a constant
load of 60 amp. 110 volts input, and
varying excitation, gave the following resulls -

Excitation {amp.)
Speed (r.p.m.)

I.2
1172

1.0
1205

. 1.375
1150
Calculate the full-load speed when the

machine temperature is 60° C,
Solution.—The hot resistances (60° C.)

are calculated as follows :—

The percentage resistance coefficient
(from Table 11) for 20° C. is 0.393 per cent.
Hence the resistances at 60° C. will be
(b0 —20) X0.393=15.7 per cent, greater
than the cold resistances. Therefore :—

Armature resistance (60> C)=1.157
0.12-=0.139 ohm.

Field resistance
=92.6 ohms,

Whence, the exciting current (hot)=
110/92.6=1.19 amp.,

(60° C)=1.157 X80

TABLE IV.—AVERAGE VALUES oF EFFICIENCY AND POWER FFACTOR FOR SyMALL THREE-PHASE
50-CyCLE INDUCTION MOTORS (SQUIRREL-CAGE RoTors).

Efticiency (per cent.).

i Synchronous |[Number|

w

Horse- Speed. of Frame Full
power. | (r.p.nu) poles. size, load.
| PR | -

! 1,500 4 A 81

) 1,000 | o B 81

1 1,500 4 A 81

I 1,000 O B 82

2 1,500 4 B 85

2 1,000 [ C 82

3 1,500 4 C 84

3 1,000 6 3] 83

5 1,500 4 b 85

5 1,000 O 15 86

5 750 8 G 85
10 1,500 4 I 83.

10 1,000 6 H ' 8

10 750 hi 1 86
20 1,500 4 ] 39.

20 1,000 0 K 89

20 750 | 8 LL 89

Power Factor (per cent.)

1 4 Full 3 4
load. load. load. oad. load.
St 79 79 7/ Lo
hto) 78 70 o1 47
81 79 3o 74 01
32 So 71 62 48
85 53 83 77 05
82 So 78 70 56
84 82 87 82 71
83 81 8o 7183 53
85 83 89 85 [ 76
36 84 33 77 03
85 83 77 9 S
83.5 87 Sg 35 70
87 86 87 82 72
80 84 ‘ So 73 60
8.5 88 91 57 So
89 83 838 84 74
89 88 85 79 03
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TABLE V-—AVERAGE VALUES OF EFFICIENCY FOR SMALL THREE-PHASE 50-CyCLE INDUCTION
MoTors (SLIP-RING ROTORS).

| Etficiency (per cent.).

Synchronous {Number|

Horse- Speed of | Frame | Full
power. (r.p.m.). poles. Size. load.
2 1,000 O (i 75
3 1,500 4 ( 8t
3 1,000 3 D S0
5 1,500 4 D 84
5 1,000 O 12 84
5 750 8 G 84
10 I 1,500 Kt F 89
10 1,000 o6 H 87
10 750 8 Al | 87
20 1,500 4 1 80
20 1,000 6 K 9o
20 750 8 L 4o

Power Factor (per cent.)
|

O ¢ wal |3 | %
[ load. load. load. load. | load.
75 73 7+ 67 52
31 8o 83 78 08
so 78 75 68 |53
84 83 Sy 79 | 09
Sy 83 8o l 73 l 62
84 83 72 05 | 53
Sg | 88 b1 8o 70
87 86 82 70 05
87 | 86 ‘ 75 69 57
89 S8 88 84 76
90 89 83 | 78 67
90 89 79 ‘ 72 6o

H the cold-speed excitation character-
istic is plotted, the cold speed correspond-
ing to this excitation will be found to be
1173 r.p.aL.

Hence the full-load speed hot
~counter-c.nf. (hot).
counter-e.m.f. (cold).

110 --53.8 X0.139
173X —— e ———

73X 110 -58.0 0. 12
1160 r.p.n

=11

A.C. MOTORS.
Quantities Usually Involved with A.C.
Motors.

The practical man is concerned chiefly
with the quantities relating to the perform-
ance of A.C. motors, such as : Resistances
of windings; temperature rise ; efficiency;
power factor ; current input ; speed ;
losses.

Resistances of Windings and Temperature
Rise.

These are calculated by the same
methods as explained in the section on
D.C. motors.
Efficiency, Power Factor and Current

Input.

The power input to an A.C. motor is
calculated by dividing the output by the
efficiency, just as for a D.C. motor. But
the calculation of the current input
requires a knowledge of the power factor;
whicl, like the efficiency, is a particular

quantity for every motor. The power
factor depends upon the design of the
motor, and for a given motor varies with
the load. Typical average values of
power factor and efficiency for small three-
phase induction motors are given in
Tables 1V and V.

When the efficiency and power factor
are known, the calculation of the current
input corresponding to a given output
is a simple operation. Thus, for a single-
phase motor :-—

Current input
power (watts) output ]
efficieney < power factor <line voltage™ ()
and, for a three-phase motor -
line current input
power (watts) output
1.7 3xefficiencyx power factorxline voltage
... (10)

Current Input at Fractional Loads.

The current input at fractional loads
cannot be caleulated from the output and
losses——as was the case with D.C. motors—
because in the present case the power
factor is involved, and this quantity varies
with the load. Hence an approximate
calculation of this current is only possible
by assuming a value for the power factor.

Speed.
In induction motors the speed is in-
dependent of the supply voltage. The
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TABLIS VI.- SyxcHroNous SPEEDS FOR 50 CYCLES,

Numler of poles .. 2 & ‘ 6 8 | IOI 12

. 3 i
Synchronous  Speed |
(r.p.am.) 5o

300

3,000 | 1,590 i 1,000 l 750 | foo
I I
no-load or synchronous speed is calculated
from the formula :-
Synchronous speed (r.p.m.)
Supply frequeney (cycles per sece md) X 60
half number of poles
coe (1)

Table VI gives the synchronous speeds
for different numbers of poles and a supply
frequency of 50 cycles per second.

The speed on load is slightly lower than
the synchronous speed, the drop in speed
being proportional to the load. The
percentage drop in speed from no load to
full load is called the percentage ** ship.”
With a rotor of normal resistance the slip
is about 5 per cent. for a 5 h.p. motor and
about 3.5 per cent. for a 20 h.p. motor.
Thus the fuli-load speed of a 5 hup., 4-pole,
s0-cvele motor is about 1500 < (1--0.05)

1425 r.p.m., and the half-load speed
is about 1500 X (I} x0.05) - 1462 T.p.m,

Numerical Examples on Three-phase Induc-
tion Motors.

(1) Calculate the full-load current inpul
to a5 h.p., goo-voll, 4-pole squirrcl-cage
motor.

Solution.—¥From Table 1V the full-load
efficiency is 85 per cent., and the full-load
power factor is 8qg per cent.

Hence, from formula (10), the current is

5740 _
1.73X0.85x0.89 x j00 /" +

(2) Calcudate the full-load current input
to a 10 h.p., g00-voll, b-pole slip-ring molor.

Solution.-—Yrom Table V the full-load
efticiency is 87 per cent., and the full-load
power factor is 82 per cent.

Henee, from formula (10), the current is :

10 X 746

amp.

==I15.1 amp

1.73 X 0.87 X 0.82 X 400
(3) The fulldoad * slip™ of a 20 h.p.,
O-pole, so0-cvele molor is 3.5 per cenl.
IWhat is the full-load speed ?  :llso whal
is the speed at half load ?
Solution.—The synchronous speed, from
Table VI, is 1000 r.p.m. Hence, the
full-load speed

1000 X (1—0.035) =965 r.p.m.

The slip at half-load is }%3.5=1.75
per cent. \Whence, the speed at half-load
1000 X (I —-0.0175) =982 r.p.1.

Losses.

The losses in a three-phase induction
motor comprise : (1) the constant ** no-
load ** losses (consisting of the core loss,
and the friction and windage losses)
(2) the variable [*R losses in the stator
and rotor windings.

The [*R losses can be calenlated for
the stator and slip-ring rotor windings
when the resistances of these windings
are known. H both of these windings are
three-phase windings, and the resistances
are measured between anv pair of stator
terminals or rotor slip rings, then the
fotal I2R loss in the respective winding is
given by :

X (lime current)?
between ternunals,

On the other hand, if the resistance
per phase of the respective winding is
known. the total 7R loss is given by -
3 % (phase current)?® X resistance per phase.

Thus, in this case, a knowledge of the
internal connection (star or deltay of the
winding is required.

D.C. DYNAMOS.

Quantities Involved With D.C. Dynamos.

The quantities with which the practical
man is chiefly concerned and may wish
to calculate are : Resistances of windings ;
temperature rise.  Other quantities such
as the flux, variation of voltage with load,
efticiency, ete., cannot be caleulated unless
data of the machine are available.  These
calculations are associated more with the
designing than the operating engineer.

measured resistance

Resistances of Windings and Temperature
Rise.

These are  caleulated by  the same
methods as explained for D.C. motors,
Flux and Efficiency. ‘

The flux is calculated by means of
formula (5).

The efticiency is caleulated from the
output and losses in a manner similar to
the calculation for a D.C. motor. In a
dynamo the “no-load” losses are not
independent of the load, as the excitation
and iron losses increase with the load.



ESTIMATING

FOR WIRING

CONTRACTORS

By E. H. FrReeman, M.ILE.E.

of an electric lighting installation

consisted of a more or less caretul
inspection of a building or a set of plans
followed by a rule of thumb assessment of
the price " per point ” are long past and
estimating is now recognised as essentially
a matter for careful measurement, to
ascertain  quantities of material, with
equally careful weighing up of probable
labour costs. The latter item must be
based on experience, not only with simitar
past work, but also with the class of labour
available and it is the wide differences in
these conditions that involve the most
difficult problems in deciding the probable
cost of any particular scheme.

THE days when estimating the cost

Price Per Point.

It will be as well to emphasise the
extremely unsatisfactory features under-
lying the common habit of giving estimates
on the basis of a “ price per point.” In
the first place, there are wide divergences
as to what constitutes a ““ point.” It may
be casy to define it when the “ points
are all one-lamp outlets of similar size,
each controlled by a separate switch, but
beyond this simple unit there is no uni-
formity. It has been claimed in Scotland
that a s-light pendant is 5 ** points,” so
that the contractor may find himself in
the fortunate position of being paid for
5 points because a customer has decided
on a 5-light pendant with zo-watt candle
lamps, instead of a single unit fitting with
one Ioo-watt lamp.

Common Variations.

This is an extreme case, but there are
very wide differences of opinion as to the
number of ““ points ” for such common
variations from the ‘‘one light—one
switch " as the following :-

Light outlet controlled by two 2-way
switches,

Two 1-light outlets, both controlled by
one switch.

Light outlet controlled by two 2-way
and an intermediate switch.

These are all common conditions even
in a small house and these three groups of
lights and switches might be considered by
different persons as equal together to any-
where between four and eight times
the wiring value of the “ one light—
one switch” point.

Apart from this difficulty the material
and labour required for various ““ points’’
may differ widely even in a small installa-
tion and whilst figures ““ per point ’ may
be used for very rough comparisons and
at times, in repetition work, even for
fairly reliable estimating, it would be, on
the whole, best to abolish entirely any
stich method of comparison of one estimate
with another.

Preliminary Study of Conditions.

The first step in estimating the cost of
an installation is a careful study of the
conditions. The installation may be of
the contractor’s own design, with no
specification whatever except his own
ideas as to what is required. This, of
course, leaves him free to arrange his
methods of wiring and all other details to
suit his own views, but even in such
conditions he will nsually be obliged to
adopt some standard such as LLE.E. rules,
the local supply company’s regulations
or an insurance company’s requirements.

Except in small contracts such con-
ditions rarely apply and wusually the
contractor has to mect the more or less
loose requirements of an architect or
client, or the more or less fully defined
conditions of a consulting engineer’s
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specification. Even if the contractor is
himself designing the scheme he will
almdst certainly be called on to give a
fairly detailed description of his proposals
and to be prepared to answer questions
as to how he will meet this or that difti-
culty. Unless such problems have been
faced previous to estimating, he may tind
himself unable to satisfy his customer, with
a risk of losing the job or, alternatively,
may find unexpected troubles in carrying
out the work, with consequent loss of
profit,
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desirable, to say the least, but if the
depth has been reduced to a minimum
the architect may prohibit it ¢ntircly
and then appreciable extra cost may be
incurred in arranging all runs of conduit,
either parallel with joists or close up to
the walls,

Past Experience.

The above examples are very minor
points, but they illustrate the need for
careful consideration of all details, and
this is particularly necessary in larger
schemes and
most of all in
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Fig. 1.—PrLanx oF Typricat OFrIcE AREA.
Layout of tubing for specification which allows tubes up to 1 inch diameter
in floor, bunching up to three circuits in one tube, traps in tloors.

Thickness of Screed as an Example.

For example, failure to ascertain the
thickness of the screeding on a fireproof
floor might be a serious matter.  The
estimator might assume he has ample
thickness and can use 1 in. conduit, only
to find that he must contine his runs to
tubes not over § in., resulting in a possible
large increase in the cost of material and
labour.

Another Example —Depth of Wood Joists.

As another example the depth of the
woud joists in an ordinary wood floor
may affect the cost.  Notching of joists
near the centre of a span is always un-

opinions formed
may differ very
widely. A con-
tractor, in pre-
paring a scheme
and estimate will, without realising it, base
both on the opinions thus formed and
much of the design and pricing up is
carried out almost unconsciously:.

Consulting Engineers’ Specifications.
When he turns to a consulting engineer’s
scheme the details may be totally different
from his usual standards and unless the
specification is carcfully studied serious
errors may occur. Such questions as the
grade of cable to be used ; the minimum
size of conduit permissible ; the number of
wires of various sizes allowed in a tube :
the current that may be carried by any
particular section, and so on, all constitute
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items that may affect the whole design
of the scheme and its cost.  Careless
reading of the specification may result in
a paragraph of two or three lines being
overlooked and this may involve a very
heavy extra cost. For example, that
cables are to be 2,500-megohm  C.MLA,
grade, instead of the 6oo-megohm grade
usually emploved by the contractor, in-
volves an extra cost for cables of about
8 per cent., which would represent a
substantial sum on a large contract.  Such
an crror might wipe out entirely  the
anticipated profit on this one item of the
contract.

PLANNING THE ESTIMATE.

Ilaving thoroughly mastered all the
details of the scheme, the next step is to
plan the estimate. It will not lead to
reliable results it items are jotted down
haphazard and some system must be
adopted to ensure that all the work to be
carried out is included in the estimate.
A very convenient method is to form a
niental picture of the completed installa-
tion and to trace the details of the
materials required item by item. Thas
the work will commence at the company”'s
service and cables for meter connections
nwst  be  provided—and, on  second
thoughts, possibly a sum to cover the
company’s charge for their service cables,
which the contractor may be expected to
include.

After the meters comes the main switch
or circuit breaker and then, i turn:
main fuse board, main cables, sub fuse
boards and so on.

These details should be followed through
for cach separate section of the scheme
and for cach the different items required
should be separately noted.  Thus for the
item of main cables there will be tubing,
tube fittings and boxes ot all descriptions
and the actual cables, if the work is being
carried out in conduit.

Following the sub-fuse boards come :—

Circuit wiring—tube, fittings, wire, ctc.

Switches—of various types for different
pusitions.

Plugs—also of various types,

IFittings and lamps—if these are included
in the contract.
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Each of these main headings may nced
dividing up into sub-sections, such as
flush, surface, semi-recessed or watertight
switches

A note should be made of every such
item mentioned in the specification and
the risk of any section of the work being
overlooked will thus be eliminated.

Taking Out Quantities.

After the mental planning of the scheme
and the recording of all items that need
to be covered by the tender the measuring
up of quantities will be neeessary, and
here again a mental diagram of the com-
pleted scheme will be of great advantage.

Items such as the main switch, fuse
boards, local switches and  plugs and
fittings can all be priced up as regards
cost of material withont any great difti-
culty.  The schedules and plans should
give full details of sneh items and the
total quantities of cach can be ascertained
without difficulty.  The contractor will
know the prices at which he can purchase
most of them ana if not he can obtain
quotations from suitable manufacturers
{or from those specitied if such instructions
are included in the specification).  These
items can thus casily be costed without
much risk of error,

Measuring Up —Main Cables.

The contractor’s real difficulties com-
mence with the measuring up of quantities
of cables and circult wiring materials,
i.e., broadly speaking, the tube and wire
or their equivalent if other wiring systems
than tubing are to be used.  Main and
sub-main cables will not involve nnich
difficulty.  The runs will be wsually fairly
clearly indicated frem the plans and cach
main will consist of two wires in a single
condait unless  bunching of mains  is
permitted.  On three-wire or three-phase
schenies there may be three or four wires
if the distribution is not broken up into
two-wire circuits at the main switchboard,
but this will not occur except in large
installations.  The runs of such main
cables can be settled on the plan and
the  measurements  taken  off  without
difticulty.
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Allow for Wastage of Material.

Allowances must be made for wastage
of material—3 to 10 per cent. on conduit
may be lost in cutting random lengths as
delivered by the makers—and cable quan-
tities mast include the short tails required
for connecting up and slack at switches
and fuse boards. Tube boxes should be
estimated in detail as, particularly with
the larger conduits, these are expensive
items and averages are liable to involve
substantial risk of error.

Circuit Wiring.

The measuring of the circuit wiring
from the fuse boards to the lights and
switches constitutes the most involved
section of the estimate for the ordinary
lighting installation and it is in this part
of the estimate that there is the greatest
risk of error.  All the doubtful items that
affect the methods of running the tubes
(or other material used in the  wiring
svstem) play their part in complicating
the problem of measuring up the circuit
wiring materials.  Tube runs (tube is used
a< an example, but the remarks apply to
other systems) may need to run parallel
with walls or may be taken on the shortest
diagonal run ; tube sizes may be limited
involving extra quantities ; wires may
need to be drawn without the use of floor
traps, involving looping down and up to
every fitting outlet. A score of such
minor problems must be considered and
allowance made for each in the detailed
planning of the wiring system, which
should precede any attempt to measure
the quantities.

Comparative Costs for Different Systems of
Tubing.

Figs. 1 and 2 show in diagrammatic
form two possible schemes for wiring a
section of a building-—the first with casy
conditions and the other with more
troublesome requirements.  In the first
case, tube sizes up to T in. are permissible
and no conditions as to bunching circuits
have been made, whilst tloor traps are
also allowed.  In the second, tube sizes
are limited by tbe thickness of the floor
ccreeding to }in.;  the specification
strictly lays down that one only circuit
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niay be run in any one tube ; that the
minimum size of tube is §in. and that
floor traps are not permissible.

Difference in Cost of Two Systems.

The quantities of tube required for the
two schemes, both of which provide
wiring capacity for the same allowance of
actual wires, and the costs of this material
at prices ruling to-day work out as
follows :—

Tube quantitics for Fig, 1:—7110ft. Tin.
tube ; 230 ft. § in. tube.

Cost of material, including tabe fittings,
boexes, ete., £5 108,

Tube  quantities  for
3in. tube.

Cost of material, including tube fittings,
boxes, cte., £8 1s.

The second specification thus involves
an cxtra cost on the tubing work for
material only of jo per cent. and the
extra cost of labour in fixing will be still
higher in proportion.

This example illustrates the importance
of making sure that the specified conditions
arc kept in mind in designing the circuit
wiring system,

Fig. 2:—5060 {1,

Preparation of Wiring Plans.

The most satisfactory method  of
measuring up the quantitics is to prepare
actual diagrams on paper of the tube
system requircd for any particular scheme
ot lighting and, as example, such a plan
is <hown for the tube lay-out suitable for
the domestic installation the lighting for
which was planned in an carlier article-
see p. 789,

This plan shows the number of wires
required in cach scetion of the system
and the size of tube m cach case can than
casily be ascertained from the ** Capacity
of Conduits”* Table in the LE.E. rules.
The conditions in this case clearly preclude
the use of floor traps and it has been
assuied that conduits up to 1 in. diameter
arc possible in the floors and that up to
three circuits can be tunched in one tube.
The conduits nust be r1un above the
fireproof floors and be bant down into the
fittings outlct boxes, which must be used
as draw boxes.

The quantities of material required can



1734

be taken off accurately from such a wiring
plan and a very close measurcment of
what will be necessary for the whole of
the circuit wiring thus ascertained. It is
possible that such plans will not be
necessary for every scction of the work
as some arcas may be repeated clsewhere
sufficiently closely for the quantities of
one to be adopted, with suitable adjust-
ments, for the other. It is advisable,
however, to work the details out on some
such basis for all but the simplest schemes,

Factory Designs.

These wiring  diagrams will probably
not be necessary in simpler schemes such
as  those in
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to mecasure up from this in anything but
very snall contracts.

Scheduling the Quantities.

As the measurements of cach section of
the work are prepared it will be desirable—
in fact, essential—to make a proper record
of the quantities for cach separate section.
If this is not done it will be very difficult
to check the figures should any doubt
arise, or to correct them it variations are
required, as is often necessary, A question
as to the difference in cost for substituting
brackets for pendants or of adding extra
switches and so on, can casily be answered
if the quantities for the arca concerned

along the walls
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addition the

1
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lighting  plan

almost  forms
i itself  the

R d
—————— or fzer

wiring  plan,
but the prin-
ciplesinvolved
are the same,  parallel to walls,

Domestic Wiring Schemes.

In small domestic installations also
detailed plans may not be necessary, as
the schemes are smaller and the whole
wiring system can be mentally visualised
and measurcd up without a detailed lay-
out being prepared.  This must largely
depend on the experience of the estimator.
One man may plan the whole scheme and
take off his measurements without putting
a line on paper, but usually this is not
practicable for the inexperienced. Tt will
be safer to prepare a detailed layout and

Flig. 2—DPLAN or TypicaL OFFICE AREA.
Layout of tubing for specification which requires all tubes to be 3
more than one circuit in one tube,

inch, not
no traps in floors allowed, tubes to be kept

can be picked out from the totals and
adjusted up or down, but it may be
difficult if there are no separate records
available for the arca in question.

Summarising the Estimate.

Having in this way arrived step by step
at the total quantities of all the materials
required, the full details of these should
be set down ready for pricing up. Here
again an orderly arrangement of the items
is desirable, as it is then casy to see that
evervthing is included.
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The main cables, for example, might be

sct out in this form ;—
Rate per Total
Unit  cost.
Ground Floor. Quantity £ s. d.
20 ft. 1}in. conduit, heavy
gauge, screwed, enamelled. .
14 yds. 19/.044, 600 megohm,
C.MMLA. o0 .. 50
First Floor.
321ft. 1in. conduit, heavy
gauge, screwed, enamelled . .
22 vds. 7/.004, 000 megohm,
C.OLA. 50 50 50
Thivd Floor.
54 ft. tin. conduit, heavy
gauge, screwed, enamelled. .
40 yds. 7/.064, 600 megohm,
C.OM.AL 00 .. 50

Fourth Floor.

76 ft. rin. conduit, heavy
gauge, screwed, enamelled. .

54 yds. 7/.064, 600 megohm,

CALA, 00 .. a0

From such a list it will be casy to
notice that the sccond floor mains have
been omitted, whereas, it all the quantities
had been totalled before pricing, such an
error might be overlooked. A little extra
paper and a few more calculations may be
required, but the minimising of error is
well worth these disadvantages.

Details of the tube fittings—draw boxes,
bends and so forth—should, of course, be
included in cach case and also an allow-
ance for saddles, extra sockets, screws, etce.,
but these have been omitted above for the
sake of ximplifying the example.

Approximate Checking.

Having completed the summary of the
whole of the material it will be desirable
briefly to check the quantities before
procecding to price up the cost and to
estimate the labour required to fix the
material.

Even a hurried glance down the sum-
mary will show whether all necessary items
are included and would, for example, note
the omission as above of mains for the
sccond floor. Differences between lengths
of conduit for successive floors should
correspond to the heights of the floors
and in this way another obvious error in
the above figures would be seen, viz., that
the measurement from third to fourth
floor is shown as 22 ft. With a difference
in measurement of 11 ft. per floor from
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first to third and 22 ft. from third to
fourth an obvious eiror is indicated and
can be corrected.

Checking Circuit Wiring.

A similar rough check can be made on
the circuit wiring, but here more experi-
ence is necessary.  Such experience will
have provided a mental record of average
quantities for similar installations and
any wide variation would call for re-
measuring or, at least, a reference back
to the detailed figures to ensure that there
was no error in copying or in adding
totals.

It is not possible to give really reliable
figures for such averages as conditions
vary within wide limits, but for normal
installations the following quantitics may
be taken as reasonable.

Tube Systems.
Domestic Installations—
Small—18 to 20 ft. of tube per light outlet.
Large—=22 to 30 ft. of tube per light outlet.
Office Installations
Local Lighting— 20 to 24 ft. of tube per light
outlet,
General Lighting—25 to 30 ft. of tube per light
outlet.
School Installations—As offices.
Factories—Quantities vary too widely for
averages to be safely assumed.

Twin Lead Systems.
Domestic Installations—
Small—6 to 8 vds. twin conductor per light
outlet.
Large—8 to 10 yds. twin conductor per light
outlet.
Office Installations- -
Local Lighting—S$ to 10 vds. twin conductor
per light outlet.
General Lighting—10 to 12yds. twin con-
ductor per light outlet.

These figures for twin lead wiring would
also apply to C.T.S. installations and
they must be adjusted if single or triple
conductors are used.  Thus 2 yds. of triple
conductor could be taken as cqual to
3 vds. of twin conductor.

The figures are only very approximate
and cannot be taken as rcliable, as con-
ditions vary so widely.  For example, an
extra foot in the height of a room must
obviously add 1 ft. to the average quantity
of tube for a “ point *’ consisting of a light
outlet and a switch. The estimating
engineer will be well advised to collect
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Figures in circle show circuit to which points are connected.
Figures by dotted lines show number of wires in tube.
from plan with vertical drop to switches and plugs added.

diagram.

the data for as many actual contracts as
possible, not only for nse in rongh checking
future  estimates, but  alko  to  check
accurately cach actual contract with the
estimate prepared beforehand,

Cable Quantities.

A similar rongh check on cable quantitics
<hould also be made.  For 2-wire mains,
if bunching is not allowed, the length of
cable mnst obviously be twice the length
of tube plus a small allowance for connect-
ing up and for slack, and also allowance
for thie length of the tube fittings,

FFor circuit wiring it will be found that
about 1 vd. of cable is required for each
foot of tube. This again must depend
on the extent to which bunching is
allowed ; the relative number of switches
and light ontlets ; the quantity of 2-way
and intermediate switches, and so on;
but if there is any very marked difterence
from these relative quantities a carefnl

Dotted lines show runs of tube.
Measurements can be taken  direct
Tubing for plugs not shown to simplify

checking of the measurements would be
desirable.

LABOUR COSTS.

Whilst  estimates  of  the  material
required to carry ont an clectrical installa-
tion can be preparcd with very great
acenracy and without much risk of error
if proper care is taken in measuring the
details, the position with regard to the
prospective labour cost is much more
problematieal.  Conditions vary on every
item in every contract and every variation
involves some doubt as to its effect on the
time required to carry out the work.
In addition, there is the human factor,
involving the relative capacity of various
men, and this varies according to the
class of work. Thus one man may be
expert in erceting tubing, but slow with
lead-covered conductors, whilst the positicn
is reversed with another man,  Estimates
bascd on the resnlts obtained from the
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